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Research of pesticide residue of domestic Lentinula edodes
related with the positive list system
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ABSTRACT: The study was conducted for the safety evaluation of 320 pesticide residues in 768 Lentinula edodes fruit body
samples and 143 L. edodes media samples, which are distributed nationwide in South Korea. The monitoring method was the
second of the multi-residue methods in the Korean Food Code. GC-ECD, GC-NPD, and GC-MSD were used as evaluation
equipment for analysis. Single-analysis of the target pesticides was performed for mepiquat chloride. Through the analysis of
collected L. edodes samples, pesticide residues were detected in total seven cases, including four L. edodes fruit body samples
and three L. edodes media samples. The detected pesticide residues were carbendazim, diflubenzuron, fluopyram, and
dinotefuran. In this study, carbendazim was detected in three L. edodes fruit body samples and one L. edodes media sample. The
detected amount of carbendazim was 0.056, 0.17, 0.043, and 0.09 mg/kg, respectively. The amount of carbendazim in the
collected L. edodes samples was detected below the MRLs (maximum residue level). The detected amounts of fluopyram and
dinotefuran were 0.068 mg/kg and 0.06 mg/kg, respectively. Two pesticide residues were detected in the medium in one case.
Mepiquat chloride was not detected in this study. These results suggested that residual pesticides were detected in a small
number of collected L. edodes. However, the PLS for unregistered pesticides MRL was 0.01 ppm; therefore, we have to conduct
research on preparing safety standards for mushrooms, including L. edodes.
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Table 1. List of Lentinula edodes by collected area
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Division No. of samples Collected area Division No. of samples Collected area
Gangwon-do 3 Wonju-si Seoul 1 -
1 Hwacheon-gun Sejong 5 -
9 Goyang-si Jeju-do 3 Jeju-si
2 Gwacheon-si 11 Gangjin-gun
1 Gwangju-si 4 Goheung-gun
6 Gimpo-si 5 Gokseong-gun
1 Seongnam-si 14 Gwangyang-si
8 Siheung-si 8 Gurye-gun
6 Yangju-si 3 Naju-si
Gyeonggi-do
55 Yangpyeong-gun 48 Damyang-gun
33 Yeoju-si 6 Mokpo-si
8 Icheon-si 2 Boseong-gun
5 Paju-si 15 Suncheon-si
Jeollanam-do
7 Pocheon-si 14 Yeosu-si
4 Hanam-si 1 Yeonggwang-gun
4 Hwaseong-si 7 Yeongam-gun
25 Geoje-si 7 Wando-gun
1 Gimbhae-si 28 Jangseong-gun
3 Sacheon-si 322 Jangheung-gun
4 Sancheong-gun 13 Jindo-gun
3 Jinju-si 16 Hampyeong-gun
2 Changnyeong-gun 5 Haenam-gun
Gyeongsangnam-do
3 Changwon-si 38 Hwasun-gun
1 Hanam-si 4 Gongju-si
1 Haman-gun 12 Nonsan-si
3 Hamyang-gun 1 Dangjin-si
5 Hapcheon-gun 9 Boryeong-si
6 Uiryeong-gun Chungcheong 34 Buyeo-gun
2 Gunsan-si nam-do 5 Asan-si
2 Gimje-si 9 Yesan-gun
3 Namwon-si 5 Cheonan-si
Jeollabuk-do 3 Muju-gun 1 Cheongyang-gun
1 Buan-gun 1 Hongseong-gun
1 Jangsu-gun 5 Yeongdong-gun
2 Jinan-gun Chungcheong- 13 Okcheon-gun
Daejeon 1 - buk-do 4 Eumseong-gun
Busan 4 - 3 Cheongju-si
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Table 2. List of the pesticides(321 pesticides)

Classification Pesticides

Abamectin, Acephate, Acetamiprid, Acrinathrin, Aldicarb, Aldirin, Azinphos-methyl, Bendiocarb, Benzoxi-
mate, BHC(a,$,8), Bifenthrin, Bromopropylate, Buprofezin, Cadusafos, Carbaryl, Carbofuran, Carbopheno-
thion, Chlorantraniliprole, Chlorfenapyr, Chlorfenvinphos, Chlorfluazuron, Chlorobenzilate, Chlorpyrifos,
Chlorpyrifos-methyl, Chromafenozide, Clofentezine, Clothianidin, Cyfluthrin, Cyhalothrin, Cypermethrin,
DDT, Deltamethrin, Demeton-S-Methyl, Diazinon, Dichlorvos(DVP), Dicofol, Dieldrin, Diflubenzuron,
Dimethoate, Dimethylvinphos, Dinotefuran, Disulfoton, Endosulfan, Endrin, EPN, Ethiofencarb, Ethion,
Ethoprophos(Ethoprop), Etofenprox, Etoxazole, Etrimfos, Fenamiphos, Fenazaquin, Fenitrothion, Fenobu-
carb, Fenothiocarb, Fenoxycarb, Fenpropathrin, Fenpyroximate, Fenthion(MP), Fenvalerate, Fipronil, Flonic-
Insecticide amid, Fluacrypyrim, Flubendiamide, Flucythrinate, Flufenoxuron, Fonofos, Fosthiazate, Furathiocarb,

