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Abstract exposure, but not stronger than in oral deltamethrin

BACKGROUND: Pyrethroids (PYRs) are a widely uscd exposure groups. Based on these results, therefore, the
insecticide in agriculture and household area. In amount of 3-PBA in urine can be used as a good monitoring

mammals, PYRs such as deltamethrin is metabolized to gldlcato; tgat reflexing the exposure level of deltamethrin to
3-phenoxybenzoic acid (3-PBA) in liver that is mainly uman body.

excreted in uri'ne. This st.udy is designed to single exposure Key words: Correlation, Deltamethrin, Rats, Urinary 3-PBA
of deltamethrin to rats in a dose-dependent manner and

identify the correlation between deltamethrin exposure and N B2

its metabolite (3-PBA) in urine.

METHODS AND RESULTS: Exposure levels of deltamethrin Deltamethrin [(S)-a/pha-cyano-3-phenoxybenzyl(1R3K)
were control (0 mg/kg bw), low (0.0705 mg/kg bw), -3-(2,2-dibromovinyl)-2,2-dimethylcyclopropanecarbox

medium (0.705 mg/kg bw) and high (7.05 mg/kg bw) dose. ylate] O pyrethroids (PYRs)U OO0 O 000 OO0
Low concentration was derived by ussing Korea predictive oodoo 0D 000 0OO.PYRsD OO0 OO0 OO0
operator exposure model (KoPOEM). Dermal exposure 0000 000 00 0000 Do0o0 oo0bo oooo
persisted for 6 h, and urine specimens were collected for 24 O OO000O. Deltamethrind 00000 OO0 OO0O O
h. The urine matrix was removed after a series of procedures 00 0000 0000 00000 000 o000 ooo
and 3-PBA was analyzed by gas chromatography/mass 0004 Barlow et al, 2001). Deltamethrind Fig. 10
spectrometry. 00 Esterase 000 00 ester0100 00000 OO0
CONCLUSION: There was a strong correlation (R°=0.83) 3-Phenoxybenzoic acid(3-PBA)0 cis-3-(2,2-Dibromovinyl)-2,
between the amount of oral exposure to delta me thrin and 2-dimethyl-cyclopropanecarboxylic acid (cis-DBCA)C]
urinary levelof3-PBAexcreted. In dermal exposure groups D00 (Angerer and Ritter, 1997; Arrebola ef al,

of deltametMn except hlgh—dose, also there was a gogd 1999), 00000 glucuronic acidd 0000 240000
correlation between urinary 3-PBA and deltamethrin 00 0000 (Leng et al, 1997). 3-PBAD PYsO 00 0

cyhalothrin, cypermethrin, esfenvalerate, etofenprox,
*Corresponding author: Min Kyoung Paik permethrin, phenothrind 0 00000 0000 OO0

Phon.e: +82—63—238-3253; Fax: +82-63-238-3238; 00 000 00 3-PBAD PYPs OO0 000 00 0000
E-mail: minkl114@korea.kr
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Fig. 1. Main metabolic pathways of deltamethrin in mammals.

000 0000 O00Wielgomas ef al, 2013; Watkins ef al,
2016; Rousis ef al, 2017). 00 000000 deltamethrin{
00 00000 00O OoOOO000(Rickard et al, 1985;
Anadon ef al, 1996), 00 O OO0 3-PBAOOO OO0
0 0000 0000 0000 ooodo ooo ooo
000 00 00000 Ooooo ooo. ooo oooo
00 0000 00000 0000 000 oooog oo
00O, 00000 00 00 00D ooo ooo oooo
00 O000000(Kim ef al, 2011; Hong ef al, 2013).
0 00000 00000 o000 od ooo oooo
0000 0000 00 000 00 Spraque-Dawley 00
0 0000 00000 ooooo0, 000 oo oooo
O 000 00 000 OO0 Oooo 000 deltamethrin O
000 3-PBAO O00O0O0O ODOOOO OO OO OOOO
ooood.

Mz R B

AHEE H A

00000 Technical deltamethrin (99.8%)00 Bayer
Cropsicence (Monheim am Rhein, Germany)OO OO
00 00000.0000 000 OO0 3-PBA (98%), OO
00000 OO0 2-PBA(98%), 0000 000 MIBSTFA
(97%), OO 00O n-hexane (95%), Toluene (99%) OO
Sigma (St. Louis, MO, USA)DO 0000 00O0OOO. O
O creatinine OO0 000 OOO00O0 Sigma (St. Louis,
MO, USA) OO 000000 1% picric acidd Ricca

chemical (Arlington, TX, USA)O0 OO0O0 OOOOO.

