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Abstract

Analytical methods for residues of six N-methylcarbamate insecticides were investigated to
compare the minimum detectability, recovery from several crops and feasibility of multiple
residue analysis. Those methods studied in this work included spectrophotometry by diazotiza-
tion and gas chromatography by N-triflucroacetylation(TFA), pentafluorobenzylether (PFB) and
dinitrophenylether (DNP) derivatization.

Maximum absorbed wavelength of the diazotized MIPC, XMC, BPMC, propoxur and carbofu
ran was around 460 nm, while that of carbaryl recorded 510 nm. Recovery from brown rice and
apple by diazotization method ranged from 80 to 120% and minimum detectable limits were
0.03 to 0.05ppm in 50 g of the sample. Minimum detectability of PFB derivatives by gas chr-
omatography was superior to TFA and DNP derivatives. DNP derivatives showed the longest
retention time among the given derivatives. Recovery from crops by gas chromatographic met
hod ranged 74 to 94%, 78 to 93%, and 85 to 99% in brown rice, rice straw and apple,
respectively. Limit of detection was 0.0l ppm for TFA, 0.005 ppm for PFB and 0.02 ppm for
DNP derivatives in 50 g of the crop samples.
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Table 1. Common and chemical names of
N-methylcarbamate insecticides
used in this work

Common Chemical

MIPC 2-Isopropylphenyl N-methylcarbamate

XMC 3, 5-Dimethylphenyl N-methylcarbamate

BPMC 2-sec-Butylphenyl N-methylcarbamate

Propoxur 2-Isopropoxyphenyl N-methylcarbamate

Carbof- 2, 3-Dihydro-2, 2-dimethyl-7-benzofuran-
uran yl-N-methylcarbamate

Carbaryl 1-Naphthyl N-methylcarbamate
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2. N-Methylcarbamate2| #hH 2 %%l

b kfEEE 9 0k

30 meshz 3 B KEEY Ik(—BwaAE, &’
B ) E K4 508, 2084 500 mle] Erlenmeyer flask
of sl 50 mle] ZEWMAE Inele] 1MWK KB %
250 mle] acetonitrile-g fnste 1B BEA A

Bichner 3 2] 1cm Celite 545/ -2 Fsle] ®E|
W% 50 ml 9] acetonitriles By Pilcelel W
Bl € 219 SHESd ®WBAR. 25mle ggfn
NaCl %% =} 500 mle] 7EAKE fnste] 50mle dichl-
oromethaneo 2 2[@ #hMHslg ch. Dichloromethanefg
24K NagSO.2 BRI # 35°Ce] JREE##EH (Bichi
Rotavapor)ell 4 ZKEEEA2 #% 5mle acetoned
Bkl o Jloll B (2e NHCI=E 4 ml 2
4 360 mle] ZEEKel RSt SLE) 50mlet 1~2g
9] Celite 5458 fusled 157 BHT # 2.5ml Y Ce-
litef§ ] Biichneri§ s} Foll 4 B3B8l w B 5ml
o] acetones} 50 mlo) ML uE 0 2 $Edks 9l k. Phenol
® RHHE BEY Hete MRS 250 mle) SEE
2ol BB 25 mle] dichloromethaneo 2= 2[] hhily
gtaL dichloromethanefgel] 40 mle] ZEAK2)l 10 mly
0.5 N NaOHE fnsle ¥4 7|z dichloromethane/g
+ BAksd ABEEARS.

. Absk

100 g9 #E73 Ab+8 200 mle acetonitrilez War-
ing blendersl 4 1450 BResle BIIMET % WK
& —EYL Aoz WEIG. HERY —¥(20g
o Fklo] MEse HHEOE 119 SEl MB
i KSR B 30k ASs A3 HEez HH
a3t

o, KEm e

Diazofbol] #3F Hfays, trifluoroacetyl{k, pentafl-
uorobenzyl etherfto] & HAKtS] BRE FEhistddch
A 1cm, 7o) 30cme] glass columne] 59 (w/w)
2 RiEHLA L Florisil(Floridingit #15)¢ n-hexa-
ne¢ 2 15 cm7A FEIESI 1 eme] 4K Na,SO& Fl-
orisil F#Rel] F#]sled 50 mle] n-hexaneo z Fryks}
vt AR EE dichloromethaned) ¥#gste Colu-
mnof| A 7] a 100 mle] dichloromethaneo 2 ¥
sho] 35°Cel A MRMERAESHS o

