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Abstract

BACKGROUND: Dithiocarbamte fungicides have been
used in crop cultivation for diseases protection and
treatment. And cultivated agricultrual products were used as
feedstuff, and residual pesticides are likely to be absorbed
and transferred to livestock. But the maximum residue limits
(MRLs) were not established for dithiocarbate fungicides in
livestock products, and thus an analysis method was
developed and validated for dithiocarbamate fungicides to
establish MRLs.

METHODS AND RESULTS: Samples were prepared using
CS;, trap method and detected with UV/VIS spectrophoto-
meter. Calibration line (0.1 ~ 10 1&/mL) was linear with * )
0.99. For validation, the recovery tests were carried out at three
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fortification levels (MLOQ, 10 MLOQ and 50 MLOQ) from
livestock samples (egg, milk, beef, pork, and chicken). The
results for mancozeb, propineb, and thiram ranged between
76.8t0 109.6%, 79.4 t0 108.8%, and 80.2 to 107.8%s, respectively
and % RSD (relative standard deviation) values were below
9.5%. Furthermore, inter-laboratory analysis was performed to
validate the method.

CONCLUSION: All values were corresponded with the
criteria ranges requested by both the CODEX (CAC/GL 40-
1993, 2003) and MFDS guidelines (2016). This might be used
as an official analytical method for determination of dithio-
carbamate fungicides at established MRLs and monitoring.

Key words: Livestock Product, CS, Trap Method,
Dithiocarbamates, Fungicide, UV/VIS Spectrophotometer



128

Jo et al.

M E

DithiocarbamateZ] A+fAl= W& 5433 &2 AdEo
2 AEe] gol AHEH I Qi Foolth1,2]. & AH471%
o] S4x]o] QA ¢l B ALHAE 7KL Qlo] TRk
=3} vekst Wafol] tiste] oY W X 5S] R 0% AR
1 i3], Dithiocarbamate”| 5+ ferbam, mancozeb,
maneb, metiram, nabam, propineb, thiram, zineb al
ziram's°] 31.0H, °] & F=oA= mancozeb, propineb X
thiram & 3%°] A= APlE 2] 55 9 AREE AL Qlrk
Mancozeb= ©AI9} SAIE Eglalo] 23350] 7 5 262,
AR 5 231afol] thsto] ARSE AL lal, propineb:
At FAE EFeto] 14550 7t & 4745, AT 5
2898l tiate] AFEE T 9lon, thiramS WASF A2
xglato] 7550] It 5 254 s, AATHY 5 2213l tist
o] AREH L Q) Dithiocarbamater] AFA2] 22 4
= = - 9] 7| BF CS,E Aokl glom, el
AR T 7 5 10155l diske] 0.05 ~ 7.0 mg/kg ¥
= AR 87IE £ H ol #elHa Qiok Ak
751871 2 o 584 9 AW 540 wet 7=
o Alg R o] 84 AE, FEoA FAER FEdo] o
d 7Fsde 7HAL lom, SAECM L dEEAdAL
(Positive List System, PLS) Alejo] of|J=]o] Qlo] FAbE &
sl thet w27} B esiti{4]. CODEXeM = Sitke &
dithiocarbamate] &2 #H75]87]5(< 0.05 mg/kg,
9+ 0.05 mg/kg, E-7+17] 0.05 mg/kg, 7FH+F17] 0.1
mg/kg, 7 Ake 0.1 mg/kg)el AR E ] 9lont =
FAHE 5 RS EVIES AR QA otk s ARE
A8 91k Ao R ARadelss sAkEel o

.1

& AL pAEo] QAU A= tisiE 1A} H
o] QA ot} QoA LC-MS/MS Hi= FTAEE AA

HPLCE °] &3 wAHo] QA @l dint 248, PB
group(propineb), EB group (mancozeb, manneb, milneb,
zineb, polycarbamate) 5= DD group (ferbam, nickel
dimethyldithiocarbamate, thiuram, ziram) & ZIFEZ
wAshs W] kel e ool el CS, 2 gt
3171 ZieRe A =7k e B97F Wa2,5-12], 53] CS; &
S ggato] Fakeol 485 Akt ok

weba] 2 IRl dithiocarbamateZl] AfAlE w418
T e AENE FE 5HEE, ¢, 2], A, B
el B A 7 =S pEeie] mufjele) AR Bl
FAakzel et kvl 9] VxAtne d8skaat siglth

