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Abstract In cultivation environment, various pesticides are used and some of them could be volatilized into
the air. This could affect farmer’s health and also cause environmental pollution. This study was carried out
to investigate the volatilization of pesticides, and use the reference data for preventing farmer’s pesticide
intoxication and securing worker safety. The experiment was conducted in a greenhouse using a lysimeter
which was of 1 m? area and 1.5 m depth filled with upland soil. The pesticides treated in lysimeter soil were
ethoprophos (5.0% GR), diazinon (34.0% EC), alachlor (43.7% EC), metolachlor (40.0% EC), chlorpyrifos
(2.0% GR), pendimethalin (31.7% EC), carbaryl (50.0% WP), napropamide (50% WP), tebuconazole (25.0%
WP) and imidacloprid (2.0% GR). Each pesticide was treated at a concentration of 770.5 mg based on A.I (%).
The recovery of pesticide ranged from 77.4 to 99.3%. The volatilized pesticides in air were collected by personal
air sampler with PUF tube at 4 //min flow rate. In addition, temperature and humidity were measured. The
collected samples were extracted using acetone in a soxhlet apparatus for 8 hours. The extracted pesticides
were resoluted with acetonitrile and diluted 5 times. It was analyzed with LC-MS/MS. For 720 hours
experiment, the largest vaporization amount of each pesticide in air was ethoprophos 15.24 pg/m’, diazinon
5.14 pg/m’, pendimethalin 2.70 ug/m®, chlorpyrifos 1.76 pg/m?, alachlor 1.40 pg/m’, metolachlor 1.12 ug/m?,
carbaryl 0.27 pg/m?®, napropamide 0.22 ug/m®, tebuconazole 0.11 ug/m*® and imidacloprid 0.05 pg/m*. The R
value (coefficient of correlation) between volatilization and vapor pressure of pesticides is higher than 0.99.

Therefore, there is high correlation between volatilization and vapor pressure of pesticides.
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bl th71e] &9

o]F3l= EA4Jo] 27] wlEoll(Jeong et al., 2004) FF2] 3]
o B TS 7%

Acke @77t gl B

ol el Ao Fad FAARI Tk dxE & AF ATHBedos et al., 2002). FFo] EFelA gtel= F
tp 42E Fo BHOR olEsh Bk AT wF ol woe] Besel SHEIS, Solw, FHAS, W
F wREd RA94) e wore Bl A Gt 94 ), EY SAGE 3% EY oE, 418 9% E
of™ th7] Foll olFH™, 2=, B, Al EAlehe ¢ "=, pH 5), 71 2A7] 2k, %), &EF, AY
e SHsl] Y] Toz ofsE|= At trle 4 o] YFE 7130 B E AT Yusa et al,, 2009)

A o ol Y] Fol woke ARl W A wASIA B kE L 5L 5F, W WES 59
Aofuber] FE AE T v lo] ohje} AE F A
*Corresponding author AR A9 eo ZHE wrAET) 7] 9] Hoke 3

E-mail: ktkiii@korea.kr

305



306 ety - 2oy - Bely - B4

Ao} o] FaAI T Al A ulA| e} ho] HHE F7F Wl
= AxE s 1 7t ‘H‘f’ﬂ Hoplon®g Fofo] i
T2 x4 7FsAel Slo] Felstofof gt wEkA W=
EPA (40 CFR, 2011)lA& %%k AX T AEY 518 717
(Restricted-Entry Intervals, REIsyS A3l3 &2 REIsES
F7)ete s shar JARE FjolM e o8 d Axrt =Y
o] AUA L o]Zof gk A= m|Fairt.

o] AlAdERe-2 AuEA o] 20149l 93,511 ha©] 3L
HH A FoRARE-Fo] 11.3 kg/ha = (Statistics Korea,

e}

2016)0.2 T2 Foko] ARS-E AL ok 3y oA Al
AAPAS] F7] T Feke £ Fdol dell Huw A
= & gtk Lee et al. (1997)0] &2kl 32k} vlake]

2 2A907) 9

oF AbE Qo vRE A Az ¥
WEe) ARk 2R 3

A3} Park and Lee (2011)7} Al
AR ] GAl AE F 3] F I P AR AR

of ol

£ AFe HoAHHE o] gsto teket EEge &
& TR FE] AIER-2 3] T Al ohE 34t
o] Wsls mhetslr] {8l 3kt
R
ANE B2

