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e | Abstract | N

This study was carried out to establish Korean total diet study (TDS) model for estimating pesticide residue
in food samples. In addition, pesticide residues of food samples were monitored by setting the standards of
established Korean total diet study model. For monitoring, first step were selection of total 102 species food
samples, second step were selection of total 70 species food samples, and third step were selection of total
12 representative diet and 109 species food samples. Ninety-eight pesticides were analyzed using GC-uECD,
GC-MS, and LC-MS/MS after QUEChERS sample preparation method. The residue levels in detected food
samples were below the maximum residue limit (MRL). Establishment of the Korean total diet study model
means providing safe food for consumers, secure the safety of food samples and provide ongoing information
to agricultural producers about use of pesticides.
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| 2005 National Health and Nutrition Survey (NHNS) |

| Major Foods— 115 foods (Intake Ratio ; 20.03%) |

Exception of duplicated, processed,
and food of animal-origin

[ evevenee

| Except for 30 foods

J Major foods with frequency
| 2Foods added

L Major foods with Age
| 1 Foods added |

I}
| Basiclist— 88 Foods (Intake Ratio; 66.13%) |

J;E --------- Foods with high Potency of Pesticide Residue

| 14 Foods added |

l

Food list for Pesticide Residue— 102 Foods
(Intake Ratio ; 85.2%, Energyintake ; 83.3%)

Fig. 1. The flow chart elucidating selection process of sample.
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Table 1. Representative foods for intake and risk assessment of pesticide in Korean foods (from NHNS data, 2005)

Factor Food groups

Rice, Korean cabbage kimchi, Beer, Tofu, Onion, Radish, Bean sprout, Ramyeon, Orange, Potato,

Apple, Tomato, Leek, Wet noodles, Orange juice, Spinach, Cucumber, Makgeolli, Young pumpkin,
Kkakdugi, Melon field, Strawberry, Soybean paste, Fruit carbonated beverage, Soy sauce, Dry noodles,
Banana, Young radish kimchi, Carrot, Korean cabbage, Garlic, Soybean red pepper paste, Soybean
milk, Watery kimchi made of sliced radishes, Garaetteok, Cabbage, Buckweat noodles/Naecgmyeon,
Japanese pickled radish, Radish leaves, Lettuce, Green pepper, Glutinous rice, Barley, Mixed

Major foods with intakes

multigrain, Soybean oil, Wheat flour, Brown rice, Soybean, Sikhye, small water cress, Watermelon,

Biscuit, Green tea beverage, Bread (jam), Coffee mix, Chwinamul, Extracting solutions coffee, Loaf
of bread, Snack, Baekseolgi, Chonggakkimchi, Hamburger/sandwiches, Pear, Tomato juice, Bracken,
Sesame oil, Coffee beverage, Dongchimi, Scallion, Instant cup Ramyeon, Udon, Sweet potato,
Pakimchi, Sesame leaf, Edible shoots of a fatsia, Red pepper powder, Mandarin, Ssamjang, Soft tofu,
Mugwort, Grape juice, Oyster mushroom, Bread crumbs, Glutinous rice cake, Stuffed cucumber

pickles
Major foods with frequency Sesame, Black pepper

Age Modified milk powder

High potency of pesticide

residues Shepherd’s purse

Crown daisy, Chard, Chamnamul, Mustard, Pepper leaves, Bireumnamul (amaranthus), Celery,
Chicory, Dolnamul (sedum), Young radish leaves, Curled mallow, Butterbur, Wild rocambole,
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Table 2. A representative cooker methods of food list for intake and risk assessment of pesticide in Korean foods

Cooking Method Food lists

Korean cabbage kimchi, Beer, Radish, Orange, Apple, Tomato, Leek, Orange juice, Cucumber,

