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Abstract

Simultaneous Analysis Method of Multi—Residual
Pesticides by GC/MS/MS and Monitoring of Pesticide

Residues in Commercial Agricultural Products

Choi, Gye Sun
Advisor : Prof. Lee, Myung—Yul, Ph. D.
Department of Food and Drug,

Graduate School of Chosun University

The monitoring of pesticide residues in agricultural products is essential to
protect consumers, has been achieved for risk assessment and ensure fair trade
practices. We developed a mutliresidue method for analysis of 37 pesticides with
different physico—chemical properties in agricultural products and analyzed the
amount of pesticide residues. The samples consisted of 26 different types of
agricultural products selected at markets in 14 major cities; cereals(2 species),
nuts(1  species) potatoes(l species), beans(2 species), fruits(3 species),
vegetables(16 species), and mushrooms(1l species). The results were as follows :
on this study, residual pesticides were detected at 23 samples (2.29%) in leafy
vegetables such as pepper leaves, radish leaves, cham-na-mul, shin—-sun—cho,
crown daisy, chwi-na-mul and citrus fruits such as kumquat. and one sample
was detected over Maximum Residue Limits(MRLs) for pesticides in agricultural
products. Eight kinds of pesticides were detected and Specially, Diazinon were
detected over MRLs in radish leaves. According to the Korea Food Code,
MRLs for pesticides was regulated by O.dppm in food. Also, Endosulfan,
Ethoprophos and Phenthoate were detected frequently. From exposure assesment

of pesticides in korea commercial agricultural products, daily uptake amount

Vi



from agricultural products was only 0.003 ~ 0.3529% of ADIL It means that
korea commercial agricultural products were safe on the whole for pesticides. In
this study, QuECHERS method was applied for effective extraction and
purification of pesticides in agricultural products, also MRM(Multiple Reaction
Monitoring) mode in GC/MS/MS was used to secure precursor and transition
ion from pesticides. From the analytical data, simultaneous analysis method of
multi-residual pesticides by GC/MS/MS was very effective for monitoring of

pesticides in commercial agricultural products.

Vii



=7} ]

==
K

194 7) Auk7kA] A

Skt

S

H]’? H] HC]— Xﬂ oﬂ /\]_%

= X
=52

o} )=

1
S

A
[e]
T

2

O e
o i do o T & w
Ho o W Mo = = T N
By T Tz § T W W R W T I
ovﬂ%woﬂ7mm RN T g A M TR
i N - ER Ry PR TNE®
o Mo Ma WA 8o = 2 wH M H o= of’ T = o T XY
el o o B o) A < % ol mo o Yo oo & A = 9 oy ¥
Of - —— X gl —~ o, T X5 = EO M A ‘A‘.* bsl 0 =
R s mZTEE B X
LR iﬂ_ﬁz m%%L%@Rm@ﬂ@@%w
R RS = ) L e rC T 5
N o —~ ° =K o o g 0 — = r
o ° Mo = ‘rlx,l» o iy g g . ‘.WL oo = 2 = o) S 3 o " ‘W y
AL EO N N oK .va g BR H_T X 6ol o2y = w; o B =
of SIS o T qﬂglﬂ%umbmﬂ,ﬂlo
Ho :\”m T T K o - = KO NUAON o R = o = o)
o E 0w R A N LE Tw 2P
QT R T oA = o o Zn g 9 Hi = i
8o O o o o= W & N o o W o XX G ) 0
L= R T o T o) ) m o < 07 U v
0 : ‘a o © X i3 — ) X0 =
Mﬂ@ﬁﬂﬁm#m éao%7%aﬂam:fwoizém
= e SRR o s B £ W Em o . dom g
_@isﬂﬂ_m%m ﬂuw%%ﬂqDMx.n@ﬂh
—_ | % = Y i — = 1H =,
N AT —_— — Bo m JM.L ﬁi H;lL _,A_l 0 o] X a o MM —
u[NrLLmﬂMQE ] 5 mu%ﬂlﬁn% 5 2 X
Ao« K = 7 R T g = o) T o 7%
B Re re | Ty o— < o Y od = ~ o < A s
LS TN X Ho = il r 3 L 4 T 2y o
~ ~ B/ S 7 -~ M ™ o = ° 0 ™ 8 o
. 4T g =57 o og T L IR :
@%%mﬂﬂ11@ maﬂe%ﬂwsﬂmﬁ%ﬁg
e doa ™ m mu@Mﬂ,%qﬂ
W ™R o W T T = oD = A f o |’ T
o S o © Mo ol — & ol 18 x
e FEFNT T ELT Hf.s%q_&m%mq 5 oo
S i T %.ﬁ mn o Ho w T I Mm o o W o o ™ R
CEEEmET Rl RN BT 2T = 5 X =
29 = oo < e " T o oM o e o Zo BT S o &=
T M _&oxﬂ%ﬂ% ﬁ@%@ﬁ@.m%%m%a%ﬂ
ai@%ﬂeﬂ%ur = w P E= N g i
U Pow EETE p T XV 5T E }o;u%*
U TESEE ﬂy%ﬁmﬂﬁo
LR _®IZETTD ﬂou@@ﬂﬂfgﬁmmﬂmaf
o5 N o O Hin I < R M T T in o
%ﬂ@rﬂ}lg_ﬂi 1%%@§kd Tz >
T ™ o o o T T ol of o T < e 3
S oo Eomox N ijE o
= T oy o) o



D)
[vied
'
Y
=2
e,
-z
4
ol
i)
ol
o
™
08{21‘
A,
2
rir
jin
B
i
(o
=)
=2
)
o
o
@
)
=
=
=
)
b
o
i
ol
ok
D)

=

wol, BA, 4 AN g WS ARSI TH6).

1970 d ol tha S48 7wkl U1l - Hrld A - f1E A Ad
sttE7HA] 2ete] Sl AR os 4 e EE A AEES
o Mills AH3+= o2 o]d MRMs < acetonitrile RUE acetones # %9
A A ALESFAA T AA - A ERjDA A EE A ASH] $18] s

A&7 (dichloromethane, dichloromethane — petroleum ether)& 7}3é}= W2
ko otz wEujz Aol A =84 (water phase)oll NaCle]l 7halzl A e
S AdAer s F= PEE AEHAT NaClg #H7bshe &
AFo® w9g Backer & #49 FHzx FEZdAA NaCl &8 7}e}
AoldEd, 4L 7Hxl FEde] FEAeZ ¥k FATHT. 1t
Luke et al.¥} Specht®t Tilkes& 14+o] NaClE F&4 o] 718 o2 Hth 7FA
o2 acetoned &F2 W AA acetoned F7|EFoE HUo f7]F9 IFAL

S/ L2, 54 2AEAY dged ST dE2FUTHE-9).

