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Abstract body parts (head, hands, upper body, or legs). The exposure
to dithianon on the applicator’s legs (3.78 mg) was highest
BACKGROUND: Dithianon (75%) formulation were in the body parts. The dermal exposures for mixer/loader

mixed and sprayed as closely as possible by normal practice and applicator were 10 and 8.10 mg, respectively, from a
on the ten farms located in the Mungeong of South Korea. grape orchard. The inhalation exposure during application
Patches, cotton gloves, socks, masks, and XAD-2 resin was estimated as 0.151 mg, and the ratio of inhalation
were used for measurement of the potential exposure of exposure was 11.2% of the dermal exposure (inner clothes).

dithianon on the applicators wearing standardized whole- CONCLUSION: The dermal and inhalation exposure on
body outer and inner dosimeter (WBD). This study has been the applicator appeared to be 4.203 mg - 25.064 mg and

carried out to determine the dermal and inhalation exposure 0.529 pg - 116.241 ug, respectively. The total exposures on
to dithianon during preparation of spray suspension and the agricultural applicators were at the level of 2.596 mg -
application with a power sprayer on a apple orchard. 25.069 mg to dithianon during treatment for apple orchard.
METHODS AND RESULTS: A personal air monitor The TER showed 3.421 (>1) when AOEL of dithianon was
equipped with an air pump, [OM sampler and cassette, and used as a reference dose for the purpose of risk assessment
glass fiber filter was used for inhalation exposure. The field of the mixing/loading and application.

studies were carried out in a apple orchard. The temperature

and relative humidity were monitored with a thermometer Key words: Applicator, Dermal exposure, Dithianon,
and a hygrometer. Wind speed was measured using a pocket Inhalation exposure, Mixer/loader, Whole body dosimeter
weather meter. All mean field fortification recoveries were
between 85.1% and 99.1% in the level of 100 LOQ (limit of M B

uantification), while the LOQ for dithianon was 0.05 .

?Lg/mL using %{PLC—DAD. ThS exposure to dithianon on Dithianon(HEloh) & MIHFE ahtAR dstolehs

arms of the mixer/loader (0.0794 mg) was higher than other AEEOR AR QAL EdelMs ATk wEow
75% 3HA7} 1A Eo] glek
f718l SRel weh gahme) A7k st ol
*Corresponding author: 11 Kyu Cho o - 1%
Phone: +82-61-362-0630; Fax: +82-61-362-0631,; Aol o 0.05 ppm T2 33 QlFel i 542
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O|IHALR)ZEof| Wol AMEEE okAZ WA Table 1. Physico-chemical properties of dithianon
T iy Zol ARgoh, Sl Akt vHAY, S o C ey
tﬂow HHA ATy W AT, Ao "W 5 o e o anon
o] WAekAZ SEE ] AMESlal QltiBaker and Clarke Moiecuiar forfnﬁla 514}141\120252
1984; Verma et al, 1999; Tomlin, 2015). 2 2&e| A& Molecular weight 2963
9 Al 2UlSo] g AS Hhe AE 2 s} o Form Dark brown crystals
o] Bl AR 07 AEo] kg Ao] 1 BT} Lo]to] Vapor pressure 2.7 X 10° mPa (57)
did bl F7kehs Aotk 20159 At ApiE A Log Pow 32
31,620 ha® Adthn] 918 ha(3.0%)2] 57} FAlolH Akt O
APIAALS 75(19,247 ha), F5(3,984 ha), '3 444 S. CN
ha), d+(2,223 ha)cC 2 o5 &Y 47] A= "&o] 2
=2 91.4%%5 AAITHEAY, 2015 F=23AATY, 2015). Structure S N
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?:L%]PKGaO et al, 2014) 24 ]»4 Az o
Axsi 5, 9%, BT o8 B AARS
Selol 5okl 150 5 100 o1 A, A2
ALgorAIe) B4, ANE 59 Aolz S wEap
Zo)7h RIS Durham and Wolf, 1962; Tannahill ef al,
1996; Fenske et al, 1998; Kang et al, 2004; Franklin
and Worgan, 2005; Kim et a/, 2011; Kim et al, 2012;
Choi et al, 2013; Gao et al, 2014; Kim et al, 2015).
B ATelMe AR soF =E3F Sl JlolA
WBD(Whole Body Dosimetry)3<& &5sto] I wmas
=Aof F839 T TG TE-E =M= fEA
o174 (glass fiber filter)E “&23h= IOM(The Insitute
of Occupational Medicine) sampler& AH-3131tHJagt et
al, 2004; Grobkopf ef al, 2013; Choi and Kim, 2014).
Y B A 107] Ak s AlREgo R Al
dato] dithianon oFA|8] Aol 24| Al F2AAL] &
B 5F TE SO, HE A B 240
wE2Y & IE wE S S5 SRR =2 Qe Bt
71

