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Visitor Exposure and Risk Assessment of Insecticide Fenitrothion
Applied to Tree in Public Living Space
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Abstract: Pesticides are widely sprayed by the growers in street trees and planting areas which include urban forests,
community forests and city parks to control pests. Spraying pesticides not only affect the people who sprayed but
also affect the unspecified citizens who’s are exposed to pesticides sprayed trees by contact or inhalation. A few
studies have been conducted to measure the amount of pesticides in forest area but no studies have been conducted
to measure the pesticide amount in tree in public living space. So, in our study, we investigated the amount of
pesticides in cotton gloves, in leaf residue, and respiratory exposure for a certain period of time after applying
Fenitrothion EC to Korean boxweed tree (Buxus Koreana) to know the safety time of pesticides after spraying. We
found that, up to 4d, there was no significant difference of the amount of Fenitrothion on leaves. But the amount
of pesticides on gloves was significantly higher on 1h (510.1 pg) and 24h (405.4 pg) than 48h (45.0 pg) after
spraying. The amount of pesticides on inhalation was also significantly higher in 1 h (0.2 pg) and 24 h (0.1 pg)
than 48 h after spraying. After 48h, we did not find pesticides amount in inhalation. Thus, we was considered
necessary to pay attention to 48h after spraying of pesticide Fenitrothion.
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A7E obmtE A BALEE Ao T HAl]
Al OB E A TeE|oA 7 Fa’t Ao ® 65.2%7}
W% WAl e Fekon, 24 ofE B %
9197} S5of WalE WIS Sla) wobe AEslw 9
= Ao F ZALEtHKwon et al., 2016). ofEY 27
2=mo] 7ZkxHd|, Lofl, AGIE, slopEmud o] §f3
PelZ o) oF 20%0) AEA Abgol SlEgon] 5
AFZ G AR FenitrothionS 3 & 02 714F wo] AL
Sl= Ao 2 YUERGTHKES, 2013; Rural Development
Administration, 2016).

Fenitrothion2 1959 Y23} S0 A 7 /7]
A ASAZ A& 197 | ot iz el &
Fo] Q& ®uk ofu g} thE {71UA A=A BlEf H]
A& orAshe] dE] ARREa QthTomlin, 2009). =+Uj
oAM= o, F, vk, JY 59 s2AEET ofy e} &4
i, Booh Ui, B 59 SRk S5E ] e
R, 905, AR, YRS, skeaF 59 sl
ol otMEES o LE A S-S Adfishs 2=

=3 AZa7E e HtKCPA, 2017).

%oF - Z(pesticide exposure)o|Zt ¢, H, ¥|FHe} Z+e
A 71 PHE B3t S5okTre] 7E-S sk (Crosby, 1998),
F93%F =73 2= 1 X -Z(dermal exposure)l} &G 4%
Z(inhalation exposure)©]CH(Fenske and Day JR, 2005;
Hughes et al., 2008; Chester, 2010). ©]2i3t =& A=ZE
B3 5oF AES A7l 9lskE Qo7 & 9w, 1 9
] e 549 =&l 28 Atk Tumbull, 1985).
A2 AR me] wordmE 154, WEs oflr)
HEHD ASY, RES40] oMl AmHT gl
(Rural Development Administration, 2016) %2F 2}4] 9]
57300 tiet SRS oL Utk =EFel it &
Al2] -, TRkl A= 1950 %] Parathion 432
T oA Zrdstd AAGATE S5 E o] AgshE AR
o] HPAUSHHA &oF -2 A7} A|ZE] of(Griffiths et al.,
1951) A|&2Q1 e} H7E7} o] FofA grom, =
A sofed F7HAF A3 Ao dutao] &
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EFAEHA FAAA =25 -ETHAOEL: Acceptable
Operator Exposure Level) A X3, 5oF A3z} Q3|4

BN, D SoblEA wE 24 AW vls)

o ks Whe] BESE Rkl Aldel Hgstal
TtHYou et al., 2014; Kim et al., 2011). 13} =A]H,
A, 7tRS EATY £ AANTS sl Lo
Zhazol IR B pEoA Y FoF dEe FoF 4
EALS] Fof nF wAIE UF O}"]E‘r Foro] Ax 2 Y
H E g5ske v & O] ANEE X&A O