Makgeolli, Melon field, Strawberry, Soybean paste, Fruit carbonated beverage, Soy sauce, Banana,
Young radish kimchi, Korean cabbage, Soybean red pepper paste, Soybean milk, Watery kimchi made
of sliced radishes, Cabbage, Japanese pickled radish, Lettuce, Green pepper, Sikhye, Small water cress,
Watermelon, Biscuit, Green tea beverage, Bread (jam), Coffee mix, Extracting solutions coffee, Loaf
of bread, Snack, Baeksulgi, Chonggakkimchi, Hamburger/sandwiches, Pear, Tomato juice, Sesame oil,
Coffee beverage, Dongchimi, Scallion, Pakimchi, Sesame leaf, Red pepper powder, Mandarin,
Ssamjang, Soft tofu, Grape juice, Glutinous rice cake, Stuffed cucumber pickles, Sesame, Black pepper,
Crown daisy, Mustard, Celery, Chicory, Dolnamul (sedum), Wild rocambole, Modified milk powder

Rice, Korean cabbage kimchi, Tofu, Onion, Radish, Bean sprout, Potato, Leek, Young pumpkin,

Soybean paste, Soy sauce, Carrot, Korean cabbage, Garlic, Soybean red pepper paste, Garaetteok,
Radish leaves, Green pepper, Glutinous rice, Barley, Mixed multigrain, Brown rice, Soybean, Sikhye,
Small water cress, Bracken, Scallion, Udon, Sesame leaf, Soft tofu, Crown daisy, Spinach beet, Mallow

Onion, Potato, Young pumpkin, Carrot, Cabbage, Green pepper, Bracken, Sesame oil, Oyster

mushroom, Bread crumbs, Mugwort, Chamnamul, Butterbur, Naengi

Bean sprout, Spinach, Small water cress, Edible shoots of a fatsia, Pepper leaves, Bireumnamul

Uncooked
Boiling
Broiling Wheat flour
Steaming Sweet potato
Poaching Wet noodles, Dry noodles, Naegmyeon
Roasting
Blanching
(amaranthus), Young radish leaves
Heating Soybean oil
Recipe Ramyeon, Instant cup Ramyeon
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Table 3. Target pesticides for total diet study model in Korea

Group 1 (GC-pUECD)

Alachlor Bifenthrin Butachlor Chinomethionat Chlorfenapyr
Chlorothalonil Chlorpyrifos Chlorpyrifos-methyl Cyflufenamid Cyhalothrin
Cypermethrin Diazinon Dichlofluanid Diniconazole a-Endosulfan
[3-Endosulfan Endosulfan-Sulfate EPN Ethoprophos Fenarimol
Fenbuconazole Fenitrothion Fenpropathrin Fenvalerate Flutolanil
Hexaconazole Indoxacarb Iprodion Isoprothioran Methidathion
Oxadixyl Paclobutrazol Parathion Pendimethalin Permethrin
Phenthoate Pyraclofos Pyrazophos Pyridalyl Quintozen
Tebupirimfos Tetraconazole Tetradifon Tolyfluanid Triflumizole
Vinclozolin Zoxamide

Group 2 (GC-MSD)
Fenthion Fipronil Fludioxonil Procymidon Prothiofos
Spirodiclofen Terbufos Tolclofos-methyl Triadimefon

Group 3 (LC-MS/MS)
Acetamiprid Anilofos Azoxystrobin Boscalid Cabofuran
Cadusafos Carbendazim Chlorfluazuron Diethofencarb Difenoconazole
Dimethomorph Ethaboxam Etoxazole Fenobucarb Fenproximate
Flufenoxuron Fluquinconazole Fosthiazate Iprobenfos Kresoxim-methyl
Lufenuron Mepaniprim Metabenzthiazuron Metalaxyl Methomyl
Methoxyfenozide Napropamide Oxadiazone Penccuron Propamocarb
Propiconazole Pyraclostrobin Pyridaben Pyrimethanil Spiromesifen
Tebuconazole Tebufenozide Teflubenzuron Thiacloprid Thiamethoxam
Thifluzamide Tricyclazole Thiophanate-methyl Trifloxystrobin

Table 4. Analytical conditions of GC/UECD

Item Conditions

Instrument model Agilent 7890 A

Detector Electron capture detector

Column Ultra-2 (50 m length x 0.32 mm I.d.,, 0.17 um film-thickness)
Carrier gas N2 (2.25 ml/min)

Split ratio 10 : 1

Column oven 0C (2 min) post run 300C (3 min)

Injector 250C
Detector 300C

100C (1 min)-10C/min-190C (10 min)-5C/min-220C (10 min)-2'C/min-250C (0 min)-20C/min-29
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Item Conditions

Instrument model Agilent 6890 GC / 5973N MSD
Column
Column Flow

Inj. Temp.& Inj. mode 250C (Splitless mode)

Mass Source Temp. 150C
Transfer Line Temp. 300C
Oven Temp.

