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ABSTRACT - In this study, we investigated in pesticide residues and heavy metals in fermented liquor products
(wine, beer, makgeolli). Targeted analysis of 400 pesticide residues in the sample was performed using the quick, easy,
cheap, effective, rugged, and safe (QUEChERS) extraction method, followed by gas chromatography-tandem mass
spectrometry (MS/MS) and LC-MS/MS. The contents of heavy metals (Pb, Cd) were determined by ICP-MS using
the microwave method. The mercury was measured using a mercury analyzer. From the analysis of 150 cases, 102
(68.0%) cases of fermented liquor were detected, and 35 pesticide residues (including metalaxyl, mandipropamid,
azoxystrobin, and fenhexamid) were detected among the 400 pesticide residues tested. Pb, Cd, and Hg were tested in
150 samples. Lead was detected in 73 samples (48.7%), cadmium in 9 samples (6.0%), and mercury in 36 samples
(24.0%). Exposure assessment was conducted to determine the safety of the detected pesticide residues and heavy
metals. According to this assessment, the pesticide residues and heavy metals showed very low %ADI values (less

than 1%).
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Materials and Methods

BMAE

20239 2€7E 102970 PwiE B 13
Ao FEEHIL e FEFTE A FTH
ol mEt A9k 607, W 6071, B (2HEE]) 30
Aoz 7t F 15042 4 & #4359

H

EE2Y Y Al

Z+F59F Gas chromatography (GC) 203%, Liquid
chromatography (LC) 19753 T34 W, 7t=+w, < 3
S B39 2 Accustandard (AccuStandard Inc, New
Haven, CT, USA) X532 AHESIS T 25k 49
AREE A]eFS acetonitrile (Merck, Darmstadt, Germany)=}
methanol (Merck)Z ETHH-E 3|43k 0.001-0.1 mg/L
o ZEEASoE AREAT FE H AAd=
CHROMAtific (Heidenrod, Germany)A}2] QuEChERS
Extraction salts®} PSA-MIX-5ENS AME-Sl3ith 54 &
Aof] ARE-3F A]9FS nitric acid 60% (Junsei Chemical Co,
Tokyo, Japan)®} L-cysteine (Nacalai tesque, Kyoto, Japan),
Milli-Q Direct water purification system (Merck,
Darmstadt, Germany)°l| 2|3 182 MQ o= HAE
SHTE A&

f
4
off

(e}

aand

o

oF BAS 93 GC-MS/MS (7890B, 7010B,

Agilent Technologies, Santa Clara, CA, USA), LC-MS/MS
(TQ-XS, Waters, Milford, MA, USA)E o] &3lyon &
A %71 Table 1, 29 2ot g3 7k=%9] 42 ICP-

MS (7900, Agilent Technologies)& ©]-83F93L 2 &4
&£ MA-3000 (NIC, Osaka, Japan)E A}&-3l%om 7]7]

Table 1. The operating condition of GC-MS/MS

GC-MS/MS
Inlet temp. 260°C
Column HP-5MS U1
o (30 mx0.25 mm, 0.25 pm)
60°C (0 min) — 20°C/min — 180°C
Oven temp.

— 5°C/min — 300°C (1 min)

Detector temp. 260°C (Interface temp.)

Flow rate Carrier gas (He) 1.2 mL/min
Split mode Splitless
Injection volume 1 uL

Table 2. The operating condition of LC-MS/MS
LC-MS/MS
CORTECS® UPLC® C18+,

Column 2.1x100 mm Ld., 1.6 pm
A :0.1% Formic Acid,
Mobile phase 5mM Ammonium formate in D.W
B : 0.1% Formic Acid,
5mM Ammonium formate in methanol
Time (min) A (%) B (%)
Initial 95 5
0.65 95 5
2 60 40
Gradient 8 30 70
11 20 80
13 0 100
15 0 100
17 95 5
Flow rate 0.3 mL/min
Injection volume 2 uL

Table 3. The operating condition of ICP-MS

ICP-MS
Parameters Value
RF power (W) 1550
Ar gas flow (L/min) carrier 0.8, make-up 0.44
He gas flow (L/min) cell 6.8
Detector EM
Analytes and measurement mode HE mode
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Table 4. The operating condition of mercury analyzer

Mercury analyzer

Parameters Value
Wave length (nm) 253.7
. temp. (°C) 150
Drying
time (s) 60
. temp. (°C) 180
1st decomposition
time (s) 120
. temp. (°C) 850
2nd decomposition
time (s) 120
Measure time (s) 30

o] 272 Table 3, 49t Atk FEE A= daws
7](Biotage, Uppsala, Sweden)®} Microwave (Milestone
Srl, Sorisole, Italy)E AF8-3}31Th.