X

o
32 J[

o =

&
g W

-
o

ot

EATA FHHOE AR

flo
_I

o] 54 o]% Becker ¥4
H

A
A, Luke #4

< FDAYA Mills ®WHE diAsA sz %2 d Fo&
AOAC(Association of Official Analytical Chemists)®] &4 EAHo =z AAHEHY
CH10-11). A7) &4 H & @2 Wy W] A MAdez ZFaoke] 2

HY2 s BA7 el A o143 Ue Agsn gk

1980 o] % 34
AbgekAl @e Al
dichlorormethane A1 cyclohexane/ethyl acetate(1:'1)E Al &3+ A= A
3l acetone FE= =9 solide phase extraction(SPE) HWIH& o] &3fe] < . o Eyj
S glolls A=7F dden, Hx FEaA A H= &
acetone™ &2 E#5}7] 93] fructose, MgSO,, NaCl ¢ =82 At&sl7| = 3
(12-14). o] & EE AW AA AdolM H 719 dHE 7HA4
H=7d &M & AR&shA] &fal #elst7]el acetones £33 U5 Z 4]

t}. acetonitrile® acetone® H|WE|A RHU} Fa FHHozm E=L Red 4 9l



T Mills
3L

)

27

)=

hLN

acetonitrile®l A

ko3
T

HA

S

HEAJAHA5). 2 9]

FA 9 dute g Zolx =4
__IZ___

i

<)
gl

Abg0] acetonitrile 5 A ol A

t}. acetonitirle®] 4 -%-

W o R gowm R CANCIEE BTN CY N T oHo® BT R
o ih e W oEm SR g T BT 0
g - o o o) 5l A, B CRSIE o No I olo =3
Gl Lrn).ﬂqgg# o A oo X W og oo g
o © M ogy X —_ N 2N _ e g & X =
T = 2 g = ™ = 5 S =Xy PR o
ST I T 2T R -
] = o K < w2 %o R it g o
H 5 o do K| ~ SN -~ B < e o W or g = W
v LTy S 5P g o w2
—_ =
z > N o o O ) 5 ™7 maiyzﬁ]ﬁﬂ%wmg
= S = 7T %2 ox W o T R - - S -
T QR o g W LW = w3 23
= NP g M 4 o= % = o o A M,
Lif@ﬂmﬂA Wgﬂaﬂﬂnﬂ@ ﬂsiﬁﬁamw PEW g
< T = TE oW = — %X % 2 2 T .FH
=2 Jurmm o P oy g i TR
0 ow 5 mo o = N oo @ = B DMu < = w Fo R mua M &2
. 0 | — ~
T el WO £ om T4 X o WS e x Z o
T oo Mo By Ko o B o o A o T E = o
< =~ oOR 2 5 BR iy B = A=
i w T8 9 ° o WS S x z O E g
= & % s 0 N Yo o gl A = N N il
=3 "8 - g o W oR 0 o
) o = 2 i~ o R oL
ol W MR e N X ¥R T ™
2 To— R M _r .maﬂwwﬁu# 3 é%,x B oM Qo W
) S ™~ W 2 K I o
, goizip  FEEAET TEiuTel ., 4
I N = !
5 A7 mﬂ < (Y z v 8 T e o il R 55 Mo © T
Powmg BT d e Fo Loy ﬂﬂﬂ%ﬂ@ﬁg%
= R o — % T B o Noho T °
g 10_.__1 T owe o Ny O T B & 2n X o MM TR Mo Hr B BoHe oo ®
M_.O M io _ZT KH = Lﬁuy —_ E:l o 3 - £y % or ) ;o
y LT e T w 2R LN g Xy o 7 o
g ST TR aeT T TS Ew el TeIaw g
o TE o = ] o —
1__/| 1_7A| ~r 3_1 Mﬂ _,AO joH ﬂ H;IL ﬂ n d Jl m Ho ‘q ‘Ol \UI = ‘,ﬂmm &l ‘\NWM w
= TR OO T e X w0 o £ T TR IR e
Womy oz ® oW E R RT z R T T 2N
3 2 AL < OE iO anm [} Exﬁ o) ~ < ET jil e
= o of oy A - L o= = 2 o m o] — ) 42 o
ﬂ_ov o I = Ho b = e 5.0 M < ~— - mu ﬂ@ - m Q
do T M = o TR ~ o 3 ™ ® o o T o B % - ST
o 5% do® oW o ® AT ER e Z BOEO8 T



Sample 50 g + ACN 100 ml

[k Homogenizing

Filtrate with Biichner funnel

U Add NaCl 10~15 g

Shaking for 1 min. Separating water layer, keeping one hour

\

Resolve 2 ml in hexane/acetone (8/2)

J

Clean up SPE cartrige (FL 1 g)

Pre-washing with 5 ml hexane

Elute with 5 ml hexane/acetone=8:2

\(2
Evaporation
Il Resolve to 5 ml acetone

Filtration

Inject into a GC-MS/MS

Figure 1. Scheme of The official multi-residue methods of pesticides

analysis in Korea(20).



Fig. 19] 83 AlgHa wjmwadwst FA4Ho] 2003 AOAC (Association of
Official Agricultural Chemists)®] =] @3 ¥ MRMs ¢l Quick, Easy Cheap
Effective Rugged Safe (¢]d} QUECHERS) 21d], o] AlgHL2 dA) FH LdF7}
oA FAAQ AEgoem I Ho Y21, Fig. 2914 = QuECHERS 34 &
[ °Fs} A Th

Sample 15 g + ACN 15 ml + MgSOs 4 g + NaCl 1 g

U Shaking for 1 min.

Centrifuge (3,490xg, 5 min)

4

Upper layer 5 ml + 125 mg PSA® + 600 mg MgSO.

[} Shaking for 1 min.

Centrifuge (3,490xg, 5 min)

4

Upper layer 1ml

U filtration

Inject into a GC-MS/MS

Figure 2. Scheme of the sample preparation and analytical method of
QuECHERS.
* PSA : Primary Secondary Amine
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7b~ AZvlE 283 (gas chromatography, ©18F GC)& dr¥le] B2 o
AL woksg A st BH2o=2 &3] AMGHEHTH22). IFEeF A4 F
He GCY HEVIE #7194 58 24 sigEe HdAddow fAEote
Electron capture detector (¢]s} ECD), Z}ufulelE 9} #7104 & Zéli@r ¢
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T4 59 3gEe] A8 A<l Flame photometric detector (¢]3} FPD) o] At}
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a-BHC 5 37%9 %< ¥+3%2 Dr. Ehrenstorfer(Augsbug, Germany)ol4l
A3k & R9~P5%E AbEstH o, 7T Fekdie] PxraAd BExlE2 Appendex
1ol wepdch kel F& 9@ AAdE IFH 8 acetone, acetonitrile,
hexane &< MerckAte] bFEofSaAleks ARESSth. Solid  Phase
Extraction®] AF&3% PSA(Primary Secondary Amine): Varian (Middelburg,
The Netherlands)l Al F94sFHTh Stock solution aceton®] 5o -18T ol A]
X s AR§-sES

g, 24717

GC-MS-MS A"l (Varian Inc, Walnut Creek, CA, USA) 8200
autosampler’} &=H CP-3800 7} AZviEagyer AIEM7 2 FAH
triple quadrupole MS/MS (1200L)& AF&3sI% Ul Injectors split/splitless <%=
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o] peak”’} AAA FEFH SR oM (Table 1), MS/MSS] -9 7E Fopdie]
precursor ions2 ¢4 AAsta olo] thdF transition ione FE7F %2 ion (m/2)

2~3/M2 AA jione.E HEAsGtH(Table 3).
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Table 1. List of pesticides used in this study as standard materials.

