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- | Abstract | ~~

This study was conducted to investigate the characteristics of conversion and residue for two EBDCs fungicides
(mancozeb and metiram) and their metabolite, ethylenethiourea (ETU) under laboratory conditions. The sam-
pling on the pesticides was done at 0, 1, 2, 5, 7, 9, 12, 15, 19, 22 and 26 days. The amounts of their residues
and ETU were analyzed with an HPLC-DAD. The average recoveries were 86.944.3 and 90.2+8.0% for
mancozeb, 85.2+2.4 and 98.6+1.6% for metiram, and 64.1£3.4 and 80.024.6% for ETU. The half-lives of
mancozeb and metiram were 7.5 and 27.8 day, respectively. The conversion rates of mancozeb and metiram
to ETU ranged from 4.7 to 67.2% and from 7.5 to 34.6%, respectively. These results may be different under
the real environmental conditions. Therefore, following many studies are recommended to make the criteria
for applying the use and safety for mancozeb and metiram.
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Dithiocarbamate 7] %¢}e B% 8Zoln 2gjualofAL
Dithiocarbamate#| 522 3l8l 20 ulel dialkyl dithi- mancozeb, metiram, propineb, thiram 5 4Z9t AT 1

ocarbamate, ethylene bis dithiocarbamate(EBDC), propy- e, o] & EBDCAH A4 23 mancozeb, metiram #|
lene bis dithiocarbamate 5 37}x] 1808 JLHET) o Fo] FEE1 th EBDCA Al 4124 9 zh¢ish
o4 EBDCAH= 19434 Gold-Worthyo] ©J3) AF# o] 7 FolA o8] 7 EHE B, ZAME 59
HEAY ol 19434 Rohm & HaasAte] zineb, 19504 Du- 3}L}0l ethylenethiourea(ETU)= {71934 AFgA9 38t

PontA}9] maneb, 19611 Rohm & HaasA}e] mancozeb 5 B329] EBDCH AdA¢] A& £ EaSo) 3t 9 A3}
°l M= Q). ol AFEEL v, 5,‘, ZEs, 92 5 o+ EdAHE R EAste d3kEolth ETUE Fu A

1A 5007 5ol A At E0lE, gt 5-& 6|2 7045 Fiot &2 HEFE A7 A% FAT A 4 ¢ 7t
01% o) AER ] WA AMEE 2 %1'4{;34 1}1990; Hab- o] FUE FLdith= 484 A EIE(WHO,1988) of
o of BEe Ui BERA 5ol Yrf. ETUY %
Aok 548 e ol oek FARTEHLD)O] 900-

*AZA 2} ; Tel. +82-2-3401-6291, Fax. +82-2-3401-6742
E-mail: jangmr@seoul.go.kr

30



EBDCZ| AT mancozeb® metiram@| ETU MEBEHN 31

1,833 mghkgo 2 HE E/4o| &3}u, EBDCA AdA| &
gHrEol 5% mlito]2g EBDCAH o9 g % 4= %
AA] ETUS 2t 544 st 742 A e 2L
Z A itk ETUE 54808 IS4 2 34
giadols, Al 7 Weel w4k F ETU AR%F £
Ake] g Aol =¥ 1 9tk E3 dithiocarbamate#| &
o EAure] fig A i EFo] HaL ok

ETUY TA4EAL 7183t 199311 FAO/WHO A&t
AYg]oA DA ETUS Q17hel| izt YUAFEHADI)
£ 0.004 mgkg-bw/daye|tt. EBDCA AAle 12 AJEo]
ZEA 9 2AWRAR] F4EE AFOIPA AL obzt
AERH RaEo] A4ANE U T 947170] A
w 2ajHch w2k EBDCA AgAIZE 2aE o A4ss
ETU GA| 2o 2 =2 ¥t ot dojl 474 Eofjsl= 42
&7 glem e 22 JAU AAS WA A3k ARF
2 W HojA i HEWNEE WobxIthNashe} Beall, 1980;
Ankumah@} Marshall,1984; Kobayash %, 1992). 8|& ETU
A& Wi I 2RIkl Hriar delA glent EBDCH
AAAZE Flel A thek AR AROEZREAEETY
3], 2009) F| %42 % EBDCA AFA|9 ETUY A =
At 9 ETUR S| H3hgof gt 247 Bad Aoz Pz

