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Abstract Chlorpyrifos (CPF) is one of the organophosphates (OPs) pesticides, and has been widely studied
for pesticide exposure by agricultural operator due to its high chemical penetration rate. However, studies to
predict the exposure of acute CPF through the analysis of its metabolites using the biomonitoring for
agricultural operators are insufficient. In this study, we examined the urinary excretion of 3,5,6-Trichloro2-
Pyridinol (TCP) following the repeated exposure of CPF through the skin of rats and confirmed the
correlation between CPF exposure and urinary TCP excretion, and finally predicted the CPF exposure by
urinary TCP excretion in rats. TCP excretion was analyzed in urine samples of rats exposed through the skin
for three times at low (1.01 mg/kg), medium (10.05 mg/kg) and high concentrations (100.50 mg/kg) every 7
days. As the number of exposures increased, urinary TCP excretion decreased significantly, and the decrease
in TCP excretion in urine increased with increasing exposure concentration. The correlation between dermal
exposure of CPF and their excretion of TCP in urine samples were high, ranging from 0.67 to 0.86. In
addition, the absorbed CPF ratio was 4.20~18.81% in rats of low-CPF exposed levels, which was selected as
the realistic pesticide exposure level for the agricultural field in Korea. It would be considered to be a basic
data for predicting acute pesticide exposure of agricultural operators through TCP analysis using biological
samples for farmers in agricultural field.
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oxon A-esterase®] 2|3} 3,5,6-trichloro-2-pyridinol (TCP)
3} diethyl phosphate®. thAFEH, 77 9 79 =3A] 77}
70%, 1.3%% &% Fa Al TCPZ w4 ¥ th(Nolan
et al., 1984; Aprea et al., 2002). Aol =Z% CPFe &
291717] (elimination half-lifeys 26,94 7H0. 2 F2HS AE
She F2AAR] TCP Ml &2 18-24A17kel| HTA|7} 5=
Aoz HIETH(Nolan et al, 1984; Fenske and Elkner,
1990; Hines and Deddens, 2001).
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ekt 28-S DB-5 (30 m x 0.32 mm x 0.5 pm)y& AR
aom AVIARE Heg s 2 mL/min® = A3

L TR 2RE 280°CE Silen, oF ewE 27
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ol g3l om, TCP 1S9 W5 AlZH(retention time)
717} 8.02, 9.06 oA "n}%}ﬂ»\‘:}. 7171849 fads
gelslr] 98l FAgE = AlZel TCPE 9.38 pg/mLo] =
Al F7ksted AR 9] A (accuracy, %o) 8273 (precision,
Yoye 1Tt

Z creatinene =4
= F A AES HEIXE creatinine 2 HAd=
FHo| ALR-E L 9\12&] (Kim et al., 2015), == % creatinine
AL Jaffe MethodS 2712 Kim 5(2017)2] ¥l u}
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3 0.3 N NaOH¥} 1% picric acidS 1:1¢] H]&= &3
s
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reader (Thermo Scientific, Vantaa, Finland)2 S$3=8 =
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St 3 Tgi 319 tH(Meuling et al., 2005).

] =Zo] wE CPFY dYUTFE3F(Absorbed daily
dose, ADD)2 38}7] flste] ol2le} 72o] Phung et al.
(2012)¢] 2F=2)e A48tk CF= CPFY] 70%7F = &
TCPE Wi H k= APAT Aol ZAst 10/79 a5
3= 1.45 4831 tH(Nolan et al., 1984).
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C : 9Y TCP % (ug/g creatinine), Cn : LYY creati-
nine W4 & (g/day), CF : ¥4 7l4(correction factor 1.4),
Ry : CPF/TCP #4153 B], BW : A5 (Body weight)

