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Abstract

Exposure measurement of agricultural worker to pesticide is one of important part of health risk assessment
of pesticide. Therefore exposure matrices, apparatus, instruments and methods must be validated in advance
to field experiment. In this study, method validation with an organophosphorus insecticide fenthion was carried
out for exposure monitoring of agricultural worker. LOD and LOQ were 0.01 and 0.05 ng, respectively.
Calibration curve linearity (R2 > 0.999) and reproducibility (C.V. < 3%) were also excellent. Recovery at LOQ,
10LOQ and 100LOQ levels from gloves, socks, mask, patch, solid sorbent, glass fiber filter was 76~113%
(C.V. < 3%). Trapping efficiency was 95~105% while no breakthrough was observed. Method validation for
the exposure monitoring was established successfully through several experiments. Such method validation can
be usually performed in laboratory and not much different for each pesticide so that, this techniques will be
applied widely in research for pesticide exposure monitoring by combination with body surface area and

respiration rates.
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o]F0jxH(Byoun 5, 2005; Choi 5, 2006; Liu %, 2003),
o] 1 ool Tigt 1=z 0] YIS Foke] EA teFeo)
S QeHTumbull, 1985). soko] EAT %28 o431
98} H7KCalumpang, 1996)0] 91014 ok AA 2] &
o FAHOR HZ3E 2|9} ARE 0] 4T 4 9lo

wEe et A9, 7| 27000 taky] A Y o
#yo] mj&- Aro|dtal thofsty] ol (Fenske2} Day, 2005;
Machado-Neto, 2001; Vercruysse 5, 1999), 3|9 95 2
& =& AR ARl tel SARE A=RE AR
ofgt Bitt. weba] ok ARG A AR e 5oF e
& AR S4sP] 9% W W 5, 201DE°] &

TEE, 22| woF 2 A-N(Griffiths 5, 1951)F =&
ato] 2719 2 B} ¥ o] 7k Durham} Wolfe, 1962;
Wolfe, 1976 4 Davis, 1980) o] A= HA s ZAHH 9
714 t3 A Q] B A A5 Durham and Wolfe (1962)9)
WS OR TR A77E SaEo] B WAL o]F
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L3 FoFS A1 2Ashe AoZ Hoko] oA Y =

ST 4 ek A E o] ARGl Theet W FolA 9 i
—FFE 92| (patch), B4}, G, vfAI S= A
& T2 A FAAIR HER S E
Personal Air Monitor(PAM)E AR&3it} o]¢} o] &
Sl AME= At 7171719 AA ol A e
=Y 242 HsiA 24 =3 A9 Hof g 4 9
Al WS HSlok gt shAIRE obd] s ez S A
Aoz HubdolHME A4 e BAW A5l diet
AR B =g 7] ofele Aotk webA 2 A

= 471907 FoF FolA A% fenthionS oz, H4
A7 e S 3 BN A Hg et &
5O AFS Foto] k& B7F Al ARSEE AR f A
A& BRUASHIL, FoF AR R &5 SHAY (s
254, 2010)2] "AIA Sl Fgo Ego] HiA} ATk
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Alek A 2z

Fenthion ¥3£3(98.3%)2 Sigma Aldrichof|A] 3}t

% 1(Table 1), acetone> HPLCHE-S AR5 FH 2
244 9] %)(Dermal patch)$l a-cellulose % 0](Whatman
17CHR, 46x57 ¢cm, Cat. No. 3017-915), &S0 £o] %]
2 0 ZURE 248 UATS 22 A2ei9lt. S04
S-2E(37 mm, PALL Life sciences, P/N 61652), 11742}
A(ORBO" 609 Amberlite XAD-2 400/200 mg, Supelco),
S 4-GHEZIA EBpiece, P/N 16599, Supeco)= Supelco
oAl FstGlon =g vhad, W, WA 4% f
Ao| gEE AMsolM st ARg-sHTh

Table 1. Use and physico-chemical properties of fenthion (Tomlin, 2006)

Common name Fenthion (insecticide)

Uses Control of fruit flies, leaf hoppers, leaf miners, and other insect pests in apple, rice, etc.