& d5-= EBDCA A 5 Floll A ARSI Q= man-
cozeb®} metiram AME-3te] o] 59| wh7] W ESThAf A
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EBDCH| AH#A|¢] £3FZ4] mancozeb(72.0%), metiram
(86.0%)7 1 EFYAAFEQl ETU EFE(98.5%)2> Dr.
Ehrenstorfer GmbH(Augsburg, Germany)2] A& AM-5}
Ao, oj50] B3 5492 Table 13} Zth L-Cystein-
HCl, tetrabutylammonium hydrogen sulfate, EDTA 5-&
Sigma(St. Louis, MO, USA), methyl iodide== Yakuri pure
chemicals(Kyoto, Japan), HCI, NaOH, H,SOs, NaCl 5-&
Junsei(Tokyo, Japan), sodium sulfate:= Kanto(Tokyo, Ja-
pan), potassium fluoride= Wako(Osaka, Japan), dichlo-

romethane, hexane, 1,2-propandiol, acetonitrile, methanol
2. J.T.Baker(Phillipsburg, NJ, USA)2] Z-Fs0F A1 A
okS AlR3lgIT) o e filter= E&K filter(USA)Q} Nylon
syringe filter(13 mm, 0.2 ¢m, Whatman Co. Brentford, UK)
2 Agarth AR ARl 2sHs27|(isico, Korea),
sonicator(Branson 8510R-DTH, USA)E ARE8I3 T, H442
diode array detector(G1315B)7} &5 HPLC 1100series
(Agilent, USA)E o]g-5}9]tt.

BEFHO| ZH|

EBDCH A#A #&E2 AA $&47(0.25M EDTA
7} $-8-H 0.45M NaOH 48 100 mL9o] L-Cystein-HC]
0.5 go] A7l $9)T Y| LN T 2M HOIE A%
3t pH 7.02.2 2Hs}o] oF 100 mgkgses 2AE &,
oh pH 7002 238 22 $oj2 YP5EE el
ARG BIGTH A Z 2 oFEeH A, 2008). ETU #5352 5740l
=0} ¢F 100 mgkgs T2 REUME 2AEIGom 244

Table 1. Physico-chemical properties of EBDCs fungicides and ETU

Compound Structure

Mol. wt Kow

Solubility M.P

s R S
T CHCHp. L M

E (Zn)y
Mancozeb [ s Ws ] 271.2

xy=1:0091

logP=0.26

In water 6.2 ppm (pH 7.5, 257C). Insoluble in
most organic solvents ; dissolves in solutions
of powerful chelating agents but cannot be reco-
vered from them

172C

CHZ-NH—i-S— CH;-NH—?—S—
Metiram 5H2NH§-SJ;\— éHzNH@«S— (1088.7)x

NH.

logP=0.3

Practically insoluble water. Soluble in pyridine
(with decomposition). Practically insoluble in 156C
organic solvents

ETU L= 102.16

H

20 g/L (30C) in water.
Practically soluble in polar organic solvent.
Insoluble in nonpolar organic solvents.

203-204C
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77 3709 Adee %*«1“"}@1 EBDCH A#A 9 &aljchAb
AHEQ) ETU| digh 248 AAIsHith

EBDCH = 24

AEFA9 tu) it A 270 E, ofddln) Atz ez}
o] & 9l mgajdl8 A[F (2] Fo]oFEtH A, 2008)0
o2t A& 20 mLE w7t e Setaze] ¥, 0.25M
EDTA7} 355 0.45M NaOH 429 80 mLoj L-cystein-
HCI 0.5 g2 3718t} 1087F &E50] 22319t} o] §34&
AFSEI AzHEStALC} TAE 9] &40 4 3 4o
oll3} G4k o719 0.41M tetrabutyl ammonium hydrogen

Table 2. Information of commercial products

Active  Content Safety period
ltem Ingredient (%) g/20L water (before harvest)
9kH2]  mancozeb 75 33 5-45 days
ZdE  metiram 55 40 7-30 days

Table 3. Analytical conditions of HPLC-DAD for EBDCs
fungicides

Detector : Agilent HPLC-DAD(1100 series)

Column : ZORBAX Eclipse XDB-Ciz 5.0 um, 4.6 X150 mm
Wavelength : 272 nm

20 uL

Flow rate : 1.0 mL/min

Mobile Phase : A(12% Methanol), B(100% Acetonitile)

A:B=90:10(0 min) —> A:B=70:30(5 min)
— A:B=50:50(15 min) — A:B=90:10(20 min)

Injection vol. :

Table 4. Analytical conditions of HPLC-DAD for ETU

Detector : Agilent HPLC-DAD(1100 series)

Column : ZORBAX Eclipse XDB-Cig 5.0 pm, 4.6 X150 mm
Wavelength : 254 nm

20 uL

Flow rate : 0.7 mL/min

Mobile Phase : 5% Methanol

Injection vol. :
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sulfate =89 5 mL9} NaCl 10 g& do] & TE0] 42
&, 2M HCIE AH-8lo] pH 7.0 &0 2 24ste] Rz
7)o &Ach

