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Abstract This study was carried out to investigate the residual characteristics and risk assessments of the
fungicide fenhexamid in minor crops, such as water dropwort, shallot, Korean cabbage and spinach. The test
pesticide fenhexamid, 42% suspension concentrate, diluted by 1,000 times was sprayed three times with 7-day
interval and then samples were collected at the date of harvest. Limits of detection (LODs) of fenhexamid
were 0.005 mg/kg in Korean cabbage and 0.01 mg/kg in other test crops. Residues of fenhexamid ranged
from 5.28 to 14.58 mg/kg in water dropwort, from 1.34 to 7.32 mg/kg in shallot, from 4.94 to 17.49 in
Korean cabbage and from 5.93 to 15.20 mg/kg in spinach. The amounts of fenhexamid residues in the test
crops were higher as spraying closer to the harvest day. The major factors affecting on the residuality of the
test pesticide in the test crops were specific surface area and morphological properites of the crops. Also, the
estimated daily intakes of fenhexamid in the test crops were less than 1.4% of its acceptable daily intake in
all crops, representing that pesticide residues detected in the test crops do not pose the immediate health risks.

Key words %ADI, fenhexamid, minor crop, pesticide residue, safety assessment
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(Lee, 2013) TH1E2 Hallg WAE 93ty 554 9=
oF kel

gol e, WaljFo] AFA it Fobd + ok &g
TEEA B2 TS ARSIE ATl 8ot oFelE
RS & glo] @
gol lom, A or AAste] Z5A7]7F HH s

T JARe]87Ee] Aol A gdot sdste FoFe]
Bl kel e =414 E14 993 (CODEX) 71
AEA AR ERoA A TY Rl &3 A
HA 71EE AR R 2§ v RAY A o
g WA Ho| & Ag 2 #7] 59 P RS e
7VsAdo] ETHKim et al., 2008; Noh et al., 2011). A=
THEHEFAAAAE 20159 FAE 5
P A A 14,0521 T FAY e 588do®
42% EFSIATRL BAE 2 H(NAQS, 2015), 43
FAHE2 Jeong et al. (2017)¢] Ba1e} 7o) Tty &H
A ApiaeE a2 $oAE GRS 47 At
AT ole AAAF tiite]l 2HA AuiAEYd
ok opug} 2HE0] 544 A5 717ko] &AL oA A A
HatE] = Fore] ofo] Bol wofo] wAkEl| AR 7
o] &7] wZ<|th(Noh et al., 2011).

ot = 2HFE87IEe] AAEA A 2 G w4
E 5 o] AFRLIIES 4EHSE 0.0l mgkgl®
AGA7N e 5 518 d 550 A = (Positive list system,
PLS)7}F 20199 1€ 195H EE & g45EH o
g 735 AR E7IEe] A E UA &tk 41
2 0.01 mg/kgs 2835 o T
= e 7Aool =0k wEtA F
o AHE7FsE TS 55
A E O FEA AN = 2
EReEE ANE ApdeS 2Fstete] tisE Aol o
o AT AHE v o R 2R eTIES A F 1
R ¥3E RE e AS A8 Atk(Bae et
al., 2012; Park et al., 2012; Jeong et al., 2017).

AlE §FQ fenhexamids 19899 =< Bayer AGAP}
Hsted 19999 AYlEFolgS WAlslr] $13 hydro-
xyanilideZ]] AA2 A7) AT} Fenhexamide AE %
oy o] AeF#2l Botrytis cinerea?l = Sclerotinia sclero-
tiorum®1\} Monilinia spp.2] WA= &37} 9lom, x2}
of ol A% H A RS JAlsk] FE Ik, B
of, EvlE, Q14 2o, Al A4 Fof Aot A
YRS WAsh=d AMS-she 2k th(Angioni et al.,
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Jo] F2 M3 slhEo]th(Esteve-Turrillas et al., 2011).
afelE Etstal ol thet AT B A3 54 AFelA
W AFH(LDso)0] 5,000 mg/kg o132 wi-- 4o ¥
of IditH oz FokS ARSE o) 4AZsk $1FS YERA]
o=t B3 vl Lo (BCPC, 2012), U] EPAYIN+=
fenhexamid®] 3]ro] 2 =|2] k7 FFolgde] glom F
7 5 WallEe 5400 et 2 flsiAde] He wekem
53 tH(Hegel et al., 2003; Lee et al., 2009; Rose et
al., 2009; Esteve-Turrillas et al., 2011).