Mz o U

Al 2 =

CS; (99.9%) XT3 Sigma-Aldrich (St. Louis. Mo.
USA)elx] F-eiato] AREaIgict. 3l5-&A3doll ARE-sh ok
ol Allgl-45 =3Hl(mancozeb 75%, B3H5)ERRE F3HA

(propineb 70%, Blo] AT FAL]AL), F2A] G3A(thiram
40%, et 1w)E Tlate] ARl oM, ethanol> HPLC
SH50= Fisher ScientificollA F4)3lo] AR5 TE Sodium
hydroxide beads (extra pure, 97%)< t’d3}= (Korea)©ll
A ekl e, Copper(1l) acetate monohydrate (ACS
reagent, > 98%), diethanolamine (= 98%), Tin(Il) chlo-
ride dihydrate (ACS reagent, > 98%)< Sigma- Aldrich
(St. Louis. Mo. USA)°llx 7-4J3}o] ARg-a}3it}. Hydrochloric
acid (35~40%, electronic grade)+= Chemi Top Co. (Korea)
oA F9JeF3A AL nitric acid (96%, electronic grade)= J.T
Baker (PA, USA)°llA F-ato] ARG8Tt Al tid =
ARl B 1, T4, AR 9 g A7) SakE
HE 559 &, $-, 23], SAa] 8 ga)e) B Sat
ol digst BT AT e FEAA 1T A
T e 30% o) GRS AL, e YRt
1, WFE AL Yeel B 5 TEjololo] AE o]
sto] 23l - s} o § Eejeddlg el Hob 20C olstel
A s sk

P

HEZDEM

CS, H7E4 2002 mgs olehe 5 mL7F o] 3§l
£ 20 mL FuEekade] Yal oekg® gaste] Hrlsho]
1,000 g/mLS] EFYNS A4 (&, 3o sz 7Y
nich ZAstelof gthatal o, 1,000 pg/mLe] EF=LHS
oehe= 34310 100 pg/mLe FFENS A 7, ¥
ANk 15 mL ¥ EFEY 5 mLE ¥HAIA 0.1, 0.25, 0.5,
1.0, 25, 5.0 % 10.0 g/mLe 5= AZFNE 2SIt
HRAA ok AEF7 9 Cullen's WHAAIOH13]S Harslo]
Cooper(II) acetate monohydrate 0.12 g} diethanolamine
25 g& ofghgol] §aiA1A 250 mLE A 5 Jok2olA
wyato] ARSIt &, WAAleRe 5wttt A ZAl|stefof
s, A 2 9 AR A Al @amkge] dojyd H
303 Folli= o] FESAl astE o] ARMel 54

RUN
EE F4skolof gtk

9 F4EE 74571 S1ste] BiochromAt (UK)
9] Libra S222 (software Ver.: Resolution Ver. 2.2.0.0)%
AREEI oM, ARt wAHES S8l AR UV/Vis
spectrophotometer= ScincoA} (Korea)?] S-31005 AHE-
aolek A 92 405 nm @ 435 nmE S4skolon, B
© 42 AAE g5 F 308 olUlE ¢RI

Hx{2| AlRH

Dithiocarbamate”] A AlE2 100°C o] oA Aha-3f
A, CS= wallE=dl o]F 2t A stoiof sttt A
ol ARSE= CS, A= Fig. 19 2om, A-Eeknd,
trap A % trap BE AX|3I3{t 500 mL AFEEbA el Als
100 g7 6 N 32k 200 mL % Tin(II) chloride dihy-
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Fig. 1. CS; trap.

drate 4 g& A 715k, trap AolE S8lAE X8
7] $18t 10% NaOH 10 mL, trap Belli= CS & 2451]
_'45} Cullen tﬂ—/\ﬂ }\]olz 15 mL'E— 1,_—1 U_‘_:_ ;g—;qf—_ [e] éﬂ.oﬂ
oh ARSI S £ 99 iR 9o e & e
7] B AAE BoE 7 e FEE d4ste] trap Bel
A9 7|3 £57F 29 oF 2~3 o] Q‘E}LE T3l
5 7]
= a]'/\f’- el Al
o O WRSAIZTE WhGo] ShREw of

5%RF g £ 20 mL %] E2kATel trap BY &
FAZMA] AR T 857 HESAIA Al

2 Jletstel

g9 AlEYeY fads Al flsted CODEXE
7P°]Ei}° 9 A Fo ok FA L AFE T A vk
xAztel Tlo| =gl o AsI] 247 (linearity), 7171
A} &3 (instrument limit of detection, ILOD)<} H
d%FeHA (method limit of quantitation, MLOQ), 84
(accuracy) ¥ RH54 (repeatability)ell thste] 753k3ith
AL Ade AAskal A9 A4 AT (coefficient
of correlation, A% T3t H7lsl o, nfgA g9 &34

