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Simultaneous analytical methods for the nine carbamate families such as aldicarb sulfoxide, aldicarb sulfone,
oxamyl, methomyl, 3-hydroxy carbofuran, aldicarb, propoxur, carbofuran and carbaryl were optimized using
high performance liquid chromatograph with flouresence detector (HPLC/FLD). All the target compounds
including internal standard (4-bromo-3,5-dimethylphenyl-N-methylcarbamate, BDMC) detected within 31 min.
Linearity of calibration standards for all compounds between 0.5 and 20 pg/L were above >0.999. The recov-
eries and the relative standard deviations (RSDs) of spiked samples with 0.5~1.0 pg/L were in the ranges of
83.9~111.3% and 4.8~10.5%, respectively. Method detection limits(MDLs) for nine carbimate and related
compounds were 0.07~0.34 ng/L. The optimized method was applied to the surface water samples from Han
River during 2007~2009. Carbofuran, methomyl and some family compounds were detected in traceable levels
with very low frequencies. Therefore, there seems to be very low exposure risks of carbamate and related pes-
ticides in Han River area.
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2 Ao o]&3l Flulyo]EA FoFS aldicarb
sulfoxide, aldicarb sulfone, oxamyl, methomyl, 3-
hydroxycarbofuran, aldicarb, propoxur, carbofuran,
carbaryl 5 9%5F°]3, AccustandardAt(New Haven,
USA)e] E8tEEE4 100 pg/mlLe AMEsIglon Wi
EF89L 4-bromo-3,5-dimethylphenyl-N-methylcar-
bamate(BDMC)E 10 pug/mL(Supelco, Bellefonte,
USAYS FY3tlch tiEd 95<] Egsietd] 54
S Table 13} Fig. 19 2okt

Table 1. Physical and chemical properties of carbamate pesticides

Compound CAS Molecular Molgcular log P Water solubility
formula weight (octanol/water) (mg/L @ 25°C)
Aldicarb sulfoxide 1646-87-3 C,H,N,055 206.29 -0.78 2.8E+04
Aldicarb sulfone 1646-88-4 C/H,;,N,0,S 222.29 -0.57 1.0E+04
Oxamyl 23135-22-0 C/H;3N;0,S 219.29 -0.48 2.8E+05
Methomyl 16752-77-5 CsH;(N,0,S 162.23 0.6 5.8E+04
3-hydroxycarbofuran 16655-82-6 CpH1sNO, 237.26 - -
Aldicarb 116-06-3 C;H4N,0,S 190.25 1.13 6030
Propoxur 114-26-1 C1H5NO, 209.27 1.52 1860
Carbofuran 1563-66-2 C,H 5sNO, 221.28 2.32 320
Carbaryl 63-25-2 C,H;1NO, 201.24 2.36 110
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Fig. 1. Structures of carbamate pesticides.
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Table 2. HPLC/FLD condition for the analysis of car-
bamate pesticides in water

Parameter Condition

Column Waters carbamate analysis C18

(4.6 X150 mm, 5 um)

Injection volume 300 pL

Flow Rate 1.0 mL/min

Stop time 38 min

Post time 5 min

Detector FLD (Ex 330 nm, Em 465 nm)

Mobile Phase
Post column reactor

Water/MeOH, gradient
Hydrolysis/OPA, 0.3 mL/min

FF ZUE™(2007~2009) 35

O EAL g 15mLe WEEEEZ (Supelco,
BDMC 10 pg/mL)S 50 uL %9} Fo] 50 mL2 -5
3L o|lRe I o8] HPLC/FLD #4el AR&-sh
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Fig. 2. Sampling stations nearby effluent sources in Han River watershed.
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Fig. 3. Regular sampling stations in Han River watershed.
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Fig. 4. Typical chromatogram of carbamate mixture (a) mixed sample (b) blank in water.
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Table 3. Slope equation and linearity for calibration
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3}gHEe] W ZAEIA(MDL) 2 A #3EHA (PQL)S
aldicarb sulfone(0.14 pg/L, 0.46 pug/L), aldicarb sulf-