uebA] o] ATe AHA AujAE]l vive, &3, 7
oW, AlEA] % fenhexamid®] 7 545 FHskaL 9
A3e Hrtsl) f18te] skt
HE ¥
ANE s

Fenhexamid®] #F3%(99.8%) Sigma AldricholA T+
sl ARSsilon, A2 g Foko R 42% s (AL,

Hhol =1 § Aol ol 2 AHE-SHT.

AN ZHE 9 28 AE
AR A ] (AU, ok, ol
EA]), B (ERE I OH, 24 A1FL 20164 495

=~
S x}ate] TE B 40, 54, 45, 3647 FEIGTh AT
Table 19 A|ASH vle} 7ho] 8t d Ax Y-S g3t 33
A5 ZHzf 39HE wix|slal WAk S WA s $lst

¢

H =
3 RS 1,0008) 82I3ke] 200 L/10 a (0.084 kg a.i./10 a)
of ofgFo g S BHI|E olgsto] Al Aol o

o] &3] 58 AER ddsH Axsiinh A AeE

Table 1. Spray frequencies and spray days before harvest of
fenhexamid onto the test crops

Pesticide =~ Spray frequency  Spray day before harvest
3 28-21-14
. 3 21-14- 7
Fenhexamid
3 17-10- 3
3 14- 7-0




A0 TEAE S

T kg o3 A
Fshs NP7 B oA
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TE7F 99.8%21 fenhexamid ¥% 20.04 mgS 20 mL
o] acetonitrile®l] 8813l 1,000 mg/Le] stock solutionS
ZA|3IATE. ZA8 stock solutionS 0.05, 0.1, 0.5, 1.0 2
50mg/Le] FE2 843k 3 20 uL¥ HPLC-DAD| ¢
slo] A& chromatogram’de] I3 WA S 71702 A
< AAsiith. 3a& AP FAE Al fenhexamid®]
FFEAE AZTAY 10049 50u1¢] o E AEd &
FHEoF A FUS WO 39 A Sle] Ak

AE 10 g (SZelulF] 75 20 g)S 300 mL tall beaker
o] Y3 100 mLe] acetoneS ¥l 250 rpmolA] 30E7F A
g FE319om, FEE2 Bichner fennels ©]-8-3}]
Celite 5455 FIAA SAAA3 & 50 mLe| acetone> Z
871 2 ZALE Aol ¢ko] oieldt et oS
100 mLe] Z3}A949F 400 mLe] 23} SRF7E S0l

L o5 7] 50mLe| dichloromethanes 7}3F
—Ur— Recipro shakers ©]-8-3} 270 rpmolA 1087+ &3}
= o=z 23] Euisll o, dichloromethane 1]
T MM EFO R gepate] 35°ColA 7t w538l B
AL A EZ ARESITE 130°CellA 5A7E o] EAds)sh
Florisil 5 g& glass column (1 c¢m LD.x35cm L.)ell 712]

7% T 50 mLe] n-hexane® 2 columns M3t} QY
S F 7] FEAE XS SmLe n-hexaned]| ¢
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column Ao 71sle] EewEa 5 &) S5mLE o {;;‘5}
o ZEd ¥ 50mLe] n-hexane:acetone (70:30, viv) &
B 8ol olgle] ARG, & 85 90 mLE fenhe-
xamidE 8FA1A 35°C F8700lA 2t w5319 &

Z = 2 mLe] acetonitriled] #8315t Table 29 ¥ g
R e A

oHMy "It

A8 AE ZF fenhexamid®] PSS JdAHHF &%
(acceptable daily intake, ADI) tHH] LU F 7 FH(estimated
daily intake, EDI)S] %ADIE B7Fslitt. QU354 %
< FHo REH AR XLE«] %_‘%1*13

J 55 kgoi L‘r%M_U% %ADI= 0}31191
2F& 81 THKHIDI (2015).