5 At HATFEE St 7P1EESA 2
JeFetAlE Aotk Alde] e B RS HAEE]
Aste] A Alsel *]@%“%‘"—5 A7kt sl& AES
eIk gl FAHE 5350l diste] AgsTs CS2
245101 0,025, 0.25 2 125 mg/kgo] HEZE Hrlalo] 7
71— 51:)]—1 /\16-10 )\Eﬁo}_MJ_ o& §,] ° Uﬂ] /\H:H zif’;_(}—
(relative standard deviation, RSD)E AtE3sle] AJSH <]
Zép:_']-}ﬂ l H}H/HO Jﬂy]_o]_oir,} EEB‘]— 73%?1—1:]]551 94_ )«134/\1
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Fig. 2. CS, Standard curve.
2134 2 Cullen[13]2 435 nmollA 7H & FFEE
VERASIAIGE 2 Al oM = 405 nmollA] Haldo] oF5s)

AUTHFig 2). °o= Cust CS9F ZHlolE A A, HZ 3¢
o] Aolaitial HaslSla[13], Cu?/CSel Edl& &v)
oAl 405 nm 0] 1,1-chelate 2 1,2-chelate A5t &
Wb gl wet  Aqtelx] 54 Al 405 nmellA] HE
A8 Aalido] ke gdl RAow o) wEby S3E S
W& 918 405 nmE HA o eIt

2| Al&H

2EFAANE FAHE 5 dithiocarbamateZ] "]‘ﬁ"x‘ﬂ A
Aol A AREa] Al GAke H7RIES Ho AR &
5 o A 8RS A, —ﬁr"ﬂ’ﬂ% 3E (mancozeb,
propineb 4! thiram)ell thsle] 70 ~110% & W=
AR HA37], 3] Y EZEelAl= propineb ¥ thiramel]
giste] a4 WelE "EEE31AL mancozebel dialiAl= wF
b4 Faolon st 55 37E 580 Akl
t} ol FAE AR TEsd o, AREa7F 2 EA|
o} 3|ggo] Yk Al o7 ghE|gict. ofof w} 7)E AlEH
Z7FH(A) 2 100 g, 6 N HCl 200 mL, SnCl, 4g)°llA At}
H7KA3549) &2 ascorbic acid H7P @ 2 gdog
H7ste] slg AldS KISt *Pﬁ}xﬂi AREEE ¢S
o] Sl 7€ 4 golld 8 g 12 g U 16 go & H3lE F
ARk &L RisE §igleH, 71 Al elA ascorblc
acid 4 g& F7F A7lRISlE wel® 3482 Axsqlch
A6 N G4kt 6 N, 9 N 2 12 N Zako 2 s}
AL AASRE 7%, 50L0Q FiolM BF 70~110%E
RSt whebA HE AAY AFHOE 6 N GAF tial
6 N AAF 200 mLE AHE-sto] allahs WS A9 sielth

AlgitHo|
0.1, 0.25, 0.5, 1.0, 2.5, 5.0 % 10.0 #g/mL2 &

405 nmeX ARFAE sl A4 % gl A, 7,3_24
A1) 0990108 =2 WVJ% 2 4 lglon,

405 nm?] 71717 HEEARE 0.1 pg/mLel% O, S5l

SEMAUZ



130

Jo et al.

-

‘

k=
0

A,

H ol
ol

Table 1. The recovery results of mancozeb, propineb and thiram in livestock product

A RS 0.025 mg/kgol ok AR 4
St 100 2 HEFsHA|

2 1.25 mg/kg?l A EEE 58T 3]
o7 Ao Fgy, dUE 9 whEAdS Felsigitt 1 4
7} mancozeb?] Bt 382 79.0~108.1%, propineb®] B

504} #—ZrOL 0.025, 0.25
£ AIE AoE g

5]~ O
TET

83.5~105.2%, thiram®| 3t 3|5&L 87.7~

103.5% ©]%13L RSDi= 717} 8.3, 9.5 4l 7.8% ©]a}%(Table 1,
Fig. 3), CODEX 7}o]=elRl Bl Aok el 7ho|=
g]_o]oﬂ ISR

