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Abstract Recently, orchard control is equipped with automated facilities in order to labor-saving and
control diseases caused by insects and pests. However, citrus orchards are small citrus trees and high in
planting density. Therefore, Therefore, the automated facilities suitable for citrus orchards are needed because
the automated facilities used in other orchards are not suitable. The purpose of this study is to determine the
applicability of miniaturized speed spray compared to engine type spray used in citrus orchards. This
experiment sprayed dithianon with engine type spray, speed spray and compared the amount of adhesion by a
spray system using citrus leaves and water sensitive paper. The operator protective clothing was used to
determine the operator exposure. The adhesion of citrus leaves was 2.13 pg/cm?® for engine type spray, 2.59
ug/cm? for speed spray. The operator exposure was 0.38 pg/cm?® for speed spray and 2.10 pg/cm?® for engine
type spray. In the citrus plant, spraying a speed spray showed a higher deposition amount than that of the
engine type spray. The exposure of the speed spray was lower than that of the engine type spray.

Key words dithianon, spray system, citrus leaf, deposit amount, operator exposure
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ARH AR-Elo] RATH(Choi et al,, 2013). E3E Q179 578 AHEE ske Jlo] Hlg F231TH(Han, 2013). 22 T
of We AWH S0 B Fuish A Hgo AF o] AR $HHE ARE YEele) WAL Bk op]
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B3 g @A) $83 LS skl 3Urk(Jung et al,, 2013). A2, Aagere] osiety 54, A, Al u
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23 5Ao] F83F 8910 = 2Ag3ith(Han, 2013). o]
A zE 548 whehA %E]r?‘liﬂl olg|gh A
71zl s A 7+ E
(Poulsen et al., 2012). &
o7 F7)eut WA 2 gr’ﬂb
o] AR50} $ko1 (Koo, 2007), 811%4 A
ko] AFA e flolw #dA e
X AR, g s WA § o
0}3’_ 2THSon, 2012). WA 717} 7HHLE]%
A Hgont Foke W ozt A w
23] A & 5 91, ol Y A% v)
7H7E A ] ATk AR AR AL
91}:% Ak t:fj_ 7ﬂo /\1-_7_5] b:oko] 20% ]
HAE L, 65%= AR, 15% oS th
=0 80% o]/de] Fofo] @H] ¥ AL S 0 ¢
2 BIHATHMAFRA, 2002). L3k, 5o
7FshaA 59 Sl = 03}%2}01
Aoz w2F 7lsAo] =oAL ¢
Ao WA, 2, NS
s, BAYAE GEHE F 5
F T A2, BRI 58 1903t 2 d
(Exposure scenario)llX] 5o =Z =™ (Ramwell, 2006),
oln 838 =F7 2 (Exposure route)E= IH=E
Ai=Zo]t}(Fenske et al., 2005). °]&s =E2HZE Fot
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Tl JES AR S 2T AL 2 Slsie] B
T 5ok 543 =2l 22 Urh(Turnbull, 1985). &
oo wE e 7 FAAA AAAIZY, FokHe] HEA]
7y A7), AE, A AR, e, BEE 7]
x2Sl osl Y-S Werh(Calumpang, 1996). 53
A 9 Ao gy we Axshs W] g, &

Az == g %3 9@k Kim 2014y
engine type spray® XLl FokS AEF S u =5
A= 7K 17.27%, 5 12.08%, 31HA] 13.73% OS2 e}

%om, Lee (2016)2 speed spray® Alztahgloll AEZ3S

T 5 934%, 715 8.44% £08 HS w=ZEkS vEhith
3 Stk ol HY e Axr)7d ne A =

e e =

729 A% Al WAL 21241 ha® A= Al B4 o
H] 99.9%% AlFolA 2EA|staL k. AlF HEe] F ALt
Fe oF 655 ES 2 A|FE tishs T3 A5EEol
TH(Jang, 2016). 7‘%011—& 3571A o)de] HWalrt dAsl=
Ao gl Y A} He WalEe g2 FH,
Cejo]d | #Ho So] HEoFtHNam et al., 2009).
et 2k WA 9] 7S AR A AR #AL A
A7) ol 71Ee] g2 FoAM AREsleE tPstE &}
sapdu)e] Ago] E7lssih.
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meba] A gdel 9 AW Al AMgse
dithianong ©]-&-3sfe] A UET} F2 HEahee] 549
oA JhEet 2¥3LE speed spraye] F-EEF @AY B
T, FAAA =2 S motste] Il e A
7} A &7FsA] vietetarat st
Mz 2 g