AL FHsggede] AxE HEY 247 o

AlE|E o] 3uHE0 2 AT} FolAHEE= 9m? Yo
S} 5m Eold fE AR o]FofA o 7+ 249 gt
oll= 1m” "ol 1.5 m Zlo]e] Hlaeh S ghojAm
E{(UGT GmbH, Germany)’} A2]% o] it} o] &4d 2}
o AmEE WEY 3, =EY IIE F o7t gx]gm
AAL T F WEFA o7 S et

&

—_

AE Mz

Ao AREE 8v|EE  acetonitrile (99.9%, Merck
KGaA, Germany), fomic 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)S ©] &3t} 75 A%
A= Milli-Q system (Millipore, Bedford, USA)S- A}-&-3}

Atk A& F%2 soxhlet (Duran, Germany) 4| & ©]&
SHaL F& T IR EFIIE o83t T3
371 3 F2A= 22mm 7, 100 mm 20]¢] polyurethane

foam (PUF) tube (SKC, USA)E ARSI, PUFE AR
at7] el MAste] ARE-sIATE. PUFS A% &= n-
hexane¥} diethyl etherg AME-314] soxhlet® 2 1047+ &<t
AR, A8 H7HA] n-Hexanel 2 A& 3 420
T S HAsGTh. ¥7]8EEEE PCXR8KD low

O
MM
°
0x
Ral
=
ol

7

T
HO
0%
nz

volume air sampler (SKC, USA)E ©]&3}% T} F=A
MHB-382SD (Lutron, Taipei, Tiawan)g ©|-8-3tt}. £4
of ARE3F ®FE-S ethoprophos (93.0%), diazinon (96.0%),
alachlor (99.5%), metolachlor (97.5%), chlorpyrifos (99.5%),
pendimethalin (98.5%), carbaryl (99.0%), napropamide (99.5%),
tebuconazole (98.8%) imidacloprid (99.0%)Z Dr. Ehrens-
torfer (Germany)ell X 43819t Z42ke] F3F-2 acetonitrile
< o]83}] 1,000 mg/Le] stock solution® 2 A 25} o0,
o] 107]9] stock solutionS 3P }2 &35} acetonitrile®
Ag&sfate] 10 mg/Le] EFEFEHOZ A3t

rr

Dynamic retention efficiency

EPA®] Compendium Method TO-10A (1999)2] Dynamic
retention efficiencyS FL3le] 358 45 23351t
PUFo| ExFEY 2mgkg 100 ul2 spiking 3 & air
samplerQ} AAS Y 4 mine] §E£0 2 447 E9F %?33

Atk 2 5 200 ml acetone®Z 8A|7F FF soxhlet F& &
AN EFTIZ FF5738AL 5 ml acetonitrile > 2 )-8
&l & LC-MS/MSZ #4511t}

s% 2| 4 37| & AME =ZH
oA rE Bkl Ax st e waE ¢ ddiE
o ol AHg-eh= ke R Ee]5ets 540 thE 10714
o] ko g Mt AR S ATl B 3l
£ AE2Z 5.0% ethoprophos YA, 34.0% diazinon -7,
43.7% alachlor A, 40.0% metolachlor A, 2.0%
chlorpyrifos 94|, 31.7% pendimethalin f4, 50.0%
carbaryl 8HA|, 50.0% napropamide F3HA|, 25.0%
tebuconazole 478}, 2.0% imidacloprid YA AT} Z+ &<
2 ZolAHE 1 m? ol YA ko] 770.5 mg FEoE AT
S, o] T EY AA FA19 0.5 mgkg ol
WS EPAS] Compendium Method TO-10A
(1999)¢] A& 3 WS Fuste] lo|Alu]g BEU
A 3utEo g ZPsItt. PUF tube?} low volume air
samplers ¥Aate] A4 1.2m2] Folof] AX|art. o
AL AS 0 1IAFE &5 8AIZEA] 9AZHERE 2353

-
R
A8 ZZ ud

A

=

om, 23 744 o 1AIFE 1A7HERM11-124]) 23
B AL 12A]¥Eit A7 43](12-27], 2-47], 4-6A],
6-82]) EHBIATE 2 T 2447}, 48717, 12047, 1924]

