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ABSTRACT

This study was conducted to evaluate the relationships between exposure level to pyrethroid
pesticide and wearing of protective equipment in 194 Chung—nam orchard male farmers. The urinary
metabolites of pyrethroid pesticides, including Cis, Trans, DBCA, and 3-PBA, were analyzed by
GC/MSD. As a result of this study, the detection rate and exposure level of 3-PBA was the highest
among pyrethroid metabolites discovered by orchard farmers. As a result of analyzing the actual
conditions of wearing protective equipment by the subjects of this study, the rate of agricultural
farmers who wore four pieces of protective equipment compared to agricultural farmers wearing
a single piece of protective clothing was as high as 35.1%. Pyrethroid exposure levels were low
when farmers wore more personal protective equipment (PPE). In conclusion, training with regards
to pesticide hazards and protective equipment for farmers who spray pesticides will help reduce
pesticide exposure levels.
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Aol vhS- Fa FRo R olum glk. w9 5
o el PFToh $AY ARKS BEAATE

A Al Sloi BrErtast sdAAEr &

T S A AXEshE YA A dEgS
12 7ksde] ol B elth(Hong et al. 2007). &
oF AMg-e] T7HE =EE e g ol sk
TS S7MAF. ool AAIFLR F¢le] wek
ol ek 578 B TRl Ue W vt
e e} sk 38H FRoll ulet M= v
S 28 Qi) opflEE ol zsEkAle] At A
ofu} WHLE v = wke- F/g0] ZgE f71]
Al(Organophosphates), F7121Al9} S Hls=sh )
SREHRHAIE JAllsh= 71 B 570l R 1Al
HI3) Zdeh o oFgl 7Rt o] EA|(Carbamate), A5
o] Eom QAlole FAdo] Fo] da] ARHIL §)
= Y22 o|=A|(Pyrethroid) 5] JtHSong et al,
2014). @Al 71911 thal vlald] S2do] #aL vk
A7k grot 242131 ool 90%7} tiAtE o] wliE
+ JY=Ro|=A AFAIE de] AMSRL St T
Aago|uA] AFAlE Al AHH o 2hg
sto] FHulvhg-, 57dol, A9, vH] 58 dovl=
Aoz dHA Jok(Bradbury et al, 1983). <A<
=4 B 5 S A7) 3 Eell ofal v
Bh 5 5 AEA19 aetA sk dEEA] e
= EAo] Qth(Cabral et al, 1986). ¥@AZEo|=
A 2AFA T FEATAA DNA &34 fidshs
Cypermethrin®] 7= 2733 5o} 3lom, ¢
2luEh= Permethrino] WEHAl Fol+dEds 5
Exo] 9ot ool wh} wlg|l=Rol=A] At <
Aol vIA= FFFl ek dA7-e] B o] AlFsttt
(Song 2009).
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BE7o] Zgo] uje g3} oo FoF AL g B
ST FACEEFAT FaL Al 87-78, 1987)0] &
EH 52 oM ok BTl ik el B
T 2Hg-e] daAe] d7Eo] MUK Hwang et
al, 2007; Lee et al, 2016), o]2{3F t}ksl B &9
283 A7 F2E SAg A7 Bol = eol
= Bl AR sk =28 Uigt A
35 UABHA] F3kaL QoM (Kim et al, 2016), FoF
AE A BEF #ge] 848 QrlekaleE ot
2hg Al JIAZRE 97|2o] Gt £7]9] T Al
gkl EdtE A 28-S Slulehe el Aok
(Hwang et al. 2008). 5¢F WA A HEFE 283}
2| e%ks 75 B EoPIAlE HE) obd vyt

2ol 87962 A3 (Dejonge et al, 1985), U
Ho) woke R mud Fuhs 53 7P ol
FrEttar Bagh vb 9ltk(Choi et al. 2000). &<k

NE A HETE AEPOE 5 2B L PaAA

wEAEE e FPE0] Bl ololAn
tHSong et al, 2014; Kim et al, 2015; Song et al,
2016). = 2]elx] YA BRUE RS o185 {71
AEAl tigh A7s s o] FolA|aL glovt
gzl 5] i ARt o] B A
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olegk Aol o3 111 Mg