3. BENREel NE

7t. Diazofk

0.05%(w/v)9] aniline-0. 1 NHCI##% 1 mls} 0.5 ml
9 5%(w/v) NaNO; & RBE M3lA 2~20 12
o] &3Sl carbomatef M3ES] methanolFZw-& 1
mld pnste] 1550 B#Esldet. q7]e] 1mle 0.5N
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KOHE wmmstd o4 B#an B@EAA 3020 B
A7t RKIERK-S methanol? 5mlz Farste] 435
e RABMBEREAA BKEE fEstgd .

1}. N-Trifluoroacetyl (TFA){L

0.1~2.0 pgol] #EslE carbamate ZfE 459 ethyl-
acetatelAHi & REEA BElxw 0.3mle 10%(v/v)
triflucroacetic anhydride (H &Y% 5)-Ethylacet-
atel¥-S M % Wl 70°CY KiER IBEST
A 3RIET REARAT RERE 8oz B
A7) #% n-hexane 5mlE& fuslz 10 mie] FH@mAk=z 2
T $e#Estd of. n-Hexanefg-o- fmsk Na,SO,z fkgr
F 10 ml2 FEZske] 2.0 xS gas chromatogrophol| #
A &Es .

t}. Pentafluorobenzyl ether (PFB){L

50~300 ngol] #8938t ce rbamate % f2359) acetone
B 1 mld & RBE Wstz 5%(w/v) K.COukis
¥ 0.1mlE i % sl 1 80°Ce Kigel A 18:H
ot mAGEAA T B 2 HHY % 4mle) ace
tonext 1 ml9] 10%(v/v) p atafluorobenzyl bromide
(BF Ep® 87) acetc & BWE etz B
Fiel A 1K E Sl ethr LA ATt KERK-S 4ml
o] K@K 129 Na,SOE fnsle] benzeneo = i
3 % 10mlz F74 sl gas chromatographe] A &
234

2}. Dinitrophenyl ether ( DNP){L

0.1~2.0 gl HIHEsle c rbamate% 2480 acet-
oneZERS 1 ml4g 250 mle] ] rlenmeyerd] EREhz 100
mle) 7@k, 1 mle) 0.5 NK)H 2 1-fluroo-2, 4-dini-
trobenzene(Eastman Kodal 87)9 5%(v/v) acet-
oneER 1 mbE jnste 10450 EBEAZ # 10ml9 10
% (w/v) borax KEWHS |l #EKkH L4 30
&S ether/bAl Aok, ¥##% 0mle) isooctaneg- husk
o BRI % SEESAAA BRES Bkl 10ml
9 Kk = isooctaned 2[¢ P:islel gas chromato
graph o] EA FHslg ek

4. BB B4

Carbamate % #382] diazof o) 24 M FE RS spec-
trophotometer(Beckman mo: :1 26)2 #7354 = TFA,
PFB 3l DNP¢| ojqt ¥ - ECD (®*Ni)sl g
gas chromatograph (Hitac | model 063)& f{if 3}
drd. Columng HE 4mr, o) 2me glass col-
umng FRASH = 3% OV 173} 529 SE-30-& Ch
romosorb W HP(80/100 me 1ol z SEEI2
st HFEME SHEEL 7 Btz Columne)
+ TFAsl PFBE#EE:E 185 C, DNP i+ 255°C
2 st et AR 8 29 BEE A7 230°C

