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—r TE&H 59 carbaryls FFEFHS o]&ste] HFalr] 3k EA W skl AT
2, ARGPA ] B, REAHFEHA ethanole] FE L
F3lA ok Carbaryl <Y Oﬂ A g A2l sodium dodecyl
sulfate (SDS)— A7 S Wl WEA77E 25 S o™ HERAIEE/IAR] ethanolS 78IS HH
wE M7I7F 843 F7He dEsGith H4 B4 279 EF I, AMEIAY w5, RERAW
AJAQ] ethanol®] Tx 2 W& 3 7Hzt 281 nm, 1.0x107 mol/L, 20% (v/v), 349 nm ©|Jth. 3 -Er
M Z7ANA carbaryle] YA 73S} AEIAGo)y= 2H 5x107014 1.0x10™ mol/L 2 1.1x107#
mol/LO|Th HAFAelA Aol AYshe Tx WoldA A S(S/N=3)= 0.99960] AT}

Abstract: A spectrofluorimetric methods has been developed for the determination of carbaryl in an aqueous
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solution. The effects of excitation wavelength, concentration of surfactant, concentration of ethanol as co-
surfactant and emission wavelength on the fluorescence intensity were investigated to find the optimum
experimental conditions to determine carbaryl. The emission intensity of the carbayl was increased with addition
of sodium dodecyl sulfate (SDS) as a surfactant. The emission intensity of the carbaryl was further increased
with addition of ethanol as a co-surfactant. The optimum conditions were 281 nm for excitation wavelength,
1.0x1072 mol/L SDS, 20% (v/v) ethanol and 349 nm for emission wavelength. Under the optimum conditions,
the emission intensity increased with the carbaryl concentration in the range of 5x107" to 1.0x10™* mol/L with

a detection limit (36) of 1.1x107® mol/L. The resulting correlation coefficient of the working curve was 0.9996.
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ol FAA R Fe EAE tFEo] &
) j—wLLH"ﬂHE olo] gk thA| o2 Fofol thet
3 &71FS AT v Ark> o] wet i
o] 73t FoFo| Apgo] AFHE whH HlwF FF
A oF8E 7] 1A 9} F1uj| o] E A (carbamate)
o] Apg-o] F7tE AL St

7HaFR1 2k (carbamic acid)3 ©}F(amine)] RE-g-<l]
o)ste] dojx& FhupRIzke] frEA 9 g FR/eA I
vl o) EA| SIEE2 XA, A5A 2 A
2 AR H o] okg oA, FHE oA EE TS
OFA| 2 ThgatA ol &=L St FhutHlo|EA &
A= 19473 Swiss®] Ciba GeigyAtoll Al Waks 7}u}
HolEA Eo]l AFHe] USE wHT ¥
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phenyl N-metylcarbamate <}

bamate == XMC, metocarb, BPMC, propoxur, isoprocarb
5ol 2™ aromatic N-methylcarbamate 2 += carbaryl
3} carbofuran©] Ut}. o] H gk FhutH| o] EA| F o
acetylcholinesterase &3-S A3 o2 AA75
AFAZ 283 "k AFADGEE F acetylcholine
S 7RSS S 4 & acetylcholinesterase (AChE)
9} cholinesterase (ChE)7} 1=t 7hutHo]EA 515}
9] 7% ChEZ H]%Hi} 3}] acetylcholine©] =}
al:zﬁg]q ;q]‘_ == Tg:eloy]q_m
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FeblolEA Fobe WFa] Slg wA e
2e F4 494 71A A2 0Ea2#9)(Gas Chroma-
tography, GC)& ©]-8-31 1" heptafluorobutyl F+=
methoxy FF24] 5& 950 B43l= WhHo] &7
A SehIR e, 3 o) SE ek} 9 (High-
Performance Liquid Chromatography, HPLC)E ©|-&
34> fluorophore %42 post-columnol] A&

she] RAskE ol Warslo] glekSe olejat 2
e vhgel 71898 AHgae EAARL] 2
3, A% ML FEAS WEo s 5 2
Aol Brelel, AR e LAWY Wanol
SR

