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Gas Chromatographic Determination of Polychlorinated Biphenyls in
Drinking Water Samples with Solid Phase Extraction

LIU Jin-wei, WANG Lei, AN Cai-xiu, XIAO Fan, ZHA Xiao-kang, GAO Xi-juan
(Hebei Geology and Mineral Center Laboratory, Baoding 071051, China)

Abstract: A method for the determination of Polychlorinated Biphenyls (PCBs) in drinking water by gas chromatography
was established. Determination parameters, such as elution curves, pH, effect of methanol, dosage of NaCl and flow
rate are discussed and optimized in this paper. The method is compared to the classical liquid-liquid extraction method.
By the new method, 84 PCBs were extracted from drinking water under pH =3 and flow rate of 5 ml./min by large
volume sampler-solid phase extraction, eluted by 7 mL acetone and 5 mL acetonitrile. The eluate was concentrated and
the solvent exchanged with hexane as 1. 0 mL by nitrogen blowing, then an internal standard added. The target
compounds were determined by gas chromatography with p-electron capture detector, verified by mass spectrometry in
the selected ion method, under the same conditions as chromatography. The detection limits of the method for 84 PCBs
ranged from 1.2 to 15. 0 ng/L, and the average recoveries ranged from 74. 8% to 126. 8% with relative standard
deviation (RSD) of 1.1% —14.8% . This method can be applied to the routine analysis of PCBs in water samples and
has the advantages of simultaneous extraction for multi samples, is a rapid process, and produces less pollution with
more cost effectiveness.
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ZFHER (PCBs) J& T M0 W T4, nlx sl i
NRHIME R G AT 2R G0 0% R 08 AR K 1
E RN ER R EE A Z) thAR 1Y 12 Fh R AMEA L
154 (POPs) . —!" %' | PCBs W] L@ i3 4% & 9 8L
X & 7 R 2 KA HF KA T K, 3F H 5 %
TSR T T, 38 3 A W A X A AR
feERfE 7= A2 B W, PCBs & 8 b BRI 5 e 2
—7% R PCBs 1y iy 10000 Wi, H L = SIBETE
TG

X PCBs B304 322243 S it 43 B LA 23 AT
BRI Tl A (Aroclor) Jgbgifi, b F AR [FIHL UK (14 7
MEFRAE Y L5 AR A 25 S 1 R EE R R 22, Bl A AT
PCBs (5T H 5 Ak, BOR ER{E: 58 PCBs B[ 43 #7
SR T AR ) P T A A

PCBs 7E7K BT 5% B VR BEAIG, TR £, W 200
mn AT UL BN AR, IR SR R K v D T
HEATRI . FREUK T PCBs 197 F A W - WK
B AHAE G A BT M - AR
PR A PTG R IO 4 L7 i (R AR B PR
B, FERTS , A LA R K, 2 R RIS 16 05 4 5
(53] 955 [ A 2 TR LA R A T B R R A o, A AL
R — BT LT A5 A PO R 88 AR5 Qe 1A
B AL B iy 4021 (R [ 9 R A B A St e
B i 25 FIFEM B2 5t o

AT FH R IR BT AT I A AR TR i SR AE R -
A A R AR XK H i PCBs B4 7 & SR AL #URI<UAH €2
W, SEILT 84 Bl PCBs UK 0 #r, kG A T
H A i R A3 B A

1 SOy
11 UZREEE

6890N -59731 GC - MS M i - Bk (S
Agilent 2 7] ) 3 6890N GC S AH 4 3% X ( 35 [H Agilent
O8] ) BE RO L A AR A I 4 (o — ECD) 524 {37 [ AH
IR E (£ [H Agilent 247]) 36 mL 500 mg Cq [EAHZE
WAt (6 Agilent 24 7] ) 5 [ AR AL BORIRBURE R AE 2
(£ Supelco 24 7)) s HP =5 A%t} ([ Agilent 24
7)) :60 m x0.32 pm x0.25 mm,

XT - NSI 4> H 3l B W48 1 (_EHEH 0 0 Hr AU
FHEAR AW o
1.2 byl 2

84 Ff PCBs #5#fE i i AccuStandard 2\ 7] $2 fiL A9
C —TADN -01.C - TADN - 02 f1 C — IADN - 03, i &

— 612 —

¥Ih 30 pg/mL; B C - 166S - TP ¥k B 4y 100
g/ mL AR A ] [0 e BN [ St 1) o o it 25 9, P
IECREf B R A AR MEE M . AR A AccuStandard
INFI C —2048 — TP, 43y 100 we/mL,

