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Simultaneous Detection of 8 Chlorobenzenes and 5 Pesticides in Water with
Gas Chromatography Spectrometry
YU Pei-zhi, LU Kun, CAO Xing-yu, GU Qing-qing, XU Xiao-yan, TANG Qing-hui,
LIU Yu-hong
( Water Quality Center of Suzhou Industrial Park Qingyuan Hong Kong & China Water Co. Lid.,
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Abstract;: Through optimization of the gas chromatography spectrometry method and the liquid-
liquid extraction method, the simultaneous detection method of several chemicals in the same column in
water had been confirmed, which included 1,2-dichlorobenzene,1,4-dichlorobenzene, 1,2 ,3-trichloro-
benzene, 1,2 ,4-trichloro-benzene, 1,3 ,5-trichloro-benzene, 1,23 4-tetrachloro-benzene, 1,2,4,5-
tetrachloro-benzene , hexachlorobenzene, deltamethrin, chlorothalonil, heptachlor, benzene hexachloride
and dichlorodiphenylirichloroethane. The operation conditions of the gas chromatography spectrometry
method include as follows: HP-5 column, the inlet/detector temperature hoth were 280 °C, detection
temperature was 70 — 250 °C , all materials’ chromatographic peaks could be found in 40 minutes with
cyclohexane as extract solvent. Good linearities ( =0. 995 4) of the working curve for all mentioned
materials could be obtained with this method, which ranged from 0. 05 mg/L to 0. 50 mg/L in the
condensations. The method detection limits of all materials were between 0. 000 04 —0. 000 13 mg/L,
and the RSD of all materials was between 1.35% —4.47% . Recovery tests of these materials were

carried out in drinking water and source water from one of Suzhou’ s water company at low, medium and
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high concentrations and finally got 72. 12% - 129. 4% recoveries which could meet the detection

source water;

request.
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AR EIEAL L HELE 7890A GC System ; (A3 H: «
HP -5(30 m x0.32 mm x0.25 pm) , PREIRZ %
Aat B AL MMV - 1000W, ¥k 45 {X: 35 [# Caliper
(TurboVap 1), 4li/KAY: 2% F 14 Milli — Q Direct 8
21V ] 8
1.2 SKIGK5

PREY BT 1,2 - & K (2 000 mg/L),
AccuStandard ;1,4 — — &2 (100 mg/L) , f[E i1
FEEEGERE;1,2,3 = =504 (1 000 mg/L) , FRLE R
PR bR R SRR ST s 1, 2,4 - =42 (1 000
mg/L) B R AP ER R UERE AT ST s 1,3,5 - =4
(1000 mg/L), 02si;1,2,3,4 — PUSLHE (1 000
mg/L) A5G ORI bR HERE S AP ST T 5 1,2,4,5 - I
SR INE R (100 mg/L) , AccuStandard ; Y/ & 54 iR
(99.6% ) ,h [E T EFABE; [ BT (1 000 mg/L) ,
AccuStandard; £ & (100 mg/L ), AccuStandard;
R AVAVAN e AV AV AN A VAVANN I AV AWAN ({1

mg/L) , PETHERABE;p,p” — DDE(50 mg/L) , ft

gas chromatography spectrometry ;

heptachlor; benzene hexachloride ;

=R BEs0,p ~ DDT(50. 1 mg/L) , i TR}
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CA£4% 3 min, L 10 °C/min {33 FF = 180 °C, ¢
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Fig. 1 Gas chromatogram of all substances
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Fig.2  Comparison of petroleum ether and cyclohexane
chromatogram in pure water blank experiment
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40.,50.60 70,80 90 mL, 7E 47K Hhin A AH [R] A9 hn s
i, DL SR e T BRI D EE XS AR o S IR 45
R, BEHE AR BGR A B30, 259 5 64 o O 18
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TEG AL AW FIS SN T B 1) AR 7 vk
Hh, B B U A R X A VR E AT IR b Ak B 1) 4
P2 TR A Y AR 7 ok TR B, AR R
PR A B BB RR 2 TC R 1k 5 AR 7S 757 (i i B 1 [
i i v R 4 80 3 — B A S T e R A K
B AE FSRIK A B SEPREE S, A TR A 2 1
B REA T o 47K R K e BE A e B B AR B
VR HR i) 2 5 AR BT, 1 S SO BUORCA 6

N T BRI AL AE OB 5 23 % T A )
T ISR, AT BE Sl K bR BE Ry 5286 04, 76 ]
G & A R A BB ST, 43 0 A B
PHTHEBRERER AL 1 YK .2 .3 R4 K5 IR SE 5,
AW IR T AU AR AR e SCIR 25 R BoR bl
% BRALAE ORI (0 18 i, T80 T R R T 0 0
TET AR AR A S DRI 0, TR A A BB Xk 4 I
) [RIE R AR BRI ANGE o AHE: , A0SR A 0 22 O i
ATER AL AL B, TC ik B AT A IR 7K Hp 2% Joi %o A< B 23 6
HISE IR

