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Abstract An IOM sampler equipped with glass fiber filter has been recently utilized instead of solid
adsorbent, which was used to measure the inhalation exposure of agricultural operator to pesticides. The aim
of this study is to validate the efficacy of an IOM sampler by measuring the trapping efficiency and
breakthrough using kresoxim-methyl water-dispersible granule and fenthion emulsifiable concentrate. On LC-
MS/MS, minimum detection level was 12.5 pg and method limit of detection was 5.0 ng/mL. Good linearity
(R*>0.999) for matrix matched standards was obtained. Recoveries of pesticides from glass fiber filter were
102-109% (kresoxim-methyl) and 97-104% (fenthion) while those from XAD-2 resin were 94-98% (kresoxim
methyl) and 93-100% (fenthion). Trapping efficiency test was performed with personal air pumps and IOM
sampler (glass fiber filter) connected with solid adsorbent (XAD-2 resin) with two types of formulation (solid
and liquid) which were diluted by standard rate and sprayed to IOM sampler. Those pesticides were trapped
only in glass fiber filter without any breakthrough to solid adsorbent. After spiking of pesticides to glass fiber
filter, breakthrough test was carried out with IOM sampler (glass fiber filter) which was connected with solid
adsorbent. As a results, 87-101% of kresoxim-methyl and 96-105% of fenthion remained in spiked glass fiber
filter, however, no pesticides were detected in second glass fiber filter and solid adsorbent. In conclusion,
IOM sampler which equipped with glass fiber filter can be applied widely for pesticide inhalation exposure
study since it has good trapping efficiency and adsorption capacity, regardless of the solid or liquid formulation.
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FAEAE FF EF T FHY 2A, 24X, 7%
of ] 2Q] dgellA AATHE T F] HES F
Z(pesticide exposure)°]2} $HH(Crosby, 1998; Ramwell et
al., 2006; Ramos et al., 2010, Kim et al., 2011). 5} 5
AAzte] AHAR HE2 AR A% S =
4 A, old T i ok 5 =&l wet
ERITH(Turnbull, 1985). 5k 54 e 1= A
o] AFEACE FAH R FEstE AFAHES S8 A
£ 93 O 54Ae AESE HolM Be S A FopA

19 o

| Y
el -

o]&8 F IAW T =FFE T H7h A, Y o
71F 2300 A G FeAlel FREde TR/, A
A7y =

7+ 5ol et t=27) wj ol (Turnbull, 1985; Fenske and
Day JR, 2005; Hughes et al., 2008; Grobkopf et al., 2013)
AA 2 Aol di" 2 AdelM Y] =E2FS S5
A SleljE el ol gafok gtk weEkAM Y FE EF Al
Ao =2 342 F2lA S8 Bk vle- e 2
2o},

D R [ A
ZgxZo|tlFenske and Day JR, 2005; Hughes et al.,
2008; Chester, 2010; Behroozy, 2013). ¥# =& 42 F
2 X (patchyS AMES] $kO.™ (Chester, 1993; Fenske,
1993; Soutar et al.,, 2000; Chester, 2010; Farahat et al.,
2010; Wassie et al., 2012; Behroozy, 2013; Abukari, 2015;
An et al, 2015; Zhao et al,, 2015) <] S =& <
T Ek AHE F2 0|83} th(Liu, 2003; Kang et al.,
2004; Choi et al., 2006; Kim et al, 2011% Kim et al.,
2012*%; Choi and Moon, 2013; Kim et al., 2013; Moon et
al., 2013; Choi, 2014). XY ARE-317| Al stal HA 4
o|X| Tk 2k WA 9] HXE HA| AXHHOZ oishs 2
oA i, FawrtEs AEel A, AA AdE A
A Aolg Qlsto] wofe] F2 Awrt gt et =5
Z45p7] ofgl¥ @] Sth(Franklin et al, 1981;
Fenske, 1990; Niven et al., 1993; Tannahill et al., 1996;
Cao et al, 2015). o|& H&sl7] flslo] ANEG=EH
(Whole Body Dosimetry; WBD)S ARS-3fe] 3|51 %5)
Zst=d], o] W ANAPES YJi A9Es
F, AGE AAE F=, B wEel AARAES] A
&, HlaA AN =F AE AF A, E4A &R
vk M) T SR v aste] Ao ERstal v
AA ol ARk, =] o4t g glo] AAl AT =ETFE
oz =43t = K(Chester 1993; Fenske, 1993;
OECD, 1997; Castro Cano et al., 2000; Machera et al.,
2003; Hughes et al., 2006; Hughes et al., 2008; Lesmes-
Fabian et al., 2012; Gao et al., 2013; Grobkopf et al.,
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2013; An et al., 2014; Abukari, 2015; Cao et al., 2015). Z|
=, FHIME AAEG=ZHE o]&ato] af Al
Al AR BREEFS ST =o] HaEon
(Kim et al,, 2014), AAZHE o] HES P2 &S] 5
oF odaA] 248 AFE B tHGrobkopf et al.,
2013; An et al., 2014; Kim et al., 2014).

