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Abstract

In order to survey the residual characteristics of the pesticides in dried agricultural products sold at wholesale markets
and traditional markets in Busan, a total of 69 samples was analyzed by multi-residue method. Of these samples, pesticide
residues were detected in 12 samples (17.39 %) and the detected pesticides were 8 kinds such as bifenthrin, carbendazim,
chlorfenapyr, cypermethrin, fenobucarb, fenvalerate, myclobutanil and tebuconazole. The range of concentrations for the
detected residual pesticides was 0.03 mg/kg to 1.6 mg/kg which showed below their maximum residue limits (MRL) and
no samples had violative residues. After adding tebuconazole in dried jujube and pepper powder, we also investigate the
The calculated half-life of tebuconazole
was 15.05 days in pepper powder and 30.10 days in dried jujube. The half-life of tebuconazole in dried jujube was
longer than pepper powder. The ratio of estimated daily intake (EDI) / acceptable daily intake (ADI) was 0.00002 % ~
0.01157 %.

changes of the residual amount up to the period of 27 days, 10 times.

Key Words : Multi residue method, Pesticide, Dried agricultural products, ADI, EDI
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2014 1€5E 1297k7] FAMA S tfF Slufs,
sk e ASAPOA f8E AxsAE 5 143
X, AukE7|, 157, 25 UE, diE, U
o], £, FEx7Yol, AjFolHAl, enA, HuE, EdE
7], WA, sahg]) 69 disl wof RE U 5
=4 B4 AT 5ok 157102 Y wWeke
o, IZE7FE7F 147(20.3 %), FHEde] 104(14.5 %)
+=o 2 A8kt GE 1)

oF ZhsF 419 M A g)oll= acetonitrile, acetone,
n—hexane ¥ dichloromethane (Merck, Germany)}
T4 NasSOs, NaCl, NH4Cl (Merck, Germany)< AR
stk AA ZAHL florisil Sep—Pak cartridges 4
NH; cartridges (Waters, Ireland)S AFE-3}l9ich =oF
HEFS AFYEAF e =R Y B 2
oJon

& ArgsH,

F

&N 77t Forw 2
acetone, n—hexane ¥ acetonitrile & 3]4]5}o] EA]
7171 HE AR =2 yrro] ARSIt

Z2H4E EEEL ICP—multi—element standard

solution XVI (As, Be, Cd, Ca, Cr, Co, Cu, Fe, Pb,
Li, Mg, Mn, Mo, Ni, Sb, Se, Sr, Ti, Tl, V, Zn 100

mg/L, Merck KGaA, Germany)S AFHE3I9 1, 5%

Table 1, The list of the condiment dried agricultural products analyzed

Type Groups

Products No. of Samples

Stone fruits

Jujube 15

Fruits Chinese magnolia vine 3
berries Grape 1
Oak mushroom 8
Mushrooms
New matsutake fungus 1
Root and tuber vegetables Radish roots 10
Fruiting vegetable, cucurbits Pumkin 2
Fruiting vegetable other than cucurbits Pepper powder 14
Vegetables Leaf and stem vegetables Swee;aic;tas‘ct()elrsltalks g
Cirsiu setidens 1
Radish leaves 7
Leafy vegetables Aster glehni 1
Chwinamul 1

sum 69
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Hxﬁﬂ"ﬂ% ZAHMerck, Germany)2 AHEsHATH A9 om oF AR BAL 95 A= AE AV A
o] A}83F 2541 ELGA water purification system 9., UuAEHO] 4, AE F AR B4 4.1.1 HA
(ELGA, UK)< &3dto] Alzstaich, 9} 4.1.2.2 st 2RSS usith (08 1) 24

1
A= GC/MSD (B890N/5973i, Agilent Technologies,
2M71712 =A USA), HPLC (Acquity, Wters, USA) ¥ GC/u ECD:
NPD (6890N, Agilent Technologies, USA)& 5°F 3

‘ Sample (50g) ‘
| Homogenization : sample added acetonitrie 100 mL

‘ Filter & Separation ‘

| Separation : acetonitrile layer (20 mL) after shaking & standing (—20°C, 1 h)

Evaporation &
Concentration — by TuboVap evaporator

| Purification : elution of hexane sample (2 mL) with hexane 5 mL (contain
acetone, 10 %) on florisil & NH2 by SPE

Analytical sample \ — Screening by GC/MSD - UPLC

Fig. 1. Schematic diagram of sample preparation method for screening of multi—residue pesticides.