AR B N (B AR R ) ,50% (AT
318, B IRl 1 H,S0, (3 #fr4l) , NaCl, JG 7K Na, SO,
(4r#rl) ,500°CHEEE 4 h, 2S5 K,

1.3 545705k
1.3.1  [AHAHUHE Y 2511k

B Cg 26 UM 22 256 76 [ AH 22 B & 1, K
10 mL — & H %5 10 mL I EEFD 10 mL 23 [ 7K %) 25 BL
FESEAT 16 AR 25 1AL, T B 45 i 76 5 mL/min 247,
FEIZI R By 12 O i R R A 2 A
1.3.2  Ff 5 P ZECRITE

¥ 1 LKA E T4, H 50% () H,S0, 345 pH
H20 3, INAEACH 10 mL B TR 5 3550 5 e il [ 46
RIS TS SR AR Il 2 5 A 2 IO S5 % i 4
(7 1E AR AR B () SRR 3 B e s Ao, WL 1) o T
FFEAHAEOR B AT ], 7K LS mL/min ()90 39 38 52
[ AH AL BT o

o KRR 43 i B AE ZE AR IS , A 1 mL F R
AR 2 RS T U8 T4 10 ming % 7 mL Py i 0
5 mL 2 iU A [ AE 26, 05k R, Sk
Na,SO, T4 30 min J5 5 7% 2 W 45 i, 8 Wk 45,
ECrEERZR 1.0 mL, I ANFRG EALIE .

Pl 1 REBUEMRAE - LRI
Fig.1 Large volume sampler-SPE equipment
1.3.3 3 - A HOT %
Z I8 EPA 3510C J5 i &b BOK £, G K
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X, 25« ANARI — O i 5 I 5 T 7K i 22 IR

30 &

Na,SO, T4 30 min Ji5 %% ¥ 2= ¥ 47 i b, 20 Wk 4
IECHERZ 1.0 mL, A WFRE EHLE .
1.4 Sk brastk

FHEFET R GTEEE 70°C 4244 1 min; L) 1°C/min
F+2 220 °C ; F-LA 10 °C/min F} & 280 °C , {%4F 30 min,
HERECHREE 290 °C KU 25 22 300°C , #E i H105. 3
kPa; HERE T KO AP HERE , BEREIATR 3 L,
L5 itk

HeIILEE 280 °C, B TR 230 °C, PUAR AT
150°C  JE#E R 71y =X (SIM) SR AR, — ARk
P T m/z 222 m/z 224 ; = SRR T m/z 256,
m/z 258 s WA BB F m/z 290 .m/z 292 ; L& AC 1k
PEE T m/z 326 .m/z 328 ; /N EACIEFE R T m/z 360,
m/z 328 ; L AMRELEE T m/z 394 .m/z 396; /A AR
FEE T m/z 428 .m/z 430 ; AU £ T m/z 462
m/z 464 ; BE FH I [A] 240 100 ms, P& 75 2008 dftpp.
VRN AE SR N 1] 20 min,

2 gR5iE
2.1 ZEAWAN GC - wECD 43br

TES: 230K 0 BRI AR R B st ] w] LA
£ 58 A~ PCB {4, 4% g, H rh 36 /> 51 44 /7y I,
22 A A A 4y 0%, 410 .5/8 (12713 17/15,
16/32 .31/28 .33/53 47/48 37/42 41/71/64 .70/76 .
66/95 . 56/60. 84/92 . 77/110, 135/144 . 123/149
144/131 ,105/132 ,163/138 ,202/171/156 . 170/190
b4, 3 84 Fh PCB (L&),
2.2 ZAWA A - % b

Fi 5 GC — nECD MR R AR T, o 17715
33/53.37/42.70/76 ,66/95 . 77/110 ,105/132 . 202/171/
156 5@ B e £ g - Oy X or 8. PR 1 (m/2) Ny
222 224 ( —%44 - PCBs) 256,258 ( =% - PCBs) ,290
292( Y4, — PCBs), 326,328 ( Fi4{ - PCBs) , 360,362
(754 - PCBs) ,394 396 (L4 - PCBs) ,428 430 ( /\ 4,
—PCBs) ,462 464 ( JU4L - PCBs) ,
2.3 JElimpeE

R T ORE R A U 5 A AL G e 5 4 RN
AR He I T AL B 3 AR BT AR 2R B, 640 5 mL
500 wg/L (1) PCBs ARfEde i ( H B 50 ) 2ok 26 BUA: , 4R
YW 7 mL R4S 3 e (1 mL +3 mL +3 mL), 15
mL 2SS WPER (3 mL+3 mL+3 mL+3 mL+3
mL) 5 T3 A VR AR R ) [l 32, 25 R LI 3 (R
TSR AL S Y G R AR 4 AR
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i85, LU & AR
MIEL3 BT, 7 mL AR 3 mL ZJ T GEE 56 4,
BB AS T 7 mL NS mL 2.