FEAFEE Eozd 7o $71 &0l 0.05M methyl

iodide7} 3-8-5]of 9}\~ dichloromethane U hexane®] 2.3t
oi(1:1) 30 mLE Y3 587t AlsHA E50] 4of WAl 3,
3l o H@mqm of &7 0.05M methyl iodi-
de7} ¥--5 0] %+ dichloromethane @ hexane Z%(1:1)
10 mLE g3 9{o} Zro] viEsto] §7]8ui3($5)E ¢
Az 71 Ak e UEESR $E9E Had)
of oF 3087F A4 ¥2]gt 5. 20% 1,2-propanediolo]
$h-¥ dichloromethane 5 mLE @1 307C o|&}e] 483
oAl Zetste] 1,2-propanediol & AJd Gl mF e
Hyllth ZH7-E2 methanol2 A-43F £ 0.2 im Nylon sy-
ringe filter2 o753} 20 uLE HPLCo]| F9l3te] B8}
A hH(Table 3).

ETU B4

A& 20 mLoj| 75% methanol 200 mLE 7}5}e] 28}
FE7)0)4 583 FE3 $ sttt 250 mLY 7HA g
ZatAgo] o 20 mLY methanol 50 mLE Y1 &gl
& 50T} #8204 sl oF 5 mL7kA| §&3tgict
%9 5 mLE 500 mLe) Bzl $713 te 7]
10 mL# 23] NJ&sto] ¢ro] F5do] e}t

(o]

L ozaa
— o1

52N potassium fluoride 10 g& 7}5}0] 2 =9l o}2,
dichloromethane 100 mL2} 50 mLZ Z}z} 23] Z2&3]1%{ch
Dichloromethane &% ¢F 10 g8 23 RIEES 7}
sto] B4dt ths, 50T 82004 Zetste] dichlorome-
thaned % U Byl ¥, AEEE 2855 mLE 7ol

QHAE| &8fA17] T, 0.2 tm Nylon syringe filter2 o735}
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Table 5. Recoveries of EBDCs fungicides and ETU

E A
HEE

9 ETU Z24F49] 4ASE) e ZF 0.9990)412
2N AFELAE A g A4S Ueded, 28
A9 a2t aYst AU EHLE Fig. 17} Zth

EBDCH| x|
EBDC# AF#A] % mancozeb, metiram®] E3|EA4o] o
3 ZARSHATE AlgEeol sl 243 A9l dstel 11
B} A%Ol ETUS] 4363 AR 2= Fig. 2(2)(b)

28 U ETU HASY

ﬂ-l

Compound  Fortification (mg/kg)  Recovery+SD (%) of velyon, ETURY AZE= AEE AR Ade
1.0 86.9+4.3 Vis 2 g2 uoa 2ASF 27| =
Mancozeb Table 63+ 74t} MancozebE E& ‘ﬂ JI3t 27] %
5.2 90.2+8.0 TX 69.8 mg/kgolglen 264 Fo= 11.0 mgkg 27}
Metiram = B4 2| Zato] 2239 o 4% 7 2HAHL z}c&@ % 99
> B0 ok oli 4 5(2008) A7) 20UA) Hz2F| 86.9%7HA
1.2 64.1+3.4
ETU ZAFE Q= Aol v)&3lgtt. Mancozeb?] EajARE<l
50 200146 AaE Qv Ak} Hstqict o] Eaji=
. i ] -
» H ) i .
| | JM
mancozeb metiram ETU

"DAD1, 11.673 (20.6 mAU, - ) Ref=11.327 & 11,967 of 005-

*DAD1, 11.910 (14.9 MAUApX) Retn 11604 & 12.190 ot 01

*DADA. 3.100 (253 mAU, - ) Ret=3.003 &3.363 ot 003-0401
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Fig. 1. HPLC Chromatograms and UV spectrum of EBDCs fungicides and ETU.
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Table 6. Conversion rates of EBDCs fungicides to ETU

Conversion rate” (%)

Pesticides Days

0 1 2 5 7 9 12 15 19 22 26
Mancozeb 4.69 9.20 12.41 3142 38.63 43.89 53.76 56.35 56.06 67.16 60.91
Metiram 7.52 16.36 22.77 23.88 23.57 23.82 28.80 32.52 32.44 32.73 34.63

¥ Conversion rate was calculated as division of residue of ETU into residue of EBDCs Fungicides and correction coefficient* was multiplied.
* Correction coefficient(2.655)= molecular weight of mancozeb / molecular weight of ETU
* Correction coefficient(10.657)= molecular weight of metiram / molecular weight of ETU
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Fig. 3. Estimation of the first-order regression curve for mancozeb (a) and metiram (b).