Table 2. Analytical conditions of GC (MSD / ECD / NPD) for residue analysis of pesticides

GC / MSD GC / ECD GC / NPD
Instruments Agilent 6890N GC / 59731 MSD Agilent 6890N GC Agilent 6890N GC
HP-5MS HP-5 HP-5
Column
30 mx0,25 mmx0,25 um 30 mx0,25 mmx0,25 um 30 mx0.25 mmx0.25 um
Injection 250 ¢ 260 T 260 T
Temperature Source @ 230 T
Detector Quad, : 150 T 280 C 325
Temperature

Oven Temperature 120 C(1 min)—-5 C/min— 80 € (2 min)—-5 €/min— 80 € (2 min)—5 C/min—
200 €¢(1 min) =5 C/min— 120 € (5 min)—7 C/min— 120 € (5 min)—7 C/min—
270 €(10 min) 250 € (0 min)—7 €/min 250 € (0 min)—7 C/min

280 C (10 min) 280 C (10 min)

Table 3. Analytical conditions of UPLC for residue analysis of pesticides

HPLC-UVD (A range 210 nm~400 nm)

Column Waters Acquity UPLC"VBEH C18 1.7 m (2.1x100 mm) Temperature : 30 C
Mobile Phase A:Water B: Acetonitrile
Flow rate 0.3 mL/min
Injection Volume 3 uL

Gradient Time (min) A (%) B (%)
0 95 5
3 85 15
4 70 30
5 55 45
7 40 60
9 10 90

15 95 B)
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T4 B4 HA&(As), 7IEE(Cd), IHE(Co), IF
(Cr), H(Pb), QFEIR(Sh) & 65 diste] AE5#2] A

s

9. URHAIEH O] 7. AE F felEEAEE 7.1.1 FA

W 1) A8 A o) A4 B|sk o wht
ot Al® o 500 g& F& HAGEHEA7], FEA
HMF-1000, 3=5)2 &3] A °F 10 g& =7kl #
3 AxA7]aL oA 7kgste] ©3hA] & 35hE ()
Abakst ghah)ol A 500 CE FSHAH T, F75] 33kt
BHH 0.5 N g4kl =0]al 0.2 um FA]-E TERE of
N3 o AT R A5k AlFEH o R S &
Aol theiA e sdstA A&ttt S5 24 A
€3t 7]7]= inductively coupled plasma—Optical
emission spectrophotometer (ICP—OES, Optima
7000DV, PerkinElmer, USA)Z EA3}4ch (& 4)

. Ao 5871EA] olst Tt
VAEAHE 59 FRAE 2AEA=
20119 3,9104 = 336(8.6 %), 20129 3,9964d =
49974(12.5 %), 20139 4,29274 = 311A4(7.2 )22
olof vl ARFANEOA FEF HEEC] i =4
et

HAF(HF)E 26.31 % HEEH N oH, 3= 5704
bifenthrin 0,17 mg/kg (7]& 0.22 mg/kg), carbendazim

Table 4. The operating conditions of ICP—OES

Py 24} e 73

1.6 mg/kg (7]1& 4.0 mg/kg), chlorfenapyr 0.03
mg/kg (71 2.0 mg/kg), cypermethrin 0.63 mg/kg
(71% 2.29 mg/kg), fenvalerate 0.53 mg/kg (71%
4.58 mg/kg), tebuconazole 0.2 mg/kg ~ 0.8 mg/kg
(71 5.0) & 6F°] HEH A, HEF(ALZ7HE, FA
17.07 % AFHANCH, L7 674
cypermethrin 0.7 mg/kg (71% 2.0 mg/kg), fenobucarb
0.1 mg/kg (71& 3.5 mg/kg), tebuconazole 0.03
mg/kg ~ 0.8 mg/kg (7] 5.0 mg/kg) & 3F°| A=
Qlar FA]7olo A myclobutanil 0.1 mg/kg (71
3.3 mg/kg)ol HEEAUL.(GE 5, 6)

oky A T ¥3% AR Tebuconazole©]
2907 cypermethrin®|it},
(G 7) 2 dtolA 7Y wol AE4E Tebuconazole
AE7FRoA 53] 9 tiFolA 23] HEE oW Xt
A EHoZ AFEET 1990W =AU 9] BayerAto| A 7idt
St triazoleA AdAlolck, FARY ergosterol TS