SFEEL 9T =2l vl ol 0.0-9.1% oletE L &F
o] HA K Culver et al., 1956; Miller et al., 1980; WHO,
1982; Wojeck et al., 1983; USEPA, 1996; Capri et al.,
1999; Oliveira and Machado-Neto, 2003; Choi et al., 2006;
Kim et al., 2011*°; Kim et al., 2012*; Choi and Moon,
2013; Moon et al., 2013; Kim et al., 2014), =& 100%
7t Bl FEE o2 7Pg57] wlEol (Fenske and Day
JR, 2005; Franklin and Worgan, 2005, Kim et al., 2011*
Choi and Moon, 2013; Moon et al., 2013; Kim et al.,
2014) A1si7F BN 71Tt wom, 53] Al Al
oF Auje} 2re Do e FholA e woF X A THEFE
£ uf§- FQ3}tH(Castro Cano et al., 2000; Machera et al.,
2003; Byoun et al., 2005; Ramos et al., 2010; Choi and
Moon, 2013; Kim et al., 2014; An et al., 2015).

AP SF=EF S-S dWHOE XAD2 F9
IASHAAE NAE F7HE| AAsIAY(Farewell et
al., 1977; Johnson et al., 1977; Lewis and Jackson, 1982;
Billing and Bidleman, 1983; Williams et al., 1986; Leidy
and Wright, 1991; Wright et al., 1993; Lu and Fenske,
1998; Machera et al., 2003; Byoun et al., 2005; Choi et
al., 2006; Farahat et al., 2010; Kim et al., 2011*%, 2012;
Dalvie et al., 2014; An et al., 2014; Cao et al., 2015), 33|
FEA Ao fRHRATAE Adel] AaATHKim
et al., 2011*, Kim et al., 2012*°, 2013; Choi and Moon.,
2013; Moon et al., 2013; Zhao et al., 2015). &1} <}
22 R Aol Bxtetal, FHA feds ddeia
Adste HHNA & A AY, e siEe] HAY, W
9] resin®] SHEE § U] AUATh by HIZdd=
Wil feldfolaAE A2bel= I0M(The Insitute of
Occupational Medicine) 3717} £5==2] X33 A%
ol Bolaid TxF=F Aol AREE AL Atk(Katinka et
al., 2004; Grobkopf et al., 2013; Kim et al., 2014)(Fig. 1).

A, 2 ATt sG] FF 23 =F SA 3
oA 71&ol AREEHIE A FEA ARS-S Estal, S5
=Z Gt A FAlel gEaak IoM AR 710 g
IExE 34 Y R8s ASsith AEe B
AP EAJS FEste], A AAQ] kresoxim-methyl Y
ek ok AAF A fenthion FA1S o]-&3F Ro| AX
|G dfoldx e 28-S S48
opAle] 3 BoAs Felidfod Aol Aeste] vkt o
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Fig. 1. Solid adsorbent (XAD-2 resin) glass tubes (A), IOM sampler with glass fiber filter (B), Attachment of IOM sampler on work