5ol
Az v A

FiE T AF

3h= dithiocarbamate?)]
g 4= Uitk

Livestock Compound Fortification Recovery
level(mg/kg) repeat 1 repeat 2 repeat 3 repeat 4 repeat 5 Ave” (%) SD  RSD" (%)
0.025 92.2 112.7 97.4 102.5 107.6 102.5 8.1 7.9
Mancozeb 0.25 79.9 78.9 77.9 79.4 78.9 79.0 0.8 1.0
1.25 85.4 85.4 85.9 85.6 85.6 85.6 0.2 0.2
0.025 99.9 110.2 99.9 102.5 97.4 102.0 49 48
Egg Propineb 0.25 90.4 91.2 91.2 91.0 91.0 90.9 0.3 0.4
1.25 101.1 103.2 100.7 98.1 100.0 100.6 1.9 1.8
0.025 101.6 96.2 90.9 98.9 104.2 98.4 5.1 5.2
Thiram 0.25 103.7 101.0 97.6 100.0 102.9 101.0 2.4 2.4
1.25 94.0 94.1 93.9 94.0 94.2 94.0 0.1 0.1
0.025 98.9 107.0 109.6 104.2 101.6 104.3 42 41
Mancozeb 0.25 83.1 85.8 85.8 86.9 87.4 85.8 1.7 1.9
1.25 100.8 101.2 101.6 101.7 101.9 101.5 0.4 0.4
0.025 88.2 104.2 96.2 90.9 88.2 93.6 6.8 7.3
Milk Propineb 0.25 102.4 107.2 108.8 103.2 104.2 105.2 27 26
1.25 95.6 96.1 96.9 96.2 96.2 96.2 0.5 0.5
0.025 88.2 96.2 82.9 80.2 90.9 87.7 6.4 7.3
Thiram 0.25 100.2 100.2 97.8 104.2 101.0 100.7 2.3 23
1.25 98.2 101.8 101.5 102.6 102.8 101.4 1.9 1.8
0.025 112.7 107.6 115.3 102.5 102.5 108.1 5.8 5.4
Mancozeb 0.25 81.0 82.5 82.0 81.7 81.7 81.8 0.6 0.7
1.25 81.7 81.9 81.9 82.0 81.6 81.8 0.2 0.2
0.025 87.1 79.4 84.6 76.8 89.7 83.5 53 6.4
Beef Propineb 0.25 96.1 95.8 96.6 97.8 97.6 96.8 0.9 0.9
1.25 98.6 98.9 98.9 99.0 99.1 98.9 0.2 0.2
0.025 94.8 105.0 92.2 110.2 107.6 102.0 8.0 7.8
Thiram 0.25 107.0 102.5 102.2 102.2 101.4 103.1 2.3 22
1.25 102.7 103.3 101.9 104.1 105.7 103.5 1.5 1.4
0.025 76.8 76.8 82.0 84.6 79.4 79.9 34 4.2
Mancozeb 0.25 104.2 103.4 107.0 105.0 108.1 105.6 1.9 1.8
1.25 105.2 104.8 105.2 105.0 105.0 105.0 0.2 0.2
0.025 102.5 107.6 87.1 89.7 105.0 98.4 9.3 9.5
Pork Propineb 0.25 95.0 96.8 93.5 99.6 100.2 97.0 29 29
1.25 101.3 100.6 101.4 100.9 102.0 101.2 0.6 0.6
0.025 82.9 96.2 98.9 88.2 104.2 94.1 85 9.1
Thiram 0.25 104.8 99.4 107.8 95.4 105.6 102.6 5.0 49
1.25 102.2 104.0 102.4 102.3 103.0 102.8 0.7 0.7
0.025 94.8 99.9 82.0 87.1 84.6 89.7 7.5 8.3
Mancozeb 0.25 94.8 100.6 96.6 94.8 96.1 96.6 24 25
1.25 94.3 94.4 94.1 93.9 94.8 94.3 0.3 0.4
0.025 84.6 79.4 92.2 94.8 82.0 86.6 6.6 7.7
Chicken  Propineb 0.25 91.2 93.8 92.2 94.0 93.0 92.8 1.1 1.2
1.25 102.6 102.4 102.6 102.4 102.9 102.6 0.2 0.2
0.025 93.5 85.5 90.9 98.9 88.2 91.4 5.1 5.6
Thiram 0.25 101.3 98.4 100.2 102.4 101.6 100.8 1.5 1.5
1.25 99.6 91.5 90.9 100.3 100.0 96.4 4.8 5.0
' Average