Molecular weight : 278.3

Physico-chemical

Kow logP : 4.84

Properties Water solubility (20C) : 4.2 mg/L Vapor pressure (20C) : 0.74 mPa
Toxicology LDso for rats : 250 mg/kg LCso for rainbow trout : 0.83 mg/L (96 hr)
Residue DTs in soil < 1.5 days MRLs : 0.01-5.0 ppm

Structure
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Table 2. GC condition for the analysis of the fenthion

Instrument HP 6890 Series II, Hewlett Packard, U.S.A
Column DB-5, 30 m x 0.25 mm, 0.25 ym
Detector Nitrogen-phosphorous detector, NPD
Oven : 150C (1 min holding) — 10C min” — 210C (2 min holding) = 20C min" — 300C
Temperature Injector : 260C
Detector : 320C
Flow rate (mL min) Air: 120, H,: 3, make-up gas (N»): 5, Column: 1
Injection volume 1 uL
717 % BEM7|7| fenthion ¥5-2H-2 LOQ(0.05 ppm), 10LOQ(0.5 ppm),

100LOQ(5 ppm)7} H&=% 23t t}2 300 mL2] acetone
S A7bskd 147 Ag =2 519k E3 33 = 100 ml
= o5}

SFEES4L GillianAke] 37|98 2(Gillian Model 224-
PCXR7, USA)E Tujato] AF-6}5IT) mZAl R Agks
%7)(Recipro shaker SR-2w)E o] 8a}0] 231911, 719t 2 8700 2L 99 F
Z7|(R-114, Biichi, Switzerland)& 5Z3}9lt}, L&A 8 2 S A3t o 50 mLY] acetone H7Fsto] 147+ Ket
fenthion®] 542 Nitrogen-Phosphorous detector(NPD) = otoiek. A7l £t Al&= PTFEAZ Y syringe filter
7} %2FE HP 6890 Series(Agilent, U.S.A)S AF&-5}glct Foto] o]E4E Agdl ¥ 1 uLE GC-NPDo] FYsfo] &
(Table 2). A

l %02 fenthion F5-8°

m{m 4)4- 12

ZE3SHA|(LOD; Limit of Detection) % HzFsHA|(LOQ;
Limit of Quantitaton) é""(%’:’.‘_lg’é,*, 2010)

B247]7] A9 LOD ¥ LOQ%E fenthion ¥Z89% 0.01,
0.05, 0.1, 0.5, 1, 5 ppm< 1 LLA GC-NPDoj| Z3}of =1
ZUIEIIH/LE] signal} noise] HJ&(S/N)2 F-5tof ALt
SH3iet.

§ =8 278 24 S5 o RAUREHS 44
3, 2010)
ﬂiﬂgi‘xﬂ(XAD—Z resin) 2| &S AW & 1
AGFAA @780l 20 mL = &7]°f "L LOQ, 10LOQ,
100LOQ4&0] H=Z fenthion 8N 2|8}l
9] acetoneS H7}sle] 1A)7F XEF 223519t} XElo] Zut
*lih PTFEAZ 9| syringe filterE §3lo] ol=d& 42
¥ 1 WLE GC-NPDo] Z4iste] #4jslsich el44 2
o g8 342 e EEE 20 mL vialo] E32 LOQ,
Fenthion ¥2&-8-4 0.01, 0.05, 0.1, 0.5, 1, 5 ppm< 1 uL 10LOQ, 100LOQZ:20] EEE fenthion EZEHLE 7]
% GC-NPDe| :¢), 2Ajstof GAle 4445 0. 139 apu wagazis $Us oz Aelaaaioct
of 43kt

EEHAUMO| ZMM(Linearity) HE

S& L& 538 1HESENC = S8(Trapping
E2M09| xfgiM(Reproducibility) S™(SEXISH, 2010) efficiency) EH(SEXIEH, 2010)
of] AgS}= U-2R3 vl 10LOQ, 100LOQ

Fenthion ¥3&-89 10LOQ(0.5 ppm), 100LOQ(5 ppm) X ag &4
2 GO-NPDo| 1 yL¥ G450 64 ZUste] B4R tf 40| HES fenthion HEFAL Aejsh TAFHA
S AROtEIHPAS HEE A7), peake] WA 7k, peak 2l the U-Abte] ddstoint. we| f5& 243 3719
o) olgts Wi A=k S Aol | Lmind] $90 440 59 212 39
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359 55 9 o] FAsHT AT 5ol FRE Al
o A i 24 9 2ol uhel AR, B ApelE 4
WA= 7171014 Aol 4, Fe] Qloi 55 Bl
DAFAA S BeA] e BF EAE & ek & ol
71904 25120 fenthion Hefstel 458 st