&3 5 A

A1d A1E (1982)
9 270°Cz 3k¢ic}.
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S BAAEYL #8249 1) MIPC, BPMC, propoxur,
carbofuran-& 455~465 nme] #iEoe] ¢ o} XMCx:395
nm ¢} 460 nme] BRKEBWFERES f45354  carbaryl
2 510nme] FeFHERE el FEle B =
g AR BRES 29 A-& N-methylcarbamate ] #
&5tk b phenyls} benzofuranyl}t-& (RfFste BEH
£ 460 nme| FABY K-S, naphthylits Afste
carbaryle 510 nm} WUYgFfS Jeld EiXo g #:
EA .

o] ¢} & HH- diazotized anilines)] 3§+ carbo-
furan®] FHAEMIEE] 460nme] gl = (-toluidinez}
NaNOgol| ikt carbaryle] HJARHFZe] 520 nmz}
T 4% Rangaswamy ™) 8ol Eilstgl o},

Carbamate % #2359 WER| diazofL &4 WMNEF
T BE SRR A BRI WEIE g carbo-
furan<XMC<MIPC<propoxur<BPMC< carbaryle)
Mo & WYL E3kos 0.3~0.5ppmLl T #E)
Ax BEES WEe]l TA4Estd .

. MIPC
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Visible spectra of diazotized N-meth
ylcarbamates obtained with a Beckm
an Model 26 spectrophotometer

Fig. 1.

%5 diazoflo] oqF kel Azl N-methylcarb-
amate?] [BUKZE(FE 2)-& ko)A 80~104%, Atzlol]
A 98~120% 2 A Abslzb kR BElgZRe] Egko)
il ZRe] EReFEEF FkelA 9.5~28.8, AbatelA
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Table 2. Recovery of six N-methylcarbamate
insecticides by diazotization from
brown rice and apple at 0.05 ppm
level

% Recovery
Carbamate
Brown rice Apple

MIPC 80-+9.5% 120£18.0

XMC 811+20.0 112420.2

BPMC 1041+19.0 114+23.8

Propoxur 89-+16.9 109-+26. 1

Carbofuran 80123.1 98+26.9

Carbaryl 84+28.8 117+33.3

a) Standard error
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2. TFA, PFB, DNP @30 2|8
carbamate?2| &

N-Methylcarbamate®] trifluorcacetic anhydrided]
k& N-trifluoroacetylggiftiol <shel ko Azel &
8le] K5l phenold pentafluorobenzylbromidest
1-fluoro-2, 4-dinitrobenzene o = ether{bA| 7] HERS
9] ECD (®Ni)o] #a REES AT &R PFB>TFA
>DNP9} JReoz 2% ke ME} Fobet. FHEY
fiigol w2} ECDe RfEel MRT -2 HEE R
HAT (Lah BBETHTHEY &Y SREES W

N-methyl

Table 3. Gas chromatographic retention and electron capture response for TFA, PFB, and DNP
derivatives of N-methylcarbamte insecticides
TFA PFB DNP
Carbamate

Retention Response Retention Response Retention Response
MIPC 0.19% 0.21% 0.48 0.33% 0.37% 0. 56 4.21% 4.82% 0.19
XMC 0.22 0.24 0.38 0.34 0.38 1.21 4.93 5.43 0.49
BPMC 0.25 0.27 0.25 0.43 0.46 0.96 5.07 5.51 0.24
Propoxur 0.32 0.34 0.16 0.43 0.47 1.19 5.13 5.64 0.13
Carbofuran 0.51 0.56 0.02 0.77 1.15 0.79 8.40 9.21 0.07
Carbaryl 1.00 1.16 0.02 1.73 2.13 0.19 16.93 18.76 0.04

. a) 2mxX4mm LD. glass column of 3% OV-17 on Chromosorb W HP 80~100 mesh
b) 2mXx4mm LD, glass column of 5% SE-30 on Chromosorb W HP 80~100 mesh
Column temperature was 185°C for TFA and PFB derivatives, and 255°C for DNP derivatives. All

values are relative to 7-BHC (1.00).
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e O
[ A e

carbaryl-%-

oj v} JEfEMEe]l SE-3001A4 25 [E4AF 34 AW mul
tipleZ34fol TIfEskgi . DNP%:4fsE r-BHCH Hosb
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N-Trifluoroacetyl Derivatives

Column: 2m x 4mm I.D, glass, 185%
2% OV-17 on Chromosorb W HP

~10

1 Attenuation: 8 x 10 A

Carrier gas: N2 40 ml/min
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Gas chromatogram of TFA derivat-
ives of N-methylcarbamates

1, 500 pg MIPC; 2, 500pg XMC; 3,
500 pg BPMC; 4, 1000 pg propoxur; 5,
1200 pg carbofuran; 6, 800 pg carbaryl.