Sfeh 282 stof BRI TR, A, A

Bol)=

o7 dHA k. JAISH rato] tebuconazole F
T Hold 715 2ARE A3k, A rat> IS
T3 rat> AJA7F Dl o3 waEE Gl
7 Al Ao Yehdths ) Qo a1
Z7)0 Hao wef A EiFE FEstAY, FA
O 7 3ot WS URrF o R AHA|sH
o443tz 20|t} tebuconazoled YutAR o2 T
A& A7 Hehs 370 2 ARESh FofolBg 1L
Z7FRo A HEEC] =2 Ao=E YEun =8 A7)
we} goro] F7lHoR AEHE AL o 4 Aok,

Rt

S
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Patameter Operating conditions
RF Power 1,400 watts
Nebulizer flow 0.55 L/min
Auxiliary flow 0.2 L/min
Plasma flow 17.0 L./min
Sample flow 1.5 L/min
Plasma viewing Axial
Processing mode Area

Wavelength

As (193.696 nm),
Cr (267.716 nm), Sb (206.836 nm),

Cd (228.802 nm), Co (228.616 nm),
Pb (220.353 nm)
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Table 5. Detection ratio of pesticide residues in dried agricultural products

Type Group (No. of samples detected/ No. of samples No. of samples Rati.o of
No. of samples analysed) analysed detected detection (%)
Jujube (5/15) 19 5 26.31
Fruits Chinese magnolia vine (0/3)
Grape (0/1)
Oak mushroom (0/8) 9 0 0.0
Mushrooms
New matsutake fungus (0/1)
Radish roots (0/10) 41 7 17.07
Pumkin (0/2)
Pepper powder (6/14)
Sweet potato stalks (0/2)
Vegetables Taro stem (0/3)
Cirsiu setidens (0/1)
Radish leaves (0/7)
Aster glehni (1/1)
Chwinamul (0/1)
Sum 12/69 69 12 17.39
Table 6, Detected pesticide residues in dried agricultural products
Commodity Pesticides Dete& ig;lk;? nge (ml\g?l];g)
Aster glehni Myclobutanil 0.1 3.3
Pepper powder Cypermethrin 0.7 2.0
Fenobucarb 0.1 3.5
Tebuconazole 0.03 ~ 0.8 5.0
Jujube Bifenthrin 0.17 0.22
Carbendazim 1.6 4.0
Chlorfenapyr 0.03 2.0
Cypermethrin 0.63 2.29
Fenvalerate 0.53 4,58
Tebuconazole 0.2 ~ 0.8 5.0

Table 7. Detection frequency of residual pesticides in dried agricultural products

No.

Pesticides

No. of samples detected

Tebuconazole
Cypermethrin
Bifenthrin
Carbendazim
Chlorfenapyr
Fenvalerate
Myclobutanil

Fenobucarb

7

e e e e e e
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cypermethrine A=A 24 A Pyrethroids# 5<F 2 ArE dotR7] I HER=LT T =2
oln] WE| W7 8YU ~ 16Yo|H, LZo] A = tebuconazole2 75t 3 274 71A] 103] A|2E A
AR ZRgeto] B Bk ohyet §oJ3t 23 5= sto] e WsE 245k (Fig. 2)
o JFS u|x= FHY AFA o), oA T} Tebuconazole2 715t & 0Y(2A17hH2 137179}
E2 gl HaAg, T, oo, wHE do Az o)A 22 1,00 mg/kg, 0.48 mg/kgo]Sl
Qom L dAite] waEm Jal FA A FHub 1, 279 Fofli= 0.47 mg/kg, 0.27 mg/kg S = el
cypermethrin®] &% 73$ 2o dalol s x5} o}, FAIE 7IeE 3 10%] AR ZHREF Wsks AR fis
o, 3 Ho A wAgArAe] AR ForE s §A 7b ErtERT B Yebdon | Park' 5 2480
A 24 ot Zpeh vl Aol A AAA ool AIRKHY)S Al whel Fik(c)ol 2lEsh= first order
Ao ) drEA2 X E oy, soFe] I kinetics medeloll ©8t] MicrosoftAt] exceld ©|&
T2 8 A AEEE BoFHTh 23 Fof AMEE = sto RS AESH A I3EE oy =
ofo] Yl El 719 5o AR o] oFt AF woF  0.851e R = 0.770), AxFE y =
Hagol WE Ao PUHuR v)Folst ehdst 5= 0,478 MR = 0.929)% vebdeh o] Ao o3 Ak
Folgt stejete AJHA] 05 7] &ojoF T Ao R Y7} % tebuconazole? RI7|7F = uizbr|= pE7IE
g}, 15,059, A% 5= 30,1092 Yebdeh (& 8)
HE7|1ZH Aot 2 s TR Hat S TR 3lag I HAESH
REVE & 137129 AR g3oA s8] 1 Aed 8% 2 58 F=E 0.1 mg/kg, 1
120 - Tebuconazole
100 & # Pepper powder
* Dried jujube
¥ oso -
-]
E
T
S8 o060 -
jd
< *
2 040 \
=
o
L]
0.20
DDD T T T T T T T T 1

Day

Fig, 2, Comparison of residual of tebuconazole in the pepper powder and dried jujubes.