B Zokol| LZEL AFSlo| %’“03] AT

H oot o3 Al =9 HalE YAE Yl
714k dko| AME-E]= AFZA| 2] Fenitrothion -§-A]of] t&}o
Fr sl 2FdRlrt ofd Eoko] AlEE & AE

B 4 J 35l F 48
A 5B ol gokt ol §fe] HoF wedo] ofs) obu
7] $1ste] AAIske

1. Agset & mli=

Fenitrothion FEF$(99.9%)2 Sigma-Aldrich (St. Louis,
MO, USA)of|A] I3} 3L, acetone> HPLCH2 A8-3}
Atk & =E S-S A% AR AlSollA] YL
AFFE715 olgsto] FE3H3ch 2527 340 A
25 7918 T Z L USEPA(1996)0)| A 3-8 27]
TYUHo] AT 2 L/mino] E+&= GilianAKSensidyne,
Usa) @] Gilair-3#] &0l 74 E2A4(ORBO 609 Amberlite
XAD-2 400/200 mg, Supelco)S AFEEIAT Al REAL
Shimadzu GC-2010plus, FTD (Shimadzu, Japan)E A5
ek AY RS A7 EARRAATAATE 24
Aol 24802 ANE 10 1 m, $8E 1 m FEQ
3] FE(Buxus koreana NAKAI)S ©]-&35}%ch.

A A5 flste] £47171 442 LOD (Limit of
Detection) ¥ LOQ (Limit of Quantitation)= Fenitrothion
FE894 0.1, 05, 1, 5, 10 ppm 1ul# GC-NPDof| 4
slo] Z2utETIWAFO] signal ) noise?] H]E(S/N)= -
sto] A4ksteic.

YRz 248 AL 228
Acetone 100 ml &
2 9] syringe filter
GC-NPDo]| 43

sjopE 9o soto)
0.5% Tween 20 LN 715t & 2A17F A&FE51L, 50
nE sl £F4 40 ml, X

= % PTFEXH
4L A F 1 g
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Al ol AL ASA] Fenitrothion®] o84t =2 31 9184 F7} 231

dichloromethane 100 ml2 Euj &3+ {7 80E ¢
5=3}3l Acetone 10 ml2 -8 3}l 1
2 EA5Hr
S =A2 714 S2HA|(XAD-2 resin) 2]
FES AT & UAF2A L7YolE 20 ml =& 7]
0 nlS H7isto] 2417 A% 3

1
mE Fste] AAE o]&3dto] AZX F Acetone 0.5 ml
G

o gl AT sordelAl 43t Fenitrothion 4]
(20 A &, FHolR)E 1,000 H o2 3]45lo] oFl
o] F&E3| AxE ¢ UEE 12T 454 EFUIE ol
g35to] 115 2016 6 270l &4 9A| Aol AFEs}3)
o} Ao AR SRS 2 2ARPHE THdo] jl=
5 717Fo] f=o) ofA|E Abxste] AL T8 e
% 23S 98| 3= 42| FenitrothionS AMES}
AE S IARE 38} 96AI7F S7EA] 2447 THA R F
58]0 A tjd A 104 A ] 30E E¢t FfEomr
H 1 m o7l 3of 7}QE 5HZE AR5t 3
FFe BT $AAA IReE S0 B9,
9 2] (patch), A7}, L, v~ =, whole body dosimeter %
S o83t Ho] URFA(Kim et al, 2011)°]u A
=0 Qlof A2 FoFe] u RS S| 4
o] A 7] "ol el 59 o] &AE0] 7H
Wol it HET 4= = &Y LE&5FE S &
LT S8S Slo Ax A5HE 44XIHA] 53] AL
stplom, 7+ 334 1529 3jokme] ofAE A2t
el @ 10417 WS 713l SE BF A7 A
H IgE oS v & dAAE AT Y ¢
of] A3 F Fenitrothion?] ZHFgF ZAS ¢8) 1522] 3
FEoll oFAlE Astal AEASF IAZE FRE 493}
THA] A AR o) Q1 v 200 g¥] A Fto] =
Al ¥E Hakste] EA kit