Fig. 2.

Fentalluorcbenzylether Derivatives
Column: 2m x 4mm 1,D, glass, 185°C
3% OV-17 on Chromosorb W HP
Attenuation: 8 x 10710

Carrier gas: 40 ml/min

Recorder Reaponse
"

L EA TR

[} 2 4 6 8 10 12 14
Retention Time{min)

Fig. 3. Gas chromatogram of PFB deriva-
tives of N-methylcarbamates

1, 200 pg MIPC; 160 pg XMC; 2, 200 pg
BPMC; 140 pg propoxur; 3, 200 pg ca-
rbofuran; 4, 400 pg 7-BHC; 5, 400 pg
carbaryl.

ALH A 1Z (1982)

Dinitrophenyletlier Derivativea

Column: 2m x 4mm I.D. glass, 255°C
3% OV-17 on Chromosorb W HP

Attenuation: 8 x 107704

Carrier gas: 60 ml/min

Recorder Response

[ 2 4 6 8 10 12 14 15
Retantion Time(min)

Gas chromatogram of DNP derivat-
ives of N-methylcarbamates

1, 500 pg MIPC; 2, 200 pg XMC; 800
pg BPMC; 400 pg propoxur; 3, 900 pg
carbofuran; 4, 1700 pg carbaryl.
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3. N-Methylearbamateo| TFA, PFB, DNP{L

ol 2/2t feiplR) EygEs

30mesh= #Rest kel K54 9 Waring blender
ol A EmY Absle] 0.1~0.2 ppme| carbamate?] m-
ethanol®ik-& Winsts) FUMY Fike) o3l Mg
% BB R BKES BEYL RS 49 7
o TFAGBHEMC) o ¢ ElEL Ao 87~99%
24 71 woen ke KEEEAAE 74~91%9)
fiE 2 AbsbdlA moh e ElES Jebdo. 3k
o} KBRS Ambuo S8 ERES B9 AL 3K
o il R BEGERCAA MEslE 25 R ¥
7l ENE EET meRd KR Ho= mo|o
#le WinAkde EE4S EhZEe] doiwl Zhoz v
ol ke i, S, BHRERC] i Hes &
BE fER .

o] & {HEL DNP, PFBHEHS FHikdAx
Blste HinkiEe) E4<42 EigEe] 2gkm Kk

& Kol A wot AlsolA = EEE velyo

=, Bl SEH AL ElEY EEREE B
#o2 DNP7 TFA} PFB fillfnc ol EK
EHY HEE WAL T o BEBMETE
Wk EERY] EEREET HREY AL gas chromat-
ographys3#7es TFAsl PFBMs# - columno 2 XE
BES] WA Atz BAD Ritidpe) ¢ T
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Table 4. Recovery of six N-methylcarbamates from crops fortified at levelsindicated by diffe-
rent derivatization methods

% Recovery

Fortified Brown rice Rice straw Apple
Carbamate level®’ .
TFA PFB DNP TFA PFB DNP TFA PFB DNP

MIPC 1 83+7.7" 8446.1 91+3.8 87%8.5 84+7.6 90+3.2 99+14.1 9246.9 91+2.1

2 79+8.1 80+5.2 87-+5.2 83+9.8 91+6.8 88F4.2 96+14.1 88+6.5 88+3.2
XMC 1 81+5.6 82+5.4 91+3.9 86+8.7 8515.9 92+2.9 96+8.1 89+3.9 93+1.2

2 74+8.7 79+4.5 92+4.5 83+9.6 83+7.4 93*+4.7 94*+8.9 85+5.2 93+1.0
BPMC 1 91+9.5 90+7.1 93+4.1 86+8.6 91+6.8 90+4.9 96+9.1 88+7.1 92+2.9