TR MY

sk BAE A% AR FE& AFFHY 7.1.22
T A EH-A2Yl mEt FEEATE). AR 10 gS
50 mL 94) 28|l Hof ol EYER 10 mLE 713
127 73HA 591 4132 QuEChERS Extraction salts (4 g

<
aQ
7
2
— o
uQ
Z

cl 1 g Na,Citrate, 0.5 g Na,HCitrate)S 2

T 4°C, 4000 xgollAl 10%7F G EZ] 3}
ATh 45 ImLE F3 QuEChERS PSA- MIX 5EN
(25 mg PSA, 2.5 mg GCB, 150 mg MgSO,)°] &%l 2 mL
AR T gl 3027 AFeHAl EE9 g%"Ob— 4°C,
4000 xgoll A 1057+ ¥4 E 23l PTEE syringe filter
(Agela Technology, Torrance, Ca, USA)Z 33t & Alg
gdo g 3t

24 50 mLE A L35
A AAP= AEF 916 F
%ﬂﬂ:m(v}ﬁa%}m yS o]&3}

of'% ]E 0.1 mL—% ol Z2A Hi 2827
sio] 2533tk

]z‘ﬂ_Q_on o=

g )&

B Ao Ay HS5e =A4E514 919 3] (CODEX)
7tol=gRle] sk B4 7157, Sl AE-okE
oF AlE-HAV | AR E 9 AlEHe f84

9 g AT AT, HE 5 AW mid B2

dov fo

=2

}

23t shol =l meh selsisict,

°f g
el A (selectivity)S EFFEEE N2 0
B, ETENE W -7v‘— T2
w

a5 FAE A
]JEH] AZntET
@, retention time (RT) ¥ A& o] 30| 58 H]wste]
gl QTE(recovery),_ sk 5450 A
FA] ko WgFE A|EF 3l matrix-matched calibration
< A4 F HE AR EFEFEA L 0.005-0.01 my
kg TELE sl 53] o]} whE S skith Al 9
24 A (lineartiry)2 &7 FA 2] A7 Al S (coefficient of
determination, R)Z 21351593 74 & 3+ (limit of detection,
LOD)9} A #$HA|(limit of quantification, LOQ)= ©}e¢] At
= Wyl wet Fsiaint

LOD =3.3 x (c/S)
LOQ = 10  (c/S)

o =The standard deviation of response
S =The slope of the calibration curve

EETTAL
gFoA AEE HFsofe] A =EEFS g dY
%518 F(acceptable daily intake, ADI)*S ©]-8-3F %ADI
AEsI o AEE 349 QA =E=HS FAO/WHO
15 2E HA7ME A2 Y38 Joint Expert Committee on
Food Additives, JECFA)o| A A3 #AF704 35 & %
(provisional tolerable weekly intake, PTWI)2} #47H4d %
5] (provisional tolerable monthly intake, PTMI)*- o] &
ato] g3b 28 %PTWI, 7H=E-2 %PTMIZS A3
L FEE S 9 PTWIE 20109 Z3)E 3 34 ¥
2 ABAA A7l oy sl HrtelM e I H7
o]l PTWIE AHE-3ISITh.

rulru m&

b

Results and Discussion

Y 355 TEE 350 AEHAU
sl AAlgk 244, AESH(LOD),
SA(LOQ)Y] A= Table 59+ 2t A=A 24
AZ(RYE 0.990-1.0000.2 LFeptom B 3482 636-
120.0%, “J o 35=¥ X(relative standard deviation, RSD)+=
0.70-9.91%%E FERNATE. whebr] A2 F12 $193] 7te]
sl sk 71E B Ao kEE ke 4
F 5 AIEY vk ZFEA] B The]=ERRlolA] A
gk 270 Fetete] fad HAHYS g1 & AU
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Table 5. LOD, LOQ, recovery, and linearity of detected pesticides and heavy metals

