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ABSTRACT: Eight dried ear mushroom products (three domestic and five Chinese products) distributed in Korea were analyzed
for 321 residual pesticides, 7 heavy metals, and 3 types of radioactivity. Residual pesticides in the domestic products were not
detected. However, chlorpyrifos, isoprocarb, mepiquat chloride, and carbendazim were detected in four Chinese products, all of
which were below the allowable residual limit. Among the detected pesticide ingredients, only the residue for mepiquat chloride
has been established to be present in ear mushrooms. In the heavy metal test, trace amounts of heavy metals were detected in
all samples. However, none of the samples exceeded the allowable residual limits, except for one domestic sample that exceeded
the standard value of 0.3 mg/kg for lead. Radioactivity tests confirmed that levels were below the minimal detectable activity

value in all samples.
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Table 1. Operating conditions of gas chromatograph

Mz 3 S8

Ny =
ZAPRA AZ FolE 20200 7HHE] 89 Aol AAt
Ho] 5 F¢1 FWA 3713 FF2 5SS F 2
F2A) AR 2 AA el bl QPSR
slo] WERTH(-20°C o]aha the A& 2 ALgalth
RS dAl
AT AEFAL AFEF B ulg 321%
S AARFAAL 71719 E4 =21 % Table 13} 7Tk A|&

10 g2 polyethylene bottle®l] & F3}od acetonitrile 100
mlS H7Fs & #471(5,000 rpm)oﬂ 3R mREt S
=319tk 2 % NaCl 15 g2 F7lske] 3087 183 o
< 3,000 rpmol|A] 1027F Y42 ste] A5dS FHelA
ok A5 10 mLE 40°ColA] 13 s 3 20% ©F
MEo] ShE Ak 4mLol E38k9 2™, SPE-florisil
(500 mg/6 mL)2S Phenomenex(Torrance, CA, USA)°|
SEAZTE. B3 20% oblEC] FHE A4t 5 mLE &
Zste] 40°C olstollA 22 Ae=3d & oMl 2 mL
2 ga)A17]2 AZH(PTFE 0.45 um)A17] o AlE8
o= AT,

ZhEoke] £42 GC-ECD(Agilent 7890B, USA), GC-
NPD(Agilent 7890B, USA), GC-MSD(Agilent 5977B,
USA)Z APg—omJﬂ GCx ECDEE 71944 27
=, NPDE= F71U0A JHseke 43133 column
< DB-5(Agilent, USA)E AFE-SI3it). ZHRsefo]l A&
H A8 GC-MSDZE RIS columne DB-5MS
(Restek, Bellefonte, PA, USA)S A3t}

s34 HA
FaEe AFTA vlolamsolie] we} ofsl

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
DB-5 DB-5 DB-5MS
Column
(30 m x 0.25 mm, 0.25 um) (30 mx0.25 mm, 0.25 pm) (30 m x 0.25 mm, 0.25 um)
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)
Oven - 1600 1 - 130 1 - 70 1.5
temp. 4.7 240 4 180 1 20 180 1
4 210 3 10 265 1
13 280 20
10 300 8 5 300 4.5
Detector temp. 300°C 300°C 300°C
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Table 2. Operating condition of mineral components by
inductively coupled plasma mass spectrometer

Classification Conditions
Inductively coupled plasma mass
Instrument spectrometer (Nexion 300 D, Perkin
Elmer, Norwalk, CT, USA)
RF Power 1600 Watt
Aux. gas Argon, 1.2 L/min
Neb. gas Argon 1.02 L/min

900 V

K: 766.49, Ca: 422.67, Na: 589.00,
Mg: 285.51, Cr: 51.941, Cu: 62.930,
Pb: 207.977, Cd: 110.904

Pulse stage voltage

Wavelength (m/z)

(Zn), H(Pb), 7F=%(Cd), UZ (Ni), 7] (Cu), T (Hg),
AF(Cr)E AAIAAL 71719 #4271 Table 29 2
k. A& 0.5 g¢& microwave vesseldll F 3l kg 7
mL, I8 A 1 mLE 7Hshith. A8 e BXAA 7k
S AAST & AF57F H71E vessel& microwave digest
(ETHOS one, Milestone, Bergamo, Italy)e] ElH|o]Eo]
g2reto] 300~400 Wl Axpatell 907k =Eakint. 2
et SRS ARSI 50 mLoZ 8- o A
SH o7 ARRFIE . ICP-MS(NexION 300S, Perkin
Elmer, Norwalk, CT, USA)E ©] &3l 42 )& 379
FEAgEet2nt AFEA ] et A AlEE
< ICP-MS°l F4t & 52440 Axpd B o] 249
! < S5t ANE8d F FHUL

et o

PR AEFAY WP (ZEEAZE s

IEe] AHL H28hA17) T P (8.723E-001 k)
zqsle] A% Ao FANE At
WPbse] BEE dePARRANS B UL Yo,