4. ?sid Eot

B|of ol AFLE Fenitrothion2] Y& 45 o]gx}o
HAald H7HE 8] Hughes et al(2008)9] Margin of
Safety (MOS) <=4]= 283}t

Sl B BAUA B ARE o) e AT
& EfiE MOS (margin of safety)S A& 2 H 5
gkl

]
HAA7E ke AL AEAl 2o A

o

(Kim et al,, 2014)3}7] $J3+ H7}=2, MOS Zro] 1Xth =7
U Zow $Jaj7h i Ao2 BT MOS gho] 1Ht) zo

H {37t 5 Hrhal Ech(Hughes et al., 2006; Machado-
Neto, 2001). *=%3]-8F(AE, Acceptable exposure)= 3f|
isore] E4aH 84T SRR AFE Fotol
AtEolH, 2 AR &8 SF(AOEL, Acceptable operator
exposure level) & 5AHAA7} ok AgETE
S 4 23 B S ALSE T obr 1A
£ oA Y= d4Y FExE4T S =(National
Institute of Agricultural Sciences, 2007) Fenitrothion2]
AOEL 0.013mg/kg/day (National Institute of Agricultural
Sciences, 2016)°] ¢HAG 15 2-8-5F3iTh

FoheE SAYNMS A +5H SR (Passive
dosimetry), AE=38H4] Q1 =74 H(Biological monitoring) &2
F-E3}=t|(Fenske and Day JR, 2015) 5oF 4323t o
5ore Ay EASH: thobet 4k AMESto] Wi
W 5FeES SHsA o2 7H) =2l (Exposure
factors) & ALg5to] /WA B EE FETFES

NE3E £EH H4

oA, whole body dosimeter 52 ARE$HHKim et al.,

=
2011). & AoA= soF Ax ZAA7L ofd Ax &
o gAY M H e ZE SWS st WAleEFE S5t
A ofysal & keEwNkS SASHUTE SR EA A
W& 2Hgshal A Zp¢lo] o] FojA BE oFAI7}F A
Fsto] mjRo] mdsh=t] YN o R AR Axsh=
AP A2 10% HE2 743t (Jensen, 1984; Kim et
al,, 2011), ¥ Fof] =gt A7} QIAof] Fk= TEF

= AL AL 10%= 5Fod(Choi et al., 2006; Kim
et al., 2012) E<4=E(AF, Absorption Factor)-2 0.01-2 AR
sioick it AR 420) o] #A 5L wEgTel A
A& AgelA) grot A so] WESH HoR BBy
3 Ehgo] AlelE WREIE 10%et 1sle] 0.1 Al
ShE heIA SIa Bhel ulal F4go] A U
g A Aok A S & =Z%H(PIE, Potential
inhalation exposure)+ 59F AA| &) A Atjyoz
H|go| Yo} 0.029~9.1%E A}X|5F=d|(Culver et al., 1956;
Miller et al., 1980; Wojeck et al., 1983; May, 1984; Capri
et al., 1999; Oliveira and Machado-Neto, 2003; Choi, 2004;
Choi et al., 2006; Kim et al., 2011), I ==9] FL 1~
10% B=rt Fbe Aoz 7P Sk s
L& AA7E woll EHe A= 7HY(Kim et al,
2011; Fenske and Day JR, 2005)3}o] ZA| &F2 Itz
AAbo] &85 tHKim et al., 2012; Kim et al., 2011;
Oliveira and Machado-Neto, 2003).
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Area(x100,000)

asuodsoy

Y = 65534.2X -3783.926
R?=0.9999050

“oo ) 2o E) 4o 50 60 7o 8lo B TConc

Concentration of Fenitrothion(B)

Figure 1. Chromatograms of instrument LOQ of Fenitrothion(A) and the calibrathion curve of Fenitrothion(B).