BF BPYe B PR v 2w, gE
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H(Flow Injection Analysis, FIA),"” 745 HA A=
nlE 23] 1320 9 wAd 7] 5 (Capillary Electro-
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A 8T F A3, A AT F e BF
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dodecyl sulfate (SDS)E A&t} 283 24 &
A z2AE 27 H3td £F 34, sodium dodecyl
sulfate®] &%=, ethanol® & So 9%k
FES AR LH, o] AFE EEH HA 4 =
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AR, A& 58 AR
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2.1. A|ef

AHEGA ZE= sodium dodecyl sulfate (guaranteed
reagent, Sigma, USA), dodecylpyridinium chloride (gua-
ranteed reagent, Sigma, USA), Triton X-100 (guaran-
teed reagent, Aldrich, USA)S A 23 %, HH3] &
314 AHg-EF T B AAEIA 2 ethanol (guaran-
teed reagent, Duksan, Korea)S AME-3l93L, EEEZ
= carbaryl (guaranteed reagent, Superco, USA)S A}
gal9lth & Aol ALSH AoFEe HRAFL

T=1T

Analytical Science & Technology



2 A @il a2 AME Y BE 99

A Z ol = MilliporeA} (Bedford, MA, USA)2] Milll-
Q water system? ©]-&3] AL Go]2F5 AL
o, FFEAe wjd AF Hol| Alzste] ARSI,

o
FE 892 A

2 A A o))
s,

41:1:5}

TER FH3AM AR

22. 717|

£ A3o|A SPEXA}F (Edison, NJ, USA)el A A2}

¥ Model FL111 Spectrofluorimeters AH&-3}th. 3
YO 2= 450 W Xe Lamp, 7157 % 7|(reference
detector) 2+ silicon diode, Al 59 ¥3& =43
W37 & 7] (emission  detector)2E  HamamatsuA}
(Bridgewater, NJ, USA) Model R928 PMTES Al-& 3}
ATk RE ZXE DM 30000 &laf A= o n,
AR E4 Al 7IEAE7]4E 400 V, 234570
=900 Vo Aol A8E== kATl Increment2f
integration time> Z+z} 1 nm$} 1 sec® AL, ©lo]
B A E $3ske] Origin version 6.0 professional
softs ©]&3lA Tt &% A3}l A X](excitation mo-
nochromator)2} & A3} ZX](emission mono-
chromator)®] ¢, &7 HH] 0.5 mme] £3& ALE
A, AR HFS A7) Qg FF Acel)=
£ Abdo] B3 1x] em A9 A2 AHEEIT W
A7NE YA Ee] 90 ZHEoll M EA s

A‘II:IH:H
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3.

B Ao ALge g gt o] A% 3
T} 100 mL & FZ o239 Yo &5 AL8-3ly

1.0x1072 mol/L sodium dodecyl sulfate 11;8' £ 3}
20%(v/v) ethanol A& NS A Z3}S T} Carbaryl
FFENL 40~50 °ColA 607t 25THE 2Absto
AzxsRnon DolFE AHEete 8T Fro
wE} B3 AT 10 mL &% Sz
S carbaryl 8 1.0 mLol 1.0x1072 mol/L
sodium dodecyl sulfate 1.0 mL%} 20% ethanol 1.0
mL Z12]3 pH 7.0¢! Na,HPO,-NaH,PO, &35 &
20 mLE 718t Eol 4R wF7HA HIa &
HolF the 39 2AEYR A/)E 245
o] AAEE flstd 9ok 22 HFE 7 wEER
33] At A QG AdA S EE=
349 nmz P H s GAE EJJV\]?J =
Atk AEFAE 7 W] A o A 3
SHT.
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3.1 AHEMN ¥ EXA|HEMNel AwE

