354 H3 E7 R = Vol. 35, No. 3
2016 4F 3 H ENVIRONMENTAL CHEMISTRY March 2016

DOI:10.7524/j.issn.0254- 6108.2016.03.2015081202

ERR, M, A RE L, A R RO (1 S AS I ) 5 23 v B R M ) S A 4 B ko AR e [ 7] R 35 4k 2%, 2016, 35 (3) -
460-465

WANG Shaojun, WANG Chao, SHI Tingshan, et al. Analysis of toluidines isomers and p-chloroaniline in air by ultra performance liquid
chromatography with fluorescence detection[ J].Environmental Chemistry,2016,35(3) :460-465

BEARBREXEEMNENEESPHRERRE
B 5 RME R SRR

Iap R BRL KO BRE ASR

(1. st A P U FE P EREE Wi rputa i, 58 K5%, 8300115 2. W EEREE WIS, Jbat, 100012)

T OE gy TP IR R S 5 A B G IR B 0 e R I B A SR AR - R OB S S A 43 AT
T35 B i T DR R A8, SR AR 2 R v TSR R AR NG R B 19% 20K 1) Y e, b ok s JE0BH % I 20 min.
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Analysis of toluidines isomers and p-chloroaniline in air by ultra
performance liquid chromatography with fluorescence detection

WANG Shaojun' WANG Chao™™ SHI Tingshan' CHEN Ye*  LYU Yibing®  ZHOU Yimin'

(1. Central Station of Environment Monitoring, Xinjiang Production and Construction Corps, Urumqi, 830011, China;

2. China National Environmental Monitoring Center, Beijing, 100012, China)

Abstract: A method the for analysis of toluidines isomers and p-chloroaniline in air was established
using silica gel tube sampling-ultra performance liquid chromatography with fluorescence detection.
Silica gel tube was used to collect toluidines isomers and p-chloroaniline in the air. Then a solution of
1 mL. methanol with 1% ammonia was used to desorb toluidines isomers and p-chloroaniline in
20 min at room temperature. The desorption solution was filtered through 0.22 pm microfiltration
membrane and analyzed by ultra performance liquid chromatography with fluorescence detection. The

detection wavelengths (A_/A_, ) for toluidines isomers and p-chloroaniline was 235 nm/335 nm.

Four aniline derivatives were separated within 4.5 min. The calibration curves were linear in the
range of 0.1—2.0 mg-L™". The correlation coefficients were more than 0.999. The method limits of
detection (S/N =3) were 0.11—0.4 ug -+ m™ assuming the sampling volume was 10 L. The
recoveries of toluidines isomers and p-chloroaniline at spiked levels of 0.5, 1.0 and 2.0 pg

(equivalent to 50, 100 and 200 wg-m™ in the 10 L air) were 95%—98%, 94%—103% and
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95%—102% , with the relative standard deviation of 1.0%—2.2%, 1.6%—3.7% and 1.3%—
2.1%, respectively. The optimized method is robust and reliable for simultaneous detection of
toluidines isomers and p-chloroaniline in the air.

Keywords: toluidines, chloroanilines, ultra performance liquid chromatography, isomers, air,

fluorescence detection.
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L T R AR T b 5 o5 0 B B DRI 9 4, R Y R e A AR T I A (s e A 2 L %
(2015 B) )™ M X G | FR M 5 A T R RS T 5 2 A AT R S e 5 5]
N R R A A2 S (3B —H1E) ) 00

2 5 e R RN G R e 1 437 SR A L) SO (GC) U S il
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HHTRL , BEALE TFEIT | 49 BOMEE T | A S I SCHR R 50 | A R T — A A S el P 5 e 9 4
52 PR e 5 S R 0 R W 5 L 30 9 2 A o PR ) 2 25 P e SR A 3
VI R B0 25 A TP M K E R 3 12,0 g m > (HERAEIRAR 10 L i) ™ i 25 457 F A
B €2 B B T 2 2 2 e 40 B Kt B 0.266 wg - m ™ (Hi R BEIRRL S L iT) 1 T g%
SR FTE P B - FFY G 75 4 - AR €2 3 1 D0 2 B8 2 A v A 408 F M, A tH R 0.232 g o™
(HIERBEIRRIR0 Lit) 1) B A (3R 1R FA 24 2 REAR BB 0 (3 A7 2 10 92
RO T LAk 390 T DAL 4 3 B A 3 S G R, 32 4 50 50 e FH 4 W K A T B AL B ) %
PRI e ey A AL R S A €0 B S A 3 [ e 37 2 /5 2 i PP SR B R L1t
M ) 4 S e A B TR S .
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1 SZEG#P4) ( Experimental seation)