AEsE & A=z

00000 Sprague-Dawley O 700 OO0 O00O &)
Koatech (Gyeonggi-Do, Korea)l OO O0OOO OO O 1
000 00000OD 00 0 0b0OoO0. boooo oo
23+3C, 0000 50+5%, OOOO 10~150/00, OO
150~300 Lux, 0000 120000 0O 0000 00 OO0
00000 0bOoob 3000 00 oooooo, oo o
00 D000 ooooo.

Azl 718 ¥ Roi8T €43

0000 00000 00000 +x20%0 00 0o00
00000. 0000 OO0 Korea predictive operator
exposure model (KoPOEM)Ol 00O 0000 OO0 OO
0 0000 000 00 100, 1000 OO OOO OO OO
O, 0000 00000. Deltamethrind corn oild 00O
000(7.05 mg/kg bw), 000 (0.75 mg/kg bw) O OO
0(0.075 mg/kg bw)d DO0O00O00O OO 812000 O
0000 0000 corn 0il0J0 OOOOO.

Sojury

00000 OO OO0 000 OO0 O00(Zonde)d O
oub ogood oooub oo bogob cgo.ood
OO0 OO0 00 00 O 0ooo ooooob 10% 0o oo
U044 cm 00O OO0 O0O0OOO OODO DOO
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Table 1. The operating condition of GC/MS for analytes

Description Condition
Apparatus Agilent 6890 GC with 5973 MSD
Column DB-5 30 mx0.32 mmx0.5 um

Injection Temp  280C
Injection volume 2 ul

Injection type Splitless

Initial 90C for 1 min,

25C /min to 120C,

2.1C/min to 240C for 1.5 min,
25C /min to 300 for 7 min

Oven Temp

Table 2. Retention times and detected masses of the

analytes
Compound  Retention time (min) m/z
2-PBA (IS) 39.85 271, 227, 197
3-PBA 43.86 271, 227, 197

U 0000 odoo et OO0 00000 o ooooo
O oo oo.

I AERHF 2

O 000 Deltamethrin 00 O OO0 OO0O0 OOO
0 2400 00000, 000 0 000 2,000 rpm 1000
0000 Hanil, Supra 22K, Incheon, Korea) O O OO
00 045 pym 00O OO0 OOOO OOOO OO OO
000 000000 00 000 -70C 0000 oooO
O.

S2M7)7] Y 2MEY

0 0000 3-PBAO OO0 0OO0OO0O OO0 Agilent O
(Santa Clara, CA, USA)O GC (6890N)/MSD (5975)00
00000 GC-MSO OO 000 Table 10 OOOOO.
Column DB-5(30 mx0.32 mmx0.5 um)d 000O0O0.
00 D00 00oOo 9CO0 100 0o0o O, 120C
00 25C/min 000 000, 0 O 240CO00 21T
/min 000 15 00 0000, 300C00 25C/min OO
070 00 00000.00000 splitless moded 00
000 2 L0 OO0OODO. 00000 OO selected ion
monitoring (SIM) 0000 000 0000 0OO0OO
Table 20 0000 3-PBAO OO0 OO (Retention time)
0 Table 10 OOOO0O 38000 400 OOOO.

Tx2| g

0 000 D00 000 000 Schettgen O0(2002)0
000 0O00. 0 000 0000 O 37C Water bath
(EYELA, SB-15, Tokyo, Japan)J 0 000 O 0DO0ODO.
0 00 1mLO0 O000000@Q-PBA) 10 uL (10 pg/mL),

10,000,000
8,000,000

6,000,000

Peak area

4,000,000 -
y =4531.3x - 62857

2,000,000 R2=0.9962

0
0 500 1000 1500 2000

3-PBA in urine (ng/ml)

Fig. 2. Standard calibration curve of urinary 3-PBA.

HCl (12 N) 100 pLO OO O O oven (Vision, VS-
4150ND, Daejeon-Si, Korea)O O 90C, 100 00O OO
OO OO0 0 ODO0O0O O00. n-hexane 500 pLO OO O
0 1000 00000.1500 gOO 1000 00000 OO
OO0 ODOOO 00D wbed OOOO. 00 OO OOO
0000 20 000000 OO0 oooo ooooo o
000 000 00000, Toluene 50 pLO OOOOOO
MTBSTFA 10 uLO O0O0O0 OO0 O OO0 000 00
0 ovendO 70C, 450 OO 0OOOO O 2 uLO GC-MS
0O 0000 ooooo.

