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An Analytical Study on PCBs by GC/TOF-MS in Drinking Water
Supply System
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=549 g 22848 # 29 #Zo] Z+Z Wellington Laboratories BP-MS$ MBP-CGE
Abgelg . WEEFEZL AccustandardAte] Phenanthrene-dig& AHE3tA Y. FFSAYUEER

(NasSO9 % A3HEFNaCl)2> PCBs AlgE&S AMEsEA L, A871A 7tEA &= WatersAt<]
Sep-Pak Plus Silicas AF&3th. GC+= Agilent 6890N, Mass Spectrometeri= Pegasus III
(Leco, USA), Z & 5%-diphenyl-95%dimethyl polysiloxane capillary column (J&W, USA)&
AF-8-3t 3

EFEABP-MS)2 9 2000pg/LS n-32F ImLell 3413}e] 20, 50, 100, 200, 500ug/L= A %3}
Fal HERXFTEAMBP-CGHE 9 5ug/Ls 10uL A Alzel Hrubsksdoh Ui zsEd
(phenanthrene—dj)2 9 1000pg/LS 3] A 3te] 50ug/Lo 2 w50 Al 5o 2uL¥ H7}3d )
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BP-MS MBP-CG
PCB congener IUPAC No. PCB congener IUPAC No.
Monochloro |1, 3 4-Chloro ["C] 3
Dichloro 4, 8, 10, 15 4,4’-Di- Chloro 15
Trichloro 18, 19, 22, 28, 33, 37 2,4’ 5-Tri-Chloro 31
Tetrachloro 44, 49, 52, 54, 70, 74, 77, 81 2,2’ 5,5"-Tetra-chloro 52
87, 95, 99, 101, 104, 105, 110, S oA
Pentachloro 114, 118, 119, 123, 126 2,3’ 44" 5-Penta-chloro 118
128, 138, 149, 151, 153, 155, P
Hexachloro 156, 157, 158, 167, 168, 169 2,2 A4 55 -Hexa-chloro 153
170, 171, 177, 178, 180, 183, PP
Heptachloro 187, 188, 189, 191 2,2 34455 -Hepta-chloro 180
Octachloro 194, 199, 201, 202, 205 2233 44 55 -Octa-chloro 194
Nonachloro 206, 208 2233 4455 6-Nona-chloro 206
Decachloro 209 2233 A4 55 6,6 -Deca-chloro 209
AAgE AR ILE w3490 E o] &3] 2L Eazur]o] FHetx FHEF oF 30g7
g& 2 FE2(25ng~50ng)S H7tste] &3] st 5 F n-d4F 100mLE ¥ 1023 %
g FE3ta T8 AAS & 5 SE s 2927 A B Fol n-FA 50 mLE ¥
of WY F& 2 W] n-dANFL Fohu, PLYPNUEFOR YT F A4
=715 AF&Ste] 30TolA oF ImL7b#] 2t FFstarh 72l n-3d4k 10 mLE A2 Ag7ta 7}
gAe] WMo Az AR ReEhn, 2% n-ANOE FHENE A AL AEx
FEE Fo0mLe] n-WAe T BAYLEAS sEad $F9e 044 ad 57
Abgsle] 30TCoA oF ImL7HA 72 558 w30 dE FHA &7 F dx 7|HE B
05mL7HA] F=3skal, WH %22 Phenathrene dip(50ng)S AlHAIE A&38l H7tste]l S48 A
= ST
PCBs 45 9% GC/MS® +9x1LE o & 3, 4, 58 21, AlE&4 Ats @534
H7e) B2y A48TA GO $AZDL 17, 27, 33 ¥4 A @Yoy, EEEd
gE&axTEDY g2 9 Aol 3% 6, 70 YEMATH
3 3 GC/MS 12+ A4 9 x4
Gas Chromatograph Mass Spectrometer
Column DB-XLB(25m>0.2mm><0.33xm) Interface Temp. 300C
Carrier Gas e (99.9999%) at 1.2ml/min Ionization Mode Electron Impact
Injection port Temp. 275C Electron energy |70eV
Inlet Mode splitless, purge time : Imin, 1pL injection lIon Source Temp. [220C
Rate Target Temp. | Duration I o
Oven Tem (°C /min) ) (min) Analyzer Time-of-Flight
o P Tnitial 40.00 1.00 oo Mod
rogram . can ode or
100.00 140.00 0.00 Detection Mode Exiracted ion monitoring
20.00 340.00 1.00
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Gas Chromatograph

Mass Spectrometer

Column

DB-XLB(25m>0.2mm><0.33xm)

Interface Temp.

3007C

Carrier Gas

He (99.9999%) at 0.8ml/min

lonization Mode

Electron Impact

Injection port Temp. 275C

Electron energy

70eV

Inlet Mode

splitless, purge time : Imin, 1pL injection

Ion Source Temp.

220T

Rate Target Temp. | Duration . .
Oven Temp. (‘C/min) g(oc) P (min) Analyzer Time-of-Flight
Initial 40.00 1.00
Program 50.00 140.00 0.00 |Detection Mode %Xﬁrigeé\ﬁdninﬁ’ofrmg
10.00 340.00 1.00

¥ 5 GC/MS 32 w44 +9=x71

Gas Chromatograph

Mass S

pectrometer

Column

DB-5(10m>*0.181mm>0.18/m)

Interface Temp.

