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Abstract Mancozeb and metiram are a group of dithiocarbamate fungicides, poorly soluble in water and
organic solvents, the methods used for extraction and purification during residue analysis are limited. Recently, a
derivatization method in which extraction is performed using EDTA aqueous solution and methylated with
methyl iodide for residue analysis of dithiocarbamates has become common. In addition, pulses samples,
which are known with high protein content, could interfere with the methylation of dithiocarbamates and
significantly reduce their recovery rates. Therefore, this study was conducted to improve the analytical
method for mancozeb and metiram in red bean using HPLC/DAD and LC-MS/MS. To improve the accuracy
of residue analysis, deproteinization was done followed by methylation. Deproteinization was performed
multiple-times for each sample extract, and the recovery rates were observed. The recoveries obtained after
deproteinization process were 53.2 + 10.0% (no deproteinization), 71.4 +4.7% (1 time), 78.5 £ 9.0% (2 times),
92.3+2.4% (3 times), and 100.8 +3.3% (4 times) for mancozeb. Whereas for metiram were 51.3 +4.3% (no
deproteinization), 71.7 £2.9% (1 time), 80.4 +2.0% (2 times), 92.3 £4.6% (3 times), and 101.5 £ 3.5% (4 times). It
was determined that the deproteinization process was suitable three times among red bean samples for residue
analysis of mancozeb and metiram. The limit of quantitation (LOQ) for both compounds was 0.01 mg kg™'.
The recovery yield of dithiocarbamates ranged from 85.3 to 92.7% with coefficient of variation 2.0~10.0%.
Based on the finding, the current method could be applied to other dithiocarbamate groups in agricultural
products containing high protein content and could contribute to the management system of pesticide safety.
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(DDO)Al &¢F 3% (thiram, ferbam, ziram), ethylene bis
dithiocarbamate (EBDC)7| &2} 5% (mancozeb, maneb, zineb,
metiram, nabam), propylene bis dithiocarbamate (PBDC)7|
& 1% (propineb) 2.2 90| F&31=o] Uch(Jagn et al,
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2010; Leem et al., 2019). 53] mancozeb, metiram, propineb,
thiram 5 459 54 AUl A7, AAF, 77 5
765 S 3 BASE BAY, 2ATEY 5 4659
slg Al slel BB AA $ER ST 9

(KCPA, 2022). ©] % mancozeb= 2021'd &3} 71 1,448
wo g Sl AgAlE ARl 7P B tlEA F
oko|A| gk, HA] FWHA ESIHAMEES] ethylenethiourea
(ETUYE Aoz 3PP 3 2ol B9 54 s
& 0w nasle) olo] tig oAy Tels) A} ek vh
Ho] P2 3THIARC, 1974; Ruddick et al., 1977; Park et
al,, 2021). =u] 2]Fo|FEdx = 1, A 5 2% +
2HEo]] thal] dithiocarbamate] &2F2] 71 gkl thgh &
3A T glo] ol FBEA(CS,) T FRER FstaL
2At}. DithiocarbamateZ]] &<Fol st 7H73]-87]152 0.05~
20mg kg'o2 A= o] ITHMFDS, 2022). ol A4
o7 Fod ZFEAUPHO| dithiocarbamates] 5 2Fol|A]
HAE CS,E Sske WS ARt s7] wE
o]th(Cullen, 1964; MFDS, 2022). ©]213} CS,oll th3h 2
ol JEeAlE 0.1 mg kg! 02 A Al 2l
positive list system (PLS) A=< F&3AQl 0.01 mg kg
FES WSS FahH, dAEE AT A
Ao R Fdastal 28 A7, AEAdo] HojA
A A= 3L Joh(Park, 2010; Leem et al.,
dithiocarbamate”l] -&<F9] H/d} AHE
& g mEE AAoln, WREek b
HolaL AE Aol QFE L Tt 2ol
diamine tetra acetic acid (EDTA) =
methyl iodideE ©]-§3F FEA|s} WHoR
=g ARMEIRZ FY7VE Z
ThrE]o] ol A HejzAb 9 A oo FE &8
AThJang et al., 2010; Park, 2010; L. zhou et al., 2013;
Leem et al.,, 2019). o] F=A3} WEE A7 2 27
Ag&als W A ARG JHEg R ek 373
7FsatA R, & Aol A AREE A, Ak
ke Tl A& Al 3ol 48 Ee
Y819 tH(Choi, 2019; Leem, 2019). 7 3
A& pHell whe} &allw=rt 27 2efAH, o
ol At FreAskE Wafske 1484l
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% propineb #4104 Akek shebA Ak A e &