Carbaryl®] A 5% 4S5 A7) 9]
% 348 349 nmE 2 3} 3L sodium dodecyl sulfate
9] FEE 1.0x107 mol/L, ethanol®] F%=Z 20% (v/
V), pHE 7002 2Aste] 248 1.0x10% mollL
carbaryl 9 % AL Fig. 1o YeE AT
Fig. 1914 & 4= 9J%9] carbaryl?] 5% 2 EHLS
281 nmoll A A F=+ 592 & YepA AT

ojFA AL HA 5F oA AHGHA st
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Fig. 1. Fluorescence excitation and emission spectra of carbaryl.
Conditions: carbaryl, 1.0x10™* mol/L (pH 7.0). Exci-
tation and emission monochromator slit, 1 mm;
Increment, 1 nm and Integration time, 1 second.
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Fig. 2. Fluorescence excitation and emission spectra of carbaryl
: carbaryl+pH 7.0 buffer (1), carbaryl+pH 7.0 buffer
+sodium dodecyl sulfate (2), carbaryl+pH 7.0 buffer
+Triton X-100 (3), carbaryl+pH 7.0 buffer+ dodecy-
Ipyridinium chloride (4). Conditions: carbaryl, 1.0 x
107 mol/L (pH 7.0). Excitation and emission mono-
chromator slit, 1 mm; Increment, 1 nm and Integration
time, 1 second.
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A 223 1.0x10™ mol/L carbaryle] 5% ~¥HEH
g W& 29 EYS Yedo] F3A719 FHES

=
& A8l Fig 20 vehgeict.

Fig 2014 & 4= 50°] carbaryl+pH 7 buffer (1),
carbaryl+pH 7 buffer+sodium dodecyl sulfate (2),
carbaryl+pH 7 buffer+Triton X-100 (3), carbaryl+pH 7
buffer+dodecylpyridinium chloride (4)2] &% 3743}
WE 9 25 281 nmot 349 nmol A o A7)
£ Ye o). Carbaryl+pH 7 buffer+Triton X-100
3} carbaryl+pH 7 buffer+dodecylpyridinium chloride
= WEA7I7F FAE S 2y carbaryl+pH 7 buffer
+sodium dodecyl sulfated| A& WEA 7171 A &

7Fsksatt.
Bz A A A ol 94 3 JEFS 2AE] 9o
ethanolS AF&3le] 5% 2 W AHEHS =43

Aok &4 A+, Fig 3°ﬂ A B
BEZAAGAAA 2 AFREAS
717v A S 7kt

carbaryl®] &3 /‘ﬂ

32 AHEYN sxof dE

Carbaryl®] 3ol AAE AR sodium dodecyl

sulfate?] F=7F WEA 7|0 v R FEFS Yol
3k carbaryl?] =5 1.0x10™ mol/LZE XA A7)

3 pHE 7.02F ZZ 3} sodium dodecyl sulfate®]
FEE 1.0x107* mol/Le|A 1.0x10™ mol/L7HA] ¥ 3}
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Fig. 3. Fluorescence excitation (E.,=349 nm) and emission
(Eex=281 nm) spectra of carbaryl. : carbaryl+pH 7.0
buffer (1), carbaryl+pH 7.0 buffer+sodium dodecyl
sulfate (2), carbaryl+pH 7.0 buffer+sodium dodecyl
sulfate+ethanol (3) Conditions: carbaryl, 1.0x10™* mol/
L (pH 7.0). Excitation and emission monochromator
slit, 1 mm; Increment, 1 nm and Integration time, 1
second.
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Fig. 4. Fluorescence emission (E.,=349 nm) spectra of
carbaryl with sodium dodecyl sulfate. Conditions:
carbaryl, 1.0x10™* mol/L., sodium dodecy! sulfate, 1.0
x10™ to 1.0x107" mol/L. (pH 7.0). Excitation and
emission monochromator slit, 1 mm; Increment, 1
nm and Integration time, 1 second.

Sodium dodecy! sulfate®] & %=7F 1.0x107 mol/Lell
Al Hde] WEA7IE Ho]al 1.0x107 mol/L ©]/d9]
T #=F EA)3F= sodium dodecyl sulfateol] <]
3 AgEIAZ FFA7I7F 27 4TS & 5 ATk
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Fig. 5. Fluorescence emission (E.,=349nm) spectra of carbaryl
with ethanol. Conditions: carbaryl, 1.0x10™* mol/L,
ethanol, 5% to 50% (v/v) (pH 7.0). Excitation and
emission monochromator slit, 1 mm; Increment, 1 nm

and Integration time, 1 second.
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Z+zF 1.0x10™ mol/L, 1.0x102 mol/LZE ILAGA| 7]
HE 7.00% ZA3}3L ethanol®] FEE WA7IH
A BEAZIE S8 1 AHE Fig 50 JE
WA