HEAESM AR

O O 3-PBAUO OUO0O0O OO OOO 3-PBA stock OO
(40 ug/mL)0 OOO0O0O 098 ug/mL- 2.00 ng/mLOO
0000 OO0 0000 Fg. 20 OO0 0000000 OO0
ooo.

It & creatinineE2M

O 000 O O creatinine 0000 Jaffe reactiond 00
000 Ahn O0Q011)0 OO0 OO0 O00000. 20 mg/dL
creatinine 00000 00O 20 0000 7000 OO0O O
000000 0000 000 O0DOO00. 96 well plate
(SPL life science, Gyeonggi-do, Korea)O 200 00O O O
O, creatinine 0000 O blankODOO OO 50 L,LLwell'1
000000 creatinine reagent (1:1=0.3 N NaOH:1%
picric acid)d 100 uwlwell’ OO O O 150 OO0 0000
00000.0 000 000 0000 Multiskan microplate
reader (Thermo Scientific, Vantaa, Finland)d O0O0O0O
480 nm 0000 00000, 000 30000 ooooa.
Zat Y D
= = creatinine A Z1}

creatininel] 00000 O00O0 OOO OOOOCOO
0O 00000 0000 000 ooooo ooo oo o
0 000 000 0000 O0000(ORourke et al, 2000).
0 O creatinined 000 00 0000 0000 2000



296 Kim et al.

e A 12
E =4 "
g 3 y=0.1717x- 0.0078 * % 9 y=0.883x+0.0089  *
2 R? = 0.6002 ‘E R?=0.8333 %
52- o | g6
i . « ¢
g 1 / i 3
m' . 'A >
K 0 T T T O 4

0 2 4 6 8 0 2 4 6 8

Deltamethrin (mg/kg bw) Deltamethrin (mg/kg bw)

Fig. 3. The concentration (4 g/ml) and amount (U g) of urinary 3-PBA in rats after single oral administration of
deltamethrin.
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Fig. 4. The concentration (4 g/ml) and amount (U g) of urinary 3-PBA in rats after single dermal administration of
deltamethrin.

Table 3. Descriptive analytical data for urinary 3-PBA detected in rats

3-PBA

Route of Groups No. of rats Dose
administration P ' (mg/kgbw) Mean 5D Mean 5D
(ng/ml) (Lg/ml) (ug) (1g)
Control 13 0 ND* ND ND ND-
Oral Low 8 0.070 0.019 0.004 0.153 0.034

ra
Medium 9 0.705 0.086 0.042 0.566 0.331
High 11 7.050 1.205 0.859 6.239 2.406
Control 8 0 ND ND ND ND
Low 10 0.070 0.004 0.005 0.026 0.029
Dermal

Medium 11 0.705 0.027 0.013 0.222 0.105
High 12 7.050 0.307 0.193 2.977 2.328

*ND; Not Detected

000 OO0 00000 Shevock 0(1993)00 OOOO OO 0 0000 000 000 Fg. 3, Table 30 0O0O. OO0
oodd oo oo ooooo ooo ooo ooooa, ooo 0o o0 3-PBAO ODOOO 0O0OO O,0,00000
O O Creatinine 00 000 OO0 OO0 O0OO0O OOO 0 OO 0.019+0.004, 0.086+0.042, 1.205+0.859 ug/mL0O
(R°=0.817), 0000 OOO(R=0.586)00 deltamethrin 000 3-PBA0O OOODDOO. Deltamethrin 00 OO0 OO
00 000 00 0000 0000 0 0 3-PBA DO OO 0 0 3-PBAOODO R=06000 00000, 000 OO

00 000 000 0000(Fig. 3,4). 00 0ooo g, 0, 00000 00 0.153+0.034, 0.566+
0.331, 6.239+2.406 ygd OO0 0000 deltamethrin OO
AF1EH & = & 3-PBA HE 000 00 000 000(R’=0.833)0 0OOO.