i o

S~

ol tit \aAne ekt sl
HE Y uhy
AES2F o A2

2 ATl AMgE AEFeR dithianon(99.8%) ET¥E
= S1gma—Aldr1ch(M , USA)olA FJste] AREsllon,
k- 75% TIE|ob= ekl dak(gh

5,10-dihydro-5,10-dioxonaphto(2,3-
b)(1,4)dithiazine-2,3-dicarbonitrile

Felato] ALgSisiTh ARk shetp ) o
s}et4] 54 Table 1o Yepgith 5 9 FAE Sl
HPLCH2] acetonitrile(Fisher Scientific, MA, USA), acetic
acid(Merck, Germany), GR¥¢] sodium chloride(Junsei
chemical, Tokyo, Japan)E AHE-3t310™, syringe filter
(Satorius, Germany)< 0.45 um Ate]Zol] PFTEAIES] A
& ARSI Nitrile 319} & A2 o2 0.01% °f°]
Z(5T-75) T&N& ARSIl

[
TS T

LESHE M2

H§eE 544 AREE 65% Polyester/35% Cotton
A 2] 2] E(Uniseven, Korea), 100% Cotton A& 2] o
E(TRY, Korea), 7}$] Sansei, Korea), 10 X 10 cm A}°]
=9 AZ(=AAL, Korea), nitriled3} (Sol-vex®237-676,
Ansell, Malaysia), <3 A3 & SHE& AAG>
Aerosol OT-75 A A|(A7F3}8MAL, Korea)S ARE-519 0
3FxE 54L& O% personal air monitor air pump
(Gillian Model 224-PCXR7, MSA, Dong Ha Trading
Co. Ltd., Seoul, Korea), IOM sampler and cassette
(225.70 A, Eighty Four, PA, USA), glass fiber filter(25
mm, SKC, Eighty Four, PA, USA), 23§ v}~ (3M-P/
N 9322K, M1, USA)E AHE-sISItE A& 9 s, #=9]

F= 8712 Al=el weh 2000, 1000, 125 mL bottle
(Nalgene USA)8] & AHE-sI3 0 glass fiber filter %8
©2 50 mL tube(Falcon, USA)E AH3IItE A5
Shaker(SR-2w, Taitech, Japan)E ©]-g38l%om wEAY
of| ARS-¥l 714 57971 Kestrel® 4500(Nielsen- kellerman,
PA, USA)S AH-8ISITh
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Table 2. Application information
I Grape orchard
Application
A B C D E F G H I J
Type of spray application SS SS SS SS SS SS SS SS SS SS
Nozzle pressure (rpm) 1500 2000 2000 2000 2000 2000 2000 2000 2000 2300
Applied active ingredient (g/L) 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Application time (min) 144 119 131 71 154 89 100 124 124 99
Application area (m?) 6600 6600 6600 6600 6600 6600 6600 6600 6600 6600
Application liquid volume (L) 3000 3000 3000 3000 3000 3000 3000 3000 3000 3000
Application dosage (g) 2250 2250 2250 2250 2250 2250 2250 2250 2250 2250

Table 3. Analytical condition for dithianon using HPLC-
DAD

Instrument HPLC
u (Varian Prostar 212 LC, Varian, USA)
Col Phenomenex NX C18
ormn (250 X 4.60 mm), (5 um )
Detector Diode Array Detector (DAD) 254 nm

Analysis time Solvent

(min) (v/v)
Outer clothes 30 65:35
Mobile phase Inner clothes 20 70:30
Gloves, Hand 20 70:30
Face 20 70:30
Breath filter 20 70:30
Flow rate 1 mL/min
Injection volume 30 uL