1.1 AXEFF R

7 (e ARV 3354 (UPLC H-class, 56 [ Waters A H) ) , KACRFEAF (KC-60D, 7 & 085 L HL 4325 5
I A BRAE]) AR A (NFE 6 mm, K 120 mm, FiT B 150 mg/f5 B 75 mg,60—80 H , 1 FRANAIEH,
ARARAF) F 08K (0.22 wm RIS UERL, 125N\ w) ) AR H HEIR M (46 99.5%) (A H
FEIEME (4B JE 99.5%)  XF B L IR M (4L E 99.5%) 4B AR FE M (1000 mg - L) | JE) G AC K
(1000 mg'Lfl) ﬂd’%{hﬁﬂﬁ( 1000 mg-[fl ) $11 A% % Dr. Ehrenstorfer 2\ ). FH iz @f&?ﬁ,%’%lﬂ Kanglin
N LR (A >97.0% , F2 [ Alfa Aesar A F]) , KA IR FEBFIK.
1.2 FESLCREE

VR RS IR SRS P T, PR E B I B8 T e KRR AR E R, ) — i e 1 07) |, LA 0.5 L-min™' ik
SKRE  TOSERFERT ] SRAE IR R SURSE SRAEELE HUG , 37 R kI W R P i | 06 S 28 4.
1.3 FESLRTAR R

P RAE T ) e W o 65 T st e R 5 B A RS 43 i A8 AN 1.5 mL SRR 50048 TP MERRINA 1 mL 1%
FUKI P BE 7R % N A T 20 min. BRI, SR T 0.22 wm B 2ad 8 8%, 2 U8 SR/,
GRENE R i
1.4 AUERSTHT

ACQUITY UPLC BEH SHIELD RP 18 A4 (2.1 mmx 150 mm, 1.7 pm) , JishAH A 2 FREL VW
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(5 mmol-L™",pH 4.0) , i ZhAH B 20, B EEVEML , ik 0.3 mL-min™" , JEFER 1 pl, HER 40 C B VEMG
244 .0—2 min:25% B,2—4 min:25%7J} % 50% B,4—6.5 min:50% B,6.5—10 min:25% B.7¢ A
B K RS EAR (A /) A 235 nm/335 nm.

2 5 5958 ( Results and discussion)

2.1 EigEFmILE
2.1.1  FEIERI SRR e R

AR S 7 XA S T RGBSR 2 A i 32 1) 52 B2 3 w8 T 4R A SC R
HE(ED 1—2 M) U R T 8 R R T IR e A AR BT 1 AR AT e B A T
R DRI % B E T R A 43 %48 | Ta] X B A e [R] 43S M A, 48 1) o AR 2R B[] 43 5
PRI ARSI, A TGS, 15 BRGS0 A 6 38 5 MG TS AT 40 BT, i 0 S A 9868
RFNRGFPAS S5 IR, 4B ] AR N T LT A A5 W L, TG 1k E 7 AH I A8 2 A il 7 ik, i 48
Ji) o 4 e Rt A AR AT 5 B 2 S 1, 36 A SR FH 20 D' A 0 8 A 0, A+ 1z 7o) e A 20 Ik R &
B A58 232.3 nm #1335.7 nm .237.0 nm #1 335.0 nm .235.1 nm 1 341.6 nm . 238.9 nm #1335.0 nm.
LEG L, PERE 235 nm A1 335 nm VE A DA A 3 A UL ST
2.1.2 (AR

PEFE 4 FpETEH . ACQUITY UPLC BEH C18 354 (2.1 mmx50 mm, 1.7 pm) (2.1 mmx100 mm,
1.7 wm) (ACQUITY UPLC BEH SHIELD RP 18 {&j%H: (2.1 mmx50 mm, 1.7 wm) F1(2.1 mmx150 mm,
1.7 ) , 5 AN [RISEDRE R K A €0 A X FH SRR e ] 0 S A A 1) 3 S RO 245 SR i 7= X T BEH C18 3
AE,50 mm Fl 100 mm (9 @SR BIANBEA R 25 R 53 A8 4K, X5 T BEH SHIELD RP 18 JEUEL, 150 mm {7,
TEAE A2 B ORI B4 T 50 mm @384, %% ACQUITY UPLC BEH SHIELD RP 18 (434 (2.1 mm
x150 mm, 1.7 pm) ,#E17 F—25 03 shAH &AL
2.1.3  WEtHAA L