clothing (C).
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Kresoxim-methyl 3£5535(99.9%)3} fenthion E53%(99.2%)
2 Sigma-Aldrich, Fluka, Chem service (USA)lIA] -+913}
AL, 71-8vl= HPLCF L= acetonitrile?} methanol (Fisher
Scientific, USA)S AFH8-3F5H}. Kresoxim-methyl 50% 937
34| (8] X, A B3F8He} fenthion 50% -F-A (2]ukel A=,
EHERE e AT weRdelA FYsth SeeE S48
O JOM A7l A&ehe Fread-frod 34 (R 25 mm)
£ SKCAKEighty Four, PA, USAAIE-<S, XAD-2 resin 22
A2 (ORBO™-609, 400/200 mg, 20051)= SUPELCO
AHUSAAIES ARSI Freladfrod Al B A 52
F289F SarstedAH(Germany)2] 15 mL tubeZ ARE-3IS
I syringe filter (PTFE 0.2 um, 17844K)= SartoriusAt

Table 1. LC-MS/MS condition for the analysis of kresoxim-methyl

(Germany)H| -2 AH&-aFATt.
717 % 717]
H° 14 ¥7]HZE Gilian*KSensidyne, USA)2| Gilair-3
, IOM 2% 7]+ SKCAHEighty Four, PA, USA)S =g
225 T0AS AHE-3}3ATH

277

Ul d &2k Nexera LC-30AD UHPLCZ} 4218 Shimadzu
LCMS 8040 (Shimadzu Corporation, Kyoto, Japan)2 ©]&
3lo] SRM (Selected reaction monitoring) modeZ- ©]-8-515
CH(Table 1-3).

CIERCES]

SHEZSY =X

Kresoxim-methyl (99.9%) 2 fenthion F%(99.2%)=
A7Fsled 1,000,000 ng/mLe] E%=Z acetonitrilel] &3] 3
stock solution ZA|3FATE. ©] stock solution 1 mLE ace-

tonitrileZ 3]43}4] 100,000 ng/mL F%2] working solu-

Instrument Nexera LC-30AD, LCMS 8040 (Shimadzu, Japan)
Column Kinetex, C18, 100 x 2.1 mm, 2.6 pm
Mobile phase A:0.1% form.ic ac.id .in water
B : 0.1% formic acid in MeCN
Time A B
0.5 70 30
2.0 95 5
Gradient 3.0 95
35 70 30
5.0 70 30
6.0 70 30
Flow rate 0.2 mL/min
Injection volume 5.0 uL
DL temperature : 250°C
MS-ESI Nebulizing gas : 3 L/min

Heat block temperature : 400°C
Drying gas : 15 L/min
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Table 2. LC-MS/MS condition for the analysis of fenthion
Instrument Nexera LC-30AD, LCMS 8040 (Shimadzu, Japan)
Column Kinetex, C18, 100 x 2.1 mm, 2.6 pm
Mobile phase A : 0.1% formic acid in water
P B : 0.1% formic acid in MeCN
Time A B
1.0 70 30
i 3.0 100 0
Gradient
4.0 100 0
6.0 70 30
8.0 70 30
Flow rate 0.2 mL/min
Injection volume 5.0uL
DL temperature : 250°C
Nebulizing gas : 3 L/min
MS-ESI Heat block temperature : 400°C
Drying gas : 15 L/min
Table 3. SRM condition for the analysis of the pesticides
Pesticide MW’ Precursor Ion (m/z) ~ Product lon (m/z) Q1 (V) CE™ (V) Q3 (V)
i 116 -20 -23
Kresoxim 313 314 -14
-methyl 267 -7 27
. 169 -18 -17
Fenthion 278 279 -13
247 -12 -25
*MW; Molecular Weight
*CE; Collision Energy
tions ZA| g thy ©AIA & acetonitrileS ©]-8&-5t] 314 FE|MRoinx et DN E&N 59 5T £
3l 2.0, 5.0, 10.0, 20.0, 50.0, 100.0, 200.0, 500.0 % TR A} LA GZA (XAD-resin)ol] - kresoxim-
1,000.0 ng/mLe] EFEN8-& ZA| 53T methyl, fenthion ¥F8&H& 250 pgo] HE= sl &
719 gol acetonitrile 10mLE 1A]7F A& F=3 o}
Matrix matched standard®| ZX| PTFE A& 9 filter= o] EA-E o3t &, F54 500 pLet

el dfredA] & A S2AE acetonitrile 10 mLE 1 acetonitrile 500 pL& &8}3ste] ©] &, 5.0 uLE LC-MS/MS