Ethanol®] &%=7} S71gtel whet WEA1717F S7F
7t 20% (viv)el A 7HE 2 A7) JERI o™
2 o] FEAA FRANE 27 AaTE & F
AT} Ethanols H7Fstlg wf 3417171 S7tshe
]+ ethanol®] C.M.C. (Critical Micelle Concentration)
2 W37 &9 carbaryle] EEAE ZHE Q] B]E
At a4 HA o] a0l ] HEeRE A7t
Hr}, o] 2] AFNAME= ethanol] TE=E 20% (V/v)
2 143t Agsi3dr.

o

34. Carbaryle] HEIZMI 3|8 AIH

kol Al AR H ] 278t A 7t =W carbaryl
o] BEAM71E SA5t carbaryls F @] A% A
BE AU 2 AFHE Fig 60 YERAITH

Carbaryl®] &S 98 HA £4 2712 1.0x
102 mol/L sodium dodecyl sulfate, 20% (v/v) ethanol
o, o] £F-&ALE Na,HPO, NaH,PO, $+3 & o]
o8] pHE 7002 ZA&9t). Fig 6914 B u}
o} o] XA o] AYEE WIE 5.0x1079A 1.0
X107 mol/Lo)Qom, o]% 1 WA AaATE
0.999601 AT, AAFANN HH40] BYshe 77
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Fluorescence intensity, cps

0.0 . A L . .
0.0 2.0x10* 4.0x10° 6.0x10° 8.0x10° 1.0x10°*
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Fig. 6. Calibration curve for carbaryl obtained by peak height
of the fluorescenc curve as function of concentrations
of carbaryl. The signal for the fluorescence spectrum
at 349 nm is linear with carbaryl concentration.
Linear range : 5x1077 to 1.0x10™ mol/L (pH 7.0),
20% (v/v) ethanol, sodium dodecyl sulfate, 1.0x10~
2 mol/L. Excitation and emission monochromator slit,
1 mm; Increment, | nm and Integration time, 1
second.
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Table 1. Results of recovery test for carbaryl in aqueous

solution
Sample® Added Found Recovery
p (mmol/L) (mmol/L)° (%)
Sample 1 1.00x107° (1.08+0.05)x107° 108
Sample 2 1.00x1072 (0.98+0.04)x1072 98
Sample 3 1.00x10™"  (0.95£0.06s)x10™" 95

“River water collected from Kangchang bridge site of Keumho
river on June 1, 2009.
®Average of 5 determinations.

oA 73 AEFA(36)E 1.1x107 mol/L At}

B AFolA JiEe Wy o] A eE Wrtet] 9
ate] 34E A FS FA3ATh AEE 20099 649
19 F357e] 7 AFA AH T ZES A3t
At AlZ9 carbarylg ZH2F 1.00x1073, 1.00x1072, 1.00
107 mmol/L H7}F8k51E o} 3]F&-2 95-108%3Ath.

1 E

B AF o)M= carbaryl S FFEFHOZ 3}
= ol tiete] ATkt Carbaryl®] JFHE
HE A A3 EF 9 W& Al7l= 24 281 nm,
349 nmo| A H) A71E JeERH AT Carbaryle] 4 &
o # 4 sodium dodecyl sulfate®] &, ethanol] &%=
2 pHE 77+ 1.0x1072 mol/L, 20% (vAv), pH 7.0°] %A
o} ol2fdk HHzZoM AL Carbaryl®] 7744
A A XA o] APl HAE 5.0x107904 1.0x10™
mol/Lo| o™ AR FMA Aol AHshe %
Tl 3 AE3AI3o)E 1.1x107° mol/Lo] A Th.
o] = WA FAAFE 0.999601 Ut} & A+
oA o] &3t FFEFHL carbarylS FHFel= © &

8% % sl Azt
HAte| 2

=20 20009 A F(LSHE7)ER)e] Ao
2 e gATe] AdE wol FE AF<]
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