FH 062 2097H] AlES FaERslon o] 73t 7 71
17.3~31.6C, AthFEs 22.9~86.2%, 342 0.0~1.0 m/s
AEEA ] AHEE Az Ae 108k 25 3 Ho] odFgo)
7} F7telA Al WHe R Faleiglon Aol ZA
B 500 L] Algkrol tEjoke 3k4] 500 g+ 3]st
of Ay ols A sk A A, 71EA 4 9 AR S
5 siglon, Sojakke 718k, Al AxAprt of
W Agxlo] sy, 7; wrtellx] el Ashs B
A3t SS71(Speed Sprayer)E AHg-ste] A5 st
o]g3t FOEY K= Table 201 YERHSITE

ZH H H2EZ AN I8 I 58 E £F

FOF A 5L ARREA A1, uil, nitrile s 285
om A F At Bl WSS B ob/H, 990l
S F/, stk 2/, A #/ g, el H/PE A
detgirh =% 5742 Sl8] nitrile A 711 A9 A
getslom, A9 F5 F A 1 LOS5 L A 28)= F3F
= AlFste] FASI. A3k A8 & oA A3t 5
Azt PHow AHSIT AANS AAE Eoll 4 st

0.01%7} HE5 whgo] ARk d=v 52 AR s
=3 7= 23] wol gl Ax S AlF S A
AT BE Mg ol A 242t Aol ol g
= $Hkslo] st 20CE BBl 58 wF
HEE poke] A 4l AEA] FEe
Aalal, Fel= TF700 7R AR F JEE A
A 871 T sk A A5 2 L/mino % 27
z H A4 TR F FEe FHE 870l Hoh 3
Az &

Az FAz2| & 717184

AN =T} YE52 7F FHE AR E A QlE 5U9)
7 A At FF 8710 ¥a w58 J9elE 1000
mL, 77 £i= 300 mL2| acetonitriles 37}5t9] 300 rpm
O 1ARE XY FE3IGITE A= 9 e 24 AY
sg7]0l vz Yol &%, olFsiflorns, Wkt ¥ A
2 7] A2 100 mL, ZE] 10 mL acetonitriles 3 7}s}
] 300 rpm o2 1AIZF X8 % etk A1t & A1H 9
2 7] AE S 20 mL2} acetonitrile 20 mLE 50 mL
tube®ll 93l NaCl 5 g& #7ket & z1gste] FA|A70 H
AN Ao ARSIty FE0] Bt AR+ syringe
filter(0.45 um, PFTE)Z oj¥ste] #4319tk A8 &
dithianon®] 41> DAD(Diode Array Detector)”} &t
¥l HPLC(Varian Prostar 212 LC system, USA)E A&
sl om AEd-S 254 nmE SFATE e H-9¥ matrix
gkl ml 271E vk Addste] 248 tH(Table 3).

BEEZAEM 2d A ASSH ¥ "I

Dithianon ¥3%(99.8%) 0.050 g& d&alA Falo
1,000 ug/mL7} ¥%% acetonitrile 50 mLel| £33t
stock solutiong ZA|5FAtE ZAE stock solutions
acetonitrile® T2 07 343 0,05, 0.1, 0.5, 1.0, 5.0,
10.0 pug/mLe] EFENE A A8 BF 492
HPLCell 30 pLA FYate] Ao A4S gelsalrh
AEeAI9 A=kl A 15898 30 uly HPLC
o F4J3te] AZvHETH L] signalZ noisel] HIE(S/N)
S o] 3~591 FEE HEHAE el dukdo®
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B AR 7 479 dithianon ZEFEH(1LOQ,
10LOQ)S HPLCe] 20 pL® %207 314 9519
WA vy ARVEETR ] wE AN, ¥1Ee) A
= v, AEsSiTh