2447|719] LOD, LOQ, ZEHe| TIMA U 249
A

LOD % LOQ(°] 5, 2009)= 24171719 H=E 4%
3+ 4= Qlth(Fong &, 1999; Miller, 2005). LOD+= S/N7}
421 0.01 ng, LOQ:= LODY] 54 42521 0.05 ng (Fig. 1, A)
o7 AAsto] o E 34 AdS s S22
£ H%th Machera $(2003)2 malathion®] 73 LOD
£ 3.3(Sy/x)/me=Z 3} o LOQE 10(Sy/x)/mo.& A
Vet A3} 717k 3.61 pg, 10.9 pgo]3ith. Hughes 5(2006)2
captan®] ¢, LOD+= Y2 5% 0.5 mg/LE 109 HHE
5}o] standard deviation2 AAF}F 11, LOQ+= LODE] 34|
2 3+ A3t 77+ 0.38 ng, 1.15 ngo 2 A5} Choi 5
(2006)2 LOQ:= LOD2] 5H|E 31301, LODE 0.05 ng,
LOQ+= 0.25 ngo & ZAA3}T} AdA| mancozeb®] 73-$-
(Liu 5, 2003)= LOD 5 pgO 2A| th2 sofof H|3f &2
Aol
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Fig. 1. Chromatograms of instrumental LOQ of fenthion (A) and the calibration curve of fenthion (B).
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Table 3. Standard calibration curve linearity through 3 days

Equation of calibration curve and R?

Day of preparation After 1 day After 3 day
y=2119x + 1.3 y=1658x - 11.3 y= 181.8x - 13.5
R>= 0.999 R>= 0.999 R>= 0.999

Table 4. Reproducibility of analysis
Concentration Average  C.V.” (%)
t (min) 8.18 0.01
10LOQ Area 50.50 2.34
Height 16.70 2.65
t (min) 8.17 0.00
100LOQ Area 983.53 1.32
Height 445.53 2.54

UC.V. (Coefficient of variation, %) =
Average x 100

Standard deviation /

B2 HAEAY AL Adst AR A LHo] He=
R4 2 A A=A malathion(Machera 5, 2003)2] 7\]/5_/\3%

5479 FEa HAEAS A48k R= 1.000<
Ramos 5(2010)2 deltamethrin, procymidone®] 7-$ R
> (.998, Hughes 5(2006)2 captan®] 7<% R* > 0.9999]
ok & A 5¢$91 FEE AR, 24 HE B
ofel 24 ¥ 19, 3%o] AH HAAHo] w9 SR>
0.999; Fig. 1, B)’O‘M Mol FUst BAS T
QL& £l tiTable 3).
Ao A AL £471719 S
Feyon], Aot 4ol woFS of ¥ WhE BAlst] miE
A ZHt), peake] WA 9] © 342 2ARSItKLikas 5, 2007; ©]
, 2009). AHtA] captan®] 7-9{(Hughes 5, 2006) & 2]
A27} 3744 w9 #EEAS 6% et okl 3HA
I3t} A4S gHolskY 2, Ramos 5(2010)L 6 Fot
A& ZAto] HolAS 26%=2 gelstgith & o]
10LOQ ¥ 100LOQ T 45 69 yhe A3 A}
5 A7), peak®] WA Ft, peak?] o] el C.
3% Ult&gi 71717k e Aol AN Sle wAS —*r"é‘
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W5 =% 248 9% ZAL Fig 29} 2o] Yl F
o]F o]&3sto] 7}2 10 em Al 10 em X 7hE-g| Hl F7to
50 cm’™7} =2 A|zkela o] 7)o AH9lEl= a-cellulose £

P=Z EY2 flet 2A/AMEYYE 45 361

< Dermal patch>
! 10cm

TLC paper
50 cm?

10cm

Gauze  a-cellulose

|Aluminum paper patch pocket

Fig. 2. Patch pocket, gauze, a-cellulose paper, aluminum foil
and dermal patch for dermal exposure monitoring.

Fig. 3. Gloves, mask and socks for dermal exposure monitoring.

Fig. 4. Extraction vessels and shaker for exposure samples.

o] 1 #](Byoun &, 2005; Choi 5, 2006; Liu %, 2003)%
10 x 10 cmz Z2hA ARESFATHOECD, 1997; Hughson,
2004; Rajan-Sithamparanadarajah, 2004). £3] A-7}H(Fig.
3) oml g & Al Ewae] wol HAEW] wed
acetone O 2 |23 & ARSI BlpE AR eE 57
Aol FAHE Fofo] & ol dsf Atz FEo] Hoi
IR EAE AASE AIHOEA a-cellulose o], AL, 1t
23, ool 5O Ak ke Bolz el Al
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Fig. 5. Extraction efficiency of fenthion from patch, gloves,
socks and mask.

