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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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7.95 m/Ql o2 AARA7]F WHO & 7]& 9 m/ele]
88% o & ofAl2 w2 HoltKKFS, 2012). Lt
TA|BEe] ZFof whet o] Olﬁﬁkh AW 594 e
ZA- gt 8= E2 5
ﬁ}-‘l} tH71£°é, Hofls T =

[e]
[ —
2| A}A] € 7*34?& %WH?‘]Q} AT He| = kg3t A4
off Qltk. ofof Hlsl, A&H =2 Walls T 59 7
Sl A4H0® o L glrkAn, 2012).

A7 ofthe %X PRIREL AR FF Ao
A obhE ] BelolA] 71 F R HOR 65.2%7)
Wa2 wbA 2Hole Zokom, RAFPAF ofmtE tha] &
919%7} mo] el BelE slal ore Awsta o)
= Ao 7 ZAE QI tHKwon et al., 2016). o}TEW 27
Fmo) e, o, W%, SR 5o #%
e E sl oF 29F9 AFA ARgo] FelEslen 5
| AF3E-G OFA| 2 FenitrothionS #3i & o2 717 wol A}
235= Aoz YEPGTHKFS, 2013; Rural Development
Administration, 2016).

Fenitrothion2 19593 UE I} =Qoj| A 7= 8-7]el
A ASAE A He7E i ool iEEel 55
wlo] Qg Wk ofyel thE {7|A0A AFAlel v H]
A orAshe] da] ARE-E I QtiTomlin, 2009). =+uj
M= H, F, vhs, Y 59 FAERT ofye; &4
i, ool U, W Y ool sEE e
U, S0l =3AF, YRS ﬂ—iﬂa% 59 s
Zoll oAl ZdoE A Y] S At A8
23| AZai1E YePHTHKCPA, 2017).

&9F =ZA(pesticide exposure)o|Tt ¢, I, TF e} e
A 718 F3 FoFe] HES Wk (Crosby, 1998),
FR3%F &4 2= 9 X-Z(dermal exposure)d} TS5
Z(inhalation exposure)©|CHFenske and Day JR, 2005,
Hughes et al., 2008; Chester, 2010). ©]&j3t =& HA=ZE
B oF 45L Aol $l1E 2o 4 9, 1 9]
o] Awl =47} wekol] =)t Tumbull, 1985).
2 AT SEo) FORIEL 1B, WS4 oFA)
HEHn ASY, RESAY oMt AEHu gl
(Rural Development Administration, 2016) &F 24| <]
=Aofl tfet A 2157 Ak wE) et &
Ao AL, EBofo A= 1950 %o Parathion AF3E
F wolA A A YA FH el A A
o] BFAISIHA =oF =& ALV} A|AFE]|of(Griffiths et al.,
1951) 449 2ok Bk olsolA shewl, o
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1. Adset & Tz

Fenitrothion 3E3%(99.9%)<2 Sigma-Aldrich (St. Louis,
MO, USA)Oﬂ/\J] T915}4 AL, acetoneS HPLCHS AR5}
Ak & 2L 93 AALS AFolA Tt
. Zl%ﬁ“%7 g olgdtel 2EAL BEREY 54

o AFgE elg TEF I USEPA(1996)0) A =33}

i 1O
= 71¥Ysgo] A% 2 L/mino] == GilianA}

(Sensidyne, Usa)@| Gilair-34|Eo] 13 &Z4(ORBO
609 Amberlite XAD-2 400/200 mg, Supelco)S AME-5H41
th A]REA2 Shimadzu GC-2010plus, FTD (Shimadzu,
Japan)E ARESEALE AlH a2 B7|=AtEHE A A
TFa(F71= AW 2482 AAE 3L 1 m,
THE 1 m A= 3 YE(Buxus koreana NAKAI)Z: ©]
sk

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.

HReEY 4G BUS F2E
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
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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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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. SAEN
T FARALLS dYEAHEA(One-way ANOVA
test) 2 st QAR C|A FoAo] el
H(P<00.5), Duncan®] t}57 % (Duncan’s multiple range
es) A4Skl Hlm 1% 719 AolB 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.
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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
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= Ao 2 A ==(Fenske and Day JR, 2005) &
2 oA A $ 244Xt A3 o] Fofl= ZA
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Qtofl {87t SEEHE FHEo BT 4= JeuE A7t
Az A =50 JES FAISte] L2 =5 o]§
A0l FUeE Tafj7t WAYsHA] PEE FoE 7S
= Ao] Er. Zeu, AR g =52 HalE HA
e ot 259 ool soks Edtsto] 4
H|(KFS, 2010, 2013), 5= &7 o]/d9] 5oF& e3totd 5
Ao] =7} = 4= 9J o B Z(Eaton and Curtis, 1996; Lee et
al., 2001) AA] Ao A= o ®ME A7kl {57t =
= &5 22T 4 oS AR AdE
FAHAE] QI8 Bkl BE A A 7
I 2Fo] o]Fojz= AL Hetste] sl H7F o]
FOIRBE mRZgfo] Ador Ao g ¢
7} A2 Holu ALH ¢59 o] §AES AT T2
Ho At glo] FJFo| o|FojABE Hof w2 AJ7F ¢k
of a7t SelE= o] B2 4 = AR UE
Utk vlgolA= 5y s Hotol A A =&

3 7HOccupational exposure assessment)H} ofL] 2} 73

%

A} =% 7Hresidential exposure assessment)= A A3}l
pom AFA EE2FTbA= sl kEE 4 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 o] 9 B7HE AAISHL ltk(You et al,
2014). 2R E fYuEtoAE AEd 5o YHalE
WAIS 9IRk opl Aol SlolA] KA Y HE

& Z8ohR] e e S5 o|8AES LR 9
3|4 7= o] Foj Ao} sl 3| ojglo]2] 79 AJlut
e FIERY Eo B wZsHEZ(National Institute
of Food and Drug Safety Evaluation, 2009) 7|54}, 3j2l,

ofglol 5L o= 9314 B7HE UAlska o] 3
Sho] AT 42 e S 9% SOk AE QA7 Eo] A

22 0] 2 H(passive dosimetry) BTl ol g} =&A}2]
B, @O, eol, @ ol mEHE Sokre Zstol 913
= (biological monitoring) &

= &8 g pEof Axx
Folsle AFehn, ARd 5 o84

= AR A Forel

ok

X
[
o
1722

B A= 20154 7| molA AAJg INEXT 77] LAk
= JEE3] 9 A7|e UFAgAE AX] U UFLoA}L kA
At el e olste] o]Folzl AJYc
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