Concentration

Compound LOD (mg/kg) LOQ (mg/kg) (me/ke) Recovery (%)£RSD R
Boscalid 0.00098 0.00297 0.005 110.3+£9.91 0.998
Cyprodinil 0.00010 0.00032 0.010 77.7+2.64 0.999
Fenitrothion 0.00016 0.00048 0.010 65.9+4.40 0.998
Fluopyram 0.00018 0.00053 0.010 66.6+5.61 0.995
Isoprothiolane 0.00002 0.00005 0.010 96.7+£3.51 0.997
Metalaxyl 0.00016 0.00048 0.010 84.0+£3.31 0.998
Myclobutanil 0.00014 0.00042 0.010 89.8+7.39 0.997
Piperonyl butoxide 0.00028 0.00085 0.010 99.6+4.39 0.996
Propiconazole 0.00007 0.00022 0.010 80.1+£6.03 0.998
Pyrimethanil 0.00039 0.00119 0.010 88.8+4.07 0.998
Tebuconazole 0.00010 0.00031 0.010 115.9+4.25 0.998
Acetamiprid 0.00027 0.00082 0.005 94.8+4.71 0.999
Ametoctradin 0.00009 0.00028 0.005 63.6+1.26 0.999
Azoxystrobin 0.00024 0.00072 0.005 97.0+5.05 0.995
Carbendazim 0.00033 0.00100 0.005 75.3+3.50 1.000
Chlorantraniliprole 0.00033 0.00099 0.005 83.0£5.25 0.999
Clofentezine 0.00025 0.00075 0.005 86.0+4.88 0.996
Fenhexamid 0.00015 0.00047 0.005 87.3+5.84 0.994
Ferimzone (E) 0.00010 0.00031 0.005 93.0+4.69 0.999
Ferimzone (Z) 0.00021 0.00065 0.005 120.0+5.06 0.996
Fludioxonil 0.00009 0.00027 0.005 95.8+4.36 0.999
Fluopicolide 0.00019 0.00057 0.005 99.5+5.20 0.994
Flutriafol 0.00002 0.00007 0.005 98.3+4.25 0.990
Imazalil 0.00022 0.00068 0.005 102.0+4.80 0.990
Imidacloprid 0.00006 0.00018 0.005 93.3+4.54 0.995
Iprovalicarb 0.00004 0.00012 0.005 98.8+3.64 0.996
Mandipropamid 0.00022 0.00067 0.005 106.5+4.48 0.994
Methoxyfenozide 0.00016 0.00049 0.005 96.5+3.55 0.995
Metrafenone 0.00024 0.00073 0.005 96.3+5.03 0.999
Sulfoxaflor 0.00002 0.00005 0.005 96.8+3.99 0.995
Tebufenozide 0.00018 0.00054 0.005 99.5+4.79 0.994
Thiabendazole 0.00031 0.00095 0.005 71.8+4.92 0.995
Thiacloprid 0.00022 0.00066 0.005 96.3+4.70 0.995
Thiamethoxam 0.00016 0.00048 0.005 93.5+4.87 0.996
Tricyclazole 0.00015 0.00046 0.005 79.3+4.88 0.996
Valifenalate 0.00017 0.00052 0.005 92.84+4.69 0.994
Pb 0.00006 0.00018 0.008 94.7+1.01 0.999
Cd 0.00002 0.00007 0.008 85.3+2.80 1.000
Hg 0.00016 0.00048 0.010 95.94+0.70 0.999

A& —"5;* g A3}, 10271(68%)°] FEFlA 3559] wof
Feol AEHNeH AE W= 0.0008-0.1036 mg/keel

JB 3 F2 43d v

iit‘r(Table 6). 35%29
mandipropamid (38%]), metalaxyl (243]), azoxystrobin (17

3]), fenhexamid (178)Sith FF S = A4 24
Z(68.6%), A 115(31.4%)°] HEH N"H‘X‘ﬂﬂ' 713
Fol AEH Zo= Ueut AEE w4 T A

imazalil, thiabendazole} 4% A tebufenozide, piperonyl
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Table 6. Analysis results of detected pesticides in fermented liquor