DeltamethrinCl 00000 OO0 00 2400 00O O
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dO|E0 & &= & 3-PBA ZHE

Deltamethrind 00O, 00O, 000, OOOOOO
00000 000 00 2400 00 00 0000 ooo
000 Fg. 40 Table 30 00O000. 00 OO0 OO OO
O 000 O 0 3-PBAO O0OOO OOO O,0,0000
00 OO0 0.004+0.005, 0.027+0.013, 0.307+0.193 ug/mL
0 000 3-PBAO 0OO0O0O0O. Deltamethrin OO OO0
OO0 O O 3-PBA 0000 R=0.6440 O0ODOO. OO0
O 000 0OO0OO0O0 O, 0, 00000 OO0 0.026+0.029,
0.222+0.105, 2.977+2.328 g OO0 0000 OO 00O
(R°=05436)0 D0OO000, 0000 00O 0DO0O00D O
0 3-PBA 00O 0OOODO R=07 000 OO OOO.

Fig. 30 40 0000 deltamethrin0d OO0 O OO0 O
00 00 0O 0O 3-PBAO O0O0O0O OOOO OO OO O
000 OO0 Dooooo o O 3-PBAOOOCOO OQO,
00000 R=06000 00 00O0ODO, 0 OO0 OO
O0 OO0 O O 3-PBA O0OO0OOO 0OOOOODO R=
054300 OO0O0OOO O OO0 oOooo ooooao.

00 000 detlamethrind OO OO0 Pharmacokinetic
modelingDl 000 00000 00 00000 00000
0000 O0000(Godin et al, 2010), 000000 04-
10.0 mg/kg OOOO0O 18% 0000 O0O0O0O0(KIm et
al,2007). 00000 00,Rat 000 000 in vitro0O0O
00 2400 OO0 O OO0 000 70% 000 oooooo
0000 27%0 000 000 0000, 24%00 receptor
fluudOO 000 OO0 OO0 000 OO0 0000 oo oo
000 OO000. invivo 0000 OO 50% OO0 OOO
000 000000 00O 924% 00 00 Oooo ooo
0 (Hughes and Edwards, 2010; 2016). 00 detamethrin(]
00 000 0O0O0 000 000000 0oooo oo o
0000 00000 00 00000 00 ooooo oo
O0000.0 00000 ooooo oo ooooo eOn
00 000 000000 00000 0OoOo ooo oo
000 000 000, 00000 o000 ooo oo o
00 00 000 00 000 0000 00 0ooo ooa.
000 00000 000 U000 00O ooooo o
o000 ooo ooo.

00 00000 0O 0 3PBAO OO0 OO OOOO O
0 000000 (Seo et al, 2007; Kim et al, 2015), 000
00 000 000 0O 0 000 0000 ooooo oo
000 000.0 00000 deltamethrin 0000 3-PBA
0 00000 0000 Oo0O00 00 0 0oooo ooo
000 00 0000 000 00 Ooooo ooooo
00 0000,00 000000 OO0 0000 3-PBAO
O000000 0000 OO O 000 oooooo o
00 000 0000.00 0 00000 OO ooooo
000 000 00 000 000 000 000 oooo
0000 0000 00 000 0000 ooo oo ooo
0000000 00 000 0oo ooo oao.

Notes

The author declare no conflict of interest.

Acknowledgement

This study was carried out with the support of
"Research Program for Agricultural Science &
Technology Development (Project No. PJ01283502)",
National Academy of Agricultural Science, Rural
Development Administration, Republic of Korea.

References

Ahn, K C, Gee, S. ], Kim. H. J.,, Aronov, P. A, Vega, H,
Krieger, R. 1., & Hammock, B. D. (2011). Immunochemical
analysis of 3-phenoxybenzoic acid, a biomarker of
forestry worker exposure to pyrethroid insecticides.
Analytical and Bioanalytical Chemistry, 401(4), 1285-1293.

Anadon, A., Martinez-Larranaga, M. R., Fernandez-Cruz,
M. L, Diaz, M. ]., Fernandez, M. C., & Martinez, M.
A. (1996). Toxicokinetics of deltamethrin and its 4’
-HO-metabolite in the rat. Toxicology and Applied
Pharmacology, 141(1), 8-16.

Angerer, J., & Ritter, A. (1997). Determination of metabolites
of pyrethroids in human urine using solid-phase
extraction and gas chromatography-mass spectrometry.
Journal of Chromatography B, 695, 217-226.

Arrebola, F. J., Martinez-Vidal, J. L., Fernandez-Gutiérrez,
A, & Akhtar, M. H. (1999). Monitoring of pyrethroid
metabolites in human urine using solid-phase extraction
followed by gas chromatography-tandem mass
spectrometry. Analytica Chimica Acta, 401, 45-54.