ADD 3ol tisl] &4 2 & A8317] $138t Crystal
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(cumulative probability, %)E 3ttt 1l 7ol 28
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= Ao W39 th(Atabila et al., 2018a)
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Table 1. Creatinine-corrected concentrations of TCP in urines for 24 hours in rats following the repeated dermal exposure to

chlorpyrifos (CPF) (Unit ; ug/g creatinine)
Groups after after after 7 days after
(Exposure dose) 1* exposure 2" exposure 3™ exposure 3" exposure
Control 0.71+0.35 2.53+0.89 3.12+1.01 1.81+£1.28
Low (1.01 mg/kg bw) 190.12 +70.67* 110.94 +28.43* 48.88+13.01° 2.81+£0.64°
Medium (10.05 mg/kg bw) 857.34 £ 284.15° 815.86 + 223.06" 500.44 + 130.36 8.72 £6.34°
High (100.50 mg/kg bw) 12,037.67 £ 6,060.38*  5,242.18+3,196.75*  5,037.94+1,814.07° 223.89 + 115.88°

ab,c s

Values are expressed as mean + SD of 11 animals.
among different exposure dose, p<0.05.

t d
1°' exposure _2"" exposure 3" exposure

20,0004
—— High
—o— Medium

10,000 —= Low
- Control

1,000

500

Urinary TCP (ug/g creatinine)

=)

X
0 8 16
Experiment days

Fig. 1. Time courses of urinary TCP excretion in rats following
the repeated dermal exposure to chrorpyrifos ; Each plot
represents the mean + S.D of 11 animals.
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Fig. 2. Correlation between dermal exposure to chlorpyrifos
and urinary 3-PBA excretion in rats ; 1 (A), 2" (B) and 3" (C)
exposure to chlorpyrifos.
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f?}%i, 9] FAAA | ek MPATF Ao} AE F 244]
7 &9t = F TCP wjdzko] WEGN=18)lA Hd 47.5
pg/g creatinine, P]=F(N=34) 10.5 ug/g creatinineZ 3%
2ATHAlexander et al., 2006; Phung et al., 2012). ¥
Aol S sZFAL 2E3FEY AsedolA 33 =&
2% =5 F3F TCP v =Fo] 48.88+13.01 pg/g creatinine
072 fasiion, 18 =4 =FH SEETME 33
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= 5 TCPe| iAol A4S CPFY] F5-&°] 13] 18.81%,
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2ol 1-13%7F E5EE 2102 B I (Nolan et al., 1984;
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qS & F AUk

Phung et al. (2012)9] 421 o] 835t CPFe| =&l
w2 dAF48H(Absorbed daily dose, ADD)S AHE3h

A7, 18] =& AF 22.51+8.65 pgkg/daydl|d] 23] =

% 11.87+3.1 pgkg/day, 38 =T 564+ 1.63 pg/kg
day® =} 72819 tH(Table 3). £3F, ADD %ol thal
54 FEE AL TUR(CPs)T &915%R STk
(CPys)& AA e A3}, CPy B CPos7F 27} 5.31~18.08 pg/
kg/day 2 8.20~35.32 pg/kg/day?] WS B},

B Apx A sd@ANN s wE2HE £F
ol As=ael ADDE A (Alexander et al., 2006;
Phung et al., 2012; Atabila et al., 2018b)2} H]23t ZAF}E
Fig. 30 YJeplAch HIEY, 7ht 2 w5 5719 =5 &
&k TCP w7 o]-&3l <5 CPFe] ADD F7Hgkol 7t
7} 9 ug/kg/day (rang : 0.4-94.2 ng/kg/day), 6 pg/kg/day (range :
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Fig. 3. Comparison of chlorpyrifos Absorbed daily dose
(ADD) among applicators in various countries and this study,
adapted from Phung et al. (2012).

Table 2. The Absorbed chlorpyrifos(CPF) ratio estimated from urinary TCP excretion in rats following the repeated dermal exposure

to low CPF-exposured level

The number Cumulative TCP excreted ~ Calculated equivalent Applied dose Absorbed ratio to the
of exposures for 24 h (ug) CPF (ug) of CPF (ug/cm?) applied dose (%)

1 26.28 + 8.96 46.51+15.86 15.55+ 041 18.81+6.72

2 16.29 +5.53 28.83+9.79 17.95+0.73 10.10 +£3.55

3 7.62+2.32 13.48+4.10 20.22£0.68 420+1.38

Values are expressed as mean + SD of 11 animals.