Ingredient No. of Pesticide No. of detected  Range of conc.  Average of conc. MRL of RAC"
samples samples (mg/kg) (mg/kg) (mg/kg)
Metalaxyl 24 0.0017-0.0211 0.0055 1.0
Fenhexamid 17 0.0014-0.1036 0.0135 3.0
Methoxyfenozide 15 0.0011-0.0533 0.0122 2.0
Fluopicolide 14 0.0013-0.0129 0.0054 1.5
Tebuconazole 14 0.0012-0.0070 0.0030 5.0
Azoxystrobin 10 0.0011-0.0078 0.0030 3.0
Fluopyram 10 0.0010-0.0103 0.0054 5.0
Imidacloprid 9 0.0014-0.0242 0.0056 1.0
Ametoctradin 8 0.0016-0.0062 0.0039 5.0
Chlorantraniliprole 7 0.0015-0.0157 0.0045 2.0
Flutriafol 7 0.0017-0.0137 0.0046 5.0
Mandipropamid 7 0.0013-0.0050 0.0026 5.0
Gr?pe 60 Acetamiprid 6 0.0009-0.0049 0.0025 1.0
(wine) Fludioxonil 6 0.0019-0.0130 0.0035 5.0
Iprovalicarb 6 0.0012-0.0095 0.0036 2.0
Carbendazim 4 0.0017-0.0040 0.0026 3.0
Cyprodinil 4 0.0025-0.0060 0.0041 5.0
Metrafenone 4 0.0038-0.0119 0.0059 5.0
Pyrimethanil 3 0.0014-0.0141 0.0069 5.0
Valifenalate 3 0.0013-0.0023 0.0017 2.0
Sulfoxaflor 2 0.0017-0.0031 0.0024 2.0
Tebufenozide 2 0.0012-0.0017 0.0015 -
Boscalid 1 0.0043 0.0043 5.0
Clofentezine 1 0.0026 0.0026 1.0
Myclobutanil 1 0.0020 0.0020 2.0
Thiamethoxam 1 0.0013 0.0013 1.0
Barley Wheat Hop
Mandipropamid 31 0.0015-0.0176 0.0043 - - 90
Metrafenone 10 0.0010-0.0038 0.0019 - - 70
Azoxystrobin 7 0.0012-0.0035 0.0024 1.5 0.2 30
Barley, wheat, Chlorantraniliprole 5 0.0011-0.0101 0.0059 0.05 - 40
(E::r) o0 Ametoctradin 2 0.0009-0.0015 0.0012 - - 100
Tebuconazole 2 0.0023-0.0027 0.0025 0.3 0.05 40
Imazalil 1 0.0044 0.0044 - - -
Piperonyl butoxide 1 0.0043 0.0043 20 20 -
Thiabendazole 1 0.0015 0.0015 - - -
Tricyclazole 8 0.0009-0.0049 0.0026 0.7
Isoprothiolane 2 0.0030-0.0053 0.0042 2.0
) Thiacloprid 2 0.0008-0.0012 0.0010 0.1
(maf:;;)lli) 30 Fenitrothion 1 0.0021 0.0022 0.2
Ferimzone 1 0.0020 0.0020 2.0
Piperonyl butoxide 1 0.0039 0.0039 -
Propiconazole 1 0.0024 0.0024 0.7

YMaximum residue limits of raw agricultural commodities.
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971(6.0%), T2 3671(24.0%)S YERM ST

wol F5E AEL 9 607 F 577(95%), HWF 60
A ZF 7A(11.7%), A8 304 F 9A4(30%)C &2 e
o] ofRloA o] AZHE ALE Yt HE WY
= <kl 0.0026-0.0349 mg/kg, W 0.0033-0.0139 mg/kg,
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o

Table 7. Analysis results of heavy metals (Pb, Cd and Hg) in fermented liquor

Pb Cd Hg
Sample  No. of detected Concentration No. of detected Concentration No. of detected Concentration
samples (mg/kg) samples (mg/kg) samples (mg/kg)
. 0.0116 0.0005
Wine 37 (0.0026-0.0349)" 1 0.0052 12 (0.0001-0.0022)
0.0062 0.0003
Beer 7 (0.0033-0.0139) ! 0.0099 1 (0.0002-0.0004)
Makgeolli 9 0.0045 7 0.0064 13 0.0003

(0.0026-0.0084)

(0.0040-0.0119) (0.0001-0.0010)

D Range of detected heavy metal.
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Table 8. Exposure assessment of residual pesticides in fermented liquor

Mean con.

ADIY

EDI?

MPI?

Sample Pesticide (mg/kg) (mg/kg b.w./day) (mg/day)  (mg/person/day) %ADI %MPT
Acetamiprid 0.0025 0.071 4.0E-06 473 0.0056 0.0001
Ametoctradin 0.0039 8.48 6.3E-06 564.34 0.0001 0.0000
Azoxystrobin 0.0030 02 4.8E-06 13.31 0.0024 0.0000

Boscalid 0.0043 0.04 7.0E-06 2.66 0.0174 0.0003

Carbendazim 0.0026 0.03 4.1E-06 2.00 0.0137 0.0002
Chlorantraniliprole 0.0045 2 7.3E-06 133.10 0.0004 0.0000
Clofentezine 0.0026 0.02 4.2E-06 1.33 0.0209 0.0003

