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Safety Assesment of Pesticides Treated on Garlic to Control Black Rot
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| Abstract |

We tested and selected some agrochemicals reducing the occurrence of major pests and diseases during garlic
storage. Tebuconazole, diphenylamine and prochloraz as fungicides and dimethate as a insecticide were sprayed
or drenched before harvest. And the harvested garlic was dipped in each of the agrochemicals. The residues
of pesticides in garlic bulbs treated were analyzed every month from harvesting time for 6 months. In case
of Danyang garlic, which was treated with pesticides before and after harvesting, the residues of diphenylamine,
tebuconazole, prochloraz, and dimethoate ranged from 0.008 to 0.28, from 0.03 to 0.32, from 0.02 to 0.12,
and from 0.02 to 0.25 mg/kg, respectively. In case of Uiseong garlic, the residues of diphenylamine,
tebuconazole, prochloraz and dimethoate ranged from 0.008 to 0.09, from 0.08 to 0.45, from 0.02 to 0.57, and
from 0.04 to 0.38 mg/kg, respectively. And, in case of Namdo garlic, the residues of diphenylamine,
tebuconazole, prochloraz, and dimethoate ranged from 0.008 to 0.52, from 0.07 to 1.67, from 0.02 to 0.17,
and from 0.03 to 0.73 mg/kg, respectively. Some of the garlic samples treated with tebuconazole exceeded
its maximum residue limits (MRLs) of 0.1 mg/kg set by Korea Food Drug Administration (KFDA), but
dimethoate was detected below its MRL of 1.0 mg/kg. In case of diphenylamine and prochloraz, their MRLs
for garlic were not set. Adapting their MRLs, 5.0 mg/kg of diphenylamine for apple and pear and 0.5 mg/kg
of prochloraz for strawberry and grape, residue levels of diphenylamine and procloraz were below than their
MRLs, with the exception of samples two times treated with procloraz in Namdo garlic. These results indicate
that dimethoate can be used as an agrochemical to control the postharvest disease in garlic in only MRL aspect.
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Table 1. Preparation of agrochemical solution for dipping test of garlic storage

Pesticide Al Content (%) Concentration in diluted solution (mg/L)
Diphenylamine EC 20 4,000

Tebuconazole WP + Dimethoate EC 25+46 1,000+1,840
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Table 2. Preparation of agrochemical solution for drenching test of garlic storage

Pesticide

A.L Content (%)

Concentration in diluted solution (mg/L)

Diphenylamine EC
Tebuconazole WP + Dimethoate EC

20

25+46

2,000
500+920

Table 3. Treatment of pesticides on garlic before or after harvest for the control of rotting disease during storage

T:ﬁ:d Pesticide AL (E/s}n tent CQHSC:& t:;e:;on (:]g;llil}med Treated method

Before Diphenylamine EC + Dimethoate EC 20+46 1,000+460

harvest Tebuconazole WP + Dimethoate EC 25+46 250+460 Spraying : 2L/3.3m’
Prochroaz EC + Dimethoate EC 25+46 250+460 Drenching : 5L/3.3m’
Dimethoate EC 46 460

After Diphenylamine EC + Dimethoate EC 20+46 2,000+920

harvest Tebuconazole WP + Dimethoate EC 25+46 500+920 Dipping : 10 min.
Prochroaz EC + Dimethoate EC 25+46 500+920
Dimethoate EC 46 920