HI

A

24 2 e Aol 242 30<30 em A7 E A}
£ 1LOQ(0.05 pg/mL), 10LOQ(O5 ug/

mL), 100LOQ(5 pg/mL) o] HES ZHzt A2jskil
acetonitriles 37151 300 rpm O & 1417 Xg F=53}0]
syringe filter(0.45 um, PFTE)= HE{3SIc). Bt 47t A%
ol &= ARl AZXAAY 4 mL 37}, Glass fiber filter?]
AelE 247t EEE0S 1L0Q, 10LOQ, 100LOQ +©]
HeF Z2F Agsilom At ul & AlF e Zhzke] A%
A 20 mLE FH3gt T acetonitrile 20 mLE 50 mL tube?]|
il NaCl 5 g 7kt & x1"ste] GAA70 7 dsds
F5to] syringe filter®= FESIIT AZ=(MAY 4 mL 3
7het fEld528+ 42 acetonitrile 100 mL2}+ 10 mL
g 7Kt X"EE o - syringe filter(0.45 um, PFTE)

2 JJEio}‘ﬂE} oyt 35S 9%t FE N HPLC 30
LA F9lato] A5 om E 48 AP 3tEoR
?fﬁio}%t}.

EA3TES 9 g A Y8 815,100 LOQ
= 9 e adE, o

5 22 2719 AYEeR AE EiJi I Zhe0N =F
A3t FAs A7E FQE RSy e W] 5 AlF st
of AlHNE RHEo] AREEITE Glass fiber filter air
pumps} AAste] EFxAN FLA AT F A

ok 18l & MRS, AZXAAN 4 mL J7hE WA Al
0] S1 s B WYY, HE sl

71 XW}X] %Eﬂﬂr( 20 C) F 9o e

wEFE B sR9 449 AR FE8vPe wet
of AEsGit) We] wEFS dud) 55 the S AN
W) witell HE AEE wEge] 25 walo] AESSivh
S5 w29 AF 371 929 {50l 2 mL/min, A9W
TELEEI}F 1270 L/hro]7] wjie] 7]7] Aoz Al &
FE 3] BEO FHOE o] RN 5F wF B
EE AT F, Al SEEEE wote] A SEEY
= TRk

Dithianon2| Alxt Ti20lIM SEHXL =& PloHA H7
h—.ol:g] Ak u] }_x-]]g] /x]—i]— = H HE7]- l-:% AFST /\01—

1008 43to] 22 saiel 9 7} 9] e
wESE 298 298 LS. 2 1088 wE

[

b ol

o mloil

75 percentile #C % $RIeIGI, Bt AT 70 kg
é alet. 9 w22 RFIES aEske] Ui
FE 0% ADE(Actual dermal exposure)s A4 3k311L
HF-FTE 10%%E AY38IItHHong et al, 2013).
9184 B7H= TER(Toxicology/Exposure Ratio) ©9]
£ ARl om AkAe- ths) Ak

L =8 10 oTWT, ol

{(ADE X< AF) + AIE} +~ (AOEL X BW)

[AOEL: acceptable operator exposure level (mg/
kg/bw/day), AF: skin absorption factor (default 10%),
AIE: actual inhalation exposure (mg/day). BW: body
weight (70 kg).]

-

BEATM 2 A AEsHA 2 HFsH

HPLC 4 A] WZ matrix matchedS %] QoBu g
FAY AR ETES R A sl
A3} dithianon %% AA= *J%O] ART BE AR
A TgE HEE A BeES UEigoy #
7h §lofAl Hekde 2
A A, 35, A5 E %
BA X AFRLEE ok 22l s BAgle] Hekd o] A

J
_|
41:
o n

How % ol Ayl

-‘EJ— O 1 AT =
A28 AAKsE A R* > 099 o4ke] Atz ¥4 Aol
AFE Bk & AdelM e HEA= S/N 4.09

0.01 pg/mL= 240 A= o9 5921 0.05
g/mLE 733 tHTable 4).

b | x —oO
X9 7 AR FHE AR T 5 FE(1L0Q,
10LOQ)& Aeata 35He A 23] B350 Ashy wl Ay

=5 At A3 intra, interlX BT £10% ©]3te] A3}

- “
S ekl 20l AR HIEE Susiel A7 o
Holm AR gl AL 59T 5 e Hlslgh

g Al™
T 67 =F AR S WEEE, A4 A7), 35, 7
%, EIH%, ARl 1 L0QE05 g/ml), 10
LOQ(05 pg/mL), 100 LOQG pg/ml) 5502 34
A&st A3}, Ht 75.8~108.7%2 34& W CV 10% ©] ]‘
2 2 ARAH wAelM Y sk FE 82 AE F2
I}= B tKTable 5).