Je i 3 S e B, TR AR B 5 B, WO AR U
FTKBREREN T, K SRR 2 1) H R T TN T
DAFEH A5 20 ISR BT R T 2% 0T 1) A6 U, BAAIRUR
IK 2% X AR BRI AT e, R4 ADCR SE R UE I
X —HRAEXT IR A 25 4 S5 A T Wi J L T s

F I A EORAIL A TRE AR R B
SIS N T T TR B TROBCRE BT kR KRR 200
mL, FH 60 mL BR 20 %8 43 15 Y K B, 4 Y (P 2 BT
30 mL, ZEHRAF (] 428 10 min g 28U 5 0K B
TR A HP (24 K BOKH 52 Ay v el B KRR R 7 i B AR
HORST /N0 S R 1], T s 3 e i A%
BOR) 7653 TG 78 e i {0h e 45 2 1. 00 mL
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FHAS b v o o e B2 A 4 mg/ L B4 il R,
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Tab.1 The peak time, linear correlation, linear equation, detection limit and precision of each substance
wEY PREAI TR /min | 2P R % i te JrEK B/ (mg - L71) | KSR/ %
1,4 - —50K 7.928 0.997 4 y=218.91x +3. 17 0.000 07 2.54
1,2 - &K 8.513 0.998 1 y =384.45x -0.24 0.000 04 1.35
1,3,5 - =& 11.092 0.9959 y =3 585.25x +43.97 0.000 04 1.46
1,2,4 - =&%K 12.321 0.995 4 y =3 789. 94x +96. 64 0.000 05 1.76
1,2,3 - =&%K 13.293 0.997 5 y =5 178.49x +37. 59 0.000 06 1.93
1,2,4,5 - UG 16.345 0.996 4 y =4 566. 69x +44. 07 0.000 05 1.73
1,2,3,4 - PUER 17.578 0.998 4 y =9 937.76x +29. 51 0.000 05 1.79
RS g 20.73 0.998 4 y =7 438.79x +19. 97 0.000 06 2.01
L RAYAYA 24.942 0.996 6 y =17 363. 66x —402. 20 0.000 08 2.53
INFEMR 25.218 0.998 9 y =22 594. 70x —13. 51 0.000 07 2.46
B = 757578 26.133 0.998 8 y=8743.67x -19.27 0.000 07 2.27
ARPAYAYAS 26.392 0.997 1 y =15 281. 63x -332. 32 0.000 07 2.41
L RAYAYAS 27.647 0.995 6 y =7 017.46x —179. 69 0.000 08 2.76
BHEE 27.922 0.998 7 y =23 081. 52x — 156. 08 0.000 13 4.47
L& 29.852 0.999 0 y =17 489. 32x — 154. 05 0.000 08 2.61
p,p’ —DDE 34.078 0.999 1 y =23 095x —12. 85 0.000 09 2.99
p,p' —DDD 35.053 0.999 1 y =13 470.27x - 175. 35 0.000 11 3.53
o,p -DDT 35.129 0.999 3 y =11 622. 17x —103. 97 0.000 11 3.61
p,p' —-DDT 35.951 0.995 8 y =11 581. 61x —285. 66 0.000 08 2.67
3.2 [EYrHRZLIE H10.40 mg/L) o BEFpKHE A B e 25188 4T
SrIBERIN T3 A AR A IR T RAUKRIEK  ARPArRE RN R AN 2 P, ik 2 al i, R
IKAE, TR S [T e S 56 PRI T AR R IEOK B A e [

PN KA A i i BE YA TR R o bk YITE 72.12% ~129. 4% 2Z [a] , a] LA 22 43 B A 0 7
B35 R T AR th 2 B a9k, A L s vk (0. 08 ,0. 20 BR
R2 ZWRAEHT K JKIEKKEE YRR ¥R

Tab.2 Recoveries of each substance in tap water and source water %
5 KR [T e KPR KA B i