- Not treated




3tk

Diphenylamine®] 28RS BA517] 95k uHsA|| 25
g9 100 mL9] acetonitrile/water Z3%(90/10, v/v)& 7}
3l 5 homogenizer(U tra-turrax T-25, U.A.S.)Z 0|85}
10,000 rpmof| A #A3}st 3 o 3HE 2 A(Hyflo super cell)
7} Q& o TRx|(Whatman No. 2, Japan)S £3HA|A 250 mL
SRETAI F st oS 35T oA AeksE
3to] acetonitriled YT I B & F2 5ZA2 100
mL HAETtATo] &7 3 t}A] acetonitrile® 100 mL &+
29| Wzo] AAARZ A9} Diatomite(EXtrelut NT,
Merck)7} 5745 EXtrelut NT 20 pre-packed column 2
2% 100 mL 5 20 mL& 5| Fslo 7kskal 30 £zt
Asto} S86] AFA & 120 mL2] n-hexane © 2 -§-&3}0]
250 mL SF-ETAA0] QI §ENE 35T g4
Ao wEste] AUAZ F AFES 2 mLo] acetonitrile 2 A

st 5000 ZAK 5% HEY B 151

Saf3te] ® 49 ZAjH HPLCE EA3-%tH(Saad 5,
2004).

TebuconazoleT} dimethoate 8] A5 EA4I317] 9514
oAl 25 go] 100 mL2 acetone/water 23-oH(70/30,
viv)& 7}t & homogenizer(Ultra-turrax T-25, UAS)E 9|
$310] 10,000 pmel 4 2AF F o] YT} BT
olaste] 1,000 mL separatory funnelof 71 th2 254
500 mLe} Z3} NaCl €9 50 mL ¥ dichloromethane 50

2 $AHOR YO ¥ 1087} Ads etk 5 20|
HeE mi7kx] ZAIARZ] - 51529] dichloromethane 3-8 20
g2 anhydrous sodium sulfate 0.2 ZIA|A B3¢t o
of RuTS 23] %3t 3 dichloromethane 23912 35
o) 35C 8240 21 559l0] AINY T H82E S mL
9] n-hexane/dichloromethane/acetonitrile(49.65/50/0.35,
viviv) £l o A gsfste] AARRE ARSI Solid

Table 4. HPLC conditions for the analysis of diphenylamine in garlic

Zorbax Eclipse XDB-Cis, 4.6mm i.d.x25 cm, 5 m (Agilent, USA)

Instrument HP 1100 Series

Column

Detector Fluorescence Detector (FLD)

Wavelength 282 nm for excitation and 361 nm for emission
Mobile phase Water/Acetonitrile (40/60, v/v)

Column temp 35C

Flow rate 1.0 mL/min.

Injection volume 10 uL

Table 5. Gas chromatography conditions for the analysis of tebuconazole, dimethoate and prochloraz-Mn in garlic

Instrument GC Hewlett Packard 6890N with NPD/ECD

Detector Nitrogen phosphorus detector (NPD) for tebuconazole and dimethoate
Electron capture detector (ECD) for prochloraz

Clounm

Rtx-OPP2 Capillary 30 mx0.32 mm (film thickness 0.32 m) for for tebuconazole and dimethoate

Ritx-CLPesticide Capillary 30 mx0.32 mm (film thickness 0.25 m) for prochloraz

Gas flow rate Carrier (N) : 1 mL/min.

Make up (N2) : 5.0 mL/min. for NPD and 60 mL/min. for ECD
H; 30 mL/min. and air 60 mL/min, for NPD

Temperature

Oven 160C (1 min.) = 10C/min. — 280°C (7 min.) for tebuconazole and dimethoate .