Ao A dithianon EFE4S 100 LOQG u



306

Cho et al.

Table 4. Linearity of the calibration curve and limit of quantitation (LOQ)

Matrices Linear range (ug/mL) Calibration curve Linearity 29) LOQ (mg/kg)
Outerclothes 0.05-10 y = 33244.9897x - 3982.3691 0.9993
Inner clothes 0.05-10 y = 33224.0892x + 18956.7848 0.9998
Gloves 0.05-10 y = 33419.5313x + 3391.4527 1.0000 0.05
Hands 0.05-10 y = 33419.5313x + 3391.4527 1.0000
Gauze 0.05-10 y = 33831.5434x + 245.3930 1.0000
Filter 0.05-10 y = 33831.5434x + 245.3930 1.0000
Table 5. Recovery of dithianon from exposure matrices
Matrices Fortification 1 replicate 2 replicate 3 replicate Average (%) CV (%)*
1LOQ 103.9 99.3 89.1 974 7.6
Outer 10LOQ 90.4 9.7 94.7 93.9 32
clothes
100LOQ 99.4 98.7 93.1 97.1 35
1LOQ 81.8 89.0 87.3 87.3 3.8
Inner 10LOQ 79.6 81.9 79.2 79.2 1.5
clothes
100LOQ 88.7 89.5 86.8 86.8 14
1LOQ 100.3 100.2 102.8 101.1 1.5
Gloves 10LOQ 110.1 102.6 109.5 107.4 4.2
100LOQ 108.4 109.7 108.0 108.7 0.9
1LOQ 73.2 76.9 774 75.8 23
Hands 10LOQ 95.5 93.9 95.4 949 0.9
100LOQ 94.1 92.6 91.3 92.7 1.4
1LOQ 91.6 87.1 80.6 86.4 5.5
Gauze 10LOQ 96.7 95.5 95.2 95.8 0.8
100LOQ 96.5 95.6 96.8 96.3 0.6
1LOQ 83.5 83.3 72.8 79.9 6.1
Filter 10LOQ 88.9 86.5 86.4 87.3 14
100LOQ 95.8 94.5 93.4 94.6 1.2

g/mL)7} HE% 7} Al5e] Afstal A sl W
NE slnh & AlFd, A3t -, A
v AN WA AR A SA W B
sto] FE-AAlste]l A8l 238 E A Ay et
85.1~99.1%%] ¥73]+& % CV(Coefficient of Variation,
%) 2.2%O8kE EAIPo] X8 W A7 o] F
T & e e ZoE ddE.

ZH Al =EE £ An

Dithianon(75%, 2eHs A u] 2 Hod &
“H(ug)> Table 63 Fig. 1] vho} Sl 213} o] F-91d &
kel FE80ES wete] AHEsleith dithianon®] =%
F EEE UE(39.9%), HE(27.1%), Z(19.8%), +(13.1%)
o= yehsth 1070 Alg Frdel w29l 9% =
T3 0472 mg ~ 4.080 mg +7°]3IKTable 5). ©]
Th= oF A Al e A AolM T2 epht gt

e e Hy

B ohjel, g7o] HelE s87]e §71% 34 5 falo]
rom Fe) g7gelel wFol gol B 20w Busgich
EF wEFS BE 10 12 wEHug) (HE: 1918

=)

S < FEEEhHel 10 ¥ $5E(1,270L/h)S 3t
5 2H 10 5 FE #545(120 L/hr) 0% Wre] HE o5

wEFug) ATl E3 ¥ (ug) = 10, HERFS =
120 L/h, 5% = 1,270L/h AAF] = 10 X 1,270 / 120
=105.8 ug). 1070 A1@ Frdollx sAAAe] 5F iz
& 2.646~110.317 pg 01903, I eEHY TF e
S A T =EFFE 0477 mg ~ 40.837 mgTEo] Atk

Az A =5 £ Zu

Dithianon(75%, @ghE A3 & o] 2E
#Hug)< Table 63 Fig. 201 Lo} Q1= 213} o]
Egkel FE8ES wako] AEaigivh dEd #
N Fdolr AP wEF AES dEA L

W)
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Table 6. Exposure of dithianon for mixer/loader (g g) during tank mixing