I EAZvHEE7] (High Purity Germanium  Detector,
HPGe)Z AHEE&L 60%°]™, 222 2300 v o o
YA Ea8l's (FWHM)S 60Co 1332.5 keVolAl 1.95 keV
olsto|tt. AH|e] A WA} FE&wA AR FF
Qe =¥ =987 (Korea Research Institute of
Standards and Science(KRISS), Daejeon, KOR)o|A |
215k wAAY S ARESIAY. A7 10,0002 3)
o ZFA3IHon, ~2HEHLS B4 X273l Gamma
Vision(AMETEK ORTEC, TN, USA)<S o|-&3lo] #2435}

S AR Bol(duricularia auriculajudae)®] &2 A 389

p=
WAl HA7E7Fs5 %= (Minimum Detectable Activity,
MDA)= 7Z3%H (detection limit, DL)ol| &8, A &3,
SN T HAESTFeEERS AMESt] WHAkse] EA)
5 SIS MDA ol €] 2ol ofsl] ALkttt
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u’ M aEles Ban
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HEser ME 24
U %5 F2 Ax Zo] g el 321%F9] #FE
kS AL At Ak 3ANME ARt HEEHA
ogtom  FAke 57A F 470N JWREeF 450] A&
A

AtH(Table 3). F=FA1 A& Do)AE= Chlorpyrifos 0.067
mg/kg, Isoprocarb 0.020 mg/kg, Mepiquat chloride 0.011
mg/kge] AEE, EolXE Chlorpyrifos 0.010 mg/ke,
Mepiquat chloride 0.022 mgkg, GOlX= Carbendazim
0.137 mg/kg, HOllX= Mepiquat chloride 0.023 mg/kge] %+
F5ofo] AEH AU

U] FAHE soF ARS8 ot Hol=
Mepiquat chloride®t 0.5 mg/kg ©|3t= H7-52F 7|EX]7}
A= dom, abtel] F=tellA] HEE Chlorpyrifos,
Isoprocarb, Carbendazime 7|52%]7F A4 =o] 0A] et

T3 2 HAFe i FoF JRSEVIES Y
Carbendazime 337, %0], Aj5o]o|A 0.7 mg/kg |3}
2 7127 AR e, e = 1.0 mg/kg
olslz MAAF o] JSTh. T3 Chlorpyrifoss GA]olA
0.05 mg/kg ©]3}, Isoprocarbe= BE WAlIF 7|EX]7F A
=)o) AUA] AT}, Carbendazime A 2 ARG 91O
™, Chlorpyrifos2} Isoprocarb= 454, Mepiquat chlorides=
A EAA 2 AR AL Sl

=4t o), LEle], FEle], Bo|(Kim et al., 2012)
o} ¥ (Kim et al., 2017)914] ZHF-5RS AR U A
TAIHE BH FUA AR = 2HREeke] AEEA
eFoth. ol ZAMIME FUAF Hold= zHREofo] H
Z5A] o} vgt HEFgFS HoW, FHARE T
FHrEeke] AEH §oF ARl ek Aol "ol
= A0 YEhsith

HARE Auiag S0l 7 S5%0] =ot viA A&
U Ao M e Raoke] MAleR Hold & Q).
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Table 3. Residual pesticide test results for dried-ear mushrooms

Origin Samples Residues detected Concentration (mg/kg) MRL (mg/kg) Uses
A - - - -
Korea B - - - -
C - - - -
Chlorpyrifos 0.067 - Insecticide
D Isoprocarb 0.020 - Insecticide
Mepiquat chloride 0.011 0.5 Growth regulator
Carbendazim 0.010 - Fungicide
China E
Mepiquat chloride 0.022 0.5 Growth regulator
F - - - -
G Carbendazim 0.137 - Fungicide
H Mepiquat chloride 0.023 0.5 Growth regulator
T3 BE-f5 Fol AL wol7] fall wFAEE Vel AAEHA ot o 2AMAAEE s B
& = St o AN E fre T BN I SP] oo, AEE S5 FEE BEE AR 7
sobe AN WO FH4k Bl AZE ARE  £A olalz UEth O e 334 8715
ofo] wAlell A3 A2ld ZolA, obyd Aujag F 4 | 0.3 mgkg, 7F=E 0.3 mgkgS 2 Ao 3t o]
ol AUA = ] offrh. AR AA e A W TAIME Sl A8 1719 | @] 0321 my
sME T TR s AR Ak, B kgl R VRS 2Aete] UEl oy, 2EEer B44
5oy 0 AAel] U D49 27 2t BB R Fel ol W el wialel A3 Azl AolAe B
o7 AzhE at7] olft. TEERE AT Antel] thd F71H<l
ZAP 2o Ao v AztE )
s32 ga 24 ol ZAWIN Flz ] FFE W B
TEES VFolTtE Al HHEH & wiEEA o ofdo] F=AtEG %141401]/‘1 =7 Heper, o, 7t
T 97 BEe] wdo] ol QAYI7 B RASL B, U, T, £, ABS FHAN ¥4 et
dozitt. Hole B Aol Sasdl e9s wE cg_;ngJroﬂ/Hl: =iat 231, ol T WAF 5%
A A % AY Fade] AR 34 09 o &3 é:—»g— %w A3t Hat ol Ml 0.036 mrke,