[e 3= =1
EdZ 32 3 B (Vigna angularis Willd.) A5 Wl ]
¥4l dithiocarbamates] 242l mancozeb$} metiramS

B3] AREAY AYYS A FAHA.

e % g
Az M3 9 ZFH|

A NEs R4 /7 F PR B(Vigna angularis
Willd)(F 2 g 21.59%)& A SIATHRDA, 2022). 7
FE5oF B4E A% FAY 2 Ase AlF HFRkEA
1SS Fulsle] 24°CollA WE R aFlom, B4
Al dA S Fst 248 A 52 ARSI
Aok & J|F

FE8 F8d9] ZAo| AREE ethylenediaminetetraacetic
acid-disodium (EDTA-2Na)2 Dae Jung (Siheung, Gyeonggi-
do, Korea)®] guaranteed reagents (GR) gradeE ARS-3113L,
sodium hydroxide (NaOH) (Yakuri Pure Chemicals Co.,
Ltd., Uji, Kyoto, Japan) 2 L-cysteine, 1,2-propanediol (Tokyo
Chemical Industry Co., Ltd, Kashiai, Fukaya, Japan)S <=
>98%%5 AME3IAT FEASE 918 methyl iodide=
Kanto Chemical (Soka, Saitama, Japan)ol|A] T 3ke] AR
Skt pH 284S 98l AME-¥ tetrabutylammonium hyd-
rogen sulfate (TBAH) (Sigma Aldrich, Inc., St. Louis, MO,
USA)9} hydrochloric acid (HCl) (Merck KGaA, Darmstadt,
Germany)= =5 GR gradeE AH-315t o Wl sodium
sulfate anhydrous, sodium chloride anhydrouss= Dae Jung

s
a

(Korea), amyl alcohol> Junsei Chemical (Koshigaya, Saitama,
Japan), n-hexane, methanol, dichloromethane, chloroform,
d-water= Merck KGaA (Darmstadt, Germany)°ll4] GR grade
£ FYsted AREsISiTh AAGIAGAM AE 71T F
Z1€}7]= Jeio Tech (Korea)2] Lab. Companion IS-971R &
Benchmark Scientific (Sayrevile, NJ, USA)S] BV1010 A
F& AHEEleH, 85 71= Tokyo Rikakikai (Koi-
shikawa, Tokyo, Japan)®] Eyela NE-1001, ¥4%2]7]=
Beckman Culter Life Sciences (Brea, CA, USA)2| Allegra
X-15RE AHE-3I3TE,

A2 EE8Y =X
B Ao AFE-E mancozeb (purity 97.5%)%} metiram

HAQ TEIO

(purity 90.0%)%] #2418 EFEF2 AccuStandard (USA)]
A FYste] ALE-SItH(Table 1), A3E BF8 ZAS
213l mancozeb 101.03 mg, metiram 101.11 mgS L-cysteine
0.5g% 0.25M ethylenediaminetetraacetic ~acid-disodium
(EDTA-2Na) 5-84(0.45M NaOH &4, pH 9.5~9.6)l
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Table 1. Physicochemical properties and chemical structure of mancozeb and metiram (BCPC, 2018)