AFE

MOS=ppE< A + PIE

SF

(AE, Acceptable exposure; PDE, Potential dermal exposure;
AF, Absorption factor; PIE, Potential inhalation exposure; SF,
Safe factor)

MOSH& ol §3te] ofA] AE 3 43t AU AF
B MOSZFS AlAF 3 Machado-Neto(2001), Choi(2004) €]
Safe Work Time (SWT)& &8&3te] H=HE MOSZLo]
lojel2 WolA] 97k SelEhe maAghe AEelA)
R

SWT= MOSx EWT(hr/day)
(MOS, Margin of safety; EWT, Estimated working time)

5. SAEA

TEe BAEAL dYEAEA(One-way ANOVA
s FATAC,. ARLALA A frolgo] THelx)
H(P<0.05), Duncan®] t}57%(Duncan’s multiple range
s AAEe] Wi g gre] Aol: A skt
(SAS institute, 2012).

Z
1. BAY 25
EAMol ot FFS = 2 AWl AgHE B
Ay 9 NS ZA Ao A ]

2 7] =2 Aol ShAA
n)g] FZas IO 2(Kim et al,, 2011) 2 A1 o] 4]

Shimadzu GC-2010plus, FTD7| 7|04 ZA}S}STE &
o) A st ARFEA 9 o] B &

2 A] Fenitrothion ¥F8WS 545 SLoA HEFX

Mo B AN fr

e}

¢

A T ZEEFL 3.9940.9

= 0.131)(Figure 2).

£ BF 5oFY] WRLEUS 24T A A% F
1A 7F2} 24078 AT S7k= 1 pg/glove=
ol B ool foto] Qo Lo AbEL Aom
UHERE 2L 48A2F o] Fofl= 45.0 rg/glove o]stE ARL
B FoF ol F45H Eoleo oAl A= F AT
A v legwhol glojd SAH R Fo4do] 1
E|JTHF = 13.86; df = 4, 14; P < 0.001)(Figure 3).

£ AT A ofA| ALE T Alzbo] Auple] TE 5F
wEere RO ool AR UTHF-23.99; df

0 - T T T T
1h 24 h 48h 72h 96 h

Hours after treatment
Figure 2. Residue of Fenitrothion sprayed on
Boxwood tree leaves.
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Figure 3. Extraction of Fenitrothion from cotton gloves touched
with insecticide sprayed on Boxwood tree leaves.
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Figure 4. Inhalation exposure of Fenitrothion sprayed on
Boxwood tree leaves.

= 4,19; P < 0.001)(Figure 4). AL
oA B FVIHEZY TE =F ]

= SHEATE 2487 A Fofl= dF F71Ezo|
AR 25 =EF] SAENCH T =

ugfresin=2 A A UEFGTE 48417 3 Sofl=

Fol SAEA &k

OE —l 0{'

3. ¢lsHd "ot

MOS A olgte] oFA) 41z 5
MOSZFS A4 - SWT(Safe work time)S 2-25}o] A=
A2 MOSZLo] 1o]stz "ofA| 9|37} —rﬂﬂ% AL
= AIAIPER 4RSS t(Table 1). 232 3 147137} 24
AlZE Zof A= vl A wE AIZE ol MOSgEe] 9187}
= Holl mEetlon 53] #FA 40 Kg o|ste]
785 =580l WobA ule- whE AZE et fIsi7t £
E= Aol =Esigint 48A1XF o] o= MOS o] 10]st&
oA {87t 2= AR AlEo] 10 Kgel ofzlo]9
Aol 2A17F o] AQE o] e AA Vet

ﬁﬂ*lﬁﬁi A2

AF=A)| Fenitrothion®] o84} =% 2 Qs H7} 13

Table 1. Exposure safety time by weight according to the margin
of safety (MOS).

Body Exposure safety time(Minutes)
Weight

(Kg) 1h* 24h 48h 72h 96h
70 90 113 1,012 2,395 2,383
60 77 97 867 2,053 2,042
50 64 81 723 1,711 1,702
40 51 65 578 1,369 1,362
30 39 49 434 1,027 1,021
20 26 33 289 685 681
10 13 17 145 343 341

“Hours after treatment.

d
[l

FOF Fof it EAl= A
o]& Al wAE Holdle ARE
L olof mhE el EAS otk FHITole v BF
o] Bgol Mol Fere] A, A2, woF AHE 3 A A
9], 8} e thofst =& AF3tof A|(Ramwell et al.,