No. Pesticide Classification Pg; )t Y
1 Ethalfluralin Herbicide 2,6-Dinitroaniline 99.2
2 Diphenamid Herbicide Amide 99.5
3 Hexaconazole Fungicide Azole 97.7
4 Propiconazole Fungicide Azole 99.5
5 Novaluron Herbicide Benzoylurea 97.0
6 Triflumuron Insecticide Benzoylurea 99.0
7 Tolylfluanid Fungicide, Insecticide Breakdown product 99.5
8 Butachlor Herbicide Chloroacetanilide 99.0
9 BHC (alpha isomer) Insecticide Organochlorine 99.5
10 BHC (beta isomer) Insecticide Organochlorine 99.0
11 BHC (gamma isomer) Insecticide Organochlorine 99.5
12 BHC (delta isomer) Insecticide Organochlorine 99.5
13 Heptachlor Insecticide Organochlorine 99.5
14 Aldrin Insecticide Organochlorine 98.5
15 Heptachlor epoxide Breakdown product Organochlorine 95.1




¢l

Table 1. Continued

16 p,p~DDT (DDT isomers) Breakdown product Organochlorine 99.5
17 0,p~DDE (DDT isomers) Breakdown product Organochlorine 99.1
18 p,p-DDE (DDT isomers) Breakdown product Organochlorine 98.5
19 0,p~DDD (DDT isomers) Breakdown product Organochlorine 99.5
20 p,p—DDD (DDT isomers) Breakdown product Organochlorine 99.0
21 0,p-DDT (DDT isomers) Breakdown product Organochlorine 99.2
22 Endosulfan I (alpha) Insecticide Organochlorine 98.0
23 Endosulfan II (beta) Insecticide Organochlorine 98.0
24 Endosulfan sulfate Breakdown product Organochlorine 98.0
25 Ethoprophos Insecticide, Nematicide Organophosphorus 99.0
26 Phorate Insecticide, Nematicide Organophosphorus 99.5
27 Diazinon Insecticide Organophosphorus 98.0
28 Chlorpyrifos—methyl Insecticide Organophosphorus 98.5
29 Pirimiphos—methyl Insecticide Organophosphorus 65.0
30 Fenitrothion Insecticide Organophosphorus 99.0
31 Fenthion Insecticide, Avicide Organophosphorus 99.0
32 Parathion—-methyl Insecticide, Nematicide Organophosphorus 96.0




el

Table 1. Continued

33 Phenthoate Insecticide Organophosphorus 97.5
34 Phosmet Insecticide Organophosphorus 98.1
35 EPN Insecticide Organophosphorus 97.0
36 Azinphos—methyl Insecticide Organophosphorus 95.7
37 Tefluthrin Insecticide Pyrethroid 98.0
38 Dichlobenil Herbicide Substituted Benzene 98.0
39 Quintozene Fungicide, Ne-maticide, Substituted Benzene 98.0
Algaecide
40 Chlorothalonil Fungicide Substituted Benzene 99.0
41 Nitrapyrin Microbiocide 99.5
42 Tecnazene Fungicide, Plant Growth 98.0
Regulator
43 Pentachloroaniline Breakdown product 98.5
44 Dichlofluanid Fungicide 99.0
45 Methylenepentachlorosulfide Breakdown product 99.0




A3, AAFA] QA% solid phase extraction Ed2 ¥k £42 FH43)s)
ARl FAHEe oY E4ES &

co =
7 efol 24 A2l PSA(Primary Secondary Amine)2

o
)
o
o
e
o
3 o
ool
=
(\] 1,
LNt
S
o
o,
A,

37E9 FokE FElshy] H8 vE AT HA shute] dolas FeEEA g%
18 A5} Mass spectrometer®] o123} ¥HL El modeE 93]

4
¢
i

A source temperature 200C, transfer temperature 250C, manifolder
temperature 40C, detecter voltage®™ 1400V  ZZslolA  FFPoW  gas
chromatography 2] #4272 Table 29 L.kt solvent delay times 4 mins
o2 slo] guf Fo|AE HESIR &skon GCol F9 Al A& FF-(injection

port)oll Al Hdle] =& e 7] 915+ split ratios Table 2-1¢ 2.9Fst$ T}

14



Table 2. The analytical conditions of gas chromatography

Column VE-5MS (30 mx0.25 mmx0.25 /m, Varian, USA)
Detector 1200L Quadrupole MS/MS (Varian, USA)
Rate(C/min) Temp.(C) Hold(min) Time(min)
Initial 70 3 3
Oven temp.
20 180 0 8.5
5 300 7.5 40
Inj. Temp. 280C
Injection volume 1 ul
Source Temp. 200C
Det. Temp.(transfer line) 250C
Carrier gas Helium
Filament-multiplier delay 4 min
Flow rate 0.8 ml/min

Table 2-1. The analytical conditions of GC’s Injection port

Time(min) Split State Split Ratio
Initial On 40
0.01 Off Off
1.00 On 40

15
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Table 3. Classification of samples

Type Group Commodity

Cereal grains(2) - Rice, Wheat

Potatos(1) - Taro

Beans(2) - Mungbean, Red bean

Nuts and .

Seeds(1) Nuts Gingko

Pome fruits Persimmon
Fruits(3) Citrus fruits Oval Kunquat

Assorted tropical and
. . Banana
sub—tropical fruits

Marsh mallow, Chard, Radish
leaves, Chamnamul, Chwinamul,
Leafy vegetables Pepper leaf, Shinsuncho,
Crown daisy

Perilla leaves, Red mustard

Vegetables(16)
Stalk and stem vegetables Welsh onion, Taro stem
Root and tubber vegetables Lotus root, Carrot
Fruiting vegetables Tomato, Cucumber
Mushrooms(1) - Oyster mushroom

() : The number of sample

17



Table 4. The agricultural product samples analyzed

commodity Scientific Name Family Name
Rice Oryza sativa Gramineae
Wheat Hordeum vulgare L. Gramineae
Taro Colocasia antiquorum var. esculenta Araceae
Mungbean Vigna radiata (L.) Wilczek Leguminosae
Red bean Phaseolus angularis Leguminosae
Gingko nut Ginkgo biloba Linaeus Gingkoaceae
Persimmon Diospyros kaki thunb. Diospyros L.
Oval Kumquat Fortunella japonica var. margarita Rutaceae
Banana Musa sapientum Musaceae
Marsh mallow Malva neglecta Wallr Malvaceae
Radish leaves Raphanus sativus Cruciferae
Chard Beta vulgaris Chenopodiaceae
Chamnamul Pimpinella brachycarpa Umbelliferae
Chwinamul Aster scaber Asteraceae
Pepper leaves Capsicum annunm Solanaceae

Shinsuncho Angelica utilis Umbelliferae
Perilla leaves Perilla frutescens Labiatae

Red mustard Brassica juncea Cruciferae
Crown daisy Chrysanthemum coronarium Compositae
Taro stem Corocasia antiquorum var. esculenta Araceae
Welsh onion Allium fistulosum Alliaceae
Lotus root Nelumbo nucifera Gaertn Nymphaeaceae
Carrot Daucus carota Umbelliferae
Tomato Lycopersicon esculentum MILL. Solanaceae
Cucumber Cucumis sativus Linne Cucurbitaceae

Oyster mushroom

Agaricuss subfunereus

Pleurotaceae

18
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Sample 15g + ACN 15ml + MgSOs 4g + NaCl 1g

U Shaking for 1 min.