R = A,

3. UBGTI=AL

AAASE s, SN LRt AL

(CBC 8%, I 7Is, Sd=dHE, €9), 2% 7%

= opdEellzEEHA, AHAUCEAD), A

HADES AR
4. DRAZO|EA SALEFETA

1) &HAEAH

WA EE
)R AFeeH, AEsso|=
28-S Conical tubeol] Fo} &A1 A7Fx] —20°C oA
T2 B et

77 < 27lel dnkA]

2) g Az0l=A diAEEe] AAE] P

A PHo 2= AHAIR 10.0mlE screw cap
tubedl] 3+ & HCI(37%) 1ml, UJ5-EZE2 2-PBA
(Img/L) 100 L5 F7F8F3IE). ©]5 water bathol|A]
90T, 1ARE B 7Rl § Ad2ellA A3t =

toluene 504L, MTBSTFA 1045 Y&
70C oA 458 FRF A Al7|L ol
et sglagoler] tiakEE ] FIHZPY)2 Cis-
DCCA, Trans-DCCA, DBCA, 3-PBA F3|& &

g gho = ATkt

i
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3) Ag77 A BHxA
E o] Age o]gH EXM7|7|Z Hewlett-
Packard 5890 Gas Chromatograph(GC) ]| direct

interface® 1A% HP 5973 Mass SpectrometerO]_T’_,
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Alze] UL HP 7673A AutosamplerE ©]-83}%]
o dAe] Ah|Es FreAsk el AREAR
water bathi= Mono-Tech MSB-30R, A|&.2] F&34
o] PQ3s EYELAALS] MGS-22000]%t. & <17
kA 0 2 ARSI GO/MSDE] #4271 Table 1
o} 2},

Table 1. Retention time and fragment ions of
pyrethroid metabolites

Detected
Isilyl derivatives of time (min) masses (m/z)

Tert—butyl-dimethy =~ Retention

1 cis—Cl,CA 12.23 265, 225, 128
2 trans—ClL,CA 12.43 265, 225, 128
3 Br2CA 14.20 355, 115, 253
4 2-PBA(S) 16.81 271, 197, 227
5 3-PBA 17.14 271, 197, 227

4) T AR0|EA qAEE EATY

g agol|=A AR ] EAHH-E Schettgen
HFH-S T2 ARESICHSchettgen et al, 2002). A4
22 npzl kgl 2 2uL.E GC/MSDE HA13819itt
(Song et al. 2014). F|Pl=2o|=A] AEE 72 T
ofFlde® HAT ghs AMEStlth. HEIA
(Limit of Detection, LOD)< Cis-2,2-(dichlorovinyl)
-2,2- dimethylcyclopropane carboxylic acid(Cis-DCCA)
0.5 1g/g aea, Trans22{cidarovinyl) -2.2- dimettyleydopropare
carboxylic acid (Trans-DCCA) 0.5 pg/g crea, Cis-2,2-
(dibromovinyl) -2 2-dimethylcyclopropane carboxylic
acid (DBCA) 0.5 pg/g crea, 3-phenoxybenzoic acid
(3-PBA) 0.3 pg/g creaolit. FH22o]= thaARrkE
2o 3 A% e el A%, 10D @
V2 2 e 3o 2 giAlste] 24819tk (Richard et
al, 2011),

5. SAEA

EARA L SPSS(ver, 23)E olgatglon 7+ et
W sgzolos) AEge] vms solE e
2ANBIAL, FoF AR A BET 2go] e wg

Zol=A| thAEA%ke] ¥]ulE= Analysis of Variance
(ANOVA)YE o] 83lSitt. HE(Eopdars 4t 1
o, B wat, AR, s}, Bonfs
)] g o= wEE(A oK 7R, 28
A7218, F8) o= WFslato] ARg3kem,
H5 79| 2§ 7)o upe gz o|=A g
o] HuE AHE HASIY Generalized Linear
Model(GIM) 2 2 FX13}9ic}

. 23 9 313

1. CHAXO| uttd £
ZA} i dRte] Aol 64.04190.H, 8t
St £ ool 46.4%F A8, A&
= 7182} 95.8%%0tk. 7S] T F A5
4,0009F Y o]3}7} 40.2%, 4,0005F QD o]Ato] 47.4%
Aot dAEe] Hit woF AR 7R 35,3101
th ol Fdoll FAKE 717k} vls=EAl vElitt
2 T oidRke] AR A duk diziate] 7k
71, SUZHE, 89 A 71 B ALl
SF PR el o H, SaAte] oS
olzstAel AL ArtellM = Aol ATt