ANEAS U ABZE

Aol AR 2FA| dithianon (99.0%) XFES Dr.
Ehrenstorfer GmbH (Augsburg, Germany)ol|X 75} A}
4319 tH(Table 1). XFES 1% acetic acidE Rt
acetonitrilecl] &43}d 1000 mg/kg®] stock solutionS 24|
sto] ARESIlAL -20°C WskEd & Qo] w2} working
solution® 2 3|4 5}od ARE-3ISITE, A ¢l ©]-8-3k acetonitrile,
acetic acid= MerckAH(Darmstadt, Germany)2] HPLC
grade® FYJ8lo] AFE3}9] 0 QUECHhERS AA 2 S ¢35t
Al%F QUEChERS extraction packet (AOAC 2007.01 Method)
+ Silicycle (Quebec, Canada)llA] 43t A3+t

EAAIE] ARESE ofAl=  dithianon FEAJE ﬂako]
75%21 T, dEhE ARSI R
TeeJet Technologies (Wheaton, U.S.AAFZH-E —_[Lao} Ho
H, filter paper= WhatmanTM (Maidstone, U.K)®] 13t
ARSI, WAE-2 35% polyester/65% cotton2] AE
S Uniseven (Seoul, Korea)’\]'i—rﬁ T ste] ARE-sHATH
(Fig. 1).
AN rE AFE AAZA oA SHAA 5243t
HEATAE EHAAA s en, 7t AEA|AE
Sk WHEAG ke 57 ke A E]ste] Al st

W (10

Table 1. Chemical structure and physicochemical properties of
dithianon

Dithianon
O

Chemical structure | SICN

s CN
Class Quinone
TUPAC name 2,3-dicyano-1,4-dithia-anthraquinone
Molecular mass 296.3 g/mol
Vapor point 2.7 x 107° mPa (25°C)
LogP,w 3.2

In water 0.14 mg/1 (pH 7, 20°C).

Solubility In chloroform 12, acetone 10, benzene 8

(all in g/1, 20°C).
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Water sensitive paper

Fig. 1. Materials used in the experiment.

Protective dothing

Filter paper

Fig. 2. Pesticide spraying equipments used in the experiments.

Table 2. Characteristics of the sprayer

Sprayer Nozzle Type Pressurg: Nozzle Size Flow yate Speed
(kgf/em?) (um) (L/min) (Km/h)
Engine type sprayer Irrigation 20 13 5.3 -
B e
A A|AE] Table 3. UPLC operating condition for analysis of dithianon
EAANG| AL A= F Ry, dubx o g A} Instrument Acquity®, Waters(U.S.A) UPLC
4% engine type sprayS WZT-C2 speed sprays A Column Acquity UPLC®, BEH C18
&to] B wEFth(Fig. 2, Table 2). ©)& FH A E=} 78k . Distillefi water (Solvent A)
4R GBI ABATAS, MO -0 mmin
Flow Program 0-5 min: 20% A, 0-5 min: 80% B
BEHEY &Y 4 s|+EAMH Column Temp 20°C
Dithianon standard (99.0%) 10.1 mgS 1% acetic acidE LC detecter UVD 254 nm
k-3t acetonitrile 100 mLell =<4 100 mg/kg®] stock solution Injection Volume 5ul
S W=D, oS 1% acetic acidE RSt acetonitrileZ
3|Mated 0.005, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1.0, 2.0, (AOAC 2007.01 MethodyE 7+t § 247} hand shaking,
5.0, 10.0 mg/kg®] working solutiong FA|SF & 5uLE F 3000 rpmel| Al 5E7F centrifuge ST S 0.5mLE

Ysto] peak WA 7|FoE st HAls AAdatlon
A EdE A siith. 3 AP A9 AEe
g U 2x5eme A2 AAst o] &3IGith 9] AR
£ 1% acetic acidE -3t acetonitrile 15 mLE 713t &
07+ JH - FE313 T} 6 g magnesium sulfate anhydrous,
1.5 g sodium acetate”} ¥l QUEChERS extraction packet

(98]

1% acetic acidE 73t acetonitrile 0.5 mLZ 3|43k &
0.2 um PTFE syringe filter2 oJ3}35}¢] Table 3<] 27‘]23
UPLCE 438151t A9k =&F 34 we

& A 3 Y 20 cm x 20 cm@] HEHOo® -‘.ﬂ#g ﬂH
to] A& 2 ARSI TtHFig. 3). ©] A&l 1% acetic a01d
SR8k acetonitrile 300 mLE 7F3F 3 12087+ X& -

ol

il
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a) Protective clothing size = 20 cn % 20 cm

Fig. 3. Protective clothing for dermal exposure analysis and its size.