Mancozeb

Metiram

S
S
|[ H S NH, )J\ H
Chemical P N S Zn_ H _ NS
s ” " N Y Mo 5 S)J\N/\/N\[(S znrs” N \n/
H H S
S
S 3 n
X
Substance  carbamate fungicide; dithiocarbamate fungicide; organo-  carbamate fungicide; dithiocarbamate fungicide; organo-
groups metal fungicide; organozinc fungicide metal compound; organozinc fungicide
Chemical
formula (CHMANSNZnyy (CigHN1iS16Zns)n
IUPAC manganese ethylenebis (dithiocarbamate) (polymeric) zinc ammoniate ethylenebis (dithiocarbamate)-poly (eth-
name complex with zinc salt ylenethiuram disulfide)
Mol. wt. 2713 1088.6
Vp.(mPa)  <1.33 x 10” mPa (20°C), (est., based on similar ionic solids) <0.010 mPa (20°C)
Kow logP  0.26 0.3 (pH7)
In water 6.2 ppm (pH 7.5, 25°C). Insoluble in most organic Practically insoluble in water. Soluble in pyridine (with
Solubility solvents; depolymerises in solutions of powerful chelating decomposition). Practically insoluble in organic solvents

agents but cannot be recovered from them.

(e.g. ethanol, acetone, benzene).

Table 2. The instrument condition of HPLC/DAD for quantitative analysis of mancozeb and metriram

Instrument Dionex ultimate 3000 (Thermo Fisher Scientific, Germany)
Detector Diode array detector (wavelength 272 nm)
Column CAPCELL PAK Ci3 UG 120 (4.6 mm id. x 250 mm L., 5.0 pm, Shiseido, Japan)
Column temperature 40°C
Injection volume 20 uL
Flow rate 1.0 mL min"'
A:B = d-water:acetonitrile = (v/v)
Time (min) A (%) B (%)
i 0.0 80.0 20.0
Mobile phase
15.5 5.0 95.0
18.0 5.0 95.0
20.0 80.0 20.0

o] 100 mg kg7t HE= 519 stock solutions A 51
L0 0,01, 0.02, 0.05, 0.1, 02, 05, 1.0, 2.0, 2.5 mg kg
Tt =5 ZA8 working solution2 methyl iodide
ol-g3lo] FAl3} 24 F HPLC/DADOY 20 pL s}

peake] WA S 71E0 2 XFA S A5Gt

& oy o £

72171 =4

AskE T 2% (macozeb, metiram)2] A AL
I %-417]7]:= HPLC/DAD (Dionex ultimate 3000, Thermo
Fisher Scientific, Germany)E AME-3}o] Table 29| Z719|
e} AT =7 o5/ d-water ¥ acetonitriles}
2443 CAPCELL PAK C;3 UG 120 (4.6 mm id. x 250

RN =t =

mm L., 5.0 um, Shiseido, Japan)2 AF&-3}o] ¥4 2] peak=

Ar
o Jo 1%

do

FH Adgiio] gre EAxAS AAsth B8NS
S8 £497171% LC-MS/MS (TSQ Quantum Access Max,
Thermo Fisher Scientific, San Jose, CA, USA)E Al&-51o]
Table 39 Z7o] we} BA&6 o6 49l 0.1%
formic acidS X8-St d-water ¥ acetonitrile¥} CAPCELL
CORE Ci3 (2.1mm id. x 150 mm L., 2.7 um, Shiseido,
Japan)yS AHE-sle] 2519t A7) E-5-0] 235} (electrospray
ionization, ESI)¢] ion source?l|A] negative modeZ SRM
(selected reaction monitoring) 271 gHsle] 413519t}

Mgt HMx2| ¥ REX S
2ol thg F=3 F=Ast 2 o 5(2019)0] WHE
el oSt 7] FEATh AR ARAE B 502

i
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Table 3. The instrument condition of LC-MS/MS for qualitative analysis of mancozeb and metriram

LC Condition

Instrument Dionex ultimate 3000 (Thermo Fisher Scientific, Germany)

Column CAPCELL CORE Cg (2.1 mm id x 150 mm L., 2.7 um, Shiseido, Japan)

Column temperature 40°C

Injection volume 1.0 uL

Flow rate 0.4 mL min

A:B=0.1% formic acid in d-water:0.1% formic acid in acetonitrile = (v/v)
Time (min) A (%) B (%)

1.5 90.0 10.0

Mobile phase 3.0 10.0 90.0
6.0 10.0 90.0
6.5 90.0 10.0
10.0 90.0 10.0

Mass condition

Instrument

Ionization

Spray voltage 3,500 V
Capillary temperature 270°C
Vaporizer temperature 320°C
Gas pressure (N,)

TSQ Quantum Access Max (Thermo Science, USA)
Electrospray loniztion (ESI, Negative)