(Table 2).
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2. iyRtel H57 28 AHY

+ el Al Fdllel H8shks 78 sk
WA BeTes Bowal 74.2%, HEgst 71.6%,
WA ECIEE) 64.4% w2 288 B, Het
42 200 Mo B B Zlo g UEhth HE

AN—
28 Ag BIE B el BT FRETH= 47}
A RE(rePdrg Azt Heua WAl B3

Fshe Egete] 2Hgehs Yol HeT #H8-&
AR 35.1%9] Aoz 7 =A vERdt)
T oA /AR of] AR8EHR= Personal Protective
Equipment(PPE) AME-&3kzA ol wh2rH Zpan) &
&0l WA BT ok g A7t So e & 3lo)
H o) odx 1 2ho] Felxdo] HYrHKim
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Table 2. Characteristics of male orchard farmer
study subjects(n=194)

Age(year) 64.6 + 85
Educational status

Elementary school 55 (28.3)
Middle school 49 (25.3)
2> High school 90 (46.4)
Marital status

Married 186 (95.8)
Widowed 4 (2.1
Others” 4 (2.1
Annual income (10,000 won/year)

< 4,000 78 (40.2)
= 4,000 92 (47.4)
Missing 24 (12.4)
Duration of pesticide use 35.33 + 14.0
Wearing PPE

Gloves 99 (51.0)
Goggles 34 17.5)
Hat 144 (74.2)
Clothing(top and bottom) 125 (64.4)
Rubber boots 139 (71.6)
Mask 110 (56.7)
Number of wearing PPE

(3 58 (29.9)
3~4 35 (18.0)
> 5 101 (52.1)
Health checkup result

LT 21.9 + 9.8
ST 22.5 + 10.1
-GTP 35.9 + 459
BUN 15.6 + 48
Uricacid 49 + 14
Total cholesterol 183.8 + 36.5
Triglyceride 149.3 + 1325
Glucose 102.3 + 299
Cholinesterase 8216.7 + 1521.8
PSA 1.38 + 1.23

Values are expressed as N(%) or Mean + SD
a) Included single, divorce, separation and cohabitation
b) PPE Personal Protective Equipment

2015). U] AP Aol vwsHH, S dF @
FEdle] HET A8ES ZARINE o) Has)
03.4%¢} B3 WA} 56,162 2 AT thdatolA o
=2 2259 HtHlee et al, 2016). BHE )= 7)

EtolUF 1] A HAECIsHE) 2] 2]
68%= B T gPdAIHTE =& Fo |tk (Walton
et al. 2010).

3. D2AZ0|EA UAEE 2421

2o o] vl ol=A| thiHE 457 Gis-DCCA,
Trans-DCCA, DBCA, 3-PBA)°|| thst H&E3 H=
SEo| REZS RGN HEES 3-PBA7E 81.4%
2 UeRt 7P 8ol AF =12, DBCA7} 6.2%%
et 7P B HAEES Borh fElaRelE 4
= FA(ol3} ZPY)e| HEES 3-PBA9} 2 81.4%
2 et

AETLe| 7eE EES B CisDCCA7] 2.29
#g/g cre,, Trans-DCCA7} 2,68 pg/g cre,, DBCA7Z} 1.74
uo/g cre,, 3PBA7} 6,22 pg/g cre, & LJER} 3-PBA2)
LEEseo] 7R ko) PYA= 10,57 pg/g cre, O]
ATH(Table 3).

FY=Ro|= A YollA] dl=E| 26| oJ3) 712
B2 Az kg Rl JEE ke
Cis-DCCA%} Trans-DCCA, DBCAE, H|&Awlze]4k
2 3-PBA®} F-PBAR 77} thAE| AR g2 o=
Ale] tiFto] 3-PBAR F% tjAbErka B u}
ICHKraus 2011).

FraE-2 thE ZHEo) vl i o s A
o] &M, 13] Hqt I EAREE €} 2ol vl 1]
Ao 2 RaE v} QJtHHwang 2008). -$-2uzt =
S7h EFFERE 7P Bol AEEE woF S
AR AR sjgago|=Ap) 7t wgkom, o
o2 771U, 7RbHo|EA $eol@itiHong 2013).