A7k X% 3%k v PTFE A2 9 filter (0.2 pm)E = o 39, ®A8te] &l ot 7 wopd 3|rgS S5
A& Ao F29 500 Lot 7+ soke] SvjETEd Aot
500 pLE &8st s=7F 247 1.0, 2.5, 5.0, 10.0, 25.0
2 50.0 ng/mLe] =%=Z matrix matched standardE A FEMRO X o 5 ZX S E(Trapping efficiency) Al &
=g IOM A37] Fol| ]5—2. A (XAD-2 resin)s 28}l
7] F%E 2L/minE FYIPHA, 9343k (Kresoxim-
HE5HAH 9 Mo EMM X methyl 50%)} 5% (fenthion 50%)E e R Y3 &
BA71719] HaAET 2 BAHY A&+ matrix ERsA XM HF34u|4=(Korea Crop Protectlon
matched standard (1.0, 2.5, 5.0, 10.0, 25.0, 50.0 ng/mL)ZE Association, 2014)9] W} 2 1 Lol sj4sle] 48 EF7]
5.0 uL¥ LC-MS/MSell 2010 o] ml39] SN 2 ZA=E 7 20 mL)l ©oF IOM A3 714 30 cm Bzl XA

B e efello] 218 wi7bA] ALK TH(Fig. 2). /A2 ’\]7 R
&7 242 1.0, 2.5, 5.0, 10.0, 25.0 2 50.0 ng/mLE = oF 2.3% Aglom 10954 Faaint. AP T5E ¥
E=F ZA|% matrix matched standard 5.0 pLE LC-MS/MS FEAdRedFA Y ZASHAE ZH2 acetonitrile 10 mLE:
o +9, T4 ate] 7t wopd AP HAdE SA s ol-gato] FZ3 th PTFE A &9 filter® s}, 3=
A 500 uLe} acetonitrile 500 uLE &3}t LC-MS/MSe
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Fig. 2. Scheme of trapping efficiency test.

Air

IOM filter \ -

Fig. 3. Scheme of breakthrough test.

T XAD-2 resin

5.0 L= Fste] 248
F2NF0{BX| 9 =< o} 2l(Breakthrough)8 &%

IOM sampleroll AF&sl= 21453290 250 pg7t =
%% kresoxim-methylZ} fenthion -89-S 717 A2 o]—
3L cassette SITHO| glass fiber filterS o & o] F&s)aL
I0M #5719l &2etsict. B3k IOM A5 7]e] lxﬂJ‘Xﬂ
(XAD-2 resin)® F7F2 943 t¥ 2L/min (USEPA,
1996)0.2 4A7HE<t BEA7] F(Fig. 3) ITATEAS} &
YAFAIRA (2HE FAS THEE AP 2+ 3
I} A = EASIATHEEEE).
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Fig. 4. Configuration for IOM sampler and cassette.
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IOM #&7|2t 724 70{2HX|

7|(Fig. 4= 23] FeldFoAHAE cassette
o 7193 A ARGt 3718 S/ FTAITIHA
4 CIOM AHF71e gubd o 7] & WA
S ¥ & TPHOE =H3l=d(Niven et al., 1993;
Liden et al., 2000, Liden and Bergman, 2001; Harper et
al., 2004; Skaugset et al., 2013) AR&-2] HolA 9431 ¥
Y wie T XA SF=E SHAE o &=L 9}
TH(Grobkopf et al., 2013; Kim et al., 2014). 3|7+ £
a&ol gk AAH AL FAAS AE= FE5g AA ol
webr], a/det B AA ZHztel] tigk 84 58 Wiy A
A &84 Wke A IFxET V12 AR