(139) Halfenprox, Hexaflumuron, Hexythiazox, Imicyafos, Imidacloprid, Indoxacarb, Isazofos, Isofenphos, Isopro-
carb, Lindane(y-BHC), Lufenuron, Malathion, Mandipropamid, Mecarbam, Methidathion, Methiocarb,
Methomyl, Methoxyfenozide, Metolcarb, Mevinphos, Milbemectin, Monocrotophos, Novaluron, Omethoate,
Oxamyl, Parathion, Parathion-methyl, Permethrin, Phenothrin, Phenthoate, Phorate, Phosalone, Phosphami-
don, Phoxim, Piperonyl butoxide, Pirimicarb, Pirimiphos-ethyl, Pirimiphos-methyl, Profenofos, Promecarb,
Propoxur, Prothiofos, Pyraclofos, Pyridaben, Pyridalyl, Pyridaphenthion, Pyrifluquinazon, Pyrimidifen,
Pyriproxyfen, Quinalphos, Silafluofen, Spinetoram, Spirodiclofen, Spiromesifen, Spirotetramat, Sulfoxaflor,
Tebufenozide, Tebufenpyrad, Tebupirimfos, Teflubenzuron, Tefluthrin, Terbufos, Tetradifon, Thiacloprid,
Thiamethoxam, Thiodicarb, Triazophos, Triflumuron, Vamidothion

Alachlor, Anilofos, Azimsulfuron, Benfuresate, Bensulfuron-methyl, Benzobicyclon, Bifenox, Bromacil, Bro-
mobutide, Butachlor, Butafenacil, Cafenstrole, Carfentrazone-ethyl, Chlorpropham, Chlorsulfuron,
Clethodim, Clomazone, Cyclosulfamuron, Cyhalofop-butyl, Daimuron, Diclofop-methyl, Dimepiperate,
Dimethametryn, Dimethenamid, Diphenamid, Dithiopyr, Diuron, Esprocarb, Ethalfluralin, Ethoxysulfuron,
Fenclorim, Fenoxaprop-ethyl, Fentrazamide, Flucetosulfuron, Flufenacet, Flumioxazin, Halosulfuron-methyl,

Herbicide Haloxyfop, Heptachlor, Hexazinone, Imazosulfuron, Indanofan, Linuron, Mefenacet, Metamifop, Metazosul-

(88) furon, Methabenzthiazuron, Metobromuron, Metolachlor, Metribuzin, Molinate, Napropamide, Nicosulfu-

ron, Oxadiazon, Oxaziclomefone, Oxyfluorfen, Pendimethalin, Penoxsulam, Pentoxazone, Piperophos,
Pretilachlor, Prometryn, Propachlor, Propanil, Propaquizafop, Propazine, Propisochlor, Propyzamide, Pyra-
zolate, Pyribenzoxim, Pyributicarb, Pyriftalid, Pyriminobac-methyl, Pyrimisulfan, Quinoclamine, Quizalo-
fop-ethyl, Saflufenacil, Sethoxydim, Simazine, Simetryn, Terbuthylazin, Terbutryn, Thenylchlor, Thiazopyr,
Thifensulfuron-methyl, Thiobencarb, Tri-alate, Trifluralin

Ametoctradin, Amisulbrom, Azaconazole, Azoxystrobin, Benthiavalicarb-isopropyl, Bitertanol, Boscalid, Car-
bendazim, Carboxin, Carpropamide, Chlordane, Cyazofamid, Cyflufenamid, Cymoxanil, Cyproconazole,
Cyprodinil, Dicloran, Diethofencarb, Difenoconazole, Dimethomorph, Diniconazole, Diphenylamine, Edifen-
phos, Epoxiconazole, Ethaboxam, Etridiazole, Famoxadone, Fenarimol, Fenbuconazole, Fenhexamid, Fenox-
anil, Ferimzone, Fludioxonil, Fluopicolide, Fluopyram, Fluquinconazole, Flusilazole, Flutolanil, Fluxapyroxad,

