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FEE s DRI PR K R i 2 SR (PCBs) , #0371 IR I-SAH 335 00 15 3[R 22 18 #l PCBs 143 7 ids o dad
X R S AL R AR SRR AR Y B SRR PR S SR Uik R HP- SMS UL 54T (30 m x 0.25 mmx0. 25um)%f
BRIP4, 16 H T 25 i B TR DB 45 2 T WA= (SIMD) MEA AR . 45 SR 361 18 Fi PCBs 7E 5 ~ 100pg/L 75 FE P 2 BT
BRI R IR KT 0995, 25 (1P I @ AN RIS I B R A P35 s [ Sc 3 4 78.1% ~ 101% , FHXAR
TEM 22(RSD, n=6)"N 0.272% ~ 3.28%, Ji ¥k Hi FR(MDL)AE 0.44 ~ 0.96 ng/L Z [] . Ay b B pldy R BUE & IS, T
SEEBRAE ARSI (P TR [ AR TE 70.8% ~ 104% 2211, BEAS T & FRBE /K A i v 18 ot 22 U 2% [ o A8l 1) 4 B 23K

SRR MR TR AE I SO (- T 5 KA s 2R

FES%5:0657.7 XERFRIRAD : A X EHS:2097-0013(2022)04-0715-07

Yang X L, Xiao J, Zhang C H, Tan J J, Yang X L and Yang H M. 2022. Determination of Polychlo-
rinated Biphenyls in Water by Gas Chromatography—Mass Spectrometer Combined with
Liquid-liquid Extraction. South China Geology, 38(4): 715-721.

Abstract: In order to accurately and rapidly detect polychlorinated biphenyls (PCBs) in environmental water,
a method was established for the simultaneous determination of eighteen kinds of PCBs by Gas Chromatogra-
phy-Mass Spectrometer combined with liquid-liquid extraction. Through the optimization of parameters such
as sample pretreatment process, gas temperature program, the flow rate of carrier gas, inlet temperature, etc.,
the gas chromatographic separation was carried out on HP-5MS UI chromatographic column (30 m x 0.25
mm x 0.25 pm), and selected ion monitoring mode (SIM) was used for detecting the targets under the elec-
tron ionization ion source. The results showed that the value of 18 kinds of PCBs linearly ranged from 5 to
100 mg/L, R* value being over 0.995. Average recoveries of eighteen analytes in the blank water samples,
which were spiked at three concentration levels, were between 78.1% and 101% with RSD (n=6) of 0.272%~
3.28%. The MDL ranged from 0.44 to 0.96ng/L. This method was used in the detecting of practical samples,

and the recoveries were between 70.8% and 104%. Thus, it can be seen that the method provides good selec-
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tivity, high sensitivity and good reproducibility, and it is suitable for the simultaneous determination of eigh-

teen polychlorinated biphenyls in environmental water.

Key words: liquid liquid extraction; gas chromatography-mass spectrometry; water body; PCBs

Z AW (PCBs ) /2R &5 18 A [R5
SR FBUCETE B S AR G, A
TP AR B 38 9 5] 24 25 R A ) Bl K
A= F BT R AR H T Rl SR 0l
AR 2018), H Al TR, LEPREE AR
R, 5 BA A , HELAT SOk BUE I BOR AR
YE, B s FRRN , il ad 3 K RSB Y EE
o SRR X ARSI MR B 7 AR e A
IR 228 ) O TR AR DTS G i it
BFREE N2 ) K PCBs 41 Ay 12 R el 1 15 )
Z—(RHi%5,2022),