Bgk QA Sl 7S Sl L o]ef 7t mig- A

H
o
=
:N£
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\-/
ol
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7171¢] H2xAEFS 5
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oy
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Fig. 5. Chromatograms of minium detection level (12.5 pg); (A) Kresoxim-methyl, (B) Fenthion.
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Table 4. Calibration curves of pesticides
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Pesticide Calibration curve Correlation coefficient (R?)
Kresoxim-methyl y =18,653.8x + 1,873.06 0.9999
Fenthion y=2,287.22x — 534.304 0.9994
Table 5. Recoveries of pesticides from glass fiber filter and solid adsorbent (XAD-2 resin)
Matrix Pesticide Replication Recovery (%) Average CV’'
1 102.8
Kresoxim-methyl 2 108.6 105.6 2.7
Glass fiber 3 105.3
filter 1 103.4
Fenthion 2 97.1 100.4 3.1
3 100.7
1 97.5
Kresoxim-methyl 2 94.4 95.8 1.7
Solid 3 95.4
adsorbent 1 993
Fenthion 2 98.7 97.0 3.5
3 93.1
“C.V,; Coefficient of variation
F%(1.0, 2.5, 5.0, 10.0, 25.0, 50.0 ng/mL)2] matrix matched USEPA, 1996). I 5 HEZZ F7|E YT ul vlA| Hx
standard® $4310] 12.5pg 7171% A2AEFOR Y A % RS0 AT Fol AR, 4R
sglem 4 Y T AIRE ACNF L1 V&R £F/F 3] &8 RS 5T davt dlov, FHA FF
4 B3, S0uLE FYe] W] AA B Hgel v B okl 53 Aol Fel SE 2w advt @ 4
A AZWAE s0ngmLEA 385 FL AR B U0 uIsle] vk web AW B4 A9 PEe) A
SE ATHFig. 5). ZF =% A|5¥ matrix matched standard g, 283 284 Wrke #d A5 58 A =E97t
A AARS RP> 099902 A4l nAE AU AHe] 484 J3e) wS Fad A & 5 Ao
BHE 59T 4 9082 FYHAHTable 4) A T84 BIHE AN QPP 5k UR Y
9]

E -
g 3= 8ol o AR FEHEAE Rlste AP
24, FeEdodxet A GZA ] kresoxim-methylZt
fenthion FF-8H& 717t Agjstal FE3A4 3788 54
Atk 52198344 2] kresoxim-methyl, fenthionol th
3 3|88 247} 102.8-108.6%, 97.1-103.4%, C.VE 2.8%,
3.2% o]}, 242 (XAD-2 resin)ol] thet 3588 747}
94.4-97.5%, 93.1-99.3%, C.VE 1.7%, 3.6% °|3}= Fal4
oA et A FHA BF SF=F S ARl EA7L
=2 RIS tH(Table 5).

RANRUBN S EYEE
F BPRE EFEE 2L AT TAEAA 3

2 : et
ARG APy AY9 FaAe B B

(USEPA, 1987;

4 5¢ 7l

aAst FelEgkle Bal ANS 9

o

frefdel Folle RS dhtete] Al skd=t (Byoun
et al., 2005; Choi et al., 2006; Kim et al., 2011*%; Kim et
al., 2012*% Choi and Moon, 2013; Moon et al., 2013;
Choi, 2014) AA| 24 Aelelrs s 2AA7E 277
Hojles de), 3l 5 2o 34E 25 AAFEE A

3L

T EZHS) R A4 FFs AR A A

AA] Fasitia AgETh web 2 AA s AA B

2
mel g3 2, AR SO AANE FFABY

3] =R AMY FEAugel wel, & 1L

tod 3715 F4717F 21 10M A5 710 &Aks)

Atk 53], Fe] R A T3 7= A,

TAFAE F72 AR 27 8

T, SRl TAFAA £
& 7

3} kresoxim-methyl 9733}
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Table 6. Trapping efficiencies of glass fiber filter and solid adsorbent (XAD-2 resin) for pesticides