Injection vol. 2 ul

HP-5MS (30 mx 0.25 mmx 0.25 pL)
He 0.8 ml/min (Constant Flow mode)

120C (5 min)-10C/min-210C (4 min)-15C/min-300°C (1 min) post run 300C (2 min)

Table 6. Analytical conditions of LC/MS/MS

Item Conditions

Instrument model

Column

Column temperature 35C

Agilent 1100 Series Capillary LC System with QTARP-3200,
Applied Biosystems mass-spectrometer

Sun Fire C-18, Particle size 3 um, ID 2 mm, Length 100 mm

Water (A)-5 mM-Ammonium formate, 0.1% formic acid

Mobile phase

MeOH (B)-5 mM-Ammonium formate, 0.1% formic acid

A/B=95/5 to 25/75 1 min to 5/95 over 15 min ; 95/5 for 15.01 min, and equilibration for 10 min

Flow rate 200 pL/min

Inject volume 10 uL

Turbo ion Spray probe 450C

Ionization voltage 5500V, positive ion mode
GS1, GS2 50 V, 60 V

Scan spped 4000 amu/s

Dwell time 10 ms
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Table 7. Establishment of the total diet study (TDS) model in Korea

Classification Summary

Food data collection

Food lists

National Health and Nutrition Survey

From major food with intake and frequency to choice more than 90%

- excepted low pesticide residues foods

Purchase of the food products

Preparation of sample

Pesticide analysis

Type of study Market basket study

Supermarket and traditional markets in Seoul
- From local market and traditional market to buy more than 20%

Frozen storage after simple cooking
- Cooking methods: Uncooked, Boiling, Broiling, Steaming, Poaching, Roasting, Blanching

Multi-residue method for unsuitable on determination tests

295 Table 70| YeRfidlch. S gh=g FA ol H=
A R 5% 159 AFHFT % HhRt diEAE S
8l 3de 7

AR Olﬁ”P 4% A% /\loﬂt %‘%}:94 A5 7Hs/dol
= Aor = AE FEAET AEFS At
ek AAE AF AR 82 A 2 =
oA 20% old= Frfste W o= 5~9Y Atojof HAlst
1, Ao et AlgHA oz PAtE = AEE AYAA7] o
215} market basket approach B2 33k}t 35
AEE JEHE/ﬂOVV:Lﬂ/”l 7V FRZVEA 7] T3 2

7 Az AEol F2 ol gEe W] ut

xesto] EARtth EAOA ok AY s E2
ofol disiA HTHo2 EAs7] A AEtue AR
o sikE FAT e Hxst] FAGARTY e g
= AR fEAE § ARede 4] A 2
o H

2] dhal 70~130%¢] 34
we ol&git
SRR 3123 SMOMHZA DY MHE HEE

17412009 )of = Xd Aol et than], TRl A&
sz B77F ol FoIHaL, 29 A|(20109) 0l = FHAFAIS(D
E 9*1]),% THACE ], ol

2 A Aol shet v, thl=

, 1~
3|
40
FWA A AE F QRS Brtstol 255k 913

= WIS 4. STACIDIAE 1, 204 o7
o FAHEE FUAY - GPRAL A2E 2AZ A A
o S AN B APE A5 449 A5l 4
27h He ARAES U ARAFOE ARl B3
AT AAN et AR 220 Tajo] chsh o]
913 48 *ﬁ A R F A0 ol 2

e SN AES A
3 0E oy 4E,

154(20099)01 4 AAE EH:E & 10258 222
off oJsf Zej3te] F 124504 9859 %QFOH et 2
= =A% A3, KoM=

pyridaben 5

azoxystrobin, propamocarb,
3%, NY-2 azoxystrobin, carbendazim, die-
3% 2el3 ol

thiolane, tricyclazole 5 33%9] 52Fo]

