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Fig.2 Changes of peak areas of quantitative ions of pyridine,
aniline and nitrobenzene under different Na,CO,

content.
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Fig. 4 Changes of peak areas of quantitative ions of pyridine,
aniline and nitrobenzene under different methanol

content.
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Fig. 5 Effect of equilibrium times on peak areas of pyridine,

aniline and nitrobenzene.
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Table 1  Effects of forced through origin of the calibration curves on the results of blank samples.
ey N IE (pg/L) KR (pg/L) IR (ng/L)
S5
2 FEa ] St o FE 5] SR o FE ] SR B
ﬁ;w—»\ﬁtgﬁ a b aacc
(n=6) 0.64 0.63 0.51 0.68 0.11 0.14 — — —
% - Yj(iitgﬁ aacc b aacc bb
(n=8) 0.82 0.80 0.65 0.66 0.09 0.11 0.60 0.05 0.08
ﬁ ;Yk iitg@ a b aacc bb aacc
(n=8) 0.83 0.81 0.67 0.83 0.26 0.32 0.56 0.01 0.01

T " FORTMEEIRNE B T a FORAESR T ISR R 2 (0 2 (85 B RS AR (M BE | IR AN FEDR AR IE MR BE 435304 1,00, 1.00
H10.50pg/L, LUFREDESRIBIAAEREVEZREST (P<0.05), aa FoRBATRIFFAEN RENEZE 7 (P<0.01); b FoRum i J5 R vl i 2 A I i (i
5B SRR R AR B 22 53 (P<<0.05) , bb TR EMZ MAAEN B2 (P<0.01) ;5 co FoRAEMm bl IR Rk il £ il 52 (H5

S ) o D ) 5 (PR A A B 2 22 5 (P<0.01)

%2 ALETIRRERRRR (=10)

Table 2 The corresponding characteristic indexes of optimized methods (#=10).

e il e WEME - o H R R BR V5 YRR (E iR (g
&h (pg/L) (ug/L) il fiie (ug/L) (ng/L) (ug/L) (ng/L)
it 2.00 3.06 0.329 0.93 3.72 100%, 2000° 200
i 500™°
Rl 2.00 2.38 0.171 0.49 1.96 1000° 100
fiF SR 1.00 1.08 0.050 0.15 0.60 2000 17

e M. RIS Y HERRAE 0 R A AL A AR RS A LR A HEIRRE s a TS Y HERCR R A (AR Tl K5 Yt
YIHERCARE ) (GB 21523—2008); b FR iy RIE R 0 a2 T ISy EicbigE ) (GB 31571—2015); ¢ FomisedHEil iR
R A Gigiess Tolk/K s YRR bR E ) (GB 4287—2012); d FRnbmifERRIER H (MK IR FrmprifE ) (GB 3838—2002), HArogji

AR S AR KRB 3 50 S B X 2R PRI B

(44 30 2k 25 Tl KI5 4 W HE A% #E )(GB
21523—2008 ) F1 {7 i Ak 2 Tl 5 G P HE b o )
(GB 31571—2015) i i5 G Wy HEA BRAR, 7T WA Y
JUT ST 043 7 v T K UE KR Tk 7K H e i |
A RIS o 245 118 [ s A

Bl AE Ry S 6 28 25 FIRE A, TR 3 ANk B K
S FAIHE | A B RIRY R S AT ARSI, R K
V8 AR . WL 3 AL M E A [ RS
SIS IR AT 3 AU EEACE- () BARPIES, MERE | 2R
FIVAY J 2% B 7 2 L 3 55 I A F 94.2% ~ 105.5%
83.2% ~ 105.8% F1 73.6% ~ 99.7%, %} Wi f) RSD 43
T 82% ~ 14.2%. 8.8% ~ 12.8% H1 5.9% ~ 13.0%,
Vi BT TF Al K AR B RE &, 1205 B A R AP RS 2%
JEEFIEREE

SRR PH ) BN L S K RN R T B YLK, X
L RE | 2P RIS JEE AR 15 S A T A, [ B Xof - A A
s BEAT IR [ SRR A, 25 SR L 4 Rk 5. 2 ANE
YR KA S FPER AN 5,00, 10.00 F1 20.00pg/L %5 3 4>
IR (1 I WE R i B, TR R 38 A A i T
73.2% ~ 86.7% F1 71.1% ~ 87.5%, JINHREE i 45 1
— 786 —