. Operator
Matrices
A B C D E F G H I ]
Fore arm (L) 1,535.8 2,3439 39728 2,562.8 565.3 1,061.5 663.1 2,796.2 633.3 633.3
Fore arm (R) 2,463.1 468.7 1,371.1 130.2 133.7 1,035.8 219.2 14429 238.0 238.0
Upper arm (L) 181.3 452.6 273.5 356.8 668.9 822.3 4181 1,039.0 148.1 148.1
Upper arm (R) 132.5 580.9 625.5 72.7 230.2 346.2 258.6 704.8 306.6 307.2
Chest 1,0645 9,905 8,330.1 1,828.0 543.6 3,201.3 11,0026 20071 1,060.8 1,352.6
Outer Back 238.3 913.9 549.6 1869 11,0788 1,961.7 1,0339 2,796.0 7723 17365
clothes Shin (L) 1,179.7 9,746.3 14,251.6 86.0 635.5 1,020.8 3,564.9 681.1 143.6 143.6
Shin (R) 12964 59584 8,557.0 945 28080 14102 4,311.0 1,733.3 139.5 138.1
Thigh (L) 684.3 262.4 362.3 688.1 188.1 362.0 333.6 752.1 133.6 133.7
Thigh (R) 377.7 754.9 893.6 334 125.1 530.6 255.7 942.3 43.0 43.0
Hip 25.0 939.9 553.7 112.0 25.0 439.3 601.9 488.6 25.0 582.2
Total 9,178.6 31,6124 39,7408 6,1514 7,0022 12,191.7 12,662.6 153834 3,643.8 5,456.3
Fore arm (L) 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 17.2
Fore arm (R) 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 424
Upper arm (L) 7.5 0.5 7.5 7.5 7.5 7.5 31.2 7.5 7.5 7.5
Upper arm (R) 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Chest 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Inner Back 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
clothes Shin (L) 7.5 7.5 7.5 7.5 7.5 7.5 23.9 7.5 16.3 7.5
Shin (R) 7.5 7.5 7.5 7.5 7.5 7.5 65.4 7.5 7.5 7.5
Thigh (L) 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Thigh (R) 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Hip 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Total 135.0 128.0 135.0 135.0 135.0 135.0 233.0 135.0 143.8 179.6
Gloves 7,699.1 892.3 897.6 532.5 3904 19577 688.8 6,084.0 9015 1,579.8
Hands 25.0 25.0 25.0 25.0 25.0 25.0 68.0 25.0 25.0 25.0
Head (Face/Neck) 5.0 5.0 5.0 5.0 5.0 31.7 5.0 17.7 5.0 5.0
derrrll;citaei;f)sure 17,042.7 32,662.7 40,8034 6,8489 7,557.6 14,341.0 13,6574 21,645.1 4,719.1 7,245.7
Inhalation 34.0 2.6 34.0 17.3 18.8 153 16.3 153 494 110.3
(Dermal Fl:rOtIanlhalation) 17,076.7 32,665.3 40,8374 6,866.2 75764 14,356.4 13,673.7 21,6604 4,768.5 7,356.0
o 25 welo] HF =Eug)o® aiSith vl F5lel opA 9] AEA] FAUAAY] 5O 7 B9 wE3Y TF kEE

dithianon?®] =% &3
Py
.

EE(40%), Z(31.7%), TH

o
=

=73k A9} dithianon®] 5 =E%> 75 percentile A3}

(25.6%), (2.5%) w22 UERTE 1070 Al ZeelellA
FARAAE] N wF FEL 35.613 mg ~ 229.720 mg T
o]tk 1071 AIE Aol s 5 wEE>
9.4 ug ~ 984.8 ug i °I3Utk 1070 Al F=2leflM 52
] TR eEF TEEEE T F mES 35.640
mg ~ 229.886 mg7<-°|3{tHTable 6).

Dithianon2| Atdt BN SEHX =& flolid It
A5 TAAC Y3 107] A Il dithianon

0.151 mgOo® °]= IF =E%1.354 mg)d] 11% 0]
Atk

Dithianon®] 9 %413|3]-8-7]F(Acceptable Daily Intake,
ADI) 0.01 mg/kg bw/day°lil F&PA=ES] 7]+
(Acceptable Operator Exposure Level, AOEL)°| 0.014
mg/kg bw/day (2]32]eREbdA) |22 TER(Toxicology/
Exposure Ratio) #t< AHE3lH 3.421355(>1)% $lallido]
A2 Zlow ddd ¢ Jnk o] Ak WY woke AR

W) kA 9l G7hS 285131 SS7)(Speed Sprayer) AFE-3H
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Fig. 1. Dermal and inhalation exposure on body parts Fig. 2. Dermal and inhalation exposure on body parts
during preparation of spray suspension. during application of spray suspension.