Trapped amount (pg)

Pesticide Replication Treated level (Lg)
glass fiber filter solid adsorbent

1 0.184 N.D*

2 0.085 N.D

3 0.298 N.D

4 0.415 N.D

Kresoxim-methyl 5 About 3,350 0.077 N.D

(WG) 6 0.239 N.D

7 0.254 N.D

8 0.123 N.D

9 0.078 N.D

10 0.101 N.D

1 0.121 N.D

2 0.107 N.D

3 0.396 N.D

4 0.212 N.D

; 5 0.328 N.D

Firlggl)()n 6 About 1000 0.219 N.D

7 0.374 N.D

8 0.459 N.D

9 0.769 N.D

10 0.647 N.D

*N.D; not detected (Below ILOQ)

Q,kQ,] L WO =u 9o 2012*"; Choi and Moon, 2013; Kim et al., 2013; Moon et

0.77 pge]AH(Table 6). F+
A 3]0l HOW D‘r%kf‘& ¥

243 71& OJ_?L(Klm et al, 2012")01]&
0.6 ug)a} B3t 0|t} T3k Hofl 4
M BE A9 skl AZHA 0‘0}/\1 _T’_iﬂ | A

Mg AAol gsie] Tl agAlel YU

FEUHRO{IAX M sFef ot

i—é—h% ZA AREE 2HEEAE s ZHH
371 EYell 9t Hae-S 7&%‘6110]: SHH(USEPA, 1987;
USEPA, 1996). 7120l AMgEo] & FAEHAE F2ld

Zof 12} A% 22k FHAR YroiA] Sl=tl, 13}
Aol e FHE 22 FHAR HHE F2E 5
ool 12} FFA T2 %9 20%=S b AT
Aol NS <HEA FETHACGIH, 1983; NIOSH,
1980) O]Eﬁﬂ olf 2 IAZTHA(XAD-2 resingg ARME-SH
& g3k 248 a5 2 (Liu, 2003; Kang et al.,
2004, Choi et al., 2006; Kim et al, 2011% Kim et al.,

Jg ot

al., 2013; Choi, 2014), ¥ AJgl] ARS-E IOM A37]= 2L
AFHA7E obd FEAFALGAE AREE] wiol] o]
gt S-S FAET FEAFZHA el kresoxim-
methyl#} fenthion EF84E 2t Aglstal Fofo] vt
A A5 ulste] S #
sFaL 10M A 7ol 2Hatal
o}, EE3F IOM AR 710l LA GEA| (XAD-2 resin)E F712
Aste] M7Hs F718 TR freEldh 044%}1(2
L) 2 IAFEA Y] FS 5, S A9 %S AT
Freldod Aol 86-105%2] FES _wziz, Sl
2 fFeEldfodaA e aAF A A = sl AE
b FrEl AR B e] sof FAR/E ol et
P FELX
], ©

mlo

N

o2
il

T cassette SHS Q.

YRS F 3 T

'
J?‘J

_>.L

E[oll

|

ﬂil
J

o rg

o gO OI'E

b= 921t Kim 5(Kim et al,, 2011°)°] 5§
91o1A fenthione] o1 2 TR ES =439t

=

it

A o]

O ol i

bl

Hlaslel fARE AAE A7) Pl Fob) FFwE
Aol olA ez 7t A2 10M AR 79 &
¢

S RIS T (Table 7).

R

=X
=
O x
=
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Table 7. Trapped ratios of pesticides in spiked glass fiber filter, secodary glass fiber filter and solid adsorbent

.. . Trapped Ratio (%)
Pesticide Replication
1-GFF* Average C.V. 2-GFF** SA***

1 102.0 0 0

Kresoxim-methyl 2 99.3 96.3 7.8 0 0

3 87.8 0 0

1 96.1 0 0

Fenthion 2 101.5 100.9 4.5 0 0

3 105.0 0 0

*1-GFF; spiked glass fiber filter
**2-GFF; secondary glass fiber filter
***SA; solid adsorbent (XAD-2 resin)
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