thofencarb 5 chlorfenapyr, isopro-

B2 Et}. 1 2]
20 AEHUL
1152912 diniconazole, thiamethoxam & 2%0] AZEQ) 11,

157}5= azoxystrobin, metalaxyl &

H$}= fenarimol, A= propamocarb, '&7]+= tetraconazole,
g A tricyclazole, Hj2} of &Hfo A=
83 AEA]9F Ao A= dimethomorph7} 7}2t A2
Hoitt. A%E EoFEL nE 2125 87]2(KFDA, 2011)
olsle] AFES B oLt 1904 diniconazole, M ¢
Al fenarimol, E1|Ug]o|A] chlorfenapyr ¥ isoprothiolane
a2]al 2ol A9 carbendazim ZHE35-E7]50] AL
of 97 shek

204201090l A AAE 7059 RAZS BEZ
Rl osff zejsto] F 90F9 AlRs FAT 23, 17%
AEoIA 1059 Fofo] AEH Ut 2004 dimethomorph,
propamocarb, pyraclostrobin 5 3%, $-2113:0{|A4]%= boscalid,

carbendazim

o ©
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pyraclostrobin 5 2%, ZUE2 iprodione, 78-S thiamet-
hoxam, 3, &n|, 222 tricyclazole, =52 fosthiazate,
HE =52 metalaxyl, 7%, Mg, dZoHj3+= dime-
thomorph, %313= fluquinconazole, E-<%0}= boscalid,
%]+ pyraclostrobin, I&2]+= difenoconazole©] Z}Z} HE
ST}, 26| A AR B R61871H(KFDA, 2011)
o|5}o] AFeFS B O metalaxyl (¢
(49, dimethomorph (%, A7), metalaxyl (H]S),
difenoconazole (&)= AHA AEEE A& o 2+
= tisf F5735]871H(KFDA, 2011)0] A4 o} 1A &
ket
el 0 491k el AR 1033 o
& 109%0] i3k 98F FoF) thpda A% 3EA(2011
) A+ 23 1052 AFolA 8% Fofo] H=H Stk
ol= AJ7}o) A 9] fosthiazate, trifloxystrobin, -5-AHu]o] 4] 2]

fenobucarb, iprobenfos, 3=1139]| 4 2] acetamiprid, triflox-

&), pyraclostrobin

ystrobin, @u|o| 42| fenobucarb, propiconazole, Al&X4,
Fhe, Aol A 9] azoxystrobin, ™9]o] 49| lufenuron, &
2 1130]| 4] 9] acetamiprid, ZF&U]of| 4] fenobucarb -5-0]tt.
Fosthiazate (AJ7}), lufenuron (M 9)), trifloxystrobin (A7)
o AZ2H a5 22| sy 5887 E(KFDA, 2011)0]
AR o] QA ASkTh ot AAT 2] Aato] whE AF
9] ZhFEkol| gk A+ A3 Yang et al. (2012)2] =&
of ZuHATh. 1 AS QOoFstAH F 3459 AIA A Al
2 1039 AlolA Fsofo] AEHUAL, & 3459
AIH $ AlzoM= 650l A=Ht: 22]al F 4159 =
2 & AlmofAE SFoA HRsefol AEHH. 1 5 o
#Ho7 FuF YA A /5, 28] $9 triflox-
istrobin TS AT EaI50] A AlF A A=A
= 9 0.064 mgkg, AHE AR HE 0.051 mgkg, %
2o wE £¢ T AR AL 0.023 mgke, B T AR
oA 0.030 mgke7} AZHAT. E8 *gw AR A

E‘)ﬂ’HL 0.005 mg/kg®] ZH7go] HEEHUL A 9 &
S & A|F2o| AL trifloxistrobinof T3t 7\1-‘?&0] Az A
%?% . 9] 1?* ﬁﬁ— EEHE Al A7 "/WOW Hed 5

Hsld E7t
oro] HEH AFORHYH kEH = g B
SEOLA Aol A AT 1Y 42582 Acceptable

ZA0|MF ZAKTotal Diet Study, TDS)
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Daily Tntakes, ADI)Z 2835190 B(KFDA, 2012), Z-2%
oFof tfgt 1Y A %|=k(Estimated Daily Intakes, EDI)-
des e Moz AN