100C (1 min.) — 10C/min. — 280°C (10 min.) for Prochloraz

Injector 250C
Detector 300T
Injection mode Splitless

Injection volume 1 pL
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phase extraction-Florisil cartridgeS vacuum manifold. supelco,
USA)] 33K n-hexane 5 mLE Z8j%0] BABAZ
T ARt =&E7) A 4] A gsjde sEs
Xl°ll 7kt 1 mL/min. £=2 Z# o} A4l §
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o Weteh. o 23948 35T S8aAolH 4t $33t0] A
A7l & AFEE 5 mLY acetone 0.2 A83]5}) GC/NPD
2 BEdstqon, EAZRAL % 59 ZtHKaramfilov &,
1996, Rastrelli 5, 2002).
Mno] A5 B4 fstol kA 10
g B0l WA 250 mL FZekAAo] Y& % 100 mL
9] acetonitrile/water Zg+9 (80/20, V/V)‘g 7¥s1ef 300C 2
hot platecl 4 4417} 5t BEAIA 22sHict %) AT}
FYUH| FEES 973519 1,000 mL separatory funneld|
711 A7 EGAT YEE 50 mLe) dichloromethane ©.
2 AlHste] ojH 3t 3 ok S/ 500 mLo} 8} NaCl
€% 50 mLE 7}sto] 10827} ﬂ%OVﬂ At &+
<22 YR BAAR & 815
20 g2} anhydrous sodium sulfate 208 A7 &4 &
vlEto] PHgt 250 mL FLEetA o] Wolth g 35T
TERANA A wFote AANALE BFEO| Y= &
o&etAFo| pyridine hydrochloride 3 g& 7}8tal 24)7¢
52 300C o)A 37 A|A 2,4,6-trichlorophenol & G- E3)
EP 319tk ¥H-E-S 0.2N HCI 50 mLE 7}8te] &8A)71
3500 mL separatory funnelo]] 7] 2822 100 mL}
5N NaOH 11 mLE2 &3}402 7}5}e] pH 130.2 243

Prochloraz-

zo]

3 dichloromethane 100 mLZ

1ol 51222] dichloro-
methaneZ2 2

=S
pHE ¢F 22 2A%}3 100 mL dichloromethane ©.2 Euj|
3} dichloromethane-2
2 A 2y E AR $ 250 mL S-S0 2
Sttt NS 35T g2 4A Y 553t ARAH
o} AVES 2 mL acetone O & A5l & 59 74L& =
A A GC/ECDZ 2,4,6-TCPE 2431 vt} ghAA |4 1.906
< 539 prochlorazg &3} cHDe Paoli 5, 1997).

anhydrous sodium sulfate 2.
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S & sl o, nks & A¥ske diphenylamine?] 7

£ 0.08, 0.4 ¥ 1 mg/kg, tebuconazol®} dimethoate®] 7-¢

= 029 1 mg/kg T18]31 prochloraz® 7Z-%ol= 0.19} 1

go| HA Asteo] 1A A= FA & & A{FEFE

A5kgr.
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SMYo| BEHA U 548

uhsol AlAIE A3 $ AT Aas ARers £
As7] gt £A4W9 St e R 60l Bz Hiet
Zro] }AAZHLOD)T} AEIHA(LOQ)E= diphenylamine
9] 72 0.2 ng¥} 0.008 mg/kg, tebuconazole< 0.1 ng#} 0.02
mg/kg, prochloraz= 0.05 ng@ 0.02 mg/kg, dimethoate+=
0.05 ng¥} 0.01 mg/kgo] AT}, EZ AFEFY B 3eg

Table 6. Recoveries and limits of quantification (LOQ) of the pesticides in garlic

. Fortification level Recovery (%) LOD* LOQ®
Pesticide
(mg/kg) Rep. 1 Rep. 2 Rep. 3 Mean=SD (ng) (mg/kg)
0.08 120.7 130.2 116.5 122.5+7.0
Diphenylamine 04 99.7 973 101.6 99.5+2.1 0.2 0.008
1 86.3 82.4 833 84.0+2.1
0.2 85.6 95.1 854 88.7+5.6
Tebuconazole 0.1 0.02
1 90.46 84.7 90.7 88.6+3.4
0.1 120.5 122.2 110.2 117.6+6.5
Prochloraz 0.05 0.02
1 91.5 954 99.3 95.4+3.9
) 0.2 89.0 114.7 88.0 97.2+15.1
Dimethoate 0.05 0.01
1 108.3 107.4 95.6 103.747.1