Centrifuge (3,490xg, 5min)

4

Upper layer bml + 125mg PSA + 600mg MgSO.

[k Shaking for 1 min.

Centrifuge (3,490xg, 5min)

4

Upper layer 1ml

U filtration

Inject into a GC-MS/MS

Figure 3. Scheme of the sample preparation and solid—-phase extraction.
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1. GC-MS/MS 7| 7] &4
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Figure 4. Total Ton Chromatograph of 45 Pesticides.

The compound corresponding to peak number is explained at the Table 5.
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Figure 5. Chromatogram of quantification ion from segment 1.
The labeled number is at the table 5.

24



=]

MCDunt;: 2 STD_37_13segD01 xms 17101000 [-20.0v] Filtered [O]
2H171.0=100.0 [-20.0v]

153

i _
5

MCauntsy 2 STD_37_13seg001.xms 171.0=136.0 [-20.0%] Filtered
10,04 171.0=136.0 [20.0v] i

B 5
504 :
255 =
0 :
MCaunts|

MCaunts] STD_57_13sef001 xms 194.0>158 0 [-20.0] Filtered
194.0>158.0 [-20.0v] 3 =

s v

s F Tl

MCount STD_37_13segdP1.xms 1390750 [-25.0v] Filtered

139.0-75.0 [-26.0V]

SOt

a1

minutes

Figure 6. Chromatogram of quantification ion from segment 2.
The labeled number is at the table 5.
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Figure 7. Chromatogram of quantification ion from segment 3.
The labeled number is at the table 5.
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Figure 8. Chromatogram of quantification ion from segment 4-1.

The labeled number is at the table 5.
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Figure 9. Chromatogram of quantification ion from segment 4-2.
The labeled number is at the table 5.
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Figure. 10. Chromatogram of quantification ion from segment 5-1.
The labeled number is at the table 5.
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Figure. 11. Chromatogram of quantification ion from segment 5-2.
The labeled number is at the table 5.
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Figure 12. Chromatogram of quantification ion from segment 6-1.
The labeled number is at the table 5.
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Figure 13. Chromatogram of quantification ion from segment 6-2.
The labeled number is at the table 5.
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Figure 14. Chromatogram of quantification ion from segment 7-1.
The labeled number is at the table 5.
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Figure 15. Chromatogram of quantification ion from segment 7-2.
The labeled number is at the table 5.
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Figure 16. Chromatogram of quantification ion from segment 7-3.
The labeled number is at the table 5.
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Figure 17. Chromatogram of quantification ion from segment 8.
The labeled number is at the table 5.
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Figure 18. Chromatogram of quantification ion from segment 9.
The labeled number is at the table 5.
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Figure 19. Chromatogram of quantification ion from segment 10-1.
The labeled number is at the table 5.
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Figure 20. Chromatogram of quantification ion from segment 10-2.
The labeled number is at the table 5.
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Figure 21. Chromatogram of quantification ion from segment 11.
The labeled number is at the table 5.
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Figure 22. Chromatogram of quantification ion from segment 11~12.
The labeled number is at the table 5.
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Table 5. Analyzing MS-MS transitions, retention time and molecular weight of compounds

Peak

No. Pesticide R.T(min) M.W. Q1 Q3-1*  Q3-2° Q3-3* eV
1 Novaluron 7.858 493 168 140(15) 112(25) 76(25)
2 Dichlobenil 8.554 171 171 136 100 20
3 Nitrapyrin 9.4 229 194 133 158 20
4 Triflumuron 9.433 359 139 111 75 25
5 Tecnazene 10.762 259 203 143 85 25
6 Ethoprophos 11.103 242 158 97 114 20
7 Ethalfluralin 11.111 333 276 248 202 10
8 Phorate 11.763 260 260 75 231 5
9 a—BHC 11.969 288 181 145 109 25
10 B—BHC 12.553 288 181 109 145 30
11 Quintozene 12.618 293 237 143 119 20
12 y—BHC 12.763 288 181 145 109 10
13 Diazinon 12.781 304 304 179 137 30




14

Table 5. Continued

ok Pesticide RT(min)  M.W. Q' Q3-1>  Q3-2° Q3-3* eV
14 Tefluthrin 13.059 419 177 127 157 5
15 Chlorothalonil 13.153 264 266 168 231 25
16 8§—BHC 13.461 288 181 145 109 10
17 Pentachloroaniline 13.902 278 265 194 203 30
18 Chlorpyrifos—methyl 14.146 321 286 93 271 20
19 Parathion—methyl 14.334 263 263 246(5) 127(20) 109(10)
20 Heptachlor 14.633 370 272 237 239 20
21 Pirimifos—methyl 14.909 305 305 233 180 15
22 Fenitrothion 15.035 277 277 260 109 10
23 Dichlofluanide 15.256 332 224 123 77 25
24 Methylenepentachlorosulfide 15.355 296.4 296 263 246 30
25 Fenthion 15.613 278 278 125 109 25
26 Aldrin 15.681 362 263 228(30) 226(20) 193(30)
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Table 5. Continued

Peak

No. Pesticide RT(min) M.W. Q1 Q3-1* Q3-2° Q3-3* eV
27  Diphenamid 16.185 239 167 152 165 10
28  Tolyfluanid 16.788 346 238 137 91 35
29 Heptachlor—epoxide 16.845 386 353 263 282 15
30 Phenthoate 16.948 320 274 246 121 10
31 o,p—DDE 17.606 316 246 176 246 30
32 Butachlor 17.687 311 176 147 134 10
33 a—-Endosulfan 18.025 404 195 125 159 25
34  Hexaconazole 18.348 313 214 214 172 5
35 p,p—DDE 18.671 316 246 176 211 25
36 o,p—DDD 18.905 318 235 199 165 20
37  B—-Endosulfan 19.964 404 241 170 206 20
38 p,p—DDD 20.083 318 235 165 200 30
39 0,p—DDT 20.147 352 235 199 165 20
40  Propiconazole 21.060 341 173 145 109 25
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Table 5. Continued

ok Pesticide RT(min)  M.W. Q1! Q3-12 Q3-2°  Q3-3* eV
41 Endosulfan sulfate 21.233 420 272 237 143 30
42  p,p-DDT 21.332 352 235 199 165 20
43  Phosmet(PMP) 22.97 317 160 104 132 15
44  EPN 23.015 323 157 110 77 15
45  Azinphos—methyl 24.36 317 160 132 104 5

Y Precursor ion “First transition mass(m/z) > Second transition mass(m/z)