1 #3451 EDI _ 5oRthaid{ng/e) A& 1943 e/day)

(ng/kg bw/day) AAHF A5 (kg)

919) Aoz Ak 19 FAHFHEDDI 19 5818
(ADDO] A5 tEF2Z Codex 54 Fat 454l
55 kg ool 191 19 Xéﬁrlak(EDI * 55 kg)o} 12l
1Y A5 &FHADI * 55 kgy& st 191 19 FHHHF
/191 19 A58 * 100(%) = %ADIS &%6}2‘;&}. AF
23t %ADI= Table 83} 7t}

%ADIE 53+ Z171¢] 5oFo] Qe & AuEH, BE 1
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Bt =7F B 7| ofA Ao BAG e W gl of Fsofoll thek Sl dF2AF oo FE8 2ofs,
A= a2 521Q0 HUEPe Foto] £Efste] sk &, A4 ke, S4 5 dEd —T{r FA
Aol tigt e FEsfoR & Alofk. gt FA oA E8E o Qs AR J|dE.
o Uobrh AEAA, A4, 2170 22| gyl 2
Table 8. The %ADI for risk assessment of detection pesticides
2009 (Ist step)
NO Pesticide Moo b ADU*sske o FLEERLISREDicsske
(mg/ke bw. day) (mg/person/day) (meke bw. day) (mg/person/day)
1 Azoxystrobin 0.100 5.500 0.0000284 0.001562 0.0284
2 Carbendazim 0.030 1.650 0.0000183 0.001006 0.0611
3 Chlorfenapyr 0.003 0.165 0.0000089 0.000489 0.2982
4 Diethofencarb 0.004 0.220 0.0000038 0.000209 0.0962
5  Dimethomorph 0.200 11.000 0.0000796 0.004378 0.0398
6  Diniconazole 0.002 0.110 0.0000002 0.000011 0.0096
7  Fenarimol 0.010 0.550 0.0000035 0.000192 0.0354
8  Isoprothiolane 0.016 0.880 0.0000089 0.000489 0.0559
9  Metalaxyl 0.080 4.400 0.0000063 0.000346 0.0078
10  Propamocarb 0.100 5.500 0.0000132 0.000726 0.0132
11 Pyridaben 0.005 0.275 0.0000063 0.000346 0.1254
12 Tetraconazole 0.004 0.220 0.0000053 0.000291 0.1323
13 Thiamethoxam 0.006 0.330 0.0000007 0.000038 0.0111
14 Tricyclazole 0.030 1.650 0.0000023 0.001270 0.0769
2010 (2nd step)
1 Boscalid 0.040 2.200 0.0000001 0.0000039 0.0002
2 Difenoconazole 0.010 0.550 0.0000000 0.0000000 0.0000
3 Dimethomorph 0.200 11.000 0.0012821 0.0705144 0.6410
4 Fluquinconazole 0.005 0.275 0.0000005 0.0000292 0.0106
5  Fosthiazate 0.001 0.055 0.0000003 0.0000154 0.0280
6  Metalaxyl 0.080 4.400 0.0000009 0.0000473 0.0011
7 Propamocarb 0.400 22.000 0.0000154 0.0008465 0.0038
8  Pyraclostrobin 0.030 1.650 0.0000662 0.0036383 0.2205
9  Thiamethoxam 0.018 0.990 0.0000043 0.0002382 0.0241
10 Tricyclazole 0.030 1.650 0.0000037 0.0002052 0.0124
2011 (3rd step)
1 Acetamiprid 0.071 3.905 0.0000008 0.0000435 0.0011
2 Azoxystrobin 0.200 11.000 0.0000241 0.0013233 0.0120
3 Fenobucarb 0.012 0.660 0.0000014 0.0000754 0.0114
4 Fosthiazate 0.001 0.055 0.0000000 0.0000011 0.0020
5  Iprobenfos 0.035 1.925 0.0000003 0.0000138 0.0007
6  Lufenuron 0.014 0.770 0.0000001 0.0000061 0.0008
7  Propiconazole 0.070 3.850 0.0000001 0.0000050 0.0001
8  Trifloxystrobin 0.040 2.200 0.0000013 0.0000710 0.0032
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