*LOD : Limit of detection, hLOQ : Limit of quantification
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< diphenylamine} tebuconazole®] 7#-$- z+z+ 84.0~122.5
9} 88.6~88.7%9]|%.2.™, prochloraz®} dimethoate] 7%
= 95.4~117.6%%+ 97.2~103.7%0]3ich. Blo]A5CV, %)
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S F A 39 HREorS B 23, R Tl
9 7% diphenylamine-2 0.31~1.93 mg/kg, dimethoate
+ 0.23~0.32 mg/kg, tebuconazole-2 0.28~0.82 mg/kg,
diphenylamine®} tebuconazole | tollA= 1, 5, 10 2
308 AREAE ol ARF| Ao, 608 3
A RFel w4 AEEHY drubse Aede
diphenylamine©| 0.18~1.03 mg/kg, dimethoate= 0.25~
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1428.2 mg/kgo|glth. AT ¥ FFAR A% AR
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=9 Fejzt dtol7] medl Al wEE itk

uhs 24 $9 AREA AT, sl ARES
diphenylamine©] 113.0~643.3 mg/kg, dimethoate+= 335.6~
577.9 mg/kg, tebuconazole- 210.2~570.5 mg/kgC. 2 &
Aot} YEnlso| A= diphenylamine©] 1,492.6~4,927.7
mg/kg, dimethoate+ 1,150.0~4,154.8 mg/kg, tebuconazole
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Table 7. Residual characteristics of the pesticides treated on clove of Danyang and Namdo garlics according to dipping times

Time of Concentration (mg/kg)
Analysis . :
part trea'qnent Danyang garlic Namdo garlic
(min.) Diphenylamine  Dimethoate ~ Tebuconazole  Diphenylamine  Dimethoate =~ Tebuconazole
Clove 1 0.42 0.33 0.28 0.18 0.27 0.35
5 0.46 0.31 0.32 0.30 0.29 1.06
10 0.31 0.24 0.28 0.64 0.25 1.07
30 0.43 0.23 0.38 0.72 0.58 1.94
60 1.93 0.32 0.82 1.03 0.71 2.08
Endodermis 1 9.6 2.8 39 205.8 175.6 280.0
5 6.0 4.0 6.3 459.9 248.9 377.0
10 12.2 3.7 8.5 726.2 306.2 437.6
30 20.2 6.4 9.9 864.2 4543 1015.7
60 42.1 10.5 225 1,149.4 932.8 1,428.2
Exodermis 1 113.0 367.6 236.7 1,492.6 1,150.0 2,040.7
5 173.4 335.6 210.2 2,415.7 1,594.0 2,670.7
10 2624 3444 280.0 3,012.1 1,945.4 2,323.4
30 383.6 4274 358.6 3,002.2 2,965.8 3,722.9
60 643.3 577.9 570.5 4,927.7 4,154.8 4,6759
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Table 8. Concentration (ng/kg) of pesticides treated by drenching in different parts of garlic

Amount of pesticide solution drenched (mL})

Analysis part Pesticide
50 100 300 500 1,000
Clove Diphenylamine 0.04 0.04 0.09 0.09 0.28
Dimethoate 0.14 0.16 0.22 0.30 0.78
Tebuconazole 0.03 0.04 0.06 0.08 0.20
Flower bulb Diphenylamine 0.25 0.24 0.29 0.29 1.52
Dimethoate 0.18 0.31 041 0.37 1.53
Tebuconazole 0.07 0.10 0.13 0.12 033
Endodermis Diphenylamine 0.15 0.27 0.24 .29 0.61
Dimethoate 0.91 0.99 1.27 1.85 2.85
Tebuconazole 022 0.26 0.32 0.44 0.68
Leaf Diphenylamine 240 22.5 30.1 373 594
(Exodermis) Dimethoate 34 4.1 3.5 4.6 10.0
Tebuconazole 3.8 3.7 4.5 6.9 19.1
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Fig. 1. Changes of pesticide residues during storage after treatment of each pesticide on Danyang garlic.
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Fig. 2. Changes of pesticide residues during storage after treatment of each pesticide on Uiseong garlic.
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Fig. 3. Changes of pesticide residues during storage

after treatment of each pesticide on Namdo garlic.
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