Table 4. Recovery and Limits of quantitation of treated pesticide

Part Fortification ~ Recovery + CV? LOQY
(mg/kg) (%0) (mg/kg)
0.2 90.7+2.9
Leaf 0.02
1.0 116.8£3.9
Protective 0.2 110.8 +3.7
. 0.02
Clothing 1.0 108.4£4.6

9 CV = Coefficient of variation
® LOQ = Limit of quantitation

2319t} 45 1 mLE 0.2 um PTFE syringe filterZ <]
751o] Table 3¢] 27402 UPLC-UVD (Milford, U.S.A)
2 FAsI9oH, BE FAL 35k ST

=

Al woke] RS 918l UPLC-UVDE O]ﬂo}oq
dithianon®] JEFAFNE s A3 ARAGT=
099902 =& HA4E Yepdrt A Ehﬂﬁﬂ(lelt of
quantitation, LOQ)= 0.02 mg/kgelon, £ HASS
el FAY 7 3t BAEd 0.2, 1.0 mgkg FELE
skl dithianon 58S F7HeE F 339 A3
< gt e AE A g d B9 90.7 £2.97%
116.8 £3.92 ZHE 2] 4% 110.8+3.7, 108.4 +4.622 3]
& & H(70~120%) °IHie] 35&S HIAL, WolA
(Coefficient of variation, CV) 10% °JU¢] =& =
S THTable 4).

dEA 2 RAEES vlwaly] Q8] o] WA
g5 (Active ingredient)?] Oz WWEA St}
OHA| A & opdle] miE FA] A FHste] FAFS A%

73} engine type spray®] 7% VT AHellA 2.82 g/

gx

Table 5. The amounts of active ingredients of dithianon
according to the height of citrus leaves

(ng/em?)
Sprayer High Middle Bottom Average + CV(%)
Enginetype  H e 152 206 2.13+30.61
sprayer
Speed spray  2.39 3.42 1.96 2.59+28.97

M Engine type spray
M Speed spray

pgfem?

High Middle Bottomn
height on citrus leaves

Fig. 4. Spray deposit by height on citrus leaves.

cm?, TYF-NA 1.52 pg/em?, SHEOIA 2.06 pg/em’E LFEL
ST} Speed spray] - dF-olA 2.39 ug/em?, T
A1 3.42 pglem?, SHFOAT 1.96 ug/em*E UERSTH(Table 5,
Fig. 4). Engine type spray®} speed spray®] F-2HeHS B
&l -2 o speed spray’t “JZ 22 engine type spray°l
Hlgl &2 TS Hel 2102 ettt Han (2013}9‘

AR Rl B A7Asjolr AXEFS T2
ﬂalohﬂﬁ}': efelfo] S| =gsl7] o7 erOﬂ sl
el 7P A e AT 2SS 2L skle,

o 499 A3 S SRR K EE YRS

Bolo} ol §d2 e 2717k 5-10m =7]9] Akt
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Table 6. Spray deposit amounts of front and rear attached filter papers by height on citrus leaves (ug/cm?)
Sprayer High front High rear Middle front Middle rear Bottom front Bottom rear
Engine type spray 0.10 0.04 0.23 0.05 0.09 0.23

Speed spray 0.22 0.19 0.34 0.36 0.21 0.07

M Engine type spray
M Speed spray

04 7

0.35 +
03 -

0.25

] ji J 11

Highfront  High rear Middlefront Middle rear Bottom front Bottom rear

Front and back of citrus leaf

pefem?
o

-
w

o
[

Fig. 5. Spray deposit of front and rear attached filter papers by
height on citrus leaves.

s20] wja) 7RI} 35 m2 B 2] Wil 14 S
o2 epojo] 3 U Aoz Heke,

Filter paper ¥ ZtX|

A A2 ofA Hlazstz] 918l Afilter
paper ¥ <FAIE o]&-ste] H|wskSiTt. filter paperst 7HF
9] 739 oHAl A 7 o] UsiHe] Falslo] AY
31990, filter papere] 7% dithianon®| -FrEAd%, 7H4A|
©] 7% dithianon®] oA EE =2 melalt}. Engine type
spray®] 73-%- SZHEE ot AN T LB
2eS WAL, speed spray®] 744 ofgNE el 7P
B8 VERATHTable 6). A A|2~Ed 743 9le]
O] RS HokS o) o ohHe] FArEke] W
B2 B} =94t Sanchez-Hermosilla et al. (2012)
EnE shp-2ox T =5 7Pk 9] Fabke]
O Fom yite] ke 90 34.9-46% kil Hals)
A=t o] B9 AAZ kAol AH FAe}r| oL 1
¢ SHET Ay Fsie o] ¥ w2 FAEE He
Aoz FAETE Speed spraye] 7% engine type spray:.
o} SlHel] F-2kao] w9kth, 1 991S speed spray?] -
air-fan®] EAJsto] oA ofoll AT AAEE HILHA
A olF, FAAI|E air-assisted spray ¥2]o]t}. Hislop et
al. (1995) air-fan®] FaFS LolR7] $I3}e] air-assistance
o] AEE ofe] AR o2 AH], 7+ 28]aL HUE AL
&3 e o]FA Al TR o] FAERS AuE A3
air-assistance®] FFo] AAHE AAFF F2pgFo] Yotk

Ao, Mjm
M
el
bl

o

o KO kI U
i

Fig. 6. The shape of water sensitive paper per height by
pesticide spraying equipments (A: high front, B: high rear, C:
middle front, D: middle rear, E: bottom front, F: bottom rear).