YThird transition mass(m/z),

eV and ( ) are Ion Voltage. The peak number is labeled at Fig. 4 ~ Fig. 23



Table 58] 70 k2 AzvEE 229 RT(Retention Time)7} wHe Aol =
2 o2 Ao EE MRM o9 dwell time 0.15~029%% 21 scan
speed™= 02~0.82 s/scan®] HYATE M &9 AA ARE= 2 /] & 37
S AE3l transition ion peak®] AthA <9l intensity W& 2 AAsA<=d, M

%2 peakE Hol+= iond intensity?} TFE ion®] A& vHE &5tk

&2 3709l chromatogramo]*] 212 peak?] Areas 5}o]
oF 3o )3t repeatability 9} linearityS H21s}Sth
Repeatability ] 74-% intra—day repeatability® 7 719 & v=9 &3 %&
BAE A Abset AAE FoL Al H 7] FY v 23S e eR
Tetg Y UFE FokdEel dld RSD7F 20% olst® £ AIE BT
(Table 6).

my,
2
=
)
0
o
R=)
oft
o
w ==
off

48



6v

Table 6. Validation results

No. Seg. Pesticide Co.rr.elation Conc. Repeatability . Conc. Repeatability
coefficient(n=>5) (ppm) (RSD, %) (n=b) (ppm) (RSD, %)(n=5)

1 1 Novaluron 0.9932 0.175 5.6 0.700 3.6

2 2 Dichlobenil 0.9950 0.035 17.2 0.140 0.8

3 2 Nitrapyrin 0.9962 0.175 5.4 0.700 2.7

4 2 Triflumuron 0.9675 0.350 71 1.400 15.4

5 3 Tecnazene 0.9973 0.070 9.7 0.280 5.4

6 4 Ethoprophos 0.9973 0.070 8.8 0.280 3.5

7 4 Ethalfluralin 0.9974 0.105 12.1 0.420 6.8

8 4 Phorate 0.9984 0.070 12.7 0.280 4.5

9 4 a—-BHC 0.9964 0.070 7.8 0.280 6.2

10 5 B-BHC 0.9951 0.105 4.8 0.420 2.8

11 5 Quintozene 0.9975 0.105 8.4 0.420 6.4

12 5 y—BHC 0.9967 0.070 10.3 0.280 5.8

13 5 Diazinon 0.9985 0.525 7.0 2.100 3.8

14 5 Tefluthrin 0.9982 0.175 8.0 0.700 2.4
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Table 6. Continued

No Se Pesticide Correlation Conc. Repeatability Conc. Repeatability
) €. coefficient(n=>5) (ppm) (RSD, %) (n=5H) * (ppm) (RSD, %)(n=5)

15 5 Chlorothalonil 0.9960 0.105 5.6 0.420 41

16 5 8—BHC 0.9973 0.105 10.3 0.420 7.5

17 6 Pentachloroaniline 0.9952 0.105 9.1 0.420 11.9

18 6 Chlorpyrifos—methyl 0.9986 0.350 1.7 1.400 2.4

19 6 Parathion—methyl 0.9937 0.525 4.2 2.100 3.4

20 6 Heptachlor 0.9974 0.105 16.8 0.420 13.7

21 7 Pirimifos—methyl 0.9973 0.997 9.3 0.700 16.7

22 7 Fenitrothion 0.9940 0.994 7.8 0.280 16.4

23 7 Dichlofluanide 0.9969 0.140 4.5 0.560 13.6
Methylenepentachloro

24 7 , 0.9903 0.175 28.3 0.700 6.9
—sulfide

25 7 Fenthion 0.9969 0.105 7.2 0.420 15.7

26 7 Aldrin 0.9958 0.105 15.7 0.420 5.3

27 7 Diphenamid 0.9954 0.070 15.2 0.280 17.3

28 8 Tolyfluanid 0.9960 0.280 22.2 1.120 5.5
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Table 6. Continued

No. Seg. Pesticide Corr.elation Conc. Repeatability . Conc. Repeatability
coefficient(n=5) (ppm) ([RSD, %) (n=b) (ppm) (RSD, %)(n=5)

29 8 Heptachlor—epoxide 0.9958 0.070 17.4 0.280 6.8

30 8 Phenthoate 0.9972 0.105 1.9 0.420 4.3

31 9 0,p—DDE 0.9932 0.070 12.4 0.280 21.3

32 9 Butachlor 0.9980 0.070 20.3 0.280 10.6

33 10  a—Endosulfan 0.9916 0.175 23.8 0.700 13.5

34 10  Hexaconazole 0.9921 0.070 9.6 0.280 10.8

35 10 p,p—-DDE 0.9932 0.035 12.6 0.140 20.2

36 10 0,p—DDD 0.9922 0.035 12.8 0.140 12.0

37 11 B—Endosulfan 0.9981 0.175 12.0 0.700 4.0

38 11 p,p—DDD 0.9933 0.035 13.2 0.280 27.0

39 11 0,p—DDT 0.9920 0.035 141 0.140 17.0

40 11 Propiconazole 0.9941 0.105 2.2 0.420 15.5

41 12 Endosulfan sulfate 0.9972 0.175 10.5 0.700 27.6

42 12 p,p—DDT 0.9974 0.140 12.9 0.560 5.6
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Table 6. Continued

No. Seg. Pesticide Co.rr.elation Conc. Repeatability . Conc. Repeatability
coefficient(n=>5) (ppm) (RSD, %) (n=5) (ppm) (RSD, %)(n=5)

43 13 Phosmet(PMP) 0.9901 0.070 3.5 0.280 25.3

44 13 EPN 0.9948 0.070 3.8 0.280 15.1

45 13  Azinphos—methyl 0.9857 0.140 3.7 0.560 8.9

* is achieved the intra-day repeatability. The standard mixtures injected 5 times per day
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Table 7. Calibration curve equations for pesticides analysis

No. Pesticide Calibration curve equation® Coe];}?szlz‘:y(Rz)
1 Novaluron y=3.341321x10"x + 1501 0.9976
2 Dichlobenil y=1.8668x10"x-894 0.9949
3 Nitrapyrin y=2.8208%10"x-1177 0.9998
4 Triflumuron y=1.7161x10"x-190 0.9988
5 Tecnazene y=1.6041x10"x-1835 0.9993
6 Ethoprophos y=2.7123%10"'x-697 0.9991
7 Ethalfluralin y=1.4972x10"'x-1618 0.9995
8 Phorate y=1.4868x<10"'x-276.7 0.9987
9 a-BHC y=4.7469x10"'x-2465 0.9912
10 B-BHC y=1.570x10°x+ 1776 0.9997
11 Quintozene y=1.249x10"x+ 1178 0.9992
12 y-BHC y=2.471x10%x+ 2436 0.9987
13 Diazinon y=2.322x10"x+ 3870 0.9994
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Table 7. Continued