HARM 20 22 70 AR, PCBs EL 825 1
Bl T FH 3 AHGE AR AT AT 2 D 3 (o
45,2013 ; FHAEAREE, 2017 24545, 2019; 49145,
2021) TR (K 22 45,2017 R 254 ,2019; X1 &
S5,2020) ERBEF (1 7255 2012) L A SRAKAR (K
{15, 2019 FRINAESE 2020 ¥R 555, 2022

i AF L 2022) KA RAC 55, 20145 BSOS A
2016; HIEPHAE, 2017) B & (H He 7, 2018; 715,
20205 S A 2022) 9 iz K H PCBs . AR A 3T
o PCBs (13538 75 e T BRI =5 2 2 KU, 52 1F
122 45(2020) 4= 48 55 (2022) 78 L 7~ B 8 A L N
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A BRI A AR IR 20 41 ™ 5 W o o T R
JEAT MW s AR EE N 27, R E B (GB/T
14848-2017 Hb T 7K Joz st Am ol ) (5] 5 I ot B 6
K )5, 2017) ({GB 3838-2002 Hb 3¢ 7Kk PR i
P ) (FE IR BE AR 55 A 52 ik W B AG: B A
JE R L 2002) 0K 22 GRS Ry e S it W 1
BTG IR, SN VR | P S FR A AR A R
PCBs [ 7 I 0 /K AR IR 352 75 G BUBR A 0 51 L RS 3
Aili K i s )38 1) A SR

H i, 7K Bt PCBs (AN 7 72 3 218 SM
{03 -, A2 (GC-ECD) (415 757,2010; 1]

2192,2016; ML, 2020) SAHETE-BTE L (GC-MS)
(HRE5,2022) S AE- IR TIE T (GC-MS/MS)
(HBBH, 2016 £ 4# 55, 2020) | 75 43 PR R 1% (R 1S
L2013 EOEIESE ) 2022)%F , Hih GC-MS B A
AR5 A B AN 2 ) R AU, HASER AR AR I
B 412 o FH AR BE AT B (9 TR B 2 St 50T

A T GC-MS _EALIRFE 5 R A P T, ASBE
EUEE S KU, B PCBs TE /K M v & it — AR
FE ML A 2Z B R TR O B e AR AL B T
b3R5 3 A WO ZE HU(LLE) (L1157, 2010 1]
219255 2016)  [EAIAEBU(SPE) (M 1%, 2020) | [E 4
JEE A< B (SPDE) (4% L 7% 25, 2013) [ AH 13 A HX
(SPME ) (Joshi et al., 2014) . T 23 [&] #H ¥ £ B (HS
SPME)(Liu Y L et al., 2014) 4> # [ A2 B (DSPE)
(Zhang J B et al., 2015)55 A SCR MG GE IR - TR 24
T A B v, AR i - v s A ), S B T
XF K AR 6 Rl s R M 2 AU 2K (PCB28  PCBS2.,
PCB101.PCBI153,PCB138) , 12 fl #3235 PCBs
(PCB81. PCB77. PCBI123, PCBI118. PCB114,
PCB105. PCB126. PCB167. PCB156. PCB157.
PCB180.PCB169.PCB189) i [l i 43 25l 5 , 1% )7
AR R BRI G 8 B v RO N T
SEBRHL T 2K AN FR KA A B9, 15 2 5 B AR
o [ AC 3R K ARSI R, TE A 3%y 3 nT Ttk
JEARE N HR PCBs B HERR I E .

1 SRR )

1.1 288 B ik 1

AR RS- ST (7890-5977B , 35 [H Agilent /%
H)); 4 [ 3 B4 (AutoVap S12, 35 [E ATR 24
F)) s IR % f (MM V-1000W , H AL 25 50 AL,
o3l ALK AL (S Millipore 23 H])

18 F PCBs 1R & b5 W : 2,44" — = G HE K
(PCB28) .2,2",5,5"- U HK K (PCB52) .2,2°,4,5,5'-
T4 B¢ % (PCBI01) | 2,37,4.4,5- T 4 B %
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(PCB118) .2,2",4,4",5,5 - /N @B 7K (PCB153) .2,2,
3,445 - NEABHE (PCB138) . 2,2°,3,4,4°,5,5 -4
R (PCB180) .3,4,4",5-PUA 7 (PCB81) 3,3 4,
4’2 U 4 BE K (PCB77) . 2°,3,4,4°,5- T & BE K
(PCB123) .2,3,4,4",5- H A B K (PCB114) .2,3,3" 4,
4’ - 1 & Bk 7K (PCB10S) | 3,3,4,4°,5- H & B 7%
(PCBI126) .2,3",4,4",5,5 - N A B (PCB167) ,2,3,
3744 5- N EIKAE (PCB156) .2,3,3,4,4",5 - /N AUk
7 (PCB157) .3,3",4,4".,5,5- N A4 (PCB169) .2,
3,3°,4,4°,5,5--L &K (PCB189) , Jii B ¥ i M 100
mg /L, 1 F3E[E AccuStandard A H] .