B ot gt dglagel=A trEd =

RN Z=ARE ot AvhdAd, disE
o] b, SHEEARAS Hu S v B} =2
Qo] A gl=r At 51T 1)
TSNS T A o3 vugs o ®Boh =
ket AAS] e, mEpe] 7 22 3-PBA
= FHT Sl AR 6ot dehdidelA 718k

W 3.23 pg/g cre., YH-FEAY dihgAo] 718k
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Table 3. Distribution of detection and concentrations of pyrethroid metabolites in male orchard farmers

Cis-DCCA Trans—DCCA DBCA 3-PBA 2PY

(nglg cre) (nglg cre) (nglg cre) (nglg cre) (pngl/g cre)
Detection n(%) 57(29.4) 100(51.5) 12(6.2) 158(81.4) 158(81.4)
Median 0.73 1.12 0.50 471 8.75
Mean + SD 3.69 +16.78 429 £19.53 0.99 £1.71 13.27 £30.57 22.24 £63.92
GM(GSD) 2.29(2.21) 2.68(2.21) 1.74(1.55) 6.22(3.24) 10.57(2.99)

Abbreviation: Cis, Cis—2,2—(dichlorovinyl)-2,2— dimethylcyclopropane carboxylic acid; Trans, Trans—2,2—(dichlorovinyl)-2,
2~-dimethylcyclopropane carboxylic acid; DBCA, Cis—2,2~(dibromovinyl)~2,2-dimethylcyclopropane carboxylic
acid; 3-PBA, 3-phenoxybenzoic acid; ZPY, sum of Cis, Trans, DBCA and 3-PBA; SD, standard deviation;
cre., creatinine; GM, geometric mean; GSD,geometric standard deviation.

LOD:Cis=0.5, Trans=0.5, DBCA=0.5, 3-PBA=0.3

Table 4. Detection rates of pyrethroid metabolites according to wearing of personal protective equipment
in male orchard farmers

Cis-DCCA Trans-DCCA DBCA 3-PBA SPY
(uglg cre) (uglg cre) (uglg cre) (nglg cre) (uglg cre)
n n (%) p-value n (%) p-value n (%) p-value n (%) p-value n (%) p-value
Gloves
No wearing 95 35(36.8) 0.019 56 (58.9) 0.030 7 (7.4) 0.355 79 (83.2) 0.339 79 (83.2) 0.339
Wearing 99 22 (22.2) 44 (44.4) 5 .1 79 (79.8) 79 (79.8)
Goggles
No wearing 160 51 (31.9) 0.070 86 (53.8) 0.126 11 (6.9) 0.343 132 (82.5) 0.274 132 (82.5) 0.274
Wearing 34 6(17.6) 14 (41.2) 1 Q9 26 (76.5) 26 (76.5)
Hat
No wearing 50 21(42.0)0 0.020 33 (66.0) 0.013 5 (10.0) 0.167 45 (90.0) 0.051 45 (90.0) 0.051
Wearing 144 36 (25.0) 67 (46.5) 7 (4.9 113 (78.5) 113 (78.5)

Clothing(top and bottom)
No wearing 69 25(36.2) 0.083 42 (60.9) 0.037 6 (7 0219 62 (89.9) 0.018 62 (89.9) 0.018

Wearing 125 32(25.6) 58 (46.4) 6 4.8 96 (76.8) 96 (76.8)

Boots
No wearing 55 24 (43.6) 0.006 39 (70.9) 0.001 5 (9.1) 0.228 51 (92.7) 0.007 51 (92.7) 0.007
Wearing 139 33(23.7) 61 (43.9 7 (5.0) 107 (77.0) 107 (77.0)

Mask
No wearing 84 35(41.7) 0.001 53 (63.1) 0.004 8 (9.5 0.083 73 (86.9) 0.063 73 (86.9) 0.063
Wearing 110 22 (20.0) 47 (42.7) 4 (3.6) 85 (77.3) 85 (77.3)