No. Pesticide Calibration curve equation® Coe];;?ceizl;ll‘:y(Rz)
14 Tefluthrin y=1.475x10"x+ 2439 0.9998
15 Chlorothalonil y=1.995x10"x+ 1644 0.9996
16 §-BHC y=1.010x104x+ 1041 0.9995
17 Pentachloroaniline yv=2.449x10*x+ 1014 0.9991
18 Chlorpyrifos—methyl y=2.410x10"x+ 724 0.9924
19 Parathion—-methyl y=1.8567>x10"x+ 1452 0.9964
20 Heptachlor y=1.9842x10°x+ 1428 0.9931
21 Pirimifos—methyl y=3.635x10"x+ 3180 0.9920
22 Fenitrothion y=1.2161x10"x-1412 0.9907
23 Dichlofluanide y=3.0644x10"x-1411 0.9833
24 Methylenepentachlorosulfide y=1.9851x10"'x-710 0.9912
25 Fenthion y=2.1972x10"x-1081 0.9948
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Table 7. Continued

No. Pesticide Calibration curve equation Coe];;?ceizl;ll‘:y(Rz)
26 Aldrin y=2.1865x10"x-299.7 0.9958
27 Diphenamid y=4.7469x10"x+ 2465 0.9968
28 Tolyfluanid y=1.627x10°x+ 1504 0.9960
29 Heptachlor—epoxide y:1.249><104x+ 1178 0.9958
30 Phenthoate y=3.471x10"x+ 2436 0.9970
31 0,p-DDE y=1.322x10"x+5105 0.9915
32 Butachlor y=2.475%10°x+ 2439 0.9966
33 a—Endosulfan v=4.995x10"x+ 4644 0.9917
34 Hexaconazole y=2.322x10"x+ 5870 0.9921
35 p,p-DDE y=2.475x10°x-2439 0.9910
36 0,p—-DDD y=1.905X10"x+ 4641 0.9928
37 B—Endosulfan y=3.510x104x+ 1041 0.9941
38 p,p—-DDD y=2.449x10"x+ 1014 0.9943




Table 7. Continued

YA

No. Pesticide Calibration curve equation® Coe];;?ceizl;::y(Rz)
39 0,p—DDT y=1.95x10"x+ 724 0.9952
40 Propiconazole y=2.036x10"x-1145 0.9914
41 Endosulfan sulfate y=2.232x10°x+ 1008 0.9925
42 p,p—DDT y=3.635x10"x+4180 0.9977
43 Phosmet(PMP) y=1.2161x10"x-1412 0.9902
44 EPN y=3.0644><10*x-1411 0.9935
45 Azinphos—methyl yv=2.1457%x10*x-2041 0.9874

1_. . .
X: amount; y: area.

Standard mixtures injected 5 times

consecutively
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Hexaconazole : Butachlor ] - Diazinon
Fenthion ’ Heptachlor : . Nitrapyrin

Figure 24. Calibration curve of each compounds. The equation of every compound is at the Table 7.
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Table 8. Recoveries, precision, LOD, LOQ and their SD

Recovery(%) and SD Bean Lemon

No. Pesticide Bean (n=3) Lemon (n=3) LOD LOQ LOD LOQ
means SD (%) means SD (%) (ng/g) (ng/g)  (ng/e)  (ng/g)

01 Novaluron 79.2 3.5 80.4 4.2 0.002 0.006 0.005 0.015
02 Dichlobenil 81.0 2.6 101.5 2.3 0.001 0.003 0.001 0.003
03 Nitrapyrin 88.8 2.9 110.9 2.0 0.001 0.004 0.069 0.228
04 Triflumuron 80.7 3.2 82.5 2.8 0.005 0.015 0.004 0.011
05 Tecnazene 83.3 2.6 103.5 1.5 0.014 0.047 0.008 0.028
06 Ethoprophos 96.5 5.0 88.5 0.8 0.288 0.962 0.959 3.197
07 Ethalfuralin 86.5 6.5 116.7 2.0 0.019 0.064 0.010 0.034
08 Phorate 78.9 6.3 79.9 6.8 0.008 0.025 0.004 0.012
09 BHC-alpha 86.8 2.4 103.8 4.8 0.003 0.010 0.002 0.008
10 BHC-beta 83.5 3.1 109.0 3.9 0.010 0.034 0.480 1.599
11 Quintozene 86.8 4.4 114.8 0.8 0.021 0.071 0.012 0.039
12 BHC-gamma 82.2 3.5 101.8 2.3 0.010 0.035 0.600 2.002
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Table 8 Continued

Recovery(%) and SD Bean Lemon

No. Pesticide Bean (n=3) Lemon (n=3) LOD LOQ LOD LOQ
means SD (%) means SD (%) (ng/g) (ng/g)  (ng/e)  (ng/g)

13 Diazinon 92.4 2.3 109.6 2.5 0.009 0.031 0.007 0.023
14 Tefluthrin 89.5 1.1 112.7 2.3 0.026 0.085 0.017 0.056
15 Chlorothalonil 73.5 2.1 78.2 3.5 0.009 0.027 0.008 0.024
16 BHC-delta 78.2 3.8 102.2 4.5 0.013 0.043 0.616 2.055
17 Pentachloroaniline 90.5 2.2 91.4 1.9 0.005 0.015 0.004 0.012
18 Chlorpyrifos—methyl 86.1 4.4 113.7 2.1 0.004 0.013 0.148 0.494
19 Parathion—methyl 91.7 5.7 123.0 4.0 0.010 0.034 0.007 0.024
20 Heptachlor 88.3 4.4 112.2 3.2 0.003 0.010 0.003 0.008
21 Pirimiphos—methyl 88.0 7.5 81.4 2.0 0.005 0.017 0.005 0.016
22 Fenitrothion 85.5 4.5 109.8 3.5 0.015 0.051 0.011 0.035
23 Dichlolofluanid 84.9 6.6 104.5 5.1 0.007 0.024 0.016 0.053




€9

Table 8 Continued

Recovery(%) and SD Bean Lemon

No. Pesticide Bean (n=3) Lemon (n=3) LOD LOQ LOD LOQ

means SD (%) means SD (%) (ng/g) (ng/g)  (ng/)  (ng/g)
24 Methylenepentachlorosulfide 87.7 3.5 104.7 2.6 0.007 0.022 0.005 0.017
25 Fenthion 96.4 2.8 98.9 3.3 0.004 0.012 0.003 0.009
26 Aldrin 101.5 4.1 99.8 1.8 0.003 0.010 0.004 0.011
27 Diphenamid 89.6 3.4 100.1 4.1 0.003 0.009 0.002 0.006
28 Tolylfluanid 85.8 4.2 110.7 3.0 0.008 0.028 0.006 0.021
29 Heptachlor—epoxide 76.8 3.0 95.0 4.3 0.019 0.064 0.012 0.041
30 Phenthoate 88.8 5.5 112.2 1.4 0.006 0.019 0.004 0.014
31 o,p~DDE 98.5 3.5 121.5 1.5 0.001 0.005 0.002 0.005
32 Butachlor 99.5 2.1 101.2 1.8 0.002 0.006 0.002 0.007
33 Endosulfan—alpha 82.3 2.2 95.4 3.9 0.059 0.197 0.044 0.147
34 Hexaconazole 98.7 1.9 99.9 2.4 0.001 0.004 0.002 0.006
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Table 8 Continued