1.0 unit (ion sweep), 35 unit (sheath), 15 unit (aux)

Selected reaction monitoring (SRM)

Scan events

Precursor ion (m/z) Product ion (m/z) Collision energy (V)
584 36
239.3
223.5 24

polyethylene tubeol] Hol ZFsle] Agalon, £3312
93 d-water 20 mLE H7ksle] 2087 ARSI 4
3l" ¥ AEE 0.25M ethylenediaminetetraacetic acid-di-
sodium (EDTA-2Na) 5-8-¥(0.45 M NaOH S~&9, pH 9.5~
9.6) 80 mL¥} L-cysteine 0.5g 2 sodium chloride 1.0 g&
A7k & #4472 1027 JAg-FEs0h. FE2H 0
chloroform 50 mL$} amyl alcohol 10 mLE #7138k 2,500
pm 2 10E7F 88 33,000 ppmeZ 10%7F YR
Zatiet. a7t g5 F, FF 45 BFE U
PE tube® &7 FYg WHOE NhEste] Zsiq]rt. o
=, 45d 10mLE F3l 041 M tetrabutylammonium
hydrogen sulfate 58 1mLe} 1M HCIE 7kt pH
752 A& 24% & B4 A% fEAS AlER AL
Iath #2234 & sk 9 Ee chloroform-gel
A-gsto] AABNCH, A2l Slgo] e HH e A
a3E Fgelslaal sk th(Zumbo et al., 2012). A
< 918 chloroform-gel H2| A] = 03] (=), 1
3], 28], 33], 43|7kA] wHEste] AldEd). ol 45
10mLE 3} 0.41 M tetrabutylammonium hydrogen sulfate
T84 1 mLE F718lslen, 1 M HCl 843 371sto]

L oE op

1=

<]
o
=
2:1)]
zls
HR©
=

pH 7.002 A& 243 & FEA3 AEE ARSI
gdlo] A Qe BAAFo| sodium chloride 3 g& Pl
0.05M methyl iodide”} ¥-+% n-hexane:dichloromethane
(1:4, vv) €9 30mLZE 33] methylationdt ¥, sodium
sulfate anhydrous 52 &3 ©FAI71aL oF 1027 A2
oA WXk 4714 20% 1,2-propanediols gt

dichloromethane 1 mLE Y3 rotary vacuum evaporators

ol g8t 30°C olste] 5 AN s s=aal o JF
S sl FF SANFS 0.5mLE ALHIL F
HPLC/DADZ 3582 243131 th(Fig. 1).

4
A7 T ATS 93 chloroform-gel ¥ 48313
< o dithiocarbamate”]l 5°F 2% (mancozeb, metiram)°l
sk AE A S Adsh] st 248 A5S Tt
Attt CODEX 7Fo]=2H](codex alimentarius commission,
CAC/GL-71)ell we} ko] 244 (linearity), 78 SHI]
(limit of quantitation, LOQ), ¥]4*& (recovery), 24 (pre-
cision), 8 € (accuracy) 5-& AHESIATHMEDS, 2016).
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| Red bean sample 5 g |

| Distilled water (20 mL), Wetting (20 min) |

0.25 M EDTA-2Na aqueous solution
(containing 0.45 M NaOH, pH 9.5~9.6)
L-cysteine 05 g + NaCl 1.0 g

Shaking (10 min, 2,500 rpm)

chloroform 50 mL +
amyl alcohol 10 mL
(deproteinization)

0~ 4

Shaking (10 min, 2,500 rpm) .
times

Centrifugation (10 min, 3,000 rpm)

Supernatant 10 mL + 041 M TBAH ImL + 1 N HCI (pH 7.0)

[ NaCl 3 g + 0.05 M Methyl iodide 30 mL (methylation), 3 times |

| 20% 1,2-propanediol in dichloromethane 1 mL |

| Redissolved by methanol 0.5 mL |

| Membrane filter (0.2 um) |

Fig. 1. Improvement of the analytical method of mancozeb and metiram in red bean using chloroform-gel method.

