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Abstract In agriculture, pesticides are essential material. However, pesticides applied on soils or crops are
volatilized into the air, which eventually harm the farmers’ health. This study was carried out to investigate
the volatilization of pesticides and pesticide residues on soil and crops. The experiment was conducted both
in lysimeter filled with upland soil and greenhouse where perilla plant was cultivated. Two pesticides
including cadusafos (6.0% granule) and tefluthrin (0.5% granule) were applied on both soils. The volatilized
pesticides in air were collected by personal air sampler with PUF tube. The collected samples were extracted
using acetone in a soxhlet apparatus for 10 hours. The extracted pesticides were concentrated and then
dissolved with acetonitrile or acetone. The dissolved pesticides were analyzed with LC-MS/MS or GC. The
retention efficient recovery of pesticides on PUF absorbent ranged from 89.3-103.2%. In lysimeter experiment,
the maximum amount of vaporized pesticides in air were cadusafos 22.63 pg/m® and tefluthrin 6.12 pg/m?,
while the maximum amounts in air were cadusafos 2.65 ug/m® and tefluthrin 0.08 ug/m® in greenhouse
experiment. After 41 days of pesticides treatment, both pesticides were not detected in perilla leaves. The
residual pesticides in soil were 0.05 mg/kg (cadusafos) and 0.70 mg/kg (tefluthrin), respectively. The com-
prehensive studies on volatility, residues and toxicity of pesticides would have to be carried out for worker
exposure assessment.

Key words Greenhouse, lysimeter, pesticide, volatilization

M E 77 Ao 47 olgHrhe #AH] 3171 Wl (Park
et al, 2009 SFe] AL P AL A HEALE

= woF Ealgol 20049 25323004 20149 19,788  ZRE ¥V, &, EY, AE FOE o5 AL dF
= (Statistics Korea, 2016)2.2 H3} E1E1 U= FA| 9] 317] 93 2ol Eoke] 3ak] GIL N QAS
A% o W8 FORE HAEe) ANE W EAS PPN ol wig, L, e B 54, Bl 22
SlAL &

5498 Asa) 98 B5AA SAAcldleong o FEH 54 Fo] Qv 1 F 271%k0] 2o
al., 2004). AW 573A0) AEE Fke ) <) v F gsie] F2 ASETHLinde, 1999)
SR WalE 0 HEsh 2ol SR 3 viHE 4
o L

Fole 54 7Ke se=do B2 (Jeong et al.,

*Corresponding author
E-mail: danbi6334@korea.kr

175


https://crossmark.crossref.org/dialog/?doi=10.7585/kjps.2017.21.2.175&domain=kspsjournal.or.kr&uri_scheme=http:&cm_version=v1.5

176

o0

A
T O

5 HE: Sl o8 T
oA 20129
=gl sl A

-Xe) XN
o=

2004) AH8-31A]
=5 348 e A=
TAAAL 95588 vide = 4
T2RAE o 4% 55 SHA7H
A 353%H o TAHATESS Ate SEAE
A9 32.2%3ATh 1 5o Al AA, 7 B, 2%
-7 2 IR AFE A0 g8 SERER U
Th(Statistics Korea, 2013). ©|2]3+ §F S5-& AldA|u)#A]
oF Zro] W FhoA o FAZE W FoF A Al B
T oofuel A& Alol= FeJsteiokgity. EPA40 CFR,
2011004 = 5oF T5S dWshy] 9 woF 24X $ A=
%] 3-8 717+ (Restricted-Entry Intervals, REIs)yS A3} &
oF gpo] REIZ #7]3t=E 3l AUrh(Kim et al., 2016).
E3F REI oJufell AlANA ] S48 45 WAE, 34,
BT g 28 el HE guE A4 A Al
Ak, 2y =M E olgjet At =YPHY A &
& Aol (Kim et al,, 2016), T FHAS o g &
oF WA o] 28 A E 2AMS A7 FoF Joll 3%
A 23