F T F SR e RN AR e 2 59 I T, & B s R I AT A 5 mmol - L' 2
B AR R I BN A i I Y R e N SR e A — g SR AN | 8 ) 58 ARG T 8
IR HH 2R (] 53 S AR AR L SR e 7] 43 S5 4 A T M 43 25 3 ot 25 2% sl A AN W] pH {1 (3.0.,4.0.,5.0,
6.8.8.0 F19.0) X [F] 73 S A4 A (033 43 BS RICR 152 ), & BRI SIAH ) pH 1 25 52 i FY 2R e (W] 0 S 4 R
M5 B ROR 78 pH E2h 4.0 B, 3 B[R] o S A0 AR AT A5 B0 3 2, 76 HA pH (E T, ¥R RE1S 24 200
BRI AR A T R R AR L [F] 7 A AR TE 6 min PS5 532 2 HEXT- 8]~ 26 2
ARG RIT - i) - 408 - G0 AR i 8 I P A4 R 4 0 TG v DG X6F - ] - &8 - FHY R 2R e o o Sl A i ) 2 D't Azl
s LA 1.

s0.00r LA | 2 R
- p-toluidine m-toluidine
jn}
2 -
§ 4500 30 401 R
Z o-toluidine
8
£ 30001
g | 4 X -RARA N
H p-chloroaniline
g 15.00
ol J
0 L l—/l\/ 1 L 1 L 1 L 1 L J
0 0.75 1.50 225 3.00 3.75 4.50

Time/min

1 4 Pl B Bl R SO 1] 53 S A R 14 €33 73 5141 (2 mg-L71)
LR BN PRI Ay < % - i) - 408 - FF SR e R X -G AR e
Fig.1 Chromatogram of toluidine and chloroaniline isomers(2 mg-L™")

peaks: 1: p-toluidine, 2; m-toluidine, 3: o-toluidine, 4: p-chloroaniline
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2.2 fRWARIF R

FERE RS A P AT BEEE IS I 0.5 g FRdE S, U T HE R IRAAF T (29 25 C) & AR E 20K
(0% .0.5% 1% 2% 5% 10% AT LY ) B BT fef J5 SR R (65 7 FF 356 250 g AR Sl AR e 1) i W 0 . 25 1 B
71, TR e A A RO e TS T A PR A A R, > 2R FH 7 2K I FE R ] 15 38 SO, F IR AE
90%—106% Z [i] . ZR R Ak A 0 v] FRE IS IFDR R TR K AR R IOk 2 AR R B Y B 1SS # R, o ik B
A AR5 MLV R0 A /KR P P EEA T A ) S PR e i A — 2 W K I, T AR 38 A8 e A
FH A2 A5 G ) e 0 2 PR 2 R 8 1 /KB I B8 7 3 e A, SO HH B /K ok B8 2o v v R A 1) 5 711
SR, TG, e 19 0K B BSEAE A A 94

TERE W BRSO AT BERE S HR A 0.5 g AR ifEf , SR 19 2K W BEAE R i O, B8 =R A T
(2425 C) , ANIFFEDEFE (10,20 .30 min ) X A28 Bl G4 QR e e W ot 2 A 5 i 45 R S /s TR RO e
FIVGRAC IR 1) it W A B 0P, 10 min B 2 AR I 50 4 AR SR 2645 20 min MM AP [H] | R UE I 58 42
2.3 FEA ORI AN S

FERE W FEAS R AT BERE RS A 2 g R DR e RN G A AR | FH S A} R 2% b e e e W o 657 W9 oy,
F 4 CROLEM FRAE 0T 24K 55 3 K BB S RAIEE 7 RAGHUS SOhFRI A, i 5 H b B S i
ARG & & TH AR FRAE RECT AR S A EOR | LR 2. 85 R R 78 4 CHROGZRM N RIE 7 d )5,
FE i e LR e AR e TSR R 92%—97% R PR AT, R BHAE BLAR A T RE S 2= /00T LURAE 7 d.

120
100

80 -
0O 3§ - H EH Rk p-toluidine

6] - H1 £ i m-toluidine
B 45- B £}z o-toluidine
*t - AR FE} p-chloroaniline

60

Recovery/%

40

20

0

E
Storage time/d

B2 PRAT IR TRDT R A S ORI [ e (1 R

Fig.2 Effect of storage time on the recovery of toluidine and chloroaniline

FE— PR SRS TTCE — 3R L, 72 EASWHE N2 200 mg - L™ H IR B A SR B TR & A
HEVS TR G5 T B8 e P AR e e 2 T 55 1 (24 25 °C) WK s, ml 40 A7 W o6 Jrie A S AR A g 75
YLl zs S, IR G DURE I W BRHAET HEA T 7R LR A 43 00000 5 W ST BRI BRI v PR 2 e R S A R G 1)
B, YW R IS BRI v SRR I RN SR AR I /N T AR T T BRI Y S, DA BREAS T B R G
TR RO P R A QAR I B o 7R 2 3 25 ot 45 R 3R W R J VR B A HHY R e AN SR AR R e 1) 2 33 2 o
¥IKTF 0.2 mg.