2 87+10.4 88+7.3 92+3.0 83+8.8 88+6.4 88+5.2 93+8.9 851+6.7 89+3.6
Propoxur 1 91+9.3 81-+4.1 93+4.3 90+9.2 9135.9 91+4.8 97+10.1 85+4.2 95+2.6

2 88+8.1 76+3.4 94+3.1 90+9.8 87+7.2 88+3.7 94+11.1 82+3.1 947+2.9
Carbofuran 1 83+8.5 91+7.0 94+4.2 854+8.9 8616.7 8912.6 94+10.6 951+6.6 88+3.0

2 79+8.2 90+6.4 92-+4.4 80+8.7 83%7.3 B8l*5.4 87+15.3 96+6.4 86+2.7
Carbaryl 1 88+7.8 85+7.1 89+3.9 821+9.6 84+6.4 871%3.3 93%5.6 93+7.1 89%1.8

2 85+7.2 82+6.7 85+3.7 79+8.6 78+7.1 80*4.2 91+4.1 87+6.8 86+1.9

a) Level 1; 0.01 ppm in TFA and PFB, (.02 ppm in DNP derivatization

2; 0.1 ppm in TFA and PFB, 0.2ppm in DNP derivatization

b) Standard error

o2 RBEA Eonl Aoz wels DNPEEMEE &
HERe]l ZA 7 ool ElEe] glel it Ko
Bl BVl dunl Aoz BRsd. femEEs
ElkzEe] FEe Azt lejAe TFAZHEES) 72
Eol WILBRAA SEErES A o4& KBS THE
el i Fibol Bgwd Aoz noln = [EYE
o fFEA b il A& Akste) sle] A9 DNP3
el ot

LAEY #EBEE #4std N-methylcarbamate % £
e B ol diazofkel o LhAFEE B
—2EmY) A% 2 SHFel Waeshd MBI KiFse
Aptel FEilBd v BARME R carbaryl$ sl
£ 460nmpystel =g Hfmpkg el TAHEYE Aol
ot & ECDell9] REE |47l 7] 43 HEpe
HEhHENAE RED S REEFEAA e TFAY
PFBi#EM7 EFH s FIERE o g Pz
MRS B2 -2 AR Wil e HEsA O
Esla DNPgEsd] o ¢ A4kl BREY (FE
9} HpEEEol A N-methylcarbamated] B4 &
Byl JiEsl el srEs et

E 8

N-Methylcarbamate;% #3852 WAL FES st

7] 8 &l MIPC, XMC, BPMC, propoxur, carbofur-
an 3 carbaryle] ojsle] diazofhbel] % MEEES}
N-trifinoroacetyl (TFA){k, pentafluorobenzyl ether
(PFB){t % dinitrophenyl ether (DNP){ke] & & %
Aol pas chromatography (ECD)#:€ HEREHS)
o o}

1) N-Methylcarbamate2] diazofke] 2§ BAB
W E-& MIPC, XMC, BPMC, propoxur, carbofuran
6] 460 nmo] gl i carbaryl-& 510 nmo] g} =t,

2) Hfapkd] 9 g carbamated] kel bzl [l
BL £% 80~104%, 98~120%0] ¢l 2, 50 g9 A¥5
¥ils JABRHEBAE 0.03~0.05 ppme) HiEe] gl

3) Gas chromatographyd] ¢]§F carbamate®] 4347
dlA = DNP<TFA<PEBiF#fso] JEo 2 ECDd] o
T RES T3 RIS TFA, PFB, DNP R
o2 79 or] TFAS PFBe| 93t s HiEd
FHERRe] LB

4) Gas chromatographyel] ¢} carbamate FE{S
o) fpH Rl EREL 0.01~0. 2 pprfinF kel A 74
~949%, KiEHE A 78~93%, AF=}e A 82~99%¢ #
ol gz HHBRE 50 g2} FpH54iF TFA 0.01 ppm,
PFB 0.005 ppm, DNP 0.01 ppme] g }.
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