RSD 73T 3.7% ~ 11.5% F1 2.8% ~ 9.9%; T KA
AR IR BE 4359120 2,50, 5.00 AT 10.00pg/L, A1 %
BIEF RSD 435 T 67.2% ~89.9% F12.2% ~9.5%.
R BRI A 2 ST A TR s ARG I I | e AN
BTSSRI T 1%, TR ER G K B, AT AT R 471
YHERA B A BT
2.4 SEFRFESHI T

SR AR BH BN Y SR K R e T EP YR K, X
JIT B MR | 24 B R B A HE O B R A7 i AT o
[t Y S 6 2 2 A5 I 8 RIS e 2 ) e
/N T30 R O 2 A R BR (43 51 R 0.93, 0.49 Fil
0.15pg/L), SEFRAE S AH G Z5 R L3 4 Fik 50 M
P4 N S ATHN, WHBH T ED YL K A R ) BN Y
K FR I BE YA SR S (110 ~ 1.13pg/L), J& 2 R
Foi HH R (0.19pg/L ) 5 A4S R VA B 43 ) v A
PR 10.9 A5 A 3.5 4%, 1K T SCHRHE i B YL 7Kk 25
H(320ug/L B i EREE R AL WSk 2 4N
ZUEN YL el X (1475 7K A BT HE I ER Y 2 7K H A AR RE |
R i B R ARG Y, 1 B X il ) A 7 T A
(B 75 K A B EP YL I K b B R v A7 A 3 Rk &
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F3 TREDAW 3 AKFE TIPSR, R
&R (n=8)
Table 3 Accuracy and precision results of blank samples

spiked with three levels (n=8).

e Tic il e W72 {E [EEES RSD
o (ug/L) (ug/L) (%) (%)
5.00 471 942 142

L 10.00 9.48 94.8 11.6
20.00 21.09 105.5 8.2

5.00 4.16 83.2 12.8

gl 10.00 8.94 89.4 11.5
20.00 21.15 105.8 8.8

2.50 1.84 73.6 13.0

BN 5.00 4.19 83.8 10.6
10.00 9.97 99.7 5.9

4 WSknrHHIX g5 RENVRIR R SR & AR BRI OI5 R AR BT
HERENGEE K 3 AT RIS (n=6)

Table 4 Recoveries and RSDs of the three organic compounds
at three levels in printing and dyeing wastewater from
the wastewater treatment plant of the Textile Printing
and Dyeing Environmental Protection Comprehensive

Treatment Center in Chaoyang District, Shantou City

(n=6).

o AN InbREE WM B RSD
" (ng/L) (wgL)  (ugL) (%) (%)
5.00 5.33 84.0 115

MHEE 1.13 10.00 8.71 75.8 6.3
20.00 18.10 84.9 5.5

5.00 9.73 87.4 9.9

g N 5.36 10.00 12.47 71.1 6.9
20.00 2232 84.8 42

2.50 1.98 76.4 7.3

iR ND 5.00 3.67 72.0 3.8
10.00 8.62 85.5 6.3

T “ND"FOREHR/DNT IR R

5 Wi X U b X 35 K AL B HERREN Sk

3 AARCE PRI (n=6)

Table 5 Recoveries and RSDs of the three organic compounds

at three levels in printing and dyeing wastewater from

Sewage Treatment Plant of the Textile Industrial Park,

Chaonan District, Shantou City (n=6).

e AEHTE  ksE WEE B RSD
a (ug/L) (ug/L) (pg/L) (%) (%)
5.00 4.76 73.2 3.8

M 1.10 10.00 9.24 81.4 10.9
20.00 18.43 86.7 3.7

5.00 5.40 73.8 2.8

e 1.71 10.00 9.53 78.2 95
20.00 19.21 87.5 5.1

2.50 1.87 67.2 2.5

iR 0.19 5.00 3.97 75.6 9.5
10.00 9.18 89.9 22

Y5 Y. AHIFSE @S 1HT ik ] N T ER G K
MEIE | 2R e R AR A R 2 I, A B — R 12,
3 FL A YIS K AL BT AL BT R A T L 1B RS
FUERG R T R SE 7 )
2.5 ARJjIES SORMRIE TS I LR