Ao o nE peaks} THEE 2AS FYs] Y&l Cy 2HS o83
gradient® #2|Z7AS 4519 oH, A& 20 uLE FYs}
HE BMxA &g A2 o gujet B AR S T-E 52243 mancozebs}

3 metiram®] peaks 133 TH(Fig. 2, 3).
cozeb, metiram)2 H7H(Mn) 2 ©}A(Zn) 5 &
deld, & e 2 f718mol] w2 & Chloroform-gel H{& X &8t X CtH(deproteinization)

T glo] AHAQ WO §3) B FE9] Agol AR FEEE AHSE EDTADNa 8L B AR F I

o] 3}g+HE-o]t}(Park, 2010; Leem et al., 2019). & A2oj|A
EFEY 24l 9 5892 AR EDTA2Na Z0|E
Al(chelate) T84S F2F 2% (mancozeb, metiram)?] 33}
T2 W S5l Aggo =N 2t=E JAst 7§
Ao galld o+ JA st IS F i (Park, 2010;
Choi, 2019). T3k =80z Ho|H FF 2% (mancozeb,
metiram)S methyl iodide (CHy)Z FE=A3}= o] 7|80
o= Hdolgdl wa} 7|71 MM AlE FY, peak
mEE 9 HZEFo] sbesith(Park, 2010; Choi, 2019
Leem et al., 2019). F-5<4131¥ mancozeb, metiram 5 2%
o] FFEHLS FTHE 272nm FJolAM 7P 53 7
£ Yephlen, o]2 HPLC/DAD #41S& 93 wpgo
173813 tH(Choi, 2019; Leem et al., 2019). F*2]<¢] 7+

mz f KT

¥ vhre] el g 88)3te] 5oF 2% (mancozeb, metiram)
I} sl FEE e fEAS FE Wellske acle
2 Z-8-3tK(Sohn et al., 1990; Choi, 2019; Leem et al.,
2019). ool FF FEdd F 23 N FE A A 9
3l chloroform-gel H-& 28392, ool w2 A|chd &
4% 715t} Chloroform-gel S ©]-83F Agh e ot
WA M O JAS frEshe HHOE MR tE
Sl=s 7R s Hrleke o FE% (liquid-liquid
extraction)S ©|-8-3}th(Sevag et al.,, 1938; Oswald, 2021).
HAE thil e EDTA-2Na 823} chloroform £-7]-8+)
Atelell emulsion HEIZ EA|8IH o, ATt 34-S 03]
FH 43717 wiEslaA FE2E 5 wdSe] gisle
73aFo] FElatA SR1=ATH(Fig. 4).
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Fig. 2. Chromatograms of mancozeb in red bean (Vigna angularis Willd.) using HPLC/DAD (272 nm). A: Control, B: Standard

(0.5 mg kg™, C: Fortification (0.1 mg kg™), D: Fortification (0.5 mg kg™).
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Fig. 3. Chromatograms of metiram in red bean (Vigna angularis Willd.) using HPLC/DAD (272 nm). A: Control, B: Standard

(0.5 mg kg™, C: Fortification (0.1 mg kg™), D: Fortification (0.5 mg kg™).
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Fig. 4. Separatory layers after numbers of deproteinization process for red bean (Vigna angularis Willd.).

Table 4. Recovery (%) of mancozeb and metiram with deproteinization process in red bean (Vigna angularis Willd.)

o Recovery (%)
Pesticide No? .
Rep. 1 Rep. 2 Rep. 3 Average +£ RSD Efficiency® (%) = RSD
0 51.7 59.1 48.7 53.2+10.0 -
1 67.8 71.9 74.5 71.4+4.7 343+4.7
Mancozeb 2 70.6 80.7 84.3 78.5+9.0 47.7+9.0
3 94.9 91.1 90.9 923+24 73.6+24
4 100.2 104.4 97.9 100.8 +£3.3 89.7+3.3
0 53.2 48.9 51.9 513+43 -
1 70.3 74.1 70.8 71.7+£29 349+29
Metiram 2 78.6 81.6 80.9 80.4+2.0 512+2.0
3 87.6 93.4 95.9 923+4.6 73.6 £ 4.6
4 97.5 103.2 103.9 101.5+3.5 91.0+3.5

INumber of deproteinization process
PRelative standard deviation
9Improvement efficiency of recovery by deproteinization process