Fungicide Fthalide, Hexaconazole, Imazalil, Imibenconazole, Iprobenfos, Iprodione, Iprovalicarb, Isoprothiolane, Isopyr-

(87) azam, Kresoxim-methyl, Mepanipyrim, Mepronil, Metalaxyl, Metconazole, Metrafenone, Myclobutanil,

Nuarimol, Ofurace, Oxadixy, Penconazole, Pencycuron, Penthiopyrad, Picoxystrobin, Probenazole,
Prochloraz, Procymidone, Propamocarb, Propiconazole, Pyraclostrobin, Pyrazophos, Pyrimethanil, Pyro-
quilon, Quintozene, Simeconazole, Tebuconazole, Tetraconazole, Thiabendazole, Thifluzamide, Tiadinil, Tol-
clofos-methyl, Triadimefon, Triadimenol, Tricyclazole, Trifloxystrobin, Triflumizole, Uniconazole,
Vinclozolin, Zoxamide

Plant growth regulator (7) Forchlorfenuron, Giberelic acid, Inabenfide, Mepiquat chloride, Paclobutrazol, Quinmerac, Thidiazuron




Table 3. Operating conditions of gas chromatography and GC-MS

Parameters Analytical Conditions
Detector GC-ECD GC-NPD GC-MSD
Inlet split (1:2), 270°C splitless, 250°C splitless, 250°C
1.0 uL injection 1.0 uL injection 1.0 uL injection
Column DB-5 (30 m x 0.25 mm, 0.25 pm) DB-5 (30 m x 0.25 mm, 0.25 pum) DB-5MS (30 m x 0.25 mm, 0.25 pm)
Flow rate N, (1.0 mL/min) N, (1.0 mL/min) He (1.5 mL/min)
Rate Temp. Hold Rate Temp. Hold Rate Temp. Hold
(°C/min) (°C) (min) (°C/min) (°C) (min) (°C/min) (°C) (min)
160 1 130 1 70 1.5
Oven Temp. 47 240 4 8 180 1 20 180 1
5 280 20 4 210 3 10 265 1
10 300 8 5 300 4.5
Detector Temp. 300°C 300°C 300°C
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Table 4. Detected pesticides of Lentinula edodes fruit body by collected areas

% samples without
detectable pesticides pesticides below MRL" pesticides below MRL

No. of samples with % samples with

Collected area No. No. of samples v‘vi‘thout
of samples  detectable pesticides

Gangwon-do 4 4
Gyeonggi-do 106 104
Gyeongsangnam-do 46 46
Daejeon 1 1

Busan 2 2

Seoul 1 1

Sejong 3 3
Jeollanam-do 504 503
Jeollabuk-do 13 12

Jeju-do 2 2
Chungcheong nam-do 86 86

100 0 0.0
98 2 2
100 0 0
100 0 0
100 0 0
100 0 0
100 0 0
99.8 1 0.2
92 1 8
100 0 0
100 0 0

MRL : Maximum residue level.
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0.25 um, AgilentyE AH&-3IATH FHseko] HAEHE AlE=
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mepiquat chloride®l] thall &A1g A=}, 31 471, 7w
A 3782 F 77104 JAFEeke]l AEEHIH, AEE
AJE-2 carbendazim(471), diflubenzuron(171), fluopyram
(17), dinotefuran(171) ©]%th(Table 4-7). ©] & MRLE
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&

Table 5. Detected pesticides of Lentinula edodes media by collected areas

Collected area No. of  No. of samples Wi'.chout % samples wit.hf)ut No.. (?f samples with ;1))65— % s.amples with pesti-
samples detectable pesticides detectable pesticides ticides below MRL cides below MRL
Gangwon-do - - - - -
Gyeonggi-do 43 40 93 3 7
Gyeongsangnam-do 11 11 100 0 0
Daejeon - - - - -
Busan 2 2 100 0 0
Seoul - - - - -
Sejong 2 2 100 0 0
Jeollanam-do 63 63 100 0 0
Jeollabuk-do 1 1 100 0 0
Jeju-do 1 1 100 0 0
Chungcheong nam-do 20 20 100 0 0

"MRL : Maximum residue level.
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Table 6. The amount of detected pesticides of collected Lentinula edodes fruit body