AW A fE S W . PCB 28-27,37,57,6"-ds, PCB
114-2°,3",5",6"-ds, Bt ¥R &0 100 mg /L, 14 T 3£ 5]
02si 23l .

IR : 25-ds, JE M- do, 3E- ds, JiE- ds, JE-
duo, JFHEAREE M 2000 mg /L, W T35 [ O2si 23]

P | 1FE 2 %€ : HPLC 2, CNW, [ IR 22 15 Rl 47
e A BR AW

FALEN TOKBREREN - 43 Hr 8, i 2R i
3 BN H] L 450°CHIBE 4 /N ¥ 515 it 1 1
HE R AT
1.2 {XE8 &%

1.2.1 A4

o 3% 41 . HP-5MS UI A 3% 4 UL (30 m x 0.25
mmx0. 25um, 3 FEZEHER 2w #EAE R :280°C;
A A A R 1.2 mL/min, R SRR
D AP PR 1 pL THERERE L4 1,

*1 SHEBEHERER

Table 1 Procedure of the gas temperature program

A T s B tT ]
(°C/min) (°C) (min) (min)
CIYGIIED 60 1 1
FREE 1 30 180 0 5
BAEE2 5 215 3 15
BRI 3 25 240 3 19
FREE 4 20 300 3 25

1.2.2 JEi s
BUR B2 R (ED B YRR 1230 °C;
TR 2T B 2 280 C; H A oL i FE & FH

(SIM) 45 2 5 FL B BB 2 70 eV 75 77 SE SR I ] - 3
min; JH 70 Bl : 45 ~ 550 amu, 18 Fl PCBs .2 Fh &4
W) K 5 R AR R AR BR BT E i S E R
42,
1.3 AT

HURF I 7K B 1000 mL, 2R F 0.45um 38 ik &
J& BT A3 s =) o 5 2 2818 K DI
FAECLEiETE) , FREL 20 g SALENINA S =}, IF
TR E 7, e H 50 mL IF 2 BE i A7
T VEA T S -TRAE B B2 IR WL T
250 mL $ WO - 2 ZE B K , A 91 HLAH A
ToKBRER MK T8 B A ML 78 2 AR, A
WA , F A IR R 2 25 22 1.0 mL, 5558 2 4F
a0
1.4 FRfE R RS &

18 Fl PCBs IR ARl 48 1E C e B 100 fi515 R
V1) it £ VAT TR Y A L o e, o st 45 e e g 4y
W145.10.20.40.60.80.100 pg/L I8 & bR ifE TAE
WL IFIMA AR, R

2 455

2.1 TEMMRK
211 ABOT %

BT SCHR B AR AR IR SRR b A BE B P8 i
GC-MS 73 & sE HARYY , e 20 225 2 1L
A o IR A IR o] AR RS A I AR T LA SR R RR K
Ao LI AH A IBURE /M) 385 A W2 BRI iod e G I
B, YR S BB, RO B R D
WebE 2E , A BT ST 8 KA , 38 iy ik RS
], 25 Gy i WA %, ELR i AL AE BBORE SECSE AR A S
JEA S FR G P04 5 AT RE 2 BEVE BRI T
AT I 7 45 2R o [T AR AR BUSAS B , 2R BOR J=
Gy B ZE UG RE L T AT, (A5 A, 21K
il R A AR A S5 e (m) el , F B A 22 KR
FE 3 TR 25 AL 75 23 B R | o3 B A R S R
1, ELHRE— T 53k A R A RS 3 85 26 BBUECR 10
RERE(WIZL T2, 2016)0 I, BAS 3003 SN
PRAF R 5 1, A BIF T 1 5 22 M - T2 T
(LLEYJ7 ik, 107 1 BRI A B, (HR AR
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Table 2 Parameters setting of GC-MS
TN T 524 F5 B4 B[] (min) 50 E R NFR JE S F(m/z) AEPEE T (m/z)

