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Determination of Anilines in Environmental Water Samples by Simultaneous

Derivatization and Ultrasound Assisted Emulsification Microextraction

Combined with Gas Chromatography-Flame Ionization Detectors
TIAN Li-xun,DAI Zhi-xi, WANG Guo-dong, WENG Huan-xin "

(Institute of Environment & Biogeochemistry, Department of Earth Sciences,Zhejiang University, Hangzhou 310027, China)

Abstract; This research demonstrated a new method, simultaneous derivatization and ultrasound assisted emulsification microextraction
combined with gas chromatography-flame ionization detector ( SD-USAEME-GC-FID ), for the determination of anilines in
environmental water samples. In this study, several factors, such as the volume of butylchloroformate ( as derivatization agent/
extraction solvent) , ultrasonication time, solution pH, salt addition, and centrifuging time and speed, were optimized in order to
obtain good method performance. As a result, under the optimal conditions, the method showed good linearity in the concentration
range of 6-60 000 pwg-L ™" with correlation coefficients ( R*) ranging from 0. 999 7 to 0. 999 9 for the five target anilines. The limit of
detection (LOD) , based on signal to noise ratio of 3, ranged from 1. 1-4. 1 wg-L™". The relative standard deviations ( RSD) varied
from 2.4% t05.7% (n=6) and the enrichment factors (EF) ranged from 317 to 846. The proposed method was also successfully
applied to analyze seven environmental water samples, with the relative recoveries (RR) ranging from 86.8% to 105.5%. In a
conclusion, this method was convenient, highly sensitive,, inexpensive and environment-friendly, and therefore, the present method can
be used as a preferred method for the determination of anilines in environmental water samples.

Key words : environmental water samples; anilines; determination; simultaneous derivatization and ultrasound assisted emulsification

microextraction; GC-FID
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(RIS NI N, >4 2508 B K F 6 min B, EARAR{A
FURBEIE N A REEAZE. I, %54 000 r+min ™'
ZME REL 6 min R Ec A B E].
2.6 JriEEAL

MR A O T & B A ] pH A
B Fom AL ORI 5 A EE R AR SH e
S, R IR 250 Az 8 75 LA B OR aik ik
TR BE A B oK bR W A A ot 2. 3R
125 TR 5 PR A WA LM
(LR) \ MR RE(R®) . FEHAEE (RSD) | K il fR
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2,6- " H IR LB R 15 ~60 000 pg L',
A5 F AR IR AN 4-50-2- H IR I RS E L 9 ~
60 000 wg-L ™" ARAEXTHE F1 000 pg- L' AARIHE

IRIEATIY 6 YOPATSE 50, 1551 5 FoRRIE &9
o3 04 T BR (%) AH X A 9 A 25 (RSD) 7 2.4% ~
5.7% Z.[8]; 3T 3 fE0U(EME L, 55 5 FhoR Ak
EYR TR IR (LOD) 7E 1.1 ~4.1 pg-L7'Z
6] 5 DAZRREISA A P Ae DU UM b i v B 15 A v
W (6000 pe- L") ik EZ S 3 E £ R
(EF) £ 317 ~ 846 2 JH].
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Table 1  Performance parameters of SD-USAEME combined by GC-FID in the determination of aromatic amines

STLE Y LR/pg-L~! R LOD/pg-L~! RSD/% EF
A 6 ~60 000 0.9999 1.1 2.4 846
2,6- " H LR 15 ~60 000 0.9997 4.1 5.7 317
Kol R 2 e 6 ~60 000 0.999 8 1.2 3.9 773
A H A SR e 9 ~60 000 0.999 7 1.8 2.6 797
4-58-2-H R 9 ~60 000 0.999 8 2.1 3.1 821

2.7 IEIKEEDHT

LA B S A )28 437 A 7 LA ik
RS AT X 7 MIABOKAEIE T T 0. 4
FIIAR LB FOK . SEBRIREEAKFE (ST ~S3) FIL &+
IKZS R IR SAE S 1, 3R 2 S IRBE KRR v 2R e
KGN AT as . I 4 Fsk 2 v LUE 1,75
TRV B (S1) kil 21 T 2R | 2,6-— FBE0R
Jig . X B2 B RN 4-51- 2-F L R i, vk RE 43 0
47.1.23.2.9.7 F1163.8 pg-L~"; 3 15 0
W (S2) ARSI B TR M | 48 AR ER IR RN 44 - 2-
SR W 43 59l 6.1, 19.7 F138.6 pg-L™';
W5 7K (S3) R I 2 T 2R RN 4-58-2- F 2R
WRE R 12.9 pg- L7117 pg-L7". HABIREE
IKFE(S4 ~ST) kI R B A & . St 7
FREREE K AR IHEAT T 3 4047 s =T 43 #r (i
PRUEEEY A 60 pg L"), 45 R, Bl i 3 e 2%
A& B9 AR X [0 % ( RR) 7E 86. 8% ~ 105.5% 2
[, 0033 0 TR A9 AH X B HE A 2% RSD (n = 3) 1E
2.6% ~5.5% Z|f].
2.8 SHA M LR