LT F(merkg - bw./day) =
A7 (mg/kg) x D D2 F4 7 F (keg/day)

S55kg
VADI = A A A F 54 = (mgkg - b.w./day) < 100
A A4 818 F (mgke - bw./day)
=Rk,

& s ¥ sl

vjyg]el £3} 9 AlFX 5 fenhexamid®] AZE SHAl=
Table 40l AAIg vl2} o] 0.01 mgkg, AZouF2] ¢
0.005 mg/kgolRo™, A& A1) 108]9}F 50u)<] G50l A]
A 3]FES et 781 101.7%°]30t}. o]= 5&X18%
(2015)0114 BaE 35S 70-120%2] HS wEato] 3

Table 2. HPLC-DAD conditions for the analysis of fenhexamid in the test crops

Agilent 1100 series, Agilent Technologies, U.S.A.

Instrument

Detector Diode array detector (DAD)

Column Phenomenex Gemini-NX C-18 ' ‘
250 mm L. x 4.6 mm L.D. (5§ pm particle size)

Mobile phase Acetonitrile:water (50:50, v/v)

Wavelength 225 nm

Flow rate 1.0 mL/min

Injection volume 20 uL




A8l ZE Z fenhexamid? XH&F SM

iyl A1 oHAlE 7Y 744 33] AESH T 55 o
Aol AF T AEE 7S Table 5o A vpe} 2+
o] Al Hat FFHFS 5.28-14.58 mgkeo| ATt £}
o] A% 8 1494, 794, 39, 3A7H- 33] 2] e
AlgTe] Hk RS 27 1.34, 2.99, 6.07, 7.32 mg/kg
olon, sizou|Fe] A4 AFE P FFe 747t
4.94, 7.36, 14.69, 17.49 mg/kge] ATt Al AlE3| &
fenhexamid®] Ha HHFHS 593, 8.89, 12.55, 15.20 mg/
keolAth Al 2= BT 8 gl 2Hste] HAlE
A AYPTASE ARl Boed o Xk T
tebuconazole®] ZHFAJo] H|X+= oz Q919 HTS HA
Sk Han et al. (2004)2] A7-ollA] =8 A]7]of] 23 5te] A
E A ELTE ol SE Atk Baret fAkerd.

HEo| HEjsty SMof WE AR 5Y
HZ oA AET g AHT AlEf’l nue, £, Szt
ojaf =, AlEAl F fenhexam1d-4 S-S H|n
Zah= 2717F gk AAl % “H‘OJ?}E FelY W
41:!:]0] uﬂﬂ347] Lq]_,_oﬂ Hzlg]‘— l-:oko] ]jr_
AFEo] 732 mgkel® AE &AE F 7P .
29 79 d7AAFoIA o] 74 o}ﬂl Bivd wﬁmoﬂ o
ST xHAo] Yol A FRTFO] 14.58 mgkgl =
o] FHF o] W HAIGlo] ofx 1 AEA] A= FoFe

He o

Table 3. Linear equations of calibration curves for the
quantitation of fenhexamid in the test crops

Test crop Linear equation R?
Water dropwort y=2.4394x +0.0911 1.0000
Shallot y=2.3443x + 1.3289 1.0000
Korean cabbage y=2.3472x - 0.4899 1.0000
Spinach y=2.2862x +2.3137 0.9996