Cyprodinil 0.0041 0.03 6.5E-06 2.00 0.0218 0.0003

Fenhexamid 0.0135 02 2.2E-05 1331 0.0108 0.0002

Fludioxonil 0.0035 0.4 5.7E-06 26.62 0.0014 0.0000

Fluopicolide 0.0054 0.079 8.7E-06 5.26 0.0110 0.0002

Fluopyram 0.0054 0.01 8.7E-06 0.67 0.0874 0.0013

_ Flutriafol 0.0046 0.011 7.5E-06 0.73 0.0678 0.0010

Wine Imidacloprid 0.0056 0.06 9.0E-06 3.99 0.0151 0.0002

Iprovalicarb 0.0036 0.026 5.8E-06 1.73 0.0223 0.0003

Mandipropamid 0.0026 0.05 4.2E-06 333 0.0084 0.0001
Metalaxyl 0.0055 0.08 8.8E-06 532 0.0110 0.0002
Methoxyfenozide 0.0122 0.1 2.0E-05 6.66 0.0196 0.0003
Metrafenone 0.0059 0.25 9.5E-06 16.64 0.0038 0.0001
Myclobutanil 0.0020 0.03 3.2E-06 2.00 0.0105 0.0002
Pyrimethanil 0.0069 02 1.1E-05 1331 0.0056 0.0001
Sulfoxaflor 0.0024 0.05 3.9E-06 333 0.0077 0.0001
Tebuconazole 0.0030 0.03 4.9E-06 2.00 0.0163 0.0002
Tebufenozide 0.0015 0.02 2.4E-06 133 0.0121 0.0002
Thiamethoxam 0.0013 0.08 2.1E-06 532 0.0026 0.0000
Valifenalate 0.0017 0.07 2.7E-06 4.66 0.0038 0.0001
Ametoctradin 0.0012 8.48 5.1E-05 564.34 0.0006 0.0000
Azoxystrobin 0.0024 02 1.0E-04 1331 0.0515 0.0008
Chlorantraniliprole 0.0059 2 2.5E-04 133.10 0.0126 0.0002
Imazalil 0.0044 0.03 1.9E-04 2.00 0.6274 0.0094
Beer Mandipropamid 0.0043 0.05 1.9E-04 333 0.3713 0.0056
Metrafenone 0.0019 025 8.0E-05 16.64 0.0322 0.0005
Piperony! butoxide 0.0043 02 1.9E-04 1331 0.0928 0.0014
Tebuconazole 0.0025 0.03 1.1E-04 2.00 0.3536 0.0053
Thiabendazole 0.0015 0.1 6.4E-05 6.66 0.0642 0.0010
Fenitrothion 0.0021 0.005 1.6E-05 0.33 0.3256 0.0049
Ferimzone 0.0020 0.019 1.5E-05 1.26 0.0799 0.0012
Isoprothiolane 0.0042 0.1 3.1E-05 6.66 0.0315 0.0005
Makgeolli 0 onyl butoxide 0.0039 02 3.0E-05 13.31 0.0148 0.0002
Propiconazole 0.0024 0.07 1.8E-05 4.66 0.0260 0.0004
Thiacloprid 0.0010 0.01 7.6E-06 0.67 0.0759 0.0011
Tricyclazole 0.0026 0.05 1.9E-05 333 0.0387 0.0006

YAcceptable daily intake.

JEstimated daily intake=residual mean concentration (mg/kg)*daily food intake (g/day)/1000.
YMaximum permissible intake=ADI*66.55 kg.

994 ADI=(EDI/ADI)x100.
904MPI=(EDI/MPI)x100.



%PTMI
0.0151
0.7637
0.0876

PTMI
(ng/kg bw/month)
25
25

(ng/kg bw/month)
0.0038
0.1909
0.0219

Monthly intake®

%PTWI?
0.0079
0.1116
0.0144
0.0021
0.0337
0.0060

PTWI
(ng/kg bw/week)
25
25
25

weekly intake”

(ng/kg bw/week)
0.0020
0.0279
0.0036
0.0001
0.0013
0.0002

Daily intake"
(ng/day)
0.0187
0.2652
0.0342
0.0008
0.0128
0.0023
0.0084
0.4235
0.0486

(ng/e)
0.0116
0.0062
0.0045
0.0005
0.0003
0.0003
0.0052
0.0099
0.0064

Mean con.

Sample
wine
beer

makgeolli
wine
beer

makgeolli
wine
beer

Heavy
metal
Pb
Hg
Cd

Table 9. Exposure assessment of heavy metals (Pb, Cd, Hg) in fermented liquor
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