Table 8, Regression curves and half life of tebuconazole in dried agricultural products

Regression curve

Pesticide Commodity - 5 Half life (day)
Equation R
Tebuconazole Pepper powder y = 0.851e % 0.770 15.05
Jujube y = 0.478¢ %" 0.929 30.10
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mg/kg, 10 mg/kg?| TEZ A|x3to] 3HA gt ot
S ALAL ATt F2HEA Ao 7L 7]
A= o) whal ofg Ao wet AESHA| (Limit of
detection, LOD)E #3}5ith, ZF0oFo| ﬁﬁﬂﬂ %2
37} LODE] 10H) ~ 1004 ¥9jel A=% 7
2890 W7} 5 03 skl S ZHSHHL,

LOD =330 /m

o . the standard deviation of the response

m: the slope of the calibration curve

Correlation coefficient+ HE% §°F =5 0,.9990]4F
o7 ozst AAAS HAPI, % HolAS(Relative
standard deviation, RSD)& %°oF 2% 10 % oIS
H 3]eg2 73.3~108.5 %= YEFITEHGE 9) AFoek

o8 -

Xé/ﬂq—]%k(estlmated daﬂy intake: EDD)& AAF
ol 4 w9 14

intake: ADI)o] =1l

olel% - 7

Table 9. Recovery rate, RSD and LOD of pesticides detected

A (2014)0ll 4 ILATRE
oAl v‘i'—ﬁ‘%u He

A

] 70 % ~ 120 %, WA 20 %
ool A
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¢
o
=
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o
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MG

=
A4 Ek(average

P AF 55 kg

=

FEAY AR
A= 0.05 mg/kg °|3lE THES)
AZ=A sk, g4

ol kel

2o wE

o= Eot
< 9fsi= 7= sk

ZF(average level

SFRATE.

Z(acceptable daily

=3k 190 1

Pesticide Recovery rate (%) RSD (%) LOD (mg/kg) Remarks
Bifenthrin 79.5 2.04 0.008 Fungicide
Carbendazim 87.6 6.85 0.002 Fungicide
Chlorfenapyr 78.2 9.64 0.005 Fungicide
Cypermethrin 108.5 1.95 0.005 Fungicide
Fenobucarb 73.3 5.40 0.01 Insecticide
Fenvalerate 80.8 1.81 0.003 Insecticide
Myclobutanil 77.6 2.98 0.02 Insecticide
Tebuconazole 108.5 1.37 0.01 Insecticide
Table 10, Exposure assessment of pesticides in dried agricultural products
Posticide ALDY AFC? ADE? EDIY EDI/ADE”
(mg/kg) (kg/day) (mg/person/day) (mg/person/day) (%)
Bifenthrin Jujube: 0,17 0.0005 0.55 1.54545E-06 0.000280992
Carbendazim Jujube: 0,16 0.0005 1.65 1.45455E—-05 0.000881543
Chlorfenapyr Jujube: 0.03 0.0005 1.43 2.72727TE-07 1.90718E-05
Cypermethrin Jujube: 0.63 0.0005 1.1 5.72727TE-06 0.000520661
Pepper powder: 0.7 0.01 0.000127273 0.011570248
Fenobucarb Pepper powder: 0.1 0.01 0.715 1.81818E-05 0.002542912
Fenvalerate Jujube: 0,53 0.01 1.1 4,.81818E—-06 0.000438017
Myclobutanil Aster glehni: 0.1 0.05 1.65 9.09091E-06 0.000550964
Tebuconazole Jujube: 0.5 0.0005 1.65 4.54545E-06 0.000275482
Pepper powder: 0,41 7.45455E-05 0.004517906

l)ALD, Average level of detection
YARC, Average food consumption (kg/person/day)

YADE (Acceptable dietary exposure, mg/person/day)=ADI (Acceptable daily intake, mg/kg) X Korean average adult

weight (55 kg)