(Machera 5, 2009)& Alstglar W A4 &0 8
< Aeste] g AIE A3t 74%9) S Helon 2
A3l ES 89% = LEFTE Hughes 5(2006)= ™ A
4 oue] £ by o B Hestel 837~
107.6% 9] 3eas Atk A1 4--(Machera 3,
2003)& 348 AlE A3} 68.0~83.7%9] 354ES 2ok
Liu 5(2003)2 mancozeb®] 7-%- 90.4~98.2%9] 3|4&S
Ak & AFtolA= LOQ, 10LOQ ! 100LOQ &2
& AYeiala, A AF} 76~113%9] 4& 2 C.V.
< 3%S Ueto] 45 AmAF mjAlelx 9] Fof FER
< QAR £2 435 Kol =& S AR EANSS
oI5} thFig. 5).
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9JCHUSEPA, 1996). o]}
(Byoun -5, 2005; Calumpang 5, 1996; Choi 5, 2006; Grover,
1985; Machera 5, 2003; Farahat 5, 2010; Tsakirakis, 2011)
o] AHE-El= tube 42] XAD-2 resin 1A E2HA|(Byoun -5,
2005; Choi G-, 2006; Machera -5, 2003; Tsakirakis, 2011)
(Fig. 6)&= =¥ FoFo] A7 £45 g doe 574
ol dasirh & AdYolM= 1A F2HA ol LOQ, 10LOQ,
100LOQ $%0] E&L= fenthion F3=2-HS x]2]5}aL acetone
02 2Z(Fig. 4543 27}, 81~104%S Ho] £2 3|
& A5 dQIt(Table 5). Machera 5(2003)% malathion

9] XAD-2 resin®] 3¢& A8 21} 91.7%9] 3¢S B
skl
SRR TATAABY o Bo] (Ao 22 B

Cassette + Filter Glass fiber filter

XAD-2 resin tube

Fig. 6. XAD-2 resin tube, glass fiber filter and housing
cassette holder.

Table 5. Extraction efficiency of fenthion from XAD-2 resin
and glass fiber filter

. Treated Recove C.V.
Materials level %) Y %)
LOQ 97.5 2.4

XAD-2 resin 10LOQ 81.1 1.2
100LOQ 104.0 52

LOQ 102.6 3.1

Glass fiber filter 10LOQ 86.4 1.3
100LOQ 108.2 2.5

S5 A A 1A ZZA o] 95|A] Y 3hH(USEPA,
1996), E3l lindane £A4]9] 790} o] fej4d-3ZEl7} FoF
SHA R o]gEo] =F ZHof 3] A-g{(Fenske 5, 1990)
=71 817] i feldadE e s4g 4 A
o} & AtoA= feEldR2E ol LOQ, 10LOQ, 100LOQ
0] HEE fenthion EEHE A5kl acetone 2

FEEA oFoT, 86~108%2] gaS HArKTable 5).
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2005; Choi 5, 2006). & Lo A= 10LOQ, 100LOQ 4
20| 35ok8 U-AHiFig, 7) vletoll 2715k Agat 23,
AR AR G o 95-105% 24 LAEAAS)
XAD-2 resin®] F2580] 943 Y583t Table 6).
Choi 5(2006)9] LY A& A3 A1} cypermethrin®] W2
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Fig. 7. Trapping efficiency test.

Table 6. Trapping efficiency of XAD-2 resin

Treated Residue Trapped amount (C.V.)  Total

level (%) (%) (%)
10LOQ 0 104.8 (0.3) 104.8
100LOQ 3.9 91.2 (1.3) 95.1

& £YE nHSEHH < mintg

PAMO|| AMEE= IA G Al B ohg5 AS oo
SICHUSEPA, 1987; USEPA, 1996). m}ihg 41312, toko
et 24 S SR s S4ske A oltByoun
=.2005; Choi £, 2006). TATAA= JukE o= 12} 1
AFAA L 22 A ZAA = oA Lol A(Fig. 8), 12}
ARl o] Estslo] FHT 5 A € 24 2
A FAAZ FEE o] FAE = wheF 22k 1A FAA] &
Tl ope] 420l 13} nAGAAo] F2E o] 20%
ke A2 EAE 5ot ope] A2 Q1o
oF-THACGIH, 1983; NIOSH, 1980). 2 Lol 13}
A EAHA el 10LOQ, 100LOQ &9 Fofe 78kl v}
& A 2iFig. 9) 274 FAAR FILHA| 43ktHTable
7). Choi 5(2006)9] cypermethrin 3}7+-& A|E Ax} HA|
12} A Z2A o 83.3%9] Slas HoH, 27 FAA =

< FIEEA
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Fig. 8. 1" and 2™ solid sorbent in XAD-2 resin tube.

pump

Fig. 9. Breakthrough test.

Table 7. Breakthrough results of XAD-2 resin

Treated Recovery (C.V.) (%)
level 1°-resin 2°-resin
10LOQ 72.8 (3.5) 0
100LOQ 103.5 (1.9) 0
> A/ 8/E/™
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