2006; Romos et al., 2010)o| 4 FZAARFS] FAAI 1} £]3)
4 B0 MR chket AT Balo] Steln 9

A
of ae EAY, AR, bR 2ARY 5 SuE
o QAL S FoI ko] 91T AT
SoA9] o AEL ok AEA] of md BAW
g obuet oke] ALE F AT SFo] AR T

JGAEE WRot BFES B

=2
ol ol gict.
Fenitrothion®] ¥F}7]= 12U & of
ol A w2 ZEalj=7] AlAFSH=T|(IPCS, 1992), 4
5 f5op] FRARE Aoyt AT 22 Hopy
A(Min et al., 1999) 2 2 Fenitrothion-5-#] 1,0004] 24 o]
UVHZ g 9|4 A} A] 8AI7F AT} & 35.8%7) 2o
= Ao Z(Park, 1975) & )] of9] X HAA A3 AFTH
g Ajzto] Augte] wet 28 k=&l 9= vA=
Fg B ao] Aelolt ofe] 7H Uglo] o3 whe
dase oz FAESAG 2 AoAe oA A
4817 o) RE| AR ofA|9] £ EF HHE
ZFol 4sH E*OMU# E3] 7o) 100%7F 1A o)
= Ao 2 A ==(Fenske and Day JR, 2005) &
2 oA A $ 244Xt A3 o] Fofl= ZA
Yol oFR|9] 1ol w2 Sls) o] tat $-2i7 Aol
Aom weEIty e, AR pERofA=
Fenitrothion AFE & 247} A7R|= vz w2 A7+
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gl flai7 92 Ee ol BT 4 Jom= oFA]7
A e g 5o AE SAske] gl 5 o&-
Ago] FofeE o7t WS Ps FoE 7]l
= Zlo] Frh IEuy, AA A" =0 el WAE
Sl TR 259 o] ok ERStel At
H|(KFS, 2010, 2013), = &7 o9 5o E36td =
Ao] =7} = 4= 9J o B Z(Eaton and Curtis, 1996; Lee et
al., 2001) AA] Aol ML o W x|7ke] 9lshrt S5
£ 4ol B9 4 98 Aom WekHy
SAAARe] ffsd Bl E e el AR 7
I Zrgo] o] FofR= AL Hekste] flsiA B7HL o
Sojma WRwgge] ArjHoz Hof a4 el
7]— Z O 0 _1:]0]1,]— /\HDZ]— _] _/,\_ 9,] o]_Q_X]_E—_Q_ 7(1—@—_14— 71-_9_
BE 4T ol o] ol EojAnE meh e A7 oF
of Ylai7t SeEE ol B8 4 e Ae= UE
Wk =l woFe] sl BrlelA ARt =&
1 7HOccupational exposure assessment)¥-qt oYz} 7|5

—|—‘

A} =% 7Hresidential exposure assessment)= A A3}l
uoem AFA eEFtA= Tl =E3E ¢ e
dRl1ejol = ofgdolof gt k=& He AAISHL It You
et al., 2014). EUA = Qs H 7S AF3E X operator),
ZFA XK worker), Y 2l(by-stander), #FFAHresident) 415
oz ol 9J8i4d 7S AAIskL Uck(You et al,
2014). TejER SoAE AT 450 a3
WAE Slak ob| Aol gloiAl AURAY BE BT
Hgala] g AR 5B |SAES ater 9
4 W7V ol o} Aok s, S5 ofzlole] 29 4RI}
Y FIERY 2o ¢ Wsl= = (National Institute
of Food and Drug Safety Evaluation, 2009) #]5X}, d§<l,
ojRlol5E dAFoR Sy BAHE UAISIIL o] )
ohel AR % B G of U DI A
Aolt}. o]2 SIaML 2 AToA et
522l ZAH(passive dosimetry)¥qt of e} E2}2

#l, wol, ejol, o Sof Zakel Folke 24siol 919

= 22 H(biological monitoring) 5

5 92 Sl g

YA 52 ol

5 Aol ot

ut =°£ mlm

YAtel 2
2 At A - SR7IRE AR Y] AARE s
ZNRHEHAH S 2017064A00-1720-AB02)’ 2] 2| Yol o]}
o]Fo]1 ZdYrt.
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