iRk 2 vk o R IR ik o TR L
1,4-_&x& |77.17~91.88 85.37~105.9 | 91.96 ~103.3 | 73.27~94.95 | 91.27 ~104.0 | 94.50 ~109.80
1,2 - 5 83.98 ~107.10 | 91.18 ~114.6 | 101.74 ~125.7 | 84.12~111.4 | 95.04 ~108.3 | 105.75 ~114.60
1,3,5-=&7K | 76.68 ~105.21 | 88.47 ~107.5 | 90.91 ~108.9 | 87.20 ~114.2 | 91.63 ~116.2 | 97.28 ~120.20
1,2,4 - =&7K | 82.19~128.50 | 99.43 ~116.5 | 83.75~104.5 | 87.85~129.4 |99.50 ~112.3 | 99.04 ~115.90
1,2,3 - =4 |78.90~110.20 | 98.90 ~117.8 | 97.51 ~107.8 | 85.02 ~115.6 | 98.94 ~104.9 | 107.65 ~125.80
1,2,4,5 - U&7 | 73.18 ~115.20 | 90.45~126.5 | 98.97 ~109.1 | 87.47 ~119.5 |[101.88 ~111.4| 90.15 ~122.90
1,2,3,4 - W&FE| 74.96 ~105.30 | 94.37 ~113.9 | 91.24 ~106.2 | 83.14 ~112.6 | 95.94 ~102.6 | 109.76 ~118.80
TR AET 79.25 ~114.20 | 96.46 ~115.0 | 94.09 ~109.6 | 84.25 ~116.1 | 96.87 ~106.4 | 115.23 ~121.40
EVAYAYA 78.12 ~107.30 | 88.78 ~117.6 | 86.07 ~125.7 | 77.72 ~104.6 | 73.45 ~108.5 | 101.43 ~128.80
INEK 76.35 ~98.39 84.70 ~111.4 | 98.64 ~109.7 | 81.60 ~119.1 | 95.53 ~107.0 | 96.54 ~123.30
B = 757578 78.85 ~97.95 99.96 ~118.2 | 93.27 ~117.5 |84.227 ~114.4 | 91.47 ~109.4 | 93.58 ~124.60
AaPAYAYAY 79.79 ~108.60 | 86.51 ~120.6 | 95.58 ~126.0 | 72.12~103.5 | 75.24 ~111.7 | 106.68 ~128.80
I EVAYAYAY 79.28 ~111.70 | 93.01 ~128.5 | 93.88 ~105.9 | 72.31 ~106.7 | 80.43 ~122.2 | 97.22 ~126.10
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R 2 (Continued )
5 K [T g JKIE KA BT
[iR7de:3 Tk [ iRdEs ik [Eh3

HHEE 74.34 ~109.90 | 81.69 ~117.5 91.23 ~126.9 | 79.94 ~120.6 | 79.25 ~123.4 86.39 ~114.10

L& 73.31 ~96.48 | 93.80~118.9 |109.85~120.0 | 73.79 ~107.1 | 82.10 ~108.9 | 107.39 ~127.60
p,p' —DDE 82.29 ~103.40 | 91.08 ~107.3 95.95 ~111.5 | 86.96 ~111.8 | 92.17 ~102.2 | 113.41 ~121.70
p,p’ —DDD 83.44 ~101.10 | 90.75~118.4 |110.73 ~122.9 | 78.80 ~108.5 | 81.36 ~104.9 | 102.57 ~123.30
o,p—DDT 86.39 ~102.40 | 89.09 ~115.0 |111.55~121.2 | 92.34 ~113.3 | 85.51 ~101.1 | 114.94 ~126.60
p,p’ —DDT 79.50 ~98.39 | 91.69 ~128.04 |105.99 ~126.74 | 88.72 ~109.20 | 74.48 ~97.50 | 110.85 ~124.10

3.3 BEEXRK S 230k

X TAEMZe ez 0. 20 mg/L 1) 8 YCFATH
a3 HEA I AE I MR 4 2% ) Jo B O o 5 SR B
AT AR AEAR 22, 15 0 25 W) T ARG %5 B, B LR 1,
AL, &AL S RIS B EEIAE 1.35% ~4.47% 2
[, T LA 2 o3 B ki rr 25K o
3.4 FEWHR

PRS2 SRS P g SO A R
BIT R A Dy =3 x Ny x W/A TR Y
Fr b PR . Hor N, SRy ] — v B A R it i O o S
U T AR B ARG 2 , WO AR S, A SRy (] — Uk B A
[ il 8 U I i i A TR AR ) P41

TERRAE IO £ v (B v B 0. 20 mg/L Y i, JL A
B8 A PATHAE M, AR B U S T 25 21 A 4%
VI i) 7 kR B S5 R WL 1, 3R 1 BdE nT I,
SA6 G W 0 g7 vk K BRAE0.000 04 ~ 0. 000 13
mg/LZ [i]

4 4t

SR VRO AR B — SR i A ) AR FH 7K R KR
K ER LA EY IREHEER A RE. L&A SA
7S JHTE SR, TAEINZEAE 0.05 ~0. 50 mg/L ¥k
T NG RAE A E R A /N T 0.995 45 #4514k
BRI R H BRZE 0. 000 04 ~0.000 13 mg/L 2
] 5 2% ) o A 6 JETE 1. 35% ~ 4. 47% Z [a] 5 X IR
FHARFIK P AR AR L v e v B s [T SR 14 7
72.12% ~129.4% Z[a],

Z AT XK K KRR @R A
Yy UESETR A ETE LR OSSN T R Y R 2P
Ao I 34T
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