Table 7. Regression equations and half-lives of EBDCs
fungicides

Regression curve”

Pesticides - 5 Half-life (day)
Equation r

Mancozeb  y = 100.7¢*%7™ 09894 7.52

Metiram  y = 91.87¢°%**"  0.8684 27.79

% Based on first-order kinetics

ETU $5& 2290 17.6 mghg® HnA]o| E3}on]
67% NS JERQT 1 o]3: 7tadte #Rlsir).
¢} Hanumantharaju®} Awasthi(2004)2] 923! man-
cozebE Eol A2stAE u) ETUS 4/do) 30974 &
71 & 1 olgof Ficke AT AR} |5t A, of
(2000)9] A7kl 10%o]gsck ohe: 7 chefek. o]
AL 0](2000)9] AFoxe Loleh 2 AHE A FoF
of $rRaETRE 220 ZAe] T2 s|NETe) ool
ETUY A%He ool 98L nie Aez AZHEn, o
“apparent elimination”o}g}3l 3} F&3] AAsh= 20|
olA ofF Fath AIZ UA IthMarin F, 2003).

Metiram& ¥4 o2 2Ag oo 27| w2 2390
mgkg® 2 mancozeb WTFE &7 Wehgton], 269 Fof=
702 mgkef a0 2] of 40% 71T 2Ho] 2L

EBDCH| A#A|2tE mancozeb2h=
ik o)A 7+ 3] dfske
2 Bkl alojof 71913t Aoz Azbgt. ghH, metiram
o] Ba)AHE9l ETUSEE 26%0]| 7.9 mgkgO & 35% 3
&}od, mancozeb Bt 54 71749 HEHEo| ¥A UERth

Mancozeb®} metiram®] A5 A2 15} 2429
WAL Boly A 02 1 xE0] ZhAstgthFig. 3
(@) mekA AZH] ool upZ AR Wakg 14 Uk
22 73l 3|94 et W7 |(Half-life) S Table 7
o] YeRl9lth. Mancozeb?] AAIZA AL y = 100,7¢" P2
(P=0.99)0]30m 2ATLHA o] A W) 7.5U0|]
t}. Mancozebi= 37 FollA] 7hel, Alsh 9 FEalol 9
&) we) Raflsn] B FolA £ Wvle 6-15Y HxR
d2A gletl(Worthing, 1991), AEA £ %E Hl=gh
A712 Uehfoieh Metiram®] 243442 y = 91,8767
(=0.87)0] .01, TN o] 2 vhzhr)= 27.8Y0]Y
c}. Metiram®] 484 3ol <J3h ¥17|E 17492 o
A 9le.0i(Tomulin,2003) ofel| W]a| AP Aol 10Y
A A7 vebdct AA 28| AlZAR= AIFAAS] ARl
2 geEohs 259 g uf2 54 an FO8 v
7t Ao A0 Azt B 5ok FEATAL U]
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2 EN  ZE0] &), Aed, ZHE

AT 9 A 5 Rt 4919 %S
2 AEAo|E T2 AT B 2 Y Aol AzEr

I

£ Ao A= EBDCH AFFAl & mancozeb, metiram]
o154 2 ETU /44 =9 A3 2AHIT Manco-
zeb®} metiram®| Bk )= 2kzh 7,59, 27.8Y 2 A& ZJol7}
Qlalth Mancozeb= 159 AT & 80%0AF ZAAE oLt
metiram-& oF 35%A=qto] Z4AHEE & 4 93t Manco-
zeb2} ETU AA-2 2290 17.65 mgkgZ 21z LE6}t
gon X322 47-67.2% F&F ] 11 metiram®] ETU A
A& 26907 7.9 mgkgs UERHLH, HEE2 7.5-34.6% 5
Zolqitt. Metiram®| 8F7}7]= mancozebol B]3j 34} o]A}
73 ETUR S HIek 3 208 veht a4 k7|7t
o] A&7 A= tha: Zpol7t ATk webA metiram®] gk
AAE7E 23 S A7) B e 2oz AZE.

2 AFolA AEd 5ok AAIAQ 2 Hate] vt
e B 8 A AARsARE Y] SN ZHREeF
o ETURA HEE dSste 712488 B85, Fie
of Z5dH= EBDCH <A1} ETURRE 429 oA
e BET 5 S AR J|gEnh gEo Foke] Ed
OFARS. ThoFat @0]9] GIEkS wro mE T o]dt BEHA
e A7t Yo Ao R wotH).
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