55 AR A T RLE BE | A% i R R R L — e
A WL i SCk AR e LS 232 e as | SR
HS/GC-MS 2 [R] B R 7 J5z b g | 24 e R S8,
PEE TRIACR . 5 Sk A 1 S0R 3k (D
SKMG B TAL R 28, GC-FID) | 1321222429 ) g i
€38 1 (B HiL T 3R A6 I 2%, GC-ECD) 28 A,
AR SCIF R I R I T v A B AR BH 1 1 4 T T B A
o [REE, AR 580045 75 v 46 H R A it B b
YE A I s HI 1072—2019(30pg/L) F1 3C #ik (2 ~
20pg/L) 81321222425, 2730 e o g e ) SR HE
{H(0.2ug/L 3] ) s TR HI 822—2017 FI1HI 1048—
2019) F1 A 4 4 (HJ 648—2013 F1 HJ 716—2014) 1)
ARSI 7 v, (B 1 i S e (2A 230
Y. WIEG BBUEY) . IEC ke, INERS m #E A LR
A, LA B [ A 26 BURE A A A S5 S REM (32 6), HL
FE SRS /N TR bR vEAS I 75 125 (HT 1048—2019
) A FETEBRAN) o AWFSE e ST Y 7 T A R T
IR ERAE B TSR EE, DA R B 155
FIFREEH) IG5 5L

3 &g

SR T2 /SR 3 - I A B e B 7K it
WE M MIAR R, TRIT 1 I AR B4 1T It 428 1o
J7 3k RABE BOAE FHALERL, DAl T4 ff A - 487 38 22 A
A I E] S T A A SR AR SOTIERA RAFIIHS
8 JEE TN AAG B, T A RN T R AR R FH T 25
1 SCRRARTE, [, A i i Ak PG A5 g B L 487 A5 A ]
2 H B, e TR E s I IS
e PSR REA E LR, ELY A BARAC IO | il
MR STEAEA TS

ARSI AT BN R K Pt | R A 2
AOHE A L REA 7[RI R, SR e | e I R A
B 5 PR K Ak B i i ) I A% R 5T $ R SHE
T AL TR AR 22, 7608 A v m] i A
b B AR FE R A HLT5 Jey, %07 k34 T AR
AT, TGN Z RS 5, Jm IR IF AT ik
T 2 TR NS I B AL 5 WG L J7 THT ) T
G, NN K RIS G SR aT 470712
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# 6 AWITES SCHRTE BRI TT 15 LE A

Table 6 Comparison of this study with literature reports and standards.

i FEAATALE | SIBTRGIN 7 1 j,; % o
B IARTR [P ELIDFR7R U ine o, DA R RGN 7 1
(mL) Y& Sy K ni (ng/L)
10.0 Toizs iR (4.0g) GC-MS 0.93 BT
10.0 Tz AAkih(4g) GC-FID 44 [24]
10.0 Thss Ak (2g) GC-FID 16 [22]
10.0 Thiss A (3g) GC-FID 20 [25-26]
g 10.0 Tz Sk (3g) GC-FID 26 [10]
10.0 Toizs Sk (4g) GC-FID 30 [8]
10.0 Toizs iR (4.0g) GC-FID 20 [21]
10.0 Tz WRREH (5.0g) GC-MS 0.2 [23]
10.0 Tz A (3g) GC-FID 30 HJ 1072—2019
10.0 Toizs TR (4.0g) GC-MS 0.49 AW
10.0 Thias AFE N (5g) GC-FID 2 [13]
20.0 Tz Ffkah(10g) GC-MS 5.80 [27]
ZHE e (145mL) +
e 1000 TRIRZERL Ifar%;zl;:zi )) : GC-MS 0.057 HJ 8222017
SFALH(30g)
0.010 ﬁﬂﬂﬁﬂ{ﬁ x LC-TQMS 0.2 HJ 1048—2019
R
100 I FHAE ZR(5mL) LC-TQMS 0.02 HJ 1048—2019
10.0 Th%s WAz (4.0g) GC-MS 0.15 AT
40.0 Thi%s I GC-ECD <25 [28]
10.0 Thzs FAk#(4.0g) GC-FID 10 [29]
10.0 Thiss FAka(4g) GC-MS 7.6 [30]
AR 200 ORI I (40mL) GC-ECD 0.17 HJ 6482013
1000 IEE| AHAE IE;@? ((Z 55;15 ))+ GC-ECD 0.032 HJ 648—2013
1000 LS :§ : g ((f;:LL)H GC-MS 0.04 HJ 716—2014
1000 Il AHAE B ZHEMBE(15mL) GC-MS 0.04 HJ 716—2014