3L 313tk T3, Holland et al. (1997)& 3]44] E57]2]
T YA FEE 9 SlH| woko] RdE]7] 9%k
3L 33T speed spray®l 739 AE7]9] UEH2 engine
type spray?} B]STSEATF nozzle size7} 1.2 pm%Z engine
type spray®rh B 2t} webA speed sprays AEA] THE
o] S FEgo] =2 AL speed spray?] air-fan?t
speed spray®] 42, O Z-2 nozzle size ¢ °lF= F-2+
&o] =& Z o2 FH),

A7 =] A & whE T 200 L0] A
st o, 7129 ti279 engine type spray$t 2% s}
H speed spray®] =FHS Hlawsl] flste] AEA] 7S
Bo] =ZHe 79 7 s9AT 43ks s =&
F AP 3lth Table 70141 B vle} 74o] dithianon®]
Y P22 engine type spraye] 3% el Aol 0.88
pg/em’Z 7HE B mE S B, Aol A 0.16 pg/
em’ 2 7 A =&3S YeRN St Speed spray] 7
S o] sdel 0.13 pglem’® 7P Be =& VER)
Aom, sk HHe] 0.07 pg/em’ 2= 7FY AL wEFS
HATHFig. 7). Kim (2014)2 engine type spray= L% ¥
doll Foks A of AEHA dy] F8 =FF9e
7HE 17.27%, 5 12.08%, 31HA] 13.73% 08 XTU5
o] EA 7, 5, slHAAE 23Nt =2 e =
o] #=A U2tk stk Cao et al. (2014)2 whole
bodyH& ©]&3s I EANA imidacloprid®] FZAA &
of SN AA 79 T AT =ETe]

oF =%
74 =L 19T NuyttensS (2009) EFFE Al A vl

rr

32 ot
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Table 7. Body Exposure of dithianon by Spray System (ug/cm?)
Sprayer Top of front Top of rear Bottom of front Bottom of rear
Engine type sprayer 0.88 0.16 0.82 0.24
Speed spray 0.09 0.13 0.10 0.07
Engin S| = —
zBusine the 1Y wzoke wol o W,

1 AROE 7H oA A 549 B 2FskE
os 1 speed sprayS ©]8-3to] oFA| A A] TR FAPA} =
il 7S IR A3 7] A Q] engine type spray: T
Z: 4 =2 RS Beom &7 A3l speed spray

1. 7t #YAEQ] engine type spray T O @S =238 H
% 0a | Aok, wEh AAYEs} B s 54 W &9
03 1 sl¥ speed spray’t E=UEW AEeFHE 7 oY Y

0.2 4
g I -
o+ T

Top of front Top of rear Pants of Pants of
front rear

Body parts exposure

Fig. 7. Body parts exposure level of dithianon after spraying.

Aoz lF ). o] 7% engine type sprays QA
= Aol ol 41.9%, dHe] Al

39.0%, 3F2] SHANA 11.4%, 2] SHAA 7.6% =2
2 LE2YS HE 1 UFE AR 719} vl
St zolol|x] A}y wiie] 7hE} WAl HEWNEI} =
& o) gt so] ohi RN kEgo] &7 4

Ao F Foer)

Lee (2016):= speed spray= Al xS o 5
9.34%, 7 8.44% O ® E2 =EHS eI 319
o] A& AU e HHdA 333%= 7 =
=Z o] Uehsg=tl o] 739 speed spray® & A
A HARO 2 Q18 12 ofn] AR s e At
 FAAA] =EE Aoz JAdEn. Song (2016
F57] gejoll U2 pyrethroid 5 =% H7HolA speed

o o

BT

N
)

2 =&Y o7} g W AETY] FRHE B =34 4
g A4 Ferky silE), o] 39 e e ok

2231921 speed spray”} engine type sprayoll H]3l
O A2 =2%S BHAth 2 41 T AdsiA
NZFE speed spraye] 745~ A AEA] A 7]OA 10-15m
ol gRAc R 2Fske Al2do|th wZol oAl 4%
Al FAAA A kE2EHE AET 24X & e UF
off FAEoI™ eHA|7F FAdA el HojAle AR
=Z5= YHjo]7] wfiZel engine type spray®r B -2

& Qor) 1 oA RXo <kl FEAAL U £ W
ARG 7l 5 Aov], G obA AEA Tpssit
o B,

ZAte 2
B ATE 525 FEATARIEAHE  PI010478)
o] Yol ofa] o]Foixl AY
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