Collected area Detected pesticides Amount(mg/kg) MRL(mg/kg)l) Registration
Carbendazim 0.056 07" o)
Gyeonggi-do .
Carbendazim 0.17 0.7 (0]
Jeollanam-do Diflubenzuron 0.4192 0.3" (e]
Jeollabuk-do Carbendazim 0.043 0.7" (0]
MRL : Maximum residue level.
Hl-g iAo HEEE ARIZE DSt SR BA4S WAIE] fEl 2714 AElete Aot 9E] BRE A

AAsislont £ ATelMe HEEA ST

Carbendazim

Carbendazim =77 3 4 Ajufjol] 3 9letAl AR
e WATEA AT AAEA ST ohuet
TY FdoA % T T T AFAEE AREES A
=, P2 75 olF WIXH|tEA Fefo] M54, 7]
Y =4, 2o Tl digh =do] Al&E AL k. vl v
OEA 5ok 54 71312 Al X 59014 microtubules

o ruN

oFe]

Agrsle] mx]z W E2 Aol spindle A4S A
stEE MEREY 75g Adete AoRE dHA Aok
(Hwang et al., 2017). ¥ A7l X= £32 37, wijA] 17
o7 F 47149 AEINA carbendazimo] A& o} 7}
Z+e] AZE%L 0.056 mgkg, 0.17 mg/kg, 0.043 mg/kg,
0.09 mg/kg 2 MRLS! 0.7 mg/kgoll ¥l Loz o}
E}stTH(Table 6, 7).

Diflubenzuron

Diflubenzurone IGRs (Insect growth regulator: w254}
ARAEE)A AFAERA wAlTE o] BA e R —ri
AHE-Et). Benzoylphenyl urea Al5< stES 2%
719l YL A AY 2 HES Welete] fE5s X
ARA 7] AL 715—4 F71Q1UA, et o] EAIS] A A3}
el oﬁ%oﬂE 1547} E}(Park 1998) ol 2FA

2

7‘“* at= 719 %*é—% A8l
0}9_ i H]T;H ] 7;;; m;q] Eqw 71 4= Aok (Park et
al., 1999). ¥ Ao|A X3k A7 FollM+= 170] A&
H9om HAEFLS 0.4192 mgkgS 2 MRLS 0.3 mg/kg
= 2353t (Table 6). o= E3L A Al FEFF0l5

WAl A wAsHe wWAmel del HelH AFAI7}
AR oz Azer.

Fluopyram, Dinotefuran

Fluopyram- | &0 Bo] YA ==
Foltoll ek AE A7t 2002 HALEHA 20129
=jol] A2 555 o] AR5 succinate dehydrogenase
A A=A Thgst AE7|AA Aol gt ddF 29
7t F7FR ERIFAT. WA E Qo], G, 78] 59
P AFS R TFHY AREEe 23 9
(Park et al., 2019). Dinotefurane S2FUIZEIDAIS]

A7, A

Solqg BEAR ALk Ao WA FAUAF,
ABEF 5o PAlo] F2 g ofalolth. HE 5w

AAEE Fate] AFadE vUeplid, f7104, 7
o|EA|, TR ol=A Tl Aol A el
= AFET e Alew dEA vk

2 AFAA fluopyram 0.068 mg/kg, dinotefuran-
0.06 mgkgo & R wjz|oA Z}z} 17134 HAEEHATH
(Table 7). A& IFeIdE2 A HAF 2 139
R3S EdEEde 555 UA o™ fluopyram
o] 739 AAF 0.04 mgkgolld TZ 50 mg/kgZHA 66
%, dinotefuran®] 3¢ GAF 0.05 mgkgolx EAHA
30 mg/kgZ7kA 979 A=l AA thkst 7eo] AE-
T QO (Kim er al., 2020), AEOZ HAHshe= FAE
o] i pol|A] 7] A HA & sl 0.01 mg/
kg ol #Fdte F59 5 B AE A '5‘}1“*
Y20 F = zero tolerances

9 gEskaL th(Chung et al.,

s}

positive list, EA&S
EYate] s kA
2014).

wEha] Uik

E3 R Al AEE AREe

51

rlo

Table 7. The amount of detected pesticides of collected Lentinula edodes media

Area Detected pesticide ~ Amount(mg/kg) MRL(mg/kg)l) Registration
Carbendazim 0.09 0.7" O
Gyeonggi-do Fluopyram 0.068 0.04-50/vegetables and fruits X
Dinotefuran 0.06 0.05-30/vegetables and fruits X

MRL : Maximum residue level.
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