2.4 JrknytEne

e i) H SR B A AR TR B AR ER R (0.1,,0.2.,0.5,1.0,.2.0 mg- L") , RAUAL G ik 55 (4 2k 17
GBI ARG B R I SE 7 AT 0.1 mg- LRGP IER IR, THEHARX AR 1fE R 22 (RSD ) 1145 5 ik
HFR (LOD ) Skl s fin A B R R e RN SRR e 2 RERAE SR 4R 10 L 23U Gead mir b BRANERE 53
Br, UL 3 A5 (5 W LU AT 1A 20 25 R 03k 1 PR, W R e A SRR BEAE 0.1—2.0 mg- LTHEBIN 2 R
LA M R B KT 0.999,RSD K 1.09%—1.8% , J5iER R K 0.11—0.4 ug-m™.

O3 BIFERERS W B H A 0.5 1.0 F1 2.0 g A9 BER B A GARE MG , ¥ BROE AL 19 07 10, A B i el
W, SR 5 R(FR 2) , 45 bk BE B9 Iinds [EDICR 23 51k 95%—98% 94%—103% Fll 95%—102% , A
bR e 22 (RSD) 23514 1.0%—2.2% 1.6%—3.7% 1 1.3%—2.1%.
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F 1 WERMAE AR RE TR PG AH0C R Rl R
Table 1 Standard curves, linear ranges, correlation coefficients(r) , precisions( RSD) and
limit of detection (LOD) of toluidine and chloroaniline
AN

5 Sge AL A ot 28 . LOD /
Kﬂﬁxﬂ: o % $F{Emﬂsz ) Linear range/ X R - RSD/ % 3
Aniline derivatives Regression equation 4 (pgem™)
(mg-L7")

Xif-FR B p-toluidine Y = 3.87x10°X-2.43x10> 0.1—2.0 0.9996 1.4 0.11

[a] - F EE B m-toluidine Y = 4.27x10°X-2.62x103 0.1—2.0 0.9997 1.1 0.12
£B-FH K o-toluidine Y = 3.74x10°X-1.28x10° 0.1—2.0 0.9995 1.0 0.2

X -G p-chloroaniline Y = 4.71x10°X-1.03x103 0.1—2.0 0.9996 1.8 0.4

|2 3FMIbRAE T, EER AN S A A [T i

Table 2 Recovery of toluidine and chloroaniline in three spiked levels

R A 0.5 wg Jiks added(n=>5) 1.@0] pg HiAR added (n=35) 2.{; wg MiAR added (n=5)
Xif - IE Iz p-toluidine 95 1.5 96 1.6 97 1.3
(1] - FF ZE B m-toluidine 96 1.1 96 3.0 102 1.6
AB-F IR o-toluidine 95 1.0 94 3.7 95 1.5
Xif AR p-chloroaniline 98 2.2 103 3.7 96 2.1

2.5 KR
RAEIHTSLIA N (A) M S (B) 28 SRR, I3 SR 55 DA 2 o o O AS () e 52 1 Y R4 e A
SRR W, 70 ZE M AR T Saflds S 45 332 H AR AN SRR 5 S 2= SR (C—G) |, BETA 5
IR AR DL 370 S50 58 28 PR 38 02 R il 8 ARG HE Y SR I R S AR, 7 AU 2 95 e
23 AR R A TR R 1 Y S R S AR R it 20 A 2 SRR I AR D5 638 T b R AR
PR RE 7 il 7€
R3O AR PN AR (pgem ™)

Table 3  Concentration of toluidine and chloroaniline in air samples( ug-m™)

KRB ZXSFE A Air sample

Aniline derivatives A B C D E F G
it -FH B p-toluidine ND. ND. 23.5 39.4 38.3 55.3 130.4
(i8] - FF B2 % m-toluidine ND. ND. 42.0 46.8 50.1 75.9 126.3
£-H IR M o-toluidine ND. ND. 31.5 52.1 47.0 64.3 103.2
X} 58Nz p-chloroaniline ND. ND. 13.8 40.4 47.6 61.3 108.5

L ND Fm AR .

3 78 ( Conclusion)

AWIFGEHENT. T e R A SR - 12 SO 2 3 R S AR I V) 7 2 e PR R G 1) 3 e ) K B %of
ST T, B R R 0.11—0.4 pg-m™  IARIESCR hy 94%—102% , v] 47 %500 R 4B 25 R T
VES It L KA OG5 G 5 i itk e = i L 37 25 A5 M 0 7 5
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