O:

L
R

0]
H

o

=

=

A

>

o

f

o 1
WAE-S 2Hg-stthe SHe] Ahbe= nX|
3%o] JtHOh et al., 2014).

o] AF= oAHy F Al

o

of
=l

328 olgal] B

AxE woke] ¥ F AR 2 AES BEY o]
TS Tolslal woF AX & TR AA wEF HIHE
Qg 712AEE AlFe] Sl st
a H
ME Wy
AE EA
o] AlgL Fgwetddel] AxE 24 gho|Aln|E <]

St 5m gole] FEld Well Ao glom 7+ 249
sfolle 1m’ Holeh 1.5m Zlole] Hlagh S72 gho]A|

1] (UGT GmbH, Germany)7} Ax]=o] it}

AE M=

Ao AM-H LulZE  acetonitrile (99.9%, Merck
KGaA, Germany), formic acid (>98%, Sigma Aldrich, St.
Louis, USA), acetone (99.8%, Merck KGaA, Germany), n-
hexane (98%, Merck KGaA, Germany), diethyl ether (98-
100%, Merck KGaA, Germany)2- ©|-83[4th. S/ A=
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Pesticide Molecular Vapor pressure Henry constant Kow Solubility in water
weight (mPa) (atm-m*/mol) (logP) (mg/L, 20°C)

Cadusafos 270.40 1.20 x 10*(25°C) 130 x 10°° 3.90 248.00

Tefluthrin 418.70 8.40 (20°C) 1.65x 107 6.40 0.02
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Table 2. LC-MS/MS operating condition for cadusafos analysis
Instrument Agilent 1200 HPLC with Agilent 6410 triple-quadrupole
Column YMC-Pack Pro C18 RS 100 x 3 mm, 3 um
Mobile phase A : water with 0.1% formic acid
p B : acetonitrile with 0.1% formic acid
Gradient table Time (min) A (%) B (%)
0 95 5
2 30 70
10 30 70
15 10 90
20 5 95
23 95 5
25 95 5
Flow rate 0.2 mL/min Ionspray voltage 4,000 V
Column temp. 40°C Nebulizer gas pressure 50 psi
Injection volume 10 ul Gas flow 10 L/min
Ionization mode ESI Positive Gas temp. 350°C
Scan type MRM Run time 24 min
Table 3. LC-MS/MS MRM analytical condition for cadusafos analysis
.. . Precursor . . Retention Ionization
Pesticide Molecular weight ion (m/2) Quantifier Qualifier time (min) mode
cadusafos 270.4 2712 159.1 131 16.4 Positive
Table 4. GC-uECD operating condition for tefluthrin analysis
Instrument Agilent GC 7890A
Column Agilent DB-5 30 m x 0.32 mm, 0.25 pm
Injection 260°C, Splitless, 2 ul
Oven temp. initial 80°C (hold 2 min), 80°C to 280°C at 10°C/min, 280°C (hold 3 min)
Carrier gas Nitrogen at ImL/min of constant flow
Detector HECD at 280°C Run time 25 min
Table 5. Recovery and LOQ of cadusafos and tefluthrin in PUF absorbent
Recovery” (%
Pesticide very (0) R LOQ (ng)
2 hours 6 hours
cadusafos 91.7+£23 893+13 0.999 0.005
tefluthrin 103.2+33 97.5+8.8 0.999 0.001
* Mean values of triplicates with standard deviation
Zdn o na 2ol LOQ (ng)E 731tk LOQE S/NH|ZF 10 o)del &

=2 gsislen I k2 Table 59k 34Tt
37| & Mg 2H 358 ME
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g et EFREFEAE o83ty AA8E AN Aol 26.0°CE 71 wkom thr] ke Fds Holtt
A3 271A] Feke] AAAG R2Fk] 0.999 o] g Us 24N 70l 48.4°CE 7HE =T FEE T AF 208
st 38 A At AN ZAE HlEeE 717 Fol 35.7%3om 18170l 85.6%% 7Y =kom t}
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Fig. 1. Temperature and Humidity in lysimeter for 24 hours after application.
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Fig. 2. Volatilization of cadusafos (A) and tefluthrin (B) in lysimeter for 24 hours after application.