1 Z5-d8 4.789 MR 1 136 137

2 JEJ-d10 6.486 MR 2 164 162

3 dE-d10 9.051 WFR 3 188 94

4 PCB 28-d4 10.068 B M5 3 264 266

5 PCB 28 10.088 Hbr¥ PR3 256 258,186
6 PCB 52 10.930 H x4 WHR 3 292 290,220
7 PCB 101 13.445 Hird M5 3 326 328,254
8 PCB 81 14.460 Hird M5 3 292 290,220
9 PCB 77 14.868 Hr¥ MR 3 292 290,220
10 PCB 123 15.734 HEr¥ MR 3 326 328,324
11 PCB 118 15.799 Hird W7 3 326 328,324
12 PCB 114-d4 16.083 B2 Mhr 4 326 328,324
13 PCB 114 16.104 Hir¥ M5 4 326 328,324
14 PCB 153 16.418 Hir¥ M5 4 360 362,290
15 PCB 105 16.531 HFr¥ M5 4 326 328,324
16 PCB 138 17.239 Hir¥ M5 4 360 362,290
17 PCB 126 17.513 Hir¥ M5 4 326 328,324
18 PCB 167 18.179 Hird N 4 360 362,358
19 Jif-d12 18.690 WFF 4 - 240 241

20 PCB 156 19.031 Hrd WH5 5 360 362,358
21 PCB 157 19.241 Hird WHR S 360 362,358
22 PCB 180 19.612 H i WHRS 394 396,324
23 PCB 169 20.192 EEAR Y] WHR S 360 362,358
24 PCB 189 21.034 B WHR 5 394 396,324
25 JE-d12 22.710 WFR S 264 260

K B4 0 5 [ A 30 8 v, e e PRI, BT AR A
AR A O T PR UE , AR & e vk 4y i H
BIH/NFITE,2022),

212 (UER AL

H4E PCBs Sy 55 W Mk & 0 1 e 5, 38 FH S5
P AR A9 HP-5MS UL B0 FEF- 7 (3% 20 55
IR B bR 2 B 43 B B RN A A el PR AR T
AR B A R S, A E 4
T SR (2 1)

FETERE BT 25, 1 1.4 P i s e B 1)
TRA ARV R RE , A GC-MS 414 5 =X, 1
m/z 45~450 o E N, 43 545 18 F H AR .2 Fis
.5 P NARP I S T3 (TIC) i &, I A4
NIST br i B A TR 2R, B 2 45 H bR 1) 7 B st
], FEAEFNBR TS 505 04 5035 1] v e R me) 1 = 3 v

EXT 23 o R H T T4/ A ARk 5 40 B Bt
A3 90 W) M T A5 2 7 SIM AR R, 18 PCBs H
B4 B AR oy s ks 1 (] 1) o DRI
VAL, I8 R AR 945 3] T RAF o, H A
AR I R
2.2 ik ERETTEM
2.2.1 LRI A H PR AN A £ PR

B 1.4 TR E A AR FR A4 IR 1.2 RE L )
BEAAEEA T AE , DA FARY) 5 b e 1 AR A A
X 7 R AR B, AR5 A A R X R JEE DAy R Al
b, R FH AR i a7 il 4R, 7531 18 F PCBs £k
PRV | B 77 R K H BR AT 5 R R \RSD(LAF-
PR o o 07 R L) (46 3) o £ 3T LR
PCBS7E 5 ~ 100 pg/L i [l N 2 R AR R R A6
RERPIA/NT0.995,
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K1 18l PCBs Sz N bx A1 SIM (i 4]
Fig. 1 SIM chromatogrom of PCBs/ internal standards/substitute
BT « 1-28-do(PIBR) 5 2-T8 -dio( P BR) ; 3-FE-dio( P BR) 5 4-PCB 28-d.(1L); 5-PCB 28;6-PCB 52;7-PCB 101; 8-PCB 81; 9-PCB 77;
10-PCB 123;11-PCB 118;12-PCB 114; 13-PCB114-d,(#1%); 14-PCB 153;15-PCB 105; 16-PCB 138;17-PCB 1265 18-PCB 167; 19-J&i-d..(
#3)320-PPCB 156;21-PCB 157;22-PCB 180;23-PCB 169;24-PCB 189;25-3£-dio(N 7).