TF: GC-FID FIREC S AR F AR Sy AR (i s GC-ECD RN BE HL ARG e i <M €30 ;. LC-TQMS Fm Bt (3% - = 5 PUARAT
Bk
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Simultaneous Determination of Pyridine, Aniline and Nitrobenzene in
Printing and Dyeing Wastewater by Headspace Gas Chromatography-Mass
Spectrometry

WU Yue', LAI Yongzhong™>*', LU Guoyong', LIN Xiaosheng®, LIANG Shusheng’,

XU Wenshuai®
(1. Department of Ecological Construction, Shantou Polytechnic, Shantou 515041, China;
2. Institute of Marine Science, Shantou University, Shantou 515063, China;
3. Guangdong Provincial Key Laboratory of Marine Biotechnology, Shantou University, Shantou 515063, China;
4. Shantou Ecological and Environment Monitoring Center Station of Guangdong Province, Shantou 515041,
China)

HIGHLIGHTS

(1) The addition of sodium carbonate had the effect of increasing the salinity and alkalinity of the sample. For
strongly polar pyridine, aniline, and nitrobenzene, due to their high ionization constants, the increase of salinity
and alkalinity is helpful to improve the sensitivity of the method.

(2) Adding an appropriate amount of methanol improved the precipitation effect of the targets and the sensitivity of
the method. Excessive methanol caused column overload and affected the peaks of the targets.

(3) The optimal headspace conditions were adding 4.0g of Na,CO; and total volume of 50uL methanol to 10.0mL of
water sample, and the equilibrium temperature and time were 80°C and 60min, respectively.

(4) The headspace gas chromatography-mass spectrometry method has significant practical significance in achieving
simultaneous monitoring and environmental protection of multiple organic pollutants in printing and dyeing

wastewater.

ABSTRACT

BACKGROUND: Pyridine, aniline, and nitrobenzene are important chemical raw materials with low boiling point
and strong polarity. They are highly susceptible to enter environmental water and cause pollution. Printing and
dyeing wastewater with a complex matrix contains various carcinogenic nitrogen-containing organic pollutants, such
as pyridine, aniline, and nitrobenzene. Printing and dyeing wastewater discharging into the environment is harmful
to human health through the food chain. The simultaneous detection method of pyridine, aniline, and nitrobenzene in

environmental water is necessary.

OBJECTIVES: To establish an analytical method based on headspace gas chromatography-mass spectrometry for

the simultaneous determination of pyridine, aniline, and nitrobenzene in water.

METHODS: The contents of pyridine, aniline, and nitrobenzene in the effluents from the wastewater treatment
plants in the textile industry parks were detected and quantified by the external standard method with headspace gas

chromatography-mass spectrometry method. Finally, the experiment conditions were optimized.

RESULTS: The results showed that the linear ranges of pyridine and aniline were between 1.00pug/L and 30.0ug/L,

and nitrobenzene was in the mass concentration range of 0.50-15.0pg/L, with the correlation coefficient above

0.992. The limits of detection were 0.15-0.93pug/L. The concentrations of pyridine, aniline and nitrobenzene in the
— 789 —



o NN
5 4 0] Ao Wt 2023 4

http: //www. ykes. ac. cn

effluents of the wastewater treatment plant in the textile industry parks were detected from 1.10pg/L to 1.13pg/L,
from 1.71pg/L to 5.36ug/L and from ND to 0.19ug/L, respectively. The average recoveries of samples from
laboratory blanks and wastewater treatment plant effluents at three levels of addition were 73.6% to 105.8% and
67.2% to 89.9%, respectively, with relative standard deviations of 5.9% to 14.2% (n=8) and 2.2% to 11.5% (n=6).
The process and conditions of headspace are summarized as follows: 10.0mL of sample was placed into a 20mL
headspace bottle containing 4.0g Na,CO,, and then 50uL. methanol was added; the equilibration time of the

headspace sampler was 60 min, and the equilibrium temperature was 80°C.

CONCLUSIONS: Some measures are conductive to improving the sensitivity of the method, such as addition of
methanol and sodium carbonate, and increasing the sample equilibrium temperature, in order to reduce the dissolved
concentrations of the targets in the water and improve the precipitation effect of the targets. This method improves
the detection efficiency, and is of significance for the simultaneous monitoring of pyridine, aniline, and nitrobenzene

in printing and dyeing wastewater.

KEY WORDS: headspace gas chromatography-mass spectrometry; pyridine; aniline; nitrobenzene; printing and

dyeing wastewater
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