4000 &
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P2 briflRERLE GC — pECD %]
Fig.2 The standard chromatograms of PCBs detected by GC-uECD
(a)—40 ~106 min; (b)—109 ~ 125 min,

P 3 PCBs IyBEBLIIcAR
Fig.3 Eluting recovery of PCBs

2.4 pH {55

FKRERY pH (AT AU L (b S OAELEIRES , U T
S [T KT A TR 16 B8 4 A AR TR, A S T 50% 1
H, S0, JE45/KBE pH 4 1.3.5.7 .9, JILA 200 ng/LL ) PCBs,
FSE0 A il i, % 5% pH B X B AR ORI 52,
LESLILEE 4. €] 4 T, PCBs ({AEBUCRIER pH (1
TG, pH 7E 1 ~5 JERATRCR = Fa e , B EC
FERE PV Wi e pH =3 3E{ TREIAHEERR,
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200 s 1201 L
180p D 100 =Y
- L @ p— - :—\\\ .
2 160} . = gof e Nl
' S E B ~=ZE
g 140} +T\’§TL = 60} : +2’§§
~ & L —— TR
= 120 . b 40 x Nk
100} AL 20f AR
80f — L 40 100 200 300
60 : i 5 2 5 m(NaCl)/g
pH
P16 NaCl X AIBOR VI
Bl 4 KRE pH DA ARIRUSCR T 5 Fig. 6  Effect of NaCl on extraction
Fig.4 Effect of pH on the extraction
1101 ~——F
. e rr s 105 ——=&
2.5 WIEEIMARE < 100 . —— I
PRI T AT ARG K 0 28 T 5K ), o 2 SBORE B o N — A%
3 Ja. > =} 95 —x— N
KB AL, CRHEET 1 LKRER PCBs AR £ > e
200 ng/LL, AR 0,510 .15 .20 mL i} (1530 il e
% . IEL S R PCBs (1 A BUSCR B2 A it . S
F GRS . 76 10 mL 45 F PCBs (935 I 0 6 i

ROCR e, O SE 1 LKA BRI AR D 10 mL,

250

—— &
~ 200} % —— T4
- —HE

1o} X SAL.
~— L H
N ———o——,/\‘f%l‘

100 f N s
! —am

)
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w
/
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Pl s R ARIRUBOR IR

Fig.5 Effect of methanol on extraction

2.6 FAALWIMA RSN

H SRR AR BUR AR — 2 I TCHLER 2P i, 5250
FZHT 1 L KkEH PCBs Jil A4 200 ng/L, NaCl fii A
4 0,40,100,200,300 g B [l i, 25 2R DLIE] 6,
ML 6 BT BifiZg NaCl Jin AL B35, PCBs (1) 1] i3
BT FE MARAE 100 g [, —2E PCBs 1y [A] it 54K
T50% , A /KA 10 3k B2 45 (R 40% ) 1] 1 s ¢
Je A3, BORBCHA & 075
2.7 OKFEREE N

TR 28 [ AR 2 ORE () it 0ok e ' AR AR R A 22, Tk
B AR AR KK o 05 T AN R T 1 & B RUR
DL 7 R AE 4 ~ 6 mL/min B [BLSCR AR, i DAGE R
WiE -~ 5 mL/min,
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v/(mL * min )