AT 1 5 ARSI PR B KA Th R RS W T
BRI 3. W AT LUE A AR 7 2L
Pl B 8 3 72 00 52 A 35 7K B v ) K e 284k &
Yy, BA T GE R e M | B T R N A A7 Bl
WA EAFPL R, 53R 3 AT AR L AT AR
AR R S, HA U R RO 173505 53¢
BR014 TR VA L, A i BLA B 5 () 2t [T A
AR ARSI B, A7 ML 70 et R R R AR, 5 Sk
[30 ] B I B, AR D 2 B LA SR A G T B

FID 0] 35w R

20 21 22 23 24 25 26 27
£ 54 15 ) /min

(A) IFREBEFIK(600 pg L") 5 (B) EBIF/KZ FXHH;
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@R RN ; O4-58-2- L
4 KRR ESHEBILE
Fig. 4 Gas chromatograms of the practical

environmental water samples
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Table 2 Analytical results of anilines in real environmental water samples
\ SbrfE IntgA arieie RR RSD(n =3
A B e i ! (n=3)
/ug-L /ug-L /ug-L /% /%
S1 47.1 60 55.3 92.2 2.9
2 6.1 60 56.5 94.2 3.0
S3 12.9 60 57.8 9.3 2.7
A 4 ND 60 60.3 100. 5 3.2
S5 ND 60 59.5 99.2 2.5
S6 ND 60 59.7 99.5 2.6
s7 ND 60 59.1 98.5 2.6
S1 23.2 60 52.1 86. 8 5.5
2 ND 60 53.3 88.8 5.8
S3 ND 60 54.5 90. 8 5.6
2,6- " H LR e 4 ND 60 57.7 96.2 5.1
S5 ND 60 56.9 9.8 4.8
S6 ND 60 57.3 95.5 4.2
s7 ND 60 56.2 93.7 5.3
s1 9.7 60 57.9 9.5 4.3
2 ND 60 58. 1 9. 8 3.6
S3 ND 60 58.4 97.3 2.8
o FR 2 e S4 ND 60 62. 4 104.0 4.2
S5 ND 60 59.8 99.7 3.4
S6 ND 60 59.4 99.0 3.6
s7 ND 60 61.5 102.5 4.1
S1 ND 60 54.2 90. 3 4.8
2 19.7 60 55.4 9.3 4.8
S3 ND 60 55.6 92.7 4.5
& H SRR 4 ND 60 58.8 98.0 3.5
S5 ND 60 58.5 97.5 5.7
S6 ND 60 59.1 98.5 4.2
s7 ND 60 58.7 97.8 3.7
S1 163. 8 60 63.3 105.5 3.5
2 38.6 60 55.9 93.2 4.1
S3 11.7 60 55.9 93.2 4.0
48 -2- SR e 4 ND 60 58.9 98.2 4.2
S5 ND 60 57.1 95.2 4.6
S6 ND 60 58.2 97.0 3.8
S7 ND 60 57.5 95.8 4.2
1) ND A H e 1k
3 EASPTEBEANBERSHBEESHEMAEANEER
Table 3 Comparison of the proposed SD-USAEME-GC-FID method with other methods
- LR LOD LOQY Vos® X
VRS SR A ) 08 SCHk
ST /pgeL”! /pgeL”! /pgeL”! /vg
R 1.4 ~50 — 1.4
SPME-GC-MSY LB AR R 1.7 ~50 — 1.7 7 000 [3]
451 2- LR 1.2 ~50 — 1.2
R 10 ~1 000 3.4 —
B _GC-FID? ,
SA-DLLME-GC-FID R 10 -1 000 L9 o 515 [14]
g 40 ~8 000 21 —
3 _CC- 3) . 2
SDME-GC-FID 2,6- HIEE T 50 ~ 10 000 17 — [30]
ENi 6 ~60 000 1.1 —
2,6- " H LI 15 ~60 000 4.1 —
SD-USAEME-GC-FID* Xof R e 6 ~60 000 1.2 — 20 NI
A R A R 9 ~60 000 1.8 —
4-50-2-H BRI 9 ~60 000 2.1 —

1) EI*E%%&%?SHX’%*E@LEELE&‘( solid phase microextraction-gas chromatography-mass spectrometry, SPME-GC-MS) ; 2) ThdH B A B TR 2R BUR
FH AL GV (salt assisted-dispersive liquid liquid microextraction-gas chromatography-flame ionization detection, SA-DLLME-GC-FID) ; 3) BT AR B
S MO (single drop microextraction-gas chromatography-flame ionization detection, SDME-GC-FID) ; 4) [R5 fi7 Az 8 75 7L Ak 33 A8 BUS A (2033 vk
( simultaneous derivatization-ultrasound assisted emulsification Microextraction-gas chromatography-flame ionization detection, SD-USAEME-GC-FID) ; 5)

sE PR (limit of quantification, S/N=10) ; 6) A HLEEFIH 2 (volume of organic solvent required, V)
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