Al WE7he S Bolth 24X 79| 30.4%= 7P Wok
ok A A5 2407 Bt 271A] woke] Baky Wshe
Fig. 29} 24Tt cadusafos®] 74-9-= 5 A2 3274
ol 0% 270 22,63 pgm’o 2 7Pg B Fjatars B
o] QAIZHIZIAI=(14-204]) 2Hol AR We] 257} i
o wet 371 = TEE AojFg Btk o] Park and
Lee (2011)7} cadusafosE 271004 JAAZS o 2
E7t e A Flato] Bol Hrke Aol dX|Eitt
e 124704 18AIZH7RA] = (23-054]) 257 W
A= 371 F F=7F AT 255 B oA
Kim et al.(2016)°] &5 64] o]Fole &7} Welzl=
7 T ¥ ot SVRITA Bysised o Adet
H]528k S Btk 2|3 Park et al. (2005 22 A
el A5l EE AddA el Eolo] wlg}l molinate?]
371 % JAtge] Adolsitkar Harsisitt. woll WAL
Al A U ol 719kHst
5

ssore] B 917 (0l VA7

—

w7 T S 214178l 244704 (08-
37 & FEE O] =obdS BTt tefluthrin
Ay F 3N 9% 249 6.12 ug/m’
akES Bk olF =7t U#lvk= 6
AlZH e Bk E Aol Bl s o] $ kvt
A& A 7he AT 15AIZMAI7EA] = 3] Akero] L
Azt AL vszghe Bk T2 2147 257t &
= §ataro] S Bt o]+ cadusafos’} 92
7kt 2170 28] WSt wt 3RS B A
12217} 15217 o) 229] Wse} Asiglo] Fjakake B

ZF o= SAZEE FAEE Eoldlld EE slo] F AR
o] Wol ®xske AAIM 2HS s X7 wiEel o
B FdE Bl JloE AdEn o7l A FoEE 7Y,
SHE, T IS SATeEA B AEAE
- 257t ZEtel



180 Aot - A - TR - BAY - A - Bl - XIS - YN - 2
Cadusafos (A)
PR
=20
=
-grs -
-]
5 54
=
S 0 - . : . g :
5§ 2 36 48 60 72 84 96 108 120 132 144
s Hour after treatment
Tefluthrin (8)

i
S 6
=
=

4 -
S )i
£ 2. ) ¢ T
G
5§ 2 36 48 60 72 84 96 108 120 132 144
o

Hour after treatment

Fig. 3. Volatilization of cadusafos (A) and tefluthrin (B) in lysimeter from 24 hours to 144 hours after application.
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Fig. 4. Temperature and Humidity in greenhouse for 96 hours after application.
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Fig. 5. Volatilization of cadusafos (A) and tefluthrin (B) in greenhouse for 90 hours after application.
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Table 6. Recovery of cadusafos and tefluthrin in perilla leaves

Pesticide ~ Spiked (mg/kg) Recovery” (%) R?
1 82.4+82
Cadusafos 0.999
10 829+1.5
) 1 792+9.5
Tefluthrin 0.999
10 822+34

* Mean values of triplicates with standard deviation
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Table 7. Recovery of cadusafos and tefluthrin in soil

Pesticide ~ Spiked (mg/kg) Recovery” (%) R?
1 79.0+3.6
Cadusafos 0.999
10 804+ 1.1
. 1 742 +0.5
Tefluthrin 0.997
10 79.6+£5.0

* Mean values of triplicates with standard deviation
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