) Relative standard deviation
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Table 2. Inter-laboratory validation result of analytical method for dithiocarbamates fungicides in samples

Livestock ~ Compound Fortification Average recovery + RSD” (%) Ave?d RSDY
level(mg/kg) Lab 1? Lab 2C) (%) (%)
0.025 1025 £ 79 84.5 + 4 93.5 13.6
Mancozeb 0.25 79.0 £ 1.0 88.3 + 8.6 83.7 7.9
1.25 85.6 + 0.2 87.0 £ 5.0 86.3 1.1
0.025 102.0 + 4.8 849 + 3.5 93.5 12.9
Egg Propineb 0.25 909 + 04 96.5 + 9.5 93.7 4.2
1.25 100.6 + 1.8 93.0 + 8.1 96.8 5.6
0.025 98.4 + 5.2 89.6 + 6.6 94.0 6.6
Thiram 0.25 101.0 + 2.4 87.5 £ 99 99.3 2.5
1.25 94.0 + 0.1 93.0 £ 9.9 93.5 0.8
0.025 104.3 + 4.1 95.9 + 5.6 100.1 5.9
Mancozeb 0.25 858 + 1.9 909 + 9.9 88.4 4.1
1.25 1015 + 0.4 88.0 + 94.8 10.1
0.025 93.6 + 7.3 874 + 49 90.5 4.8
Milk Propineb 0.25 105.2 + 2.6 95.8 £ 9.9 100.5 6.6
1.25 96.2 + 0.5 81.9 £ 2.0 89.1 114
0.025 877 £ 73 87.6 £ 9.6 87.7 0.1
Thiram 0.25 100.7 £ 2.3 98.2 £ 9.9 99.5 1.8
1.25 1014 + 1.8 91.8 + 8.8 96.6 7.0
0.025 108.1 + 5.4 87.8 £ 5.5 98.0 14.7
Mancozeb 0.25 81.8 + 0.7 90.3 £ 9.9 86.1 7.0
1.25 81.8 + 0.2 83.8 + 3.5 82.8 1.7
0.025 835 + 6.4 85.8 £ 5.7 84.7 1.9
Beef Propineb 0.25 96.8 + 0.9 91.6 £ 9.6 94.2 3.9
1.25 98.9 + O 2 822 + 1.2 90.6 13.0
0.025 102.0 £+ 7 108.1 + 5.4 105.1 4.1
Thiram 0.25 103.1 + 2.2 81.8 £ 0.7 92.5 16.3
1.25 1035 + 14 81.8 £ 0.2 92.7 16.6
0.025 79.9 + 4.2 93.6 + 9.3 82.2 4.0
Mancozeb 0.25 105.6 £ 1.8 87.7 + 3.1 99.6 8.5
1.25 105.0 + 0 91.6 + 8.7 96.4 12.7
0.025 98.4 + 95 839 + 6.4 91.2 11.2
Pork Propineb 0.25 970 £ 2 916 £ 9.2 94.3 4.0
1.25 101.2 + 0.6 95.0 + 8.7 98.1 45
0.025 102.6 + 4.9 89.7 £ 8.3 87.0 115
Thiram 0.25 102.8 + 0.7 96.6 + 2.5 104.1 2.0
1.25 914 + 5.6 943 + 0.4 103.9 1.5
0.025 89.7 + 8.3 91.6 + 8.7 90.7 1.5
Mancozeb 0.25 96.6 + 2.5 89.6 + 8.9 93.1 5.3
1.25 943 + 04 86.6 £ 5.6 90.5 6.0
0.025 86.6 + 7.7 926 + 6.8 89.6 47
Chicken Propineb 0.25 928 + 1.2 88.1 + 49 90.5 3.7
1.25 102.6 £ 0.2 974 + 9.8 100.0 3.7
0.025 914 + 5.6 89.7 + 8.3 90.6 1.3
Thiram 0.25 100.8 + 1.5 96.6 + 2.5 98.7 3.0
1.25 96.4 + 5.0 94.8 + 0.4 95.4 1.6

2 AverageMean values of 5 (Lab 1) or 3 (Lab 2) times repetitions with RSD

® Hankyong National University

9 Kyongbuk National University

9 Average recovery of inter-laboratory

© Relative standard deviation of inter-laboratory
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Fig. 4. Inter-laboratory validation result of analytical
method for dithiocarbamates fungicides in samples.

Fig. 3. The recovery results of mancozeb, propineb and
thiram in livestock product.
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