841
7ZF, 360A17F, 504717F, 720A 17l = 2 11A15H 447

SH(112]-3%]) lﬂ EHsAT 25 Al §F 7€) PUF tube
4 l/min®] EZeAh 23 Fole 24 A7t
7<1 us = ‘/E” HJ}O}'}\}\—L EE AlEE 3Y oyl
200 m] acetone®-Z 8A|7F &<t soxhlet +& & IJALYF
7|2 FFZ738FAL 5 ml acetonitrile® = A3l ¥ LC-
MS/MSZE #2439t}



Volatilization of pesticide in lysimeter

Table 1. Physicochemical properties of pesticides
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.. . Vapor pressure Henry constant Kow Solubility in water
Pesticides Formulation (mPa, 25°C) (atm-m*/mol) (logP) (mg/L, 20°C)
Ethoprophos Insecticide 46.50 1.62x 107 3.59 700.0
Diazinon Insecticide 12.00 1.17 x 1077 3.81 40.0
Alachlor Herbicide 5.50 8.32x 107 3.52 242.0 (25°C)
Metolachlor Herbicide 420 9.00 x 107 3.13 530.0
Chlorpyrifos Insecticide 2.70 3.55x107° 4.96 1.4 (25°C)
Pendimethalin Herbicide 1.94 8.56 x 1077 5.20 0.3
Carbaryl Insecticide 4.10 x 107 2.80 % 107 2.36 120.0
Napropamide Herbicide 230 x 107 8.41x 107" 3.36 73.0
Tebuconazole Fungicide 3.10x 107 1.40 x 107'° 3.70 36.0
Imidacloprid Insecticide 9.00 x 1077 1.70 x 107" 0.57 0.6
Table 2. LC-MS/MS operating condition for analysis
Instrument Agilent 1200 HPLC with Agilent 6410 triple-quadrupole
Column YMC-Pack Pro C18 RS 100x3 mm L.d. 3 pm
Mobile phase A : Water with 0.1% formic acid

p B : Acetonitrile with 0.1% fomic 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 pl 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 of pesticides

Pesticides M\;)/];g}lllf r Prec(trllrlj;))r on Quantifier Qualifier Reter(lggg)”l"lme Io?rllfgéon
Ethoprophos 2423 243.1 131.0 215.1 10.1 Positive
Diazinon 304.3 305.1 169.1 153.1 12.9 Positive
Alachlor 269.8 270.1 238.0 161.9 10.7 Positive
Metolachlor 283.8 284.1 252.0 176.0 10.8 Positive
Chlorpyrifos 360.6 350.0 197.7 293.7 17.1 Positive
Pendimethalin 281.3 282.2 212.0 194.3 17.2 Positive
Carbaryl 201.2 202.2 1452 127.1 8.0 Positive
Napropamide 271.4 2722 171.0 129.0 9.9 Positive
Tebuconazole 307.8 308.2 70.2 125.2 9.7 Positive
Imidacloprid 255.7 256.1 209.1 1752 6.8 Positive
717124

4ol AR 7171
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R
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Sk water®} acetonitrileE AME-3}0d positive mode|A] £



308 2] -

Table 4. Dynamic recovery and LOQ of pesticides in PUF absorbent
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Pesticides Recovery (%) LOQ (ng) LOQ (ng/m*) of 4 hours sampling
Ethoprophos 89.6+ 1.1 0.005 0.005
Diazinon 774+0.3 0.001 0.001
Alachlor 824+09 0.005 0.005
Metolachlor 86.0+1.3 0.001 0.001
Chlorpyrifos 852£23 0.005 0.005
Pendimethalin 84.0+0.7 0.003 0.003
Carbaryl 83.7£1.0 0.003 0.003
Napropamide 80.1+1.6 0.001 0.001
Tebuconazole 90.2+£0.2 0.003 0.003
Imidacloprid 993+ 1.6 0.001 0.001
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Fig. 1. Temperature and Humidity in lysimeter for 9 hours.
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Fig. 2. Volatilization of pesticides in lysimeter for 9 hours: (A)
The vapor pressure is higher than 5 mPa, (B) The vapor
pressure range is 1-5 mPa, (C) The vapor pressure is lower than
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Fig. 3. Volatilization of pesticides from 24 hours to 720 hours:
(A) The vapor pressure is higher than 5 mPa, (B) The vapor
pressure range is 1-5 mPa, (C) The vapor pressure is lower than
1 mPa.
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