Table 7. Exposure of dithianon for applicator (#g) during application.

. Operator
Matrices A B C D E F G H I ]
Fore arm (L) 264756 60434 153040 27678 157164 10,8920 60538 82252 141708 86738
Fore arm (R) 239675 64827 56278 10330 164937 136531 44311 50797 163850  3,807.1
Upper arm (L) 40,8588 39450 22,1650 54958 180546 17,2271 132604 62004 239955 10,589.5
Upper arm (R) 332325 10,1043 76902  1557.7 164345 3702 65281 95242 32,0032 19149
Chest 32,0270 11,8546 223461 53407 512586 29,6604 10,8324  11,837.3 46,1251 13,339.7
Outer Back 669947 272485 258994 63517 247170 199955 199058 244015 441233 17,1472
clothes Shin (L) 345839  14,527.1 8782 19634 72012 201328 55838 11,6429 35132 35517
Shin (R) 47,6225  11,989.8 98.6 29343 96530 124239 43109 80132 29453  2961.0
Thigh (L) 43585 65392 69014 46410 244430 144321 49355 81763 10,7468 10,7755
Thigh (R) 28,0240 62014 335.3 2758 20,6540 138247 36870 72159 71087  7,118.1
Hip 339537 47734 26124 697.3  13,446.0 77957 77181 181644 143499  5797.0
Total 372,098.7 1097094 1107284 33,0585 218072 1604075 872469 1184810 2154668 856755
Fore arm (L) 261.6 24.1 75 75 50.7 20.8 7.5 56.8 381.0 238
Fore arm (R) 75 75 75 75 25.8 118.7 7.5 862 21419 432
Upper arm (L) 1,260.4 05 75 75 35.8 24.8 7.5 259 867.2 84.0
Upper arm (R) 95.8 75 75 75 57.9 89.3 7.5 75 29541 75
Chest 254.8 25.0 25.0 25.0 600.4 307.5 25.0 57.6 323.0 106.6
Inner Back 219.2 514 25.0 25.0 25.0 569.7 25.0 638  2,999.6 93.6
clothes  ghin (L) 412.1 75 75 75 67.3 329 7.5 244 204 75
Shin (R) 61.2 75 75 75 25.0 441 7.5 56.8 245.3 75
Thigh (L) 172.4 75 75 75 458.6 129.5 7.5 75 163.1 237
Thigh (R) 213.1 75 7.5 75 91.2 745 7.5 19.1 167.3 559.7
Hip 9495 25.0 25.0 25.0 25.0 563.1 25.0 25.0 25.0 25.0
Total 3,907.6 171.0 135.0 1350 14627 1,974.9 135.0 4306  10,287.9 982.1
Gloves 59368 51161 27380 23602  3,8082 88285 24353 36142 34701 932.0
Hands 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Head (Face/Neck) 700  1011.0 275 352 156.5 208.7 12,5 55.1 470.3 1326
T"taelx}ff) Si‘zmal 3820380 1151314 1136538 356138 2235243 1714646 89,8547 122,6059 2297201 87,7472
Inhalation 104.3 372 107.3 26.0 984.8 172.1 94 59.3 165.6 216
Total

. 382,142.3 115,168.6 113,761.1  35,639.8 224509.1 171,636.7 89,8641 122,665.2 229,885.7 87,768.8
(Dermal + Inhalation)

7350l FAGA Al bdsith= A YFe Aolrh KO-POEME o]&3sto] flalds B7hsich ¢ A9
oAl FAA FoREH 7P| UK-POEM(Predictive 2 A =g AIR= Table 8 e} 9= KO-
Operator Exposure Model)(Hong et al, 2013)% -5t POEM ¢ w}2% Dithianon WP A¥x}e] o] &%
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Table 8. Predictive Operator Exposure Model (POEM)