Pl 7 KA ] AR SOR 52 i

Fig.7  Effect of flow rate on extraction

2.8 [SAHAREN S5 — AR L

W — WAEBUE K A LG Y U 28 7 k5
H# EPA 3510C J73%" XHIbRHEEE A 100 ng/ L /K BE
TTE AP e FEAH AL G0 5 AL 3, TR — AR TRURN
AR 25 R WL 1 DR T mI T Y — YA
PERI IR (n =3) R 74.04% ~122.53% , A HRAE
2= (RSD) 24y 0.92% ~22.21% ; [l AH A HL 7347 [
% (n=3) K 74. 82% ~ 121.51% , RSD # 0. 68% ~
16.53% . 84 Fi PCBs Wi — 7K BOE-35 k% 4189, 3%
S RSD 2 1. 0% s [ AH A O3 I3y 95. 3%
SEHIRSD g 8. 0% [ AHAE UL A W BURAZ S8 1 -
WAL, X T— LIRS PCBs [ AH 28 R AR W
PETHE — VA B, e 5% [ A A O AR A Oy ' B Ak 3
PCBs 17
2.9 JRiLKR PR Ze VNG AR

PL3 ~5 550 L (S/N) e Wk B 2R O ek i
FR,PCBs 7 ik B 1.2 ~15.0 ng/L, &1
F75 ~500 ng/L, MK ZEE () KT 0.999,

SR TSR T ) Y A BE RIORS B RE, X vk R AT
6 WOTATSEE , 255 R, Indr ity 50 ng/L i 1 L AR
LK EE, PCBs S35 [ it &y 74. 8% ~ 126. 8% , RSD
F1.1% ~14.8% ,