X A

M chHofl 2 mancozeb2t metiram®| 3|+& S}
H 3l MY

ZAE F A 9] viE SIFE 0437k F7ts)
95 W mancozeb @ metiram A& 3 34 WIS
Zs19oH, 2848 1S H4 SFE AHsET A
ol 3o w2 3|98 WSl= mancozeb 53.2~100.8%,
metiram 51.3~101.5%2 YERHATH(Table 4). 2% %27
AdS APsiA] e AlgoX FESE F5E 70% vt
OIYAIN, 43]7kA] Ak SlFE FUIg wt SRS
89.7~91.0%= frofn| e 3|89 455 skt o 4
IE EQZE Adho] vkE Slee 332 HF Aee
), AAHFAN ARE = SAREE, 28 A7 52
A ste] sl

o5M H=
TToo \mo

Z A5 F dithiocarbamate”l] &2F 2% (mancozeb, metiram)
o tiet 4 &FEA(LOQ)E SN ratio 3 ©1d-S W3l 7

FWNLOD)E V&S F AN AHE AR
(@, STHHmL), #F 25 52 velslel DB el

(SIS
o1

FAZAE peak’t HAIA FEAIZE 71718 A&
A= mancozeb?}t metiram =5 0.2 ng (0.01 mg kg) &
oA S/N ratio 3 oS TSI oH, A= 4=
21l @k 0.01 mg kgl ATk FEAISHE mancozeb}
metiram®] FFEAE 9 F% (0.01~2.5mg kg') HH oA
B0 o AL 0,999 o] 4e] wl¢- 53 A4
RS W38lith(Fig. 5). A=Al =2 108, S081E
Agate] 3RHE TA 81 0™, oo et 3]¢& ¢ UAE
olgale] Ay W HUTE A=E9ch Mancozeb?}t
metiram®] 3]58-2 ZF7} 85.3-92.7%, 91.3~91.5%0]H, A}

11272 A= 70~120%SF FU=

) F=HAHRSD)Y=
20% °UZ 84 A5 F52 L5 U= tH(Table 5).

B ()

B(mL)XD(mL)>< F
C(g E(mL) G(uL)

LOQ(mgkg) = A(ng)x (1)
5% AR MY CARYF GVIFEAS

24
T HY B AR Y F s

b by
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Mancozeb
45000 1
4.0000 -
3.5000 -
 3.0000
"
& 25000
5
® 2.0000 -

< 15000
v = 0.075120304x +0.016868009

1.0000 - R* =0.999112011

0.5000 -

0.0000

T T T |
20 30 40 50 60

Amount of mancozeb (ng)

Fig. 5. Calibration curve of methylated mancozeb and metiram.

Metiram

2.000
1.800
1.600
1.400 +
s 1.200 4
gl
‘s 1.000

g 0.800 y=0.037515584x-0.003453013

R? =0.999114825
0.600 -
0.400 -

0.200

0.000

T T T T 1
20 30 40 50 60

Amount of metiram (ng)

Table 5. Recovery rate and LOQ (limit of quantitation) of mancozeb and metiram using HPLC/DAD in red bean (Vigna angularis

willd.)
: ; Recovery (%)
Pesticide Fortlﬁ]iagon Average + RSDY L(?(Q_l
(mgkg) Rep. 1 Rep. 2 Rep. 3 (mgkg)
0.1 914 924 94.2 92.7+1.5
Mancozeb 0.01
0.5 83.9 86.4 85.7 85.3+1.5
0.1 88.7 92.9 93.0 91.5+2.7
Metiram 0.01
0.5 89.6 91.5 91.3 90.8+1.1
YRelative standard deviation
S S
| I
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CH2 = NH — i -S Methylation
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dimethyl ethylenebisdithiocarbamate (dimethyl-EBDC}

Fig. 6. Formation of dimethyl ethylenebisdithiocarbamate (dimethyl-EBDC) through methylation reaction with methyl iodide for

mancozeb and metiram.
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Fig. 7. SRM chromatograms of dimethyl ethylenebisdithiocarbamate (dimethyl-EBDC) for control and recovery (0.01 mg kg™)

samples of mancozeb and metiram in red bean extracts.
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