Application method

Moter sprayer-high level target

Product Dithianon WP
Formulation Water-based
Dermal adsorption from product 10%
Container 1 litre any dosure
PPE during mix/loading Gloves

Dose 1.875 L/ha
Application 2000 L/ha
Active substance as concentration 200 mg/mL
Dermal absorption from spray 10%

PPE during application Golves

Work rate/day 1 ha
Duration of spraying 6 h

Exposure During Mixing/Loading

Container size 1L

Hand contamination/operation 0.01 mL
Application dose 1.875 L product/ha
Work rate 1 ha/day
Number of operations 4 /day

Hand contamination 0.04 mL/day
Protective clothing Gloves
Transmission to skin 5%

Dermal exposure to formulation

0.002 mL/day

Dermal Exposure During Spray Application

Application technique
Application volume

Moter sprayer-high level target
2000 spray/ha

Volume of surface contamination 50 mL/h

Distribution Hands Trunk Legs
10% 65% 25%

Clothing Gloves Permeable Permeable

Penetration 10% 15% 20%

Dermal exposure 0.5 mL/h 49 mL/h 2.5 mL/h

Duration of exposure 6 h

Total dermal exposure to spray 47.25 mL/day

Absorbed Dermal Dose Mix/load Application

Dermal exposure 0.002 mL/day 47.25 mL/day

Concen. of a.s. product or spray 200 mg/mL 0.1875 mg/mL

Dermal exposure to a.s. 0.4 mg/day 8.859375 mg/day

Percent absorbed 10 % 10 %

Absorbed dose 0.04 mg/day 0.8859375 mg/day

Inhalation Exposure During Spraying

Inhalation exposure 0.01 mL/h

Duration of exposure 6 h

Concentration of a.s. in spray
Inhalation exposure to a.s.
Percent absorbed

Absorbed dose

0.1875 mg/mL

0.01125 mg/day

100 %

0.01125 mg/day

Predicted Exposure

Total absorbed dose
Operator body weight
Operator exposure

0.9371875 mg/day

70 kg

0.013388393 mg/kg bw/day

=
hl
3L

%21 0.01338893 mg/kg bw/day< Dithianon WPS]
F7F 12Z 518HAOEL), 0.014 mg/kg bw/day(*#2]°F
#k

1=
[¢)
[e]

s
FHAA) % v]ste] TER(Toxicology/Exposure Ratio)

< A& TER(0.014 + 0.01338893)2 1.04563994(>1) 0. %
1 o] o] gJajdo] At dE= ol FA[AA v F
Qe B7ket dAshe Zlolglek NG wE T S

A v}
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He Sl ¥ TER #¥ KO-POEME &3 A=d
TER #t= Hlasiim AAEg wad 4 A, flelert of
3.2 v A gl & 4 glSith

B AFeMe AR 9% = =7
body dosimeter, WBD)= &H3sto] sobes F7F &
skstarat spalvt. @Al sk ARl
T mEH7F WO ARRl patch] 2 B S AA|
HAo® 9t alfof ab7] ulstol el whet HeErt =
& 27k $7F QO PR patchie Ao =9
FoeE b = A FAlel Bl WBDW S A8-ate] u)i
w2 54 S AHste] g HrF e =As
2 F5skE eslsford dert vkl ket

1 H
>
i)

o @ <
39,
rlr

)

Q of

011

T 6719 mE AR S SRR, A4 A7), 25, A
Z, EAAY), AR s AP A, Bt
72.8 ~ 110.1%2] 3582 wlov, Akt grdeln 35
& 24 An et 851 ~ 99.1%°] THIFES e
Dithianon®] 107] A3 el ZAA] F2FAd7e] a) 4
wF % 0472 mg ~ 4.080 mg FwolloH, EF =
FE2 2.646~110.317 pg *ZOWE}. AEA] 107 Hdd

oA E&AAY] I mF TS 35613 mg ~ 229.720 mg
FFoIaL, TF wEES 94 ug ~ 9848 ug T oISl
J8]al A3EA] dithianon?] S5 =E %> 75 percentile #t
°] 0151 mgO % ol IF wEFFHHF)Y 11.2% 013
ok AR wEellA] dithianons AR wo]l sk ¢
a4 7h= TER 3421(>1)0.2 b Zloz ek gick
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