Table 3. The Absorbed daily dose (ADD) of chlorpyrifos (CPF) estimated from urinary TCP excretion in rats following the repeated

dermal exposure to low CPF-exposured level

ADD (ng/kg/day) through probabilistic approach

The number of exposures ADD (ng/kg/day) CPa CP.,
1 22.51+8.65 18.08 35.32
2 11.87+3.19 10.14 15.64
3 5.64+1.63 5.31 8.20

Values are expressed as mean = SD of 11 animals. CP is cumulative probability; CPs, and CPys are median-exposed level and 5% highly

exposed level, respectively.
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Table 4. Hazard Quotient (HQ) with median and 96%tile values of chlorpyrifos exposure in rats following the repeated dermal
exposure to low CPF-exposured level

Hazard quotient (HQ)"
The number of exposures WHO/FAO APVMA
HQs HQys HQs HQys
1 0.18 0.35 1.81 3.53
2 0.10 0.16 1.01 1.56
3 0.05 0.08 0.53 0.82
YHQ=ADD/Guideline Dose.
0.7-74 ng/kg/day), 2.5 pg/kg/day(range : 0.7-26 pg/kg/day) 2014). IF-E T 5] =22 FH TG =27
o].eH, In vitro F FF2E AF(Kim et al., 2016)°14] 22 FAAAE A AN =2 F e Av®
FEvEl sAYA =E2ECE CPFE Ad 49 =3 o] Fofol wHE mEHE A4 A0 AAAES] tAH
FE 12 pgkg/dayol2 T HIHAT A ) 21455 Boke] w2 %S dZFdo ey Hoke
B AT A o83 CPFA ThF 73] 1% HF  AMESRE AR B NS 30g £ 92 Zolt

ADD7} 5.64~22.51 ug/kg/day2] 9IS HJol wel, i
EEX}? U] JQ_ H]E‘O] lr:.o]_ h:ok LZF/]:o] mo 7)_10
RE v & o|FJEE #9353 (Farahat et al., 2010), Hl
£y, 7h} 9 vl o] tie Astel fAke FECE U
ERtth mebd, 2 AellA dFE o8 = T TCP A
435 B3 CPF &9 dSo] AA| A <] AAAE:
I8 vlolo. BB AT 018 AF3) AL 23

= & TCPE S8t CPFe| 2 HI}

& 5 TCP AEZA3E 43 CPFY 3715 S4)
ADDE WHO (100 pg/kg/day) 2 &F2] APVMA (10 pg/
kg/day)oll X 4743 CPFe| &4 #&dA &89 71+
o= ]J'“F ZOL%}\-(HQSO) 9 Stk 171)]\'(HQ95)‘O‘ Table 4% % ]'E}
WHO =417]%2](WHO, 2009)°] 243 HQs 2 HQps=
0.05-0.35¢] M2 EF 1 oJst= Yehuy, $eE5<
I3 5% EE2FTANE A7 felst Y FA %
= 0% AAEUTY. FAUASS WEoRE g APAF
AT E 7= HQs (0.08) 2 HQos (0.8) (Atabila et
al., 2018b), MIEE-S HQuew (0.2) @ HQuax (0.9) (Phung
et al,, 2012)0.2 & A9 Az} fALSE S AT

¥ APVMA (2009)S WHO (2009)%.th 108] W& 7]
o2 AaEo] 13] =& A] HQs (18.08), HQys (3.53)
2 71FA oPeR depkoy, =E 34t $/1ESS
Aal=rt 7438 33] =F F HQy 0.53, HQys 0.822 7]
TA| olatE 743Gt o] AHE EUE, kS W
EH02 A He sridds yEE o v
CPFe] k&2 bdeh e ER1e & AT

Kim 5(2016)°] w23 v)3of xz]¥ CPFe ®ylol| 2
= Fom, 7} (stratum corneum)¥} 3F3]/71 95 (epider-
mis/dermis)®l] =X E= ASZ HIEY}H(Moore et al.,

2 AT 20T SYEd At sdHE A
A (A 3 PI01423701)2] Aol eJslo] o] F
M=
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