Abbreviation: Cis, Cis=2,2~(dichlorovinyl)-2,2- dimethylcyclopropane carboxylic acid; Trans, Trans—2,2 —(dichlorovinyl) -2,2-
dimethylcyclopropane carboxylic acid; DBCA, Cis—2,2~(dibromovinyl)~2,2-dimethylcyclopropane - carboxylic
acid; 3-PBA, 3-phenoxybenzoic acid; 2PY, sum of Cis, Trans, DBCA and 3-PBA; LOD, limit of detection
LOD:Cis=0.5, Trans=0.5, DBCA=0.5, 3-PBA=0.3

p—value for chi-square test.
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B 2.15 pg/g cre., SIS TYH 010/
cre. Bl=9] PR F%le] 71T 0.86ug/g cre.
Hop & 7 A sdle] ZIekET 6.22¢g/g
cre., TUk 8.7¢1g/g ce. 2 B3| B/ YEldth
(Panuwet et al. 2008; Song 2009; Song et al. 2014;
Trunnelle et al. 2014; Ministry of Environment 2015).
ol Tl sielo] etk Geke] mrh or
Ze] Wler} o} il B vl Aoe
Holw, o]e] - e Al HHe] 3,200m"8,000
m’Ql APRE FAME vhE B AT A W)
13,200me 3] Fdele] 51% o do R woks A
X3 HAo] I FoF AXE S SR AR
0% FoF xF FFol H =
Z+=Eth(Panuwet 2008).
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4. BB A SH0| U2 TRAZOSH hi

BoT 2zt gk 28 Fvtel| ke 4w o] 97
22oluA AEES 78 FHgsittal g3t 1
tho] B 5 28shA] fderthal e i Bt
Cis-DCCA, Trans-DCCA, DBCA, 3-PBA R5F B A&
=k AAE] AW, BRests 288kks A9
2H83HA] gk o Wt B U2 HEES Helow,
DBCAYH AlefslaL FAH & ofetirkp(0.01). Al
& z2kg.o] 749 Trans-DCCA, 3-PBA, ZPYN 7H&E
o] o] W& Ho|lom, FoRdE s Y, Hewal B
SrkA=oME Cis-DCCA, Trans-DCCACIY ZA&Eo]
SolaHl EUTHP(0.05)(Table 4).

BoT 28 3 e 225 ES AR, 7
GAl Be7E AEgirhal e o] K75
2-g-5tA) kel -guet kel HlEl DBCARE A

1

o] & B33} 28] ¢ Trans-DCCAS} ZPY, B
Snkx3 Zgo] A9 3-PBASL TPYOA FAIHL
2 FreofsHAl EATH(p(0.05)(Table 5). ol #4 &
SRl 23l H7F ARl mEW AE-sTlellA
FAFFY S AET w) HETE 2g3A] &

[e]

X2,
tlo

739 \Z520] 0,152-0.254 mg/kg/day 0]},
BETE 2E3I3E Wl =E5F0] 0.053-0.089mg/
kg/day @ 2 W2 zfo|7} Q= A o2 Hargn} glo]
(Hong et al. 2013), HET 2§ ool me} =%
ol thaA vER k= 2 B & glth
b 2 AT woRS AX Al FAR He T
o

=
ol Foped s Fol 7 e HolFT gk

i

5. Ho7 g 50| ME LIYAZO0|=A CHAL
=

ABS BASH eolA] BeTo] 2 vt B
O ATE B AFdPIRelA ElaRo|=A] AR
o] DBCAYF AQJ8lal mEgFe W Uhe Ho)
Ack. 53] 7HA] o] HETE AE3S B
3-PBACIA FroaHAl SEekth(p=0.029)(Table 6). =
W g dTtola selageled] =2 dapt R
21 7ot Fof 3ol Slkal Bare nf glom
(Kim et al, 2015), & A727e} A3kt
I BT oA w2k AEA] SS7|speed sprayer (SS
7NE o8 A HeTE ARYS AT Bt S
T5 2H83HA ks wf f719Al B FHatHeE A
S Hr} ggagol= Algo] Sl Avkal Hard
v} ItHong et al. 2013), T3t UX- I 570l
T EI=Ro|E AT F ol ARSI Erofenprox
= SS71R AE Al HETE S| 95 AT QA
of RF/de] = R sebAlso= delA 3l
tHHong et al, 2013; Jang et al, 2015), & <34 ot
2te] 73 vk 2ol vlsl BoT 2ol =T
I 57} FF AEA] QA FRoN mFrel
A =94E &5 Boske FoFdER A1H(Choi et
al. 2014)3%} $87] X 537 AABHA | =Ed
T = AR T3t V1A ol HETE
B3l FURle] HWol B & ek A " Ao
2 HRIth & Ao AlfH == S|, Azt
Zke] s7huitt ARgsls “sofo] dolehr] el
BES FAIsHE Zlo] oEsith. &4 Is7t

o= 79 A F A1) FoRE FH o s}
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