Sl =
sl ofol it A 3R e ok okel
F U AT S Fo] 30 9IS /sl ol AR

Fo] 1749 mgkgl ® AP A& & 7P =Stk e
Atk Lee et al. (2003)2 2= 5 & Z
A, 7ol 23k 24 BEF), ko] o]sala B4 u)
37l oF M8 5 oY &J‘f’ﬂ ]3]
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ko] ¥l Aol =, Ap=o] FHjeHA S
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Alg &) tigh fenhexamid2] FAAS Hr1sh] {3k
ool 2)5] Sk} ool =A S v wale] %ADIE
Z31%1.0H, Table 60l A|AIgE vk} Zro] mjue], Z3}, 9
olullF, AlF | 2k} 0.14, 0.84, 1.32, 1.02%= Aol <t
3t Folgt AdE QT YhlF o 2 AFEeks FALE
AL AAE AAsL AxATE § ZEeke S
T3l 2 o] WHslelAl ®ok(Awasthi, 1993; Cabras et
al., 2005; Jegal et al., 2000; Kwon et al., 2013). 53] A}
Fe T2 dAGAY T8 Fof Joug ojnf A4S
Eate] AREeFe F7) 7425 (Kwon et al, 2009; Seo
et al, 2010), B2sh= Mo/ Z24¢ AF & AH P—
tl Kwon et al. (2013)9] 7ol AEH &k A%

mlo (NS ri

Table 4. Limits of detection and recoveries of fenhexamid in the test crops

Test crop LOD Fortification Average recovery SD¥ cv?
(mg/kg) (mg/kg) (o) (%0) (%0)
0.1 88.7 1.0 1.1
Water dropwort 0.01
0.5 84.4 2.7 32
0.1 101.7 3.8 3.8
Shallot 0.01
0.5 89.5 1.5 1.5
0.05 88.2 2.5 2.8
Korean cabbage 0.005
0.25 85.4 2.7 32
. 0.1 78.1 3.7 4.7
Spinach 0.01
0.5 84.6 34 4.0

9Standard deviation. ®Coefficient of variation.
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Table 5. Residual concentrations and dissipation rates of fenhexamid in the test crops

Concentration (mg/kg)
Test crop Spray day before harvest
Rep. 1 Rep. 2 Rep. 3 Mean + SD”
28-21-14 4.66 5.83 5.34 5.28+0.6
21-14- 7 8.01 7.34 8.07 7.81£0.4
Water dropwort
17-10- 3 8.72 9.01 9.13 8.95+0.2
14- 7-0 14.09 15.06 14.61 14.58 £0.5
28-21-14 1.25 1.42 1.34 1.34+0.1
21-14- 7 2.82 3.20 2.96 2.99+0.2
Shallot
17-10- 3 5.56 6.59 6.06 6.07+0.5
14- 7-0 7.49 7.02 7.44 7.32+0.3
28-21-14 4.47 5.07 5.29 494+04
21-14- 7 7.03 7.45 7.59 7.36+0.3
Korean cabbage
17-10- 3 14.62 14.66 14.80 14.69 £ 0.1
14- 7-0 17.14 18.23 17.11 1749+ 0.6
28-21-14 6.01 5.95 5.84 593+0.1
. 21-14- 7 8.93 8.89 8.84 8.89+0.0
Spinach
17-10- 3 12.28 12.86 12.51 12.55+0.3
14- 7-0 1491 15.17 15.53 1520+0.3
Istandard deviation
Table 6. Risk assessments of fenhexamid in the test crops
Highest residue Food daily intake ADIY EDI”
Test cro %ADI?
P (mg/kg) (kg/day) (mg/kg * b.w./day) °
Water dropwort 15.06 0.00102 279 x 107 0.14
Shallot 7.49 0.01233 02 1.68 x 107 0.84
Korean cabbage 18.23 0.00796 ' 2.64 x 107 1.32
Spinach 15.53 0.00723 2.04x 107 1.02

“Acceptable daily intake, ¥Estimated daily intake, (EDI/ADI) x 100

oke Zole 7MY 2 Wigelgt ®agh ‘j} ‘:} g
Angioni et al. (2004)°] A+ A3} 7] Z fenhexamid®]
AFFE FEERZ AF A o 43% 2AFH I A AR A
%t 60%7F ZAAEYE Hio wEl A ZAE 3 fen-
hexamid®] 2% AFoll wE 2A) i oS wold A
o2 At

ZAte 2

E A3E 201695 A Eo)okZobAn] 49l HA|
o] A7) #9(20160238412-00)°) AEH S3E9om,
olol] ZAL=Hu}.
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