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Abstract

BACKGROUND: For the food safety of cultivated
mushroom, information on the safety of agricultura
by-products imported as medium substrates for mushroom
cultivation is urgently needed. Therefore, this study was
performed to detect the presence of heavy metals, residua
pesticides, and nutrient component in theimported medium
substrates.

METHODS AND RESULTS: Six kinds of medium
substratesimported from nine countries from 2015 to 2017
were investigated. A mercury analyzer MA-2000 and an
inductively coupled plasma spectrometer OPTIMA
7000DV were used to anadyze mercury, lead, arsenic,
copper, nickel and cadmium. All of these heavy metd swere
detected at lower leve than heavy metal tolerance standard
leve of by-product fertilizer in Korea. When 246 kinds of
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resduad pegticides were examined by GC and HPLC,
imidacloprid, thiamethoxam and carbendazim were
detected from Egyptian beet pulp, Indian cottonseed med
and cottonseed hull, respectively. The content of nutrient
components (water, crude ash, crudefat, crude protein and
crude fiber) varied among imported countries and the
medium substrates.

CONCLUSION: The presenceof heavy metalsand residud
pesticides in imported medium substrates for mushroom
cultivation was confirmed. For the safe production of
mushroom, this study shows that imported medium
materids for mushroom cultivation need to be managed
through continuous monitoring.

Key words Heavy metds, Imported media materids,
Nutrient component, Residua pesticides
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000d0. OoOboobOo OO0 Ooooo ogg 192
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mg/kg 00000. 000000 0OO0OOOOO DOO
00 0000 00 00 2826 mg/kg OOODOO. 20160
O 00,000 000 0000 Oooo oooooog o
000 0000 OO0O.000 0000 ooooooo o
OO0 400 mg/kg 00000 OO0 OOOOCOO OO
250 mg/kg 00000 000 OO0 DOOOO 00O
208 mg/kg O0O0OOO. O0OOO OOOOOOC OO
217 mg/kg, 000 417 mg/kg, 000 0.02 mg/kg O
0000. 201700 OO0 O0OOO0O OOO OO0 OO

Table 1. Detection of heavy metals and residual pesticides from imported medium materials for mushroom cultivation

Heavy metals (mg/kg)

Pesticides

Imported C . - - -
year ountry / Material Lead Arsenic Copper Nlclfel Cadmium  Mercury Residual pesticides Detectable amount
(Pb)  (As) (Cu) (Ni) (Cd) (Hg) (mg/kg)
German / Peat moss 3.70 1.85 0.02 NT*
Pakistani / Wheat straw - 1.92 1.92 0.01 NT
‘15 Egyptian / Beet pulp - 4.17 2.08 NT
Chinese / Cottonseed meal - 6.82 NT
Indonesian / Kapok meal 28.26 NT
Chinese / Cottonseed meal NT
Egyptian / Beet pulp - 4.00 T;ﬁﬁ«ilfggcrln ggggi
16 Indian / Cottonseed hull 2.50 - - - NT -
Indian / Beet pulp NT
Australian / Wheat straw 2.08 NT
Canadian / Peat moss 217 - 417 0.02 NT
Indian / Cottonseed meal 14.42 0.87 'Igli’:rdr?:tl}?ggi\ 00%161
Indian / Cottonseed hull 13.78 1.84 0.31 Carbendazim 0.053
7 Egyptian / Beet pulp 2.60 0.87 0.29 NT
German / Peat moss 1.09 - - NT
Ukrainian / Beet pulp - - 0.57 0.15 0.02 NT

*NT: Not Detectable, =0.01 ppm
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000 000 1442 mg/kg, 000 0.87 mg/kg 0000
0 0Oooooo 00 1378 mg/kg, OO0 1.84 mg/kg,
000 031 mg/kg OOOOO. 0000 OO0O0OODOO
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mg/kg 000000 OOO0OOC0 0OOOOOO 00O
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00 (@QOO0bOo0oo 0 2007-3)0 00 000 000 OO0
000 000 00 0000 0D0000 000 000 O
0000 0000 00000 00 00O00g. 00 ooo
00 0000 00 000 00000 00 000 000
0 000 00 00 0000 000 00 00 00 00
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000 00 00 000 0000 000 0000.00 0
000 000000 000 00000 000 0ooo o
00 0000 0000 0000 000 0boo o000
0oono 00 000 0OO0O0 0ooo oo oo ooo
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000 16 0 0000 0000 246 000 000 OO
00 000 00000, 201500 000 000 oooo,
00000 00,0000 0000,000 000,00
0000 0000000 000 0000 OO00O(Table 1).
000 201600 OO0 0000 O0OOO0OO0O0 00O
imidacloprid 0.0004 mg/kgl thiamethoxam 0.0001
mg/kgll 00000, 201700 000 OO0 DOOOO

0 000 imidacloprid 0.041 mg/kgl thiamethoxam
0.06 mg/kgl] OOO0OO OOO0O0OO OO0 carbendazim
0.053 mg/kgll O0O0O00O0O. Imidaclopridd thiamethoxam
0 000000000 oDoooooooo oo ooo o
O 00 00000 0.01 mg/kghh OOOOO0OCO OOO O
0O.0000 0000 000 0020170 000 OOOO
00 000000 00O OO0 ooooo ocooooo o
0O oo.