Recovery(%) and SD Bean Lemon

No. Pesticide Bean (n=3) Lemon (n=3) LOD LOQ LOD LOQ

means SD (%) means SD (%)  (ng/g) (ng/g) (ng/g) (ng/g)
35 p,p~DDE 95.5 3.8 116.5 1.7 0.003 0.011 0.006 0.021
36 0,p—DDD 99.0 5.4 107.0 10.0 0.001 0.005 0.001 0.004
37 Endosulfan—beta 82.2 2.9 93.5 3.0 0.086 0.285 0.057 0.191
38 p,p—DDD 102.1 2.1 101.1 1.9 0.002 0.006 0.003 0.006
39 0,p~DDT 96.9 1.5 99.8 1.8 0.001 0.004 0.002 0.007
40 Propiconazole 100.7 2.3 99.9 2.1 0.002 0.007 0.002 0.006
41 Endosulfan sulfate 96.5 1.1 97.8 2.0 0.003 0.008 0.003 0.009
42 p,p~DDT 99.3 3.2 123.8 0.8 0.002 0.006 0.001 0.004
43 Phosmet 101.8 3.7 108.5 1.7 0.986 3.285 0.924 3.079
44 EPN 93.5 6.4 111.3 1.6 0.030 0.100 0.773 2.576
45 Azinphos—methyl 77.9 6.2 67.5 6.3 4.660 15.534 9.430 31.434
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Table 9. Summary of results by commodity.

commodity No. Samples No. Samples Residues
Analysed detected >MRL <MRL ND
Rice 52 0 0 0 52
Wheat 17 0 0 0 17
Taro 1 0 0 0 1
Mungbean 43 0 0 0 43
Red bean 46 0 0 0 46
Gingko nut 33 0 0 0 33
Persimmon 37 0 0 0 37
Oval kumquat 14 5 0 5 0
Banana 48 0 0 0 43
Marsh mallow 44 0 0 0 0
Radish leaves 41 2 1 1 39
Chard 45 0 0 0 45
Chamnamul 43 3 0 3 45
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Table 9. Continued

commodity No. Samples No. Samples Residues
Analysed detected > MRL <MRL ND
Chwinamul 36 1 0 1 35
Pepper leaves 31 5 0 5 26
Shinsuncho 44 2 42
Perilla leaves 45 1 0 1 44
Red mustard 39 0 0 0 39
Crown daisy 44 2 0 2 42
Taro stem 15 0 0 0 15
Welsh onion 74 0 0 0 74
Lotus root 40 0 0 0 40
Carrot 44 0 0 0 44
Tomato 51 0 0 0 51
Cucumber 47 0 0 0 47
Oyster mushroom 44 2 0 2 42
Sum 1023 23 1 22 942

MRL (maximum residue limit) is prescribed by the Food Code of KFDA
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Figure 25. Summary of results by commodity.

A: Rice, B: Wheat, C.: Mungbean, D: Red bean, E: Gingko
nut, F: Persimmon. G Oval kumquat. H: Banana, I©' Marsh
mallow, J: Radish leaves, K. Chard, L: Chamnamul,  M:
Chwinamul, N: Pepper leaves, O: Shinsuncho, P: Perilla leaves, Q: Red
mustard, R: Crown daisy, S: Welsh onion, T: Carrot, U: Taro stem, V:
Lotus root, W: Tomato, X: Cucumber, Y: Oyster mushroom
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Table 10. Distribution of samples according to sampling regions

Number of Number of

Number of

Ratio of

Ratio over

Region samples detected dete;t/[eltzlL over det(i;)t)ion MRL (%)

Seoul 75 0 0 0.0 0
Incheon 102 2 0 2.0 0
Daegu 70 2 0 2.9 0
Busan 84 3 0 3.6 0
Northern Gyeongel 0 o 00 0
Gyeorslglgj;hlifgvince 65 0 0 0.0 0
Chungbuk 60 2 0 33 0
Chungnam 64 0 0 0.0 0
Jeonbuk 70 0 0 0.0 0
Jeonnam 69 1 0 1.4 0
Gyeongbuk 67 4 0 6.0 0
Gyeongnam 85 7 0 8.2 0

Gangwon 65 1 1 1.5 1.5
Jeju 73 1 0 1.4 0

Sum 1023 23 1 2.25 0.10
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Rate(%)
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Figure 26. Distribution of detected samples according to sampling regions.

A ! Seoul, B! Incheon, C: Daegu, D: Busan, E: Northern Gyeonggi province,
F: Southern Geonggi province, G Chungbuk, H: Chungnam, I Jeonbuk, J:
Jeonnam, K: Gyeongbuk, L: Gyeongnam, M: Gangwon, N: Jeju.
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Table 11. Summary of results by commodity group

N of| N of Number of Ratlohof Ratio over
Type Group les | detected detected over| detection MRL
¥ MRL (%) %)
Cereal
. - 69 0 0 - -
grains
Potatoes - 1 0 0 - -
Beans - 89 0 0 - -
Nuts and
Nuts 33 0 0 - -
Seeds
Pome fruits 37 0 0 - -
Fruits Citrus fruits 14 5 0 35.7 -
Assorted tropical and
4 - -
sub-tropical friuts 8 0 0
Leafy vegetables 417 16 1 3.8 0.2
Stalk z?nd stem 39 0 0 i i
vegitables
Vegetables R | he
oot and tuber 24 0 0 i i
vegetables
Fruiting vegetables 98 0 0 - -
Mushrooms - 44 2 0 4.5 -
Total 1023 23 1 22 0.1
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Table 12. Pesticide residues detected in agricultural product

Concentration
Region Commodity Residues detected MRL
(ppm)

Oval kumquat Endosulfan 0.13 1.0

Busan Pepper leaves Diazinon 0.04 0.1
Crown daisy Ethoprophos 0.01 0.02

Pepper leaves Endosulfan 0.12 1.0

Incheon

Oval kumquat Phentoate 0.08 1.0

Pepper leaves Chlorothalonil 1.04 5.0

Daegu

Shinsuncho Endosulfan 0.14 1.0

Chamnamul Endosulfan 0.06 1.0

Chungbuk

Perilla leaves Hexaconazole 0.40 1.0

Chwinamul Ethoprophos 0.01 0.02

Crown daisy Diazinone 0.04 0.1

Gyeongbuk

Oyster mushroom Endosulfan 0.03 0.1

Chamnamul Endosulfan 0.14 1.0
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Table 12. Continued

Concentration
Region Commodity Residues detected MRL
(ppm)
Endosulfan 0.36 1.0
Oval kumquat 0.41 1.0
Phenthoate
0.07 1.0
Diazinone 0.04 0.1
Gyeongnam Pepper leaves
Parathion 0.03 0.3
Shinsuncho Ethoprophos 0.01 0.02
Oyster mushroom Phosmet 0.01 0.02
Gangwon Radish leaves Diazinone 1.67 0.1
Jeonnam Chamnamul Endosulfan 0.34 1.0
Jeju Radish leaves Endusulfan 0.04 1.0
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Table 13. Kinds of pesticides residues

No. Pesticide Frequency detected No. of over MRLs
1 Endosulfan 9 0
2 Diazinone 4 1
3 Ethoprophos 3 0
4 Phenthoate 3 0
5 Chlorothalonil 1 0
6 Hexaconazole 1 0
7 Parathion 1 0
8 Phosmet 1 0
Sum 23 1
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AHE 9 Fd FAE] A3 ok
EUHY Adte A #HAZE% Chlorothalonil 5 8%

sk AE H U 4] Asd el dis) sk ti(Table 14).