Chemical Equation Lin(i;*)my oxide(0.17 ug/L, 0.53 pg/L), oxamyl(0.21 pg/L, 0.68 pg/
L), methomyl(0.11 ug/L, 0.34 pg/L), 3-hydroxycar-
Aldicarb sulfoxide y=2.7255x + 0.0219  0.9999 .
bofuran(0.23 , 0.74 , aldicarb(0.21 , 0.66
Aldicarb sulfone  y=2.7120x + 0.0246  0.9999 (0.23 ng/l ng/l) (021 pg/l
Oxamyl y=2.2036x + 00128  0.9999 pg/L), propoxur(0.24 pg/L, 0.75 pg/L), carbofuran(0.34
Methomyl y=3.5607x - 0.0174 0.9998 ug/L, 1.07 ug/L), carbaryl(0.07 ug/L, 0.22 ug/L)°| %}
3-hydroxycarbofuran y=1.6512x - 0.0045 0.9999 t}. 3, ArAa] AlelEA] sel ABe g B
odicarb ey oey A1 MR gEE ARelE Sl = 5
ropoxur y=1. X . . ohE BB W OGO Alslel Al SlZmo
Carbofuran y=15110x + 0.0078  0.9999 S EEEAS 2uglls Avhet] AR el
Carbaryl y=2.8640x + 0.0296  0.9996 5~10% HI&E A4S AAEiom, Table 59 WHef
Aldicarb sulfoxide Aldicarb sulfone Oxamyl
. 2 y =2.7120 x +0.0246 D . i y =2.7255 x +0.0219 D . ° ¥ =2.2086 x +0.0128 D
g, R? = 0.9999 g, R? =0.9999 g4 P = 1.0000
g 2 E 2 ; 2
5, 5, @4 |
o8& oS o8 -
0 0.5 1 15 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2
std conc./IS conc. std conc./IS conc. std conc./IS conc.
Methomyl 3-Hydroxycarbofuran Aldicarb
8 3.5 6
W7 y = 3.5607 x +0.0017 D 3 y =1.6512x + 0.0083 w5 y = 2.4780 x +0.0047 D
ge R? =1.0000 5 25 R =0.00%9 5, R? =1.0000
Qs 2 » Qe
84 84, g3
1 0.5 1
0 ok 0 -
0 0.5 1 15 2 0 0.5 1 1.5 2 0 0.5 1 1.5 2
std conc./IS conc. std conc./IS conc. std conc./IS conc.
Propoxur Carbofuran Carbaryl
3.5 3.5 7
. 3 y=1.5717x +0.0118 D o 8 y =1.5110x +0.0078 D 6 y =2.8640  + 0.0296 D
225 R? =0.9999 £ o5 R? =1.0000 st R? = 0.999%
2 2 2 2 L2 4t
815 € 1s €t
T 1 T 1 T2t
¢ 0.5 ? 0.5 ’ 11
o0& o(8 0
0 0.5 1 15 2 0 0.5 1 15 2 0 0.5 1 1.5 2
std conc./IS conc. std conc./IS conc. std conc./IS conc.
Fig. 5. Seven point calibration curves of carbamate pesticides for 0.5~20 ug/L.
Table 4. Accuracy, precision, MDL and PQL of carbamate mixture
Chemical Fortified amount (ug/L) Accuracy (%)  Precision (%) MDL (ug/L) PQL (ng/L)
Aldicarb sulfoxide 0.5 100.7 10.5 0.17 0.53
Aldicarb sulfone 0.5 92.7 9.9 0.14 0.46
Oxamyl 1 111.3 6.0 0.21 0.68
Methomyl 0.5 111.1 6.1 0.11 0.34
3-hydroxycarbofuran 1 108.2 6.9 0.23 0.75
Aldicarb 1 83.9 7.8 0.21 0.66
Propoxur 1 102.5 74 0.24 0.75
Carbofuran 1 105.1 10.2 0.34 1.07
Carbaryl 0.5 90.2 4.8 0.07 0.22

¥MDL: SD+#t = SD*3.14 (n=7, 1-0.=0.99), PQL: SD+10(Ref : Standard methods 20th edition, 1030C Method detection
level), SD: Standard Deviation, MDL: Method Detection Limit, PQL: Practical Quantitaion Limit
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Table 5. Recovery and standard deviation of fortified QC sample (n=6)

Compound Fortification level Measured Average Recovery Standard
P (ng/L) (ng/L) (%) Deviation
Aldicarb sulfoxide 2 2.03 102 0.08
Aldicarb sulfone 2 1.99 100 0.05
Oxamyl 2 2.00 100 0.04
Methomyl 2 2.03 102 0.04
3-hydroxycarbofuran 2 1.98 99 0.08
Aldicarb 2 1.82 91 0.12
Propoxur 2 2.02 101 0.08
Carbofuran 2 1.95 98 0.08
Carbaryl 2 2.02 101 0.06
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Fig. 6. Cumulative occurrences of carbamate pesticides in Han River for 2007~2009. (a) carbofuran, (b) methomyl, (c)
aldicarb sulfoxide, (d) aldicarb sulfone, (e) 3-hydroxycarbofuran.
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