2000

1 AR S FURE Al T I PCBs TR A AR EV L H3 18HPCBs M2 0t IRFNE B TR
T %1:;:’; WG e AL b, , Fe B 3 R Ab , % H Table 3 Linear regression equation, correlation
12735 (1 RS LRI, 5 A B coefficient and detection limit of PCBs
BN . i é;%('r&?@l%l R 6t PR FER AR
MDL=t01000*S ug/L) (ng/L) (ng/L)
ot MDL 7 A R S B o P PCB28  5~100  y=0.44200x  0.96 3.84
PCB52 5~100  y=0.27697x  0.86 3.44
s MG 22 5 £ R BE -1, BEAR R 99% I 1 157 PCBI0I  5~100  y=0.22430x  0.93 3.72
7fﬁ,nﬁilzﬁﬁ\*ﬁﬂ’ﬂﬁuﬁ:éﬁﬁoﬁ%ﬁ?%@] PCBs jf/%*ﬁ PCBS81 5~100 y=0.27281x 0.92 3.68
PR 0.44 ~ 0.96 ng/L  HLARS AR IRV 575 peB77 5-100 y=027607x 081 324
T IR 3)ERE A 18FPCBs kR PCB123 5-100  y=0.68167x  0.91 3.64
PR THRAE 2 (HI 715-2014 K 5T ZEWORAIIE  PCBIIS  5~100  y=0.78310x  0.90 3.60
SARETE- BT ) CREE L0, 2014) R FR PCBII4 — 5~-100  y=025395x 091 3.64
2.2.2 KERS R AR Rl R PCBI53  5~100  y=0.53511x  0.92 3.68
SR A EA R K R vl PCBI05  5~100  y=0.68606x  0.73 2.92
PCBs IR AR HIGIES 31 10ng/L 50ng/L. PCBI38  5~100  y=0.44786x  0.92 3.68
o o .~ PCBI26  5~100  y=0.58319x  0.86 3.44
100 ng/L IR¥- TRk 25 6 653, F T A SR B ik PCB167  5~100  y=0.51390x  0.85 3.40

ORI 4ot 424 AT 18 B PCBs MR ARHEMZE  peB1S7  s-100  y=1.26709x  0.86 3.44
(RSD,n=6)4 0.272% ~ 3.28%, MIFRENACR J 78.1%  PCBISO  5~100  y=0.84437x  0.82 3.8
~101%, HFMEA YR RSDEYINT 4% JIAREICEY)  PCBI69 5100 y=1.15764x  0.44 176

KT 78% . A5 Jr eIk R AP, POBISO 5100 y-085Msx 049 196
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Table 4 Recoveries and RSD (rn=6) of the samples

10 ng/L 50 ng/L 100 ng/L
A% RSD [uljg# RSD [k RSD [l
% % % % % %
PCB28 2.40 833 0498 874 0771  90.2
PCB52 2.29 804 0465 846 0272 872
PCB101 2.14 88.8 0.840 889 0404 904
PCB81 1.87 86.0 0.701 919 0453 945
PCB77 2.00 85.0 0532 91.8 0918 949
PCB123 2.48 80.3 1.79 87.0 1.79 87.3
PCBI118 2.16 78.1 1.63 82.9 1.82 90.2
PCB114 2.54 912 0586 930 0886 952
PCBI153 2.60 82.4 1.45 86.6 1.07 88.9
PCBI105 1.72 78.6 1.89 86.9 1.74 90.1
PCBI138 2.60 82.4 1.45 86.6 1.07 88.9
PCBI126 2.33 83.9 1.36 90.0 0.894 939
PCB167 2.40 83.8 1.54 882  0.659 904
PCBI156 2.20 80.2 1.81 86.0 1.39 91.2
PCBI157 2.16 79.2 1.70 86.3 1.80 91.2
PCBI180 3.28 78.8 1.67 85.4 1.47 91.1
PCB169 2.32 88.4 1.48 97.8 1.75 101
PCB189 2.13 87.4 1.48 93.9 1.65 96.6
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