All rights reserved. http://www.ykcs.ac.cn



5 4 X, 25« ANARI — O i 5 I 5 T 7K i 22 IR 30 &

1 FEWUJjiEAE PCBs MR 50

Table 1 Recoveries and RSD of PCBs under different extraction

T - AR [T A AEH
IUPAC %5
IR R/ % SE AR R/ % RSD/% EICR R/ % S B R/ % RSD/%
PCB 4 +10 74.40 78.47 73.26 75.38 3.63 76.92 178.25 76.79 71.32 1.05
PCB 7 +9 80.85 71.98 75.99 76.217 5.82 73.30 78.86 72.32 74.82 4.71
PCB 6 85.59 104.18 79.64 89.80 14.25 78.37 85.06 100.92 88.12 13.14
PCB 5 +8 86.31 76.84 77.65 80.27 6.54 76.28 75.87 73.35 75.17 2.11
PCB 19 110.63 82.34 95.39 96.12 14.73 108.85 109.29 127.85 115.33 9.40
PCB 12 +13 84.02 100.89 71.87 85.59 17.03 74.74 79.75 72.57 75.69 4.86
PCB 18 83.35 71.98 82.26 79.20 7.93 102.51 119.90 107.72 110. 05 8.11
PCB 17 +15 75.71 75.97 77.03 76.23 0.92 76.33 77.24 82.66 78.74 4.35
PCB 16 +32 73.88 71.10 77.12 74.04 4.07 72.15 89.06 71.95 71.72 12.64
PCB 26 102.52 94.98 121.63 106.38 12.91 125.63 104.42 118.92 116.32 9.32
PCB 31 +28 84.70 78.51 71.27 78.16 8.60 75.04 72.89 79.39 75.77 4.37
PCB 33 104.35 95.85 105.19 101.79 5.07 92.45 81.54 78.08 84.02 8.93
PCB 53 79.49 74.35 75.44 76.43 3.54 123.05 105.65 125.77 118. 16 9.24
PCB 22 97.98 71.24 84.49 84.57 15.81 81.66 75.30 79.04 78.67 4.06
PCB 45 75.97 91.67 85.72 84.45 9.38 76.74 71.07 82.56 76.79 7.48
PCB 52 86.15 87.07 109.85 94.35 14.23 93.41 91.36 117.60 100.79 14.48
PCB49 88.79 93.55 109.28 97.21 11.03 127.44 107.80 128.61 121.28 9.64
PCB 47 +48 70.30 85.12 99.46 84.96 17.16 88.42 93.80 108.81 97.01 10.90
PCB 44 82.56 92.25 118.97 97.93 19.25 128.88 112.87 115.16 118.97 7.28
PCB 37 +42 80.02 85.67 107.19 90.96 15.76 87.83 82.56 85.70 85.36 3.10
PCB 41 +71 +64 85.11 81.19 104.69 90.33 13.94 88.38 81.55 82.96 84.30 4.28
PCB 100 103.12 86.46 105.58 98.39 10.57 104.90 101.46 116.63 107. 68 7.41
PCB 74 72.89 85.15 100.12 86. 06 15.85 93.44 100.84 118.15 104. 14 12.18
PCB 70 +76 74.48 79.01 95.47 82.98 13.31 92.03 85.46 89.46 88.98 3.72
PCB 66 +95 81.81 81.84 98.63 87.43 11.10 91.24 86.76 90.79 89.60 2.75
PCB 91 95.07 84.97 120.64 100.23 18.35 115.48 99.19 107.04 107.24 7.60
PCB 56 +60 74.05 79.33 101.50 84.96 17.14 75.64 82.27 88.83 82.25 8.02
PCB 84 +92 97.57 82.87 95.70 92.05 8.69 92.27 81.83 92.38 88.83 6.82
PCB 89 99.82 91.09 100.56 97.16 5.42 93.00 73.53 79.78 82.10 12.11
PCB 101 71.20 82.94 90.58 81.57 11.96 90.83 93.31 94.08 92.74 1.83
PCB 99 88.21 102.05 109.18 99.81 10. 68 105.81 91.10 96.37 97.76 7.62
PCB 119 72.78 75.32 90.61 79.57 12.12 83.67 89.60 106.80 93.36 12.87
PCB 83 80.98 75.65 84.87 80.50 5.75 89.77 96.31 101.35 95.81 6.06
PCB 97 77.37 76.80 88.92 81.03 8.44 89.83 89.10 107.50 95.48 10.91
PCB 81 +87 83.95 72.45 70.12 75.51 9.81 96.39 90.19 103.69 96.76 6.99
PCB 85 114.37 129.75 123.45 122.53 6.31 125.23  126.88 126.45 126. 18 0.68
PCB 77 +110 90.10 79.52 103.71 91.11 13.31 105.86 97.83 97.71 100. 47 4.65
PCB 135 +144 75.41 80.44 84.24 80.03 5.53 86.33 74.90 95.31 85.51 11.96
PCB 123 +149 82.75 80.97 71.37 78.36 7.81 71.37 75.05 71.35 72.59 2.94
PCB 118 79.01 87.13 100.89 89.01 12.43 100.67 104.03 117.15 107.29 8.12
PCB 114 72.16 70.75 94.36 79.09 16.74 107.90 92.07 108.08 102. 68 8.95
PCB 131 71.90 78.66 99.79 85.45 14.53 72.45 76.58 97.80 82.28 16.53
PCB 153 83.45 126.68 126.55 112.23 22.21 128.45 124.92 126.89 126.75 1.40
PCB 105 +132 72.60 70.43 71.84 71.62 1.54 70.57 73.50 72.48 72.18 2.06
PCB 163 +138 85.21 73.84 79.75 79. 60 7.15 75.29 76.16 92.35 81.27 11.82
PCB 126 98.55 75.67 91.82 88. 68 13.26 83.17 86.57 94.11 87.95 6.37
PCB 166(SS) 95.35 76.89 89.30 87.18 10. 80 91.50 95.13 112.18 99. 60 11.08
PCB 128 86.38 75.91 69.30 71.20 11.16 80.45 77.78 96.35 84.86 11.83
PCB 167 84.38 79.19 93.87 85.81 8.67 121.80 92.07 117.75 110. 54 14.59
PCB 174 75.75 80.46 98.45 84.89 14.12 104.25 91.70 99.88 98.61 6.46
PCB 202 +171 +156 95.20 85.78 92.08 91.02 5.27 86.28 81.15 93.89 87.11 7.36
PCB 172 71.08 86.12 106.46 87.89 20.20 104.92 102.57 107.94 105. 14 2.56
PCB 180 107.24 101.71 98.25 102.40 4.43 91.63 91.79 108.71 97.38 10.08
PCB 199 89.99 107.31 97.76 98.35 8.82 99.39 99.81 119.26 106. 15 10. 69
PCB 169 119.42 120.38 108.61 116. 14 5.63 116.31 121.06 127.16 121.51 4.48
PCB 170 +190 91.47 72.67 94.36 86.17 13.67 88.80 86.02 104.79 93.20 10. 87
PCB 201 89.09 78.03 117.09 94.74 21.25 119.30 111.71 116.22 115.75 3.30
PCB 207 85.10 92.89 103.84 93.94 10.03 87.38 92.74 108.66 96.26 11.50
PCB 194 102.11 92.41 113.48 102. 67 10.27 88.68 103.51 108.39 100. 19 10.24
PCB 205 103.42 93.09 110.96 102.49 8.75 88.94 111.77 108.41 103. 04 11.96
PCB 206 100.62 73.79 91.82 88.74 15.41 80.59 93.62 97.81 90. 67 9.90
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