YEDI (Estimated daily intake, mg)=(AFC, kg food/person/day)x (ALD, mg/ke)

9ADI (%)=[EDI/ADE] x 100
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X #5]- 8% (average dietary exposure: ADE)o]| tf3t
RS R et 8% FoF HFADI tiH] flsiEr}
@ ZoR RIET, Y Ax FaAkES =l

2 Bole 2HIHS AXNER FoF fses v
wrol] wje- QHHgt 2o ® wHET

e

Hlax = A3 071314——4 FEHE FHEo lew, &
717F =& Al ASAsSH RS 5 Ugita 21
Houth AxEARES) H|49 HghEd
mg/kg, 2UA 0.0026 mg/kg, FEIHA 0.0062
mg/kg, £ 0.0039 mg/kg, E=7] 0.0123 mg/kg
ojw 17FRel FloM= HEEA AT
AFEEAS do7al A7) & Al 2955, 718 &
< 4ot w9 HEddE 3 0.0078 meg/kg,
2 u]z} 0.0009 mg/kg, EAAHA 0.0278 mg/kg, T8
2] 0.0030 mg/kg, 1371F 0.0039 mg/kg, ETE7|
0.0058 mg/kg, ¥ 0.0148 mg/kgo| ATt F-2 A}

Hege

W =2 AT 3
o

e 3 0.019 mg/kg, 29|AF 0.0174 mg/kg, &

WA 0,.0277 mg/kg, F¥2] 0.0030 mg/kg, 1;77‘:7]’—1—
0.0021 mg/kg, EH=7] 0.0161 mg/kg, 4 0.038
mg/kgo] AT,

2" Sof ot Az wAYA FS 0.1 mg/kg 1]
T ZlEE-S 0.5 mg/kg vlTo|gith, Kim™ o w2
W o] Bt HHT 0.019 mg/kg, ¥ 0.034 mg/kge|
A 420,002 mg/kg, & 0.021 mg/kg

7E.7\} 0.004 mg/kg, & 0.103 mg/kg
BRT GARAL e Selsich

2 E

B ATE 20149 HAH A §
95 5 145 6970] Tste] 4% %59
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Table 11, The contents of As, Cd, Co, Cr, Pb and Sb in dried agricultural products

Contents (mg/kg)

Products NV

As Cd Co Cr Pb Sb
Juiube 15 0.0060+0,0133” 0,0078+0,0255 0,0019+0,0036 0,0287+0,0256 0,0196+0,0255 ND
L (N.D.—0, 0467)3 (N.D.-0.1000) (N.D,-0.0013) (N.D.—0.1000) (N.D.—0.0833) o

Chinese 0.0026+0.0044 0,0009+0,0008 0,0007+0.0007 0,0389+0.0102 0,0174+0.0132 ND
magnolia vine (N.D,-0.0077) (N.D,—0,0017) (N.D,—0,0013) (0.0300—0,0500) (0.0023-0.0267) o
Oak mushroom g 0.0082%0.0164 0,0278+0,0330 0,0021+0,0029 0,0259+0,0210 0,0277+0,0699 ND
(N.D,-0.0467) (N.D,—-0,0867) (N.D,—0,0087) (0.0008-0.0600) (N.D,—0,0533) AL
Radish roots 10 0.003900104 0,0030+0,0026 0,0168+0,0191 0.0112+0,0079 0,0030+0,0064 ND
(N.D,—0.0333) (0.0009-0.0090) (N.D,—0.0533) (0.0030—0.0300) (N.D,—0,0200) o
Pevner vowder 14 NDY 0.0039+0,0059 0.0085+0,0118 0.0203+0,0219 0.0021+0,0054 ND
pper p o (N.D.—0,0200) (N.D.—0.0333) (0.0009—-0,0600) (N.D,—0.0200) -
Taro stem 3 0.0123+0.0157 0,0058+0,0050 0,0033+0,0026 0,0130+0,0061 0,0161+0,0264 ND
(N.D,—0.0300)  (0.0003—0,0100) (0.0004—0.0050) (0.0090—0,0200) (0.0004—0,0467) A
Radish leaves 7 ND 0.0148+0.0133 0.0106+0,0095 0.0443+0.0251 0.0386+0,0367 0.0008+0,0020
o (N.D,—0.0400) (N.D,—0.0267) (N.D,—0.0800) (N.D,—0.1000) (N.D,—0.0053)

1)N, Number of samples N: Number of samples,
Mean + Standard deviation

“Min—Max

A)N_D_, Not detected
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