Barlow, S. M., Sullivan, F. M., & Lines, J. (2001). Risk
assessment of the use of deltamethrin on bednets for
the prevention of malaria. Food and Chemical Toxicology,
39(5), 407-422.

Godin, S. J., DeVito, M. ]J., Hughes, M. F., Ross, D. G,
Scollon, E. J., Starr, J. M., & Tornero-Velez, R. (2010).
Physiologically based pharmacokinetic modeling of
deltamethrin: development of a rat and human diffusion-
limited model. Toxicological Sciences, 115(2), 330-343.

Hong, S., You, A. S., Jeong, M, Park, K. H,, Park, J. Y.,
& Lee, Y. ]J. (2013). Risk assessment of pesticide
operator using modified UK-POEM in Korean orchard.
The Korean Journal of Pesticide Science, 17(1), 50-59.

Hughes, M. F., & Edwards, B. C. (2016). In vivo dermal
absorption of pyrethroid pesticides in the rat. Journal
of Toxicology and Environmental Health Part A, 79(2),
83-91.



298

Kim et al.

Hughes, M. F., & Edwards, B. C. (2010). In vitro dermal
absorption of pyrethroid pesticides in human and rat
skin. Toxicology and Applied Pharmacology, 246, 29-37.

Kim, E. H, Lee, H. R,, Choi, H,, Moon, ]. K, Hong, S. S,,
Jeong, M. H,, & Kim, J. H. (2011). Methodology for
quantitative monitoring of agricultural worker exposure
to pesticides. The Korean Journal of Pesticide Science,
15(4), 507-528.

Kim, H. K, Song, J. S, Choi, S. H, & Yu, H. Y. (2015).
Evaluation of Exposure to Pyrethroid Pesticides in
Highland Cabbage Farmers by Using Biological
Monitoring. The Korean Society of Pesticide Science,
19(1), 41-46.

Kim, K. B.,, Anand, S. S, Kim, H. J.,, White, C. A, &
Bruckner, J. V. (2008). Toxicokinetics and tissue
distribution of deltamethrin in adult Sprague Dawley
rats. Toxicological Sciences, 101(2), 197-205.

Leng, G, Kuhn, K H., & Idel, H. (1997). Biological
monitoring of pyrethroids in blood and pyrethroid
metabolites in urine: applications and limitations.
Sciences Total Environment, 199, 173-181.

ORourke, M. K, Lizardi, P. S., Rogan, S. P., Freeman, N.
C., Aguirre, A, & Saint, C. G. (2000). Pesticide
exposure and creatinine variation among young children.
Journal of Exposure Science and Environmental
Epidemiology, 10, 672-681.

Rickard, J., & Brodie, M. E. (1985). Correlation of blood
and brain levels of the neurotoxic pyrethroid
deltamethrin with the onset of symptoms in rats.
Pesticide Biochemistry and Physiology, 23(2), 143-156.

Rousis, N. I, Zuccato, E, & Castiglioni, S. (2017).
Wastewater-based epidemiology to assess human exposure
to pyrethroid pesticides. Environment International,
99, 213-220.

Schettgen, T., Koch, H M., Drexler, H, & Angerer, J.
(2002). New gas chromatographic-mass spectrometric
method for the determination of urinary pyrethroid
metabolites in environmental medicine. Institute Journal
of Chromatography B, 778, 121-130.

Seo, J. C., Choi, H. S,, & Song, J. S. (2007). Determination
of 3-phenoxybenzoic Acid in Urine and Exposure
Assessment of Pyrethroid Insecticides to Human. The
Korean Society of Pesticide Science, 11(2), 87-94.

Shevock, P. N., Khan, S. R, & Hackett, R. L. (1993).
Urinary chemistry of the normal Sprague-Dawley rat.
Urological Research, 21, 309-312.

Watkins, D. J., Fortenberry, G. Z.,, Sanchez, B. N., Barr,
D. B.,, Panuwet, P., Schnaas, L., & Hu, H. (2016).
Urinary 3-phenoxybenzoic acid (3-PBA) levels among
pregnant women in Mexico City: Distribution and
relationships with child neurodevelopment. Environmental
Research, 147, 307-313.

Wielgomas, B., Nahorski, W., & Czarnowski, W. (2013).
Urinary concentrations of pyrethroid metabolites in
the convenience sample of an urban population of
Northern Poland. International Journal of Hygiene and
Environmental Health, 216, 295-300.