000 thiamethoxam[ OO0O0 OO0 OO0 00O
0O 00 0000 O 00ooOooo ooog 580 00
0000 000 000 Oo0ooo ood oooooao
cass IO OO0 0000 (FAO Specifications and
Evaluations for Agricultural Pesticides: thiamethoxam,
2000). OO0O0O0O OOODOO OODO OO0 OOO ooo
0 00 000 U0 000 000 0oUo ooo oo. o
00 imidaclopridd 00000 00O 23200 000 OO
00 O 00 000 000 0000 ooo ooo ooao
OO0 0000000 OO0 0000 cass I OO class 1T
0O 0000 00 (Gervais et al, 2010). 00000 OO0O
000 0 00 000 00 000 000 0 oodo oo
00 0O0.000 000 carbendazimd OO000O OO
oooooo 02 mg/kg OO OO DOOOO.

000 00000 300 000 O 160 OO O 300
0000 3000 00000 oooooo ooooo. o
O 0000000 0000 18% 00000. 00 ooo
0 00 000 0000 0000 o000 oo o ooo
0 00 0000 00000 U0 00 oo ooo ooao
0oooo. 000 0O 0O 000 00 0000 oo ooo
00000 0oooOo. 00 OO boooo ooooooo
0 0000 0000 000 0o0o000 oooo oogd.

Table 2. Ratio of included nutrient component from imported media materials for mushroom cultivation

Imported year Country / Material Nutrient _component (%)

Water Crude ash Crude protein Crude fat Crude fiber

German / Peat moss 51.34+0.31 0.66+0.00 2.49+0.00 1.17+0.16 20.09+0.17

Pakistani / Wheat straw 6.68+0.16 13.15+0.08 2.87+0.06 0.62+0.05 36.06+0.04

15 Egyptian / Beet pulp 8.89+0.11 4.30+0.10 8.73+0.02 0.56+0.10 16.54+0.12
Chinese / Cottonseed meal 9.28+0.14 6.28+0.18 37.43+0.18 1.59+0.11 18.54+0.02
Indonesian / Kapok meal 18.54+0.02 7.63+0.18 28.87+0.25 7.29+0.30 22.50+0.10

Chinese / Cottonseed meal 10.25+0.13 3.45+0.12 8.64+0.11 0.70+0.23 18.54+0.06

Egyptian / Beet pulp 8.79+0.04 7.01+0.07 48.15+0.67 1.77+0.37 7.02+0.63

, Indian / Cottonseed hull 9.60+0.25 2.87+0.05 3.89+0.11 1.40+0.11 48.31+0.48
16 Indian / Beet pulp 9.49+0.16 4.12+0.08 8.98+0.20 0.77+0.05 16.16+0.12
Australian / Wheat straw 44.91+0.30 3.91+0.50 0.93+0.05 0.79+0.04 24.79+0.14

Canadian / Peat moss 37.09+0.28 0.71+0.15 2.51+0.06 1.93+0.05 25.27+0.48

Indian / Cottonseed meal 8.82+0.10 6.89+0.19 45.49+0.55 1.31+0.15 7.88+0.18

Indian / Cottonseed hull 11.12+0.09 2.51+0.18 4.52+0.25 1.34+0.07 48.45+0.37

17 Egyptian / Beet pulp 9.46+0.08 3.37+0.11 8.72+0.12 0.71+0.06 18.72+0.21
German / Peat moss 74.65+0.31 7.07+0.12 1.43+0.07 0.47+0.23 3.61+0.49

Ukrainian / Beet pulp 9.47+0.09 3.71+0.13 8.95+0.15 0.50+0.05 17.75+0.40
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00 000 0000 oooo Ooobooo oboo oo o
od. oooo ooo ooooo oo ooo ooog o
0ooono ooodgg ooo. 20160 OO0 ODOODDOO
U oo ooo ooddu oo oodd oooo oo
00 0ood oogooo oo oo ooo ooo. oo
00 0000 oooooOo 0o ooo oooo ooo
ooooo oo ood. 20170 000 00000 ooo
ooooo0O0 ooobo 000 0oobo oo Ooooo ooo
uouuo oooo ood goou.odu oooob ooo
O 000 ooo oo ooo.

uoduo o oooo oo oo oodd oo oo
0o ooo oooo ocood oooo ooood. ooo
ooooo oo oooo ooo boo oo o oo o
ood 0od ood oo oo ooo oooo. ooo
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U 04 uuu ooo oot o g oooo ooo o
0o 0oooO ood oooobo ooo o o oo.oobo
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oood.

O o000 000 0000 oo oooo 0o oooo
U ooood ooood oo ooo oudgo. ooooo
oo o0 o000 oooo oood 0 000 ogo oo
0O 000 0000 000000 (Kwon et al, 2015; Lee
et al,2016) 0 OOOO OOOO OOOO bOOO OO
0 000000 0o00odooooon oD oobg.
ud ooo oob guooo od oo 0o oodd oo
O 000 000 o000 oo 0ooboo 00 ogo oo
00 OO0000 000 DOoOo0O0 00 (Cheong ef al,
2006). OO0 O0O0O0O OO OO0 OO0 OO ooo

oooo ooo oooo 0O 00 ooo Ooooo boo
ooo 000 OO0 boooo oboooo o ooo o
ooo. 00 oooo oooboo Gap OO0 oooo o
0 0oooooo oo 00 Oooo oooo oo ooo o
ud oo ooo odgd ooooo odgd ooo ooo
oodo ooog oob 00 ooo cooog 0o O o
ud ouu gooo oo ooo ooodd good.
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