vjeli = ol WAL ATt
e &<l A= Felol sl okl (Zn), & (Pb), 7H=w

LB

(Cd), YA (Ni), 72 (Cu),

23 BE AR v FEEHol %

FE(He), AE(CHE A

HZE 5] TH(Table

4). Selvehs obd MAlRel g TAA 35 518

Table 4. Heavy metal test results for dried-ear mushrooms

7F=% 0.017 mg/kg, ‘& 0.043 mg/kg, = 0.004 mg/kg
o= 1/]rE]rbhjr. 3k =EHe, Alol 5 HALR 1754 H
2o g e B4 AN e Ax wAd Br
4 0.015-16.950 mgrke, ' 0.004-0.588 me/kg O &
et Sfell frese HAle] fside kde o=

Heavy metals (mg/kg)

Origin  Samples
Zinc (Zn) Lead (Pb) Cadmium(Cd) Nickel (Ni)  Copper (Cu) Mercury (Hg) Chrome (Cr)

A 5.902 0.050 0.025 0.106 1.734 - 0.482
Korea B 44.501 0.312 0.041 0.332 1.628 0.134 0.777

C 14.027 0.040 0.025 0.093 0.904 0.011 0.483

D 9.454 0.229 0.034 0.541 1.949 0.015 0.813

E 5.923 0.281 0.042 0.314 1.125 0.025 0.797
China F 6.457 0.277 0.037 0.415 1.486 0.013 0.875

G 7.915 0.285 0.045 0.288 1.590 0.041 0.808

H 5.329 0.288 0.036 0.344 1.082 0.012 0.846
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A WARse] MDA%L ©l3le] BHE o2 sl
YEATH(Table 5). 4t S574ke] W Wilks 5%
2 vlael B Pel HesE vl FEoE Uehto
™, Vs FAtelA] 3.1515 Balkg, A4 4.565
Ba/kg 2 & YR} F=4to] Akt T =4 VERd
ok T oWl ZAMIA YEhd ERE FE0] FAF W

AFsol MAle] &AM =EE ZA], ofyH #j#]
AselM =28 AA= Aol tigk Azl 71
ZAPF a5

WA A (TCs)E 58] Ha
TEEe e 4EA Ao =
A FAR O EAlsk= ZF A9 Xﬂ (K" transporter)”
Edl Zgo] @ A9 Aes ZFOE 27ts
A 717] wWjiEo]tH(Cho et al., 2018).

2 AFoA =iat WAF 8% 204710 Ui WARE

F

4)4
off (& T

< 228 A7 el CsE MDA oo E A&y
=) kg3 Ygo) Ak 67401 AZEHAJT}. =3 Zo] 117
S T FPAE BAF 6% 8070l thal WAFsS B4
& AT AT = '31119} Hese BHEFN0Y, Vs
L N 1A, 48 147, 27t 2274, o] 1A B & 384
oflX WAFso] HAEHATH(Cho ef al., 2018). 53] AUl
A o) ol MAFRTE B3, 4%, A7t 5 FUF

Table 5. Radioactivity test results for the dried-ear mushrooms

.. Sam- MDA’ (Bg/kg)
Origin ples By *Cs YCs
A <2.40 <1.54 <2.06
Korea B <6.47 <5.38 <6.37
C <7.35 <6.82 <1.02
D <2.75 <1.78 <2.33
E <2.59 <1.59 <2.47
China F <2.69 <1.61 <2.26
G <5.64 <5.06 <6.85
H <7.11 <7.42 <8.91

MDA denoted minimum detectable activity

5O (Auricularia auriculajudae)®] F3EZE ZAF 391
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(Cho et al., 2018).
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(0.5 mg/kg ©18h¥F 712271 AA = ATk
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