Table 14. Kinds of pesticides residues for risk assessment

Pesticide Commodity Conc. detected (mg/kg)
Chlorothalonil Pepper leaves 1.04
Pepper leaves 0.04
Diazinon Crown daisy 0.04
Pepper leaves 0.04
Radish leaves 1.67
Chamnamul 0.06
Chamnamul 0.14
Chamnamul 0.34
Oval kumquat 0.13
Endosulfan Oval kumquat 0.36
Oyster mushroom 0.03
Pepper leaves 0.12
Shinsuncho 0.14
Radish leaves 0.04
Chwinamul 0.01
Ethoprophos Crown daisy 0.01
Shinsuncho 0.01
Hexaconazole Perilla leaves 0.4
Parathion Pepper leaves 0.03
Oval kumquat 0.41
Phenthoate Oval kumquat 0.07
Oval kumquat 0.08
Phosmet Oyster mushroom 0.01
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Table 15. Estimated daily intake per day of the Korean

Amount of average Exposure value Estimated
.. . Conc. detected .
Pesticide Commodity (mg/ke) intake per a person per a day Exposure value
(g) * (ng/kg/day) *x (rg/kg/day)
Chlorothalonil Pepper leaves 1.04 0.25 0.00480591 0.00481
Pepper leaves 0.04 0.25 0.00018484
Crown daisy 0.04 0.70 0.00051756
Diazinon 0.01169
Pepper leaves 0.04 0.25 0.00018484
Radish leaves 1.67 0.35 0.01080407
0.06 0.05 0.00005545
Chamnamul 0.14 0.05 0.00012939
0.34 0.05 0.00031423
0.13 1.02 0.00245102
Oval kumquat
Endosulfan 0.36 1.02 0.00678743 0.01146
Oyster mushroom 0.03 1.40 0.00077634
Pepper leaves 0.12 0.25 0.00055453
Shinsuncho 0.14 0.05 0.00012939

Radish leaves 0.04 0.35 0.00025878
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Table 15. continued

Amount of average Exposure value Estimated
Pesticide Commodity Conalg/ektge)ded intake per a person per a day Exposure value
(g) * (ug/kg/day) #x (1g/kg/day)
Chwinamul 0.01 2.20 0.00040665
Ethoprophos Crown daisy 0.01 0.70 0.00012939 0.00055
Shinsuncho 0.01 0.05 0.00000924
Hexaconazole Perilla leaves 0.4 2.20 0.01626617 0.01627
Parathion Pepper leaves 0.03 0.25 0.00013863 0.00014
0.41 1.02 0.00773013
Phenthoate Oval kumquat 0.07 1.02 0.00131978 0.01056
0.08 1.02 0.00150832
Phosmet Oyster mushroom 0.01 1.40 0.00025878 0.00026

* A -2 F-2006-80 19 ulEAFE
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Table 16. Exposure assessment of pesticides in agricultural products

Estimated ADI
Pesticide Exposure value Hazard index
(ue/kg/day) (mg/ke/day)
Chlorothalonil 0.00481 0.0300 0.00016
Diazinon 0.01169 0.0050 0.00234
Endosulfan 0.01146 0.0060 0.00191
Ethoprophos 0.00055 0.0004 0.00138
Hexaconazole 0.01627 0.0050 0.00325
Parathion 0.00014 0.0040 0.00004
Phenthoate 0.01056 0.0030 0.00352
Phosmet 0.00026 0.0100 0.00003
Sum 0.01262
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Appendex 1. Structures of pesticides used

Pesticide Structure Properties
Aldrin
H Cl
H
H Cl
M.W. 364.93
CH,
H ) cl activity insecticide
H Cl .
chemical .
organochlorine
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Azinphos—methyl
N
~ SN S
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NN N— CH,SP(OCH3),
activity insecticide
(0]
chemical organophosphorus
class 9 b b
BHC(a,B,y,6 Zg)
Cl
Cl Cl
M.W. 390.85
CI CI activity insecticide
Cl chemical organochlorine
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Continued.

Pesticide Structure Properties
Butachlor
@)
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Cl Cl
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Continued.

Pesticide Structure Properties
o,0-DDD
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Cl Cl
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Cl
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Continued.

Pesticide Structure Properties
p,p—DDD
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Pesticide Structure Properties
Dichlobenil
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Continued.

Pesticide Structure Properties
o,B—Endosulfan
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\P/ 2 3
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Continued.

Pesticide Structure Properties
Ethalfluralin
NO,
R / M.W.
F N
F g activity herbicide
NO,
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Continued.

Pesticide Structure Properties
Fenthion
S O—CH,
"
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Continued.

Pesticide Structure Properties
Hexaconazole
Cl OH
/
©=(CH,)sCH
I (CH3)3CHs M.W.
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cl 72
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v
N chemical
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Continued.

Pesticide Structure Properties

Parathion—methyl

S O—CHj
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<:> / P\
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Cl
Cl NH 5
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class
Phenthoate
S
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Continued.

Pesticide Structure Properties
Phorate
i
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P P— 3
Hic™ S S/\ O M.W. 260.4
RN
O CHj activity Insecticide
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Continued.

Pesticide Structure Properties
Propiconazole
Cl Cl
(@)
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Continued.

Pesticide Structure Properties
Tecnazene
Cl
Cl M.W.
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Continued.

Pesticide Structure Properties
Tolyfluanid
F
CI—FCIO o
s.n /0
N ﬁ N\ M.W. 347.2
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H;C chemical phenylsulfamide
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Appendex 2. The mass spectrum of every pesticide

Pesticide
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Continued.

Pesticide Spectrum
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Continued.

Pesticide

Spectrum
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Continued.

Pesticide
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DDT

S04

cl

lons

: 235,165,199,176,212

193
178 ks
188 220

282

| |h 262 ‘\MM

18 354

170 180

1807 200 210 520 230 240 250 260 £v0 £EO 290

300 510 =20 330 340 350 380 500

Diazinon

1004

27

lons : 304,198(199),179,137,152

179
137
152 >
% o
N O
o
5
(@)
H
g 304
97
124
227 275
245
162 5
167 241 250 22
109 vy 183 qg5
Tl X5 |
205
LU M\ . u‘ L ‘I I\‘\. Ll 18 L2 T { | PO |‘| | M
110 120 130 140 150 180 170 180 180 z00 210 = 280 270 280 280 300 310 320

111



Continued.

Pesticide
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Pesticide
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Pesticide

Spectrum
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Pesticide Spectrum
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Pesticide Spectrum
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Continued.

Pesticide Spectrum
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Pesticide
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Continued.

Pesticide Spectrum
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Pesticide Spectrum
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Pesticide Spectrum
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