3007C

Carrier Gas

He (99.9999%) at 1.2ml/min

lonization Mode

Electron Impact

Injection port Temp. 275C

Electron energy

70eV

EaAe 13 4~139 YEST

Inlet Mode splitless, purge time : 30sec, 1uL injection Ion Source Temp. |220TC
Rate Target Temp. | Duration I o
Oven Temp. (°C/min) () (min) Analyzer Time-of-Flight
Program Initial 50.00 1.00 . Scan Mode or
20.00 300.00 300 |Petection Mode \pir iedion monitoring
3E 6 PCBs =49 SH|2
wzed Aol | Felole wzed Aol e | Falole
Mono-chlorobiphenyl 188 190 Hexa-chlorobiphenyl 360 362
Di-chlorobiphenyl 222 224 Hepta-chlorobiphenyl 394 396
Tri-chlorobiphenyl 256 258 Octa-chlorobiphenyl 428 430
Tetra-chlorobiphenyl 290 292 Nona-chlorobiphenyl 462 464
Penta-chlorobiphenyl 324 326 Deca-chlorobiphenyl 498 500
B 7 eRTEAe S40)e
HEXzEd Agole | FUoE HeRzEd gl | Flole
4-Chloro [°C] 200 202 2,2’ 4455 -Hexa-chloro 372 374
4,4’-Di- Chloro 234 236 2,234,455 -Hepta-chloro 406 408
2,4’ 5-Tri-Chloro 268 270 2,2' 3,3 4,4 55 -Octa-chloro 440 442
2,2’ 5,5’ -Tetra-chloro 302 304 2,2 3,3 4455 6-Nona-chloro 474 476
2,3' 4,4 5-Penta-chloro 336 338 22334455 6,6 -Deca-chloro 510 512
3. A& 3
31. EAWY 253
PCBs %XTE4d 629 GC/MS A=ZvtEadle 7 29 i, g8 3%+ &2 (Surrogate
Standard)®] GC/MS ZZulE 23S 19 33 zZow PCBs¢ EAaHE Aol i = 2n}
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a3 14 d&EFEH (Surrogate Standard)e] 7 o]

2 A9 PCBse B4 ¥ HxAEA= 10ng/LE, A5 24 A] v ‘1(3 3])
Ao, =F 47 & A= 22 ~ 7lng/LE YEY =3 7 =
Total PCBs9] A&$A= 338 EF bng/L ol ow, Z+zte] A& ﬂ?ﬂ—t— ¥ 99 %E}
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AFA AdE& A& R QP EE HAEFE Foe 298 5709 E2FH(20~500 ng/L)
S A BEAFHIY HFAHS BF AFES AT AR E Z4H7E] congenerol] digh A F
Zo] FAFACH, AZZEe] A W (ratio)ts EFEA d WEEFEZ BE YeEhly o)
T F2 HAAAAE BAT @4 BAE AuisAlgE BAEEY S AL o AFgskth

Als 1083 134 sd As 288 vHE AIge A3 A5 Aol Aoz LA 30%
ol EA A=Y 27AS WA
T H7ME 95k AccustandardAbe] AE #E] & Ao w A9 2 (PCB congenerd
7] 44, A% A= R27:7.11(%) 22 F4 5] USEPA 71l 70 ~ 130% WA E WA Z

¥ 8 PE sample 443

S =% (ug/L) ek (ug/L) S 1=(%)
Aroclor 1260 0.0927 0.1 92.7£7.11(RSD)

Detection Limits
PCB Congeners (izéﬁds)
13} 2%} 32k
Mono-chlorobiphenyl 2.7 6.2 2.6
Di-chlorobiphenyl 2.8 3.6 2.8
Tri-chlorobiphenyl 2.6 4.2 3.4
Tetra-chlorobiphenyl 3.3 25 3.7
Penta-chlorobiphenyl 4.6 3.0 4.7
Hexa-chlorobiphenyl 41 2.6 42
Hepta-chlorobiphenyl 3.5 3.5 3.2
Octa-chlorobiphenyl 3.4 2.8 6.6
Nona-chlorobiphenyl 2.7 3.8 5.8
Deca-chlorobiphenyl 2.2 7.1 49
Total PCBs 3.2 3.9 4.2
F 10 A BEAA] Bleg B gt EEaAt
PCBs 17 23 37t
Average |RSD (%)|Average |RSD (%) |Average | RSD (%)
Mono- 88.3 5.4 61.3 11.2 111.7 2.2
Di- 92.9 54 75.3 5.8 116.1 2.0
Tri- 95.9 4.8 92.8 5.3 114.5 1.8
Tetra- 95.7 5.6 92.5 4.2 125.8 2.2
Penta- 106.5 54 94.1 5.5 110.2 3.4
Hexa- 96.5 74 90.4 59 122.7 2.1
Hepta- 104.1 6.0 88.1 7.0 124.4 0.5
Octa- 93.0 7.0 84.0 5.2 128.5 4.7
Nona- 113.6 5.8 78.3 5.4 130.9 3.3
Deca- 104.0 5.5 87.3 8.3 117.8 4.3
Total 99.1 5.8 84.4 6.4 120.3 3.2
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AR A Al Al
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e I x 119 2o, 14,
22, 32 A4 Al A 7R G

" 1XH2002.11.18) 2X}2003.2.17 -18) 3X}2003.4.21-22)
- AEY R 22| AFYHL | AFEL =2(
=2 pH pH pH |
Total | Free (C) |Total| Free (C) | Total | Free C)
1| 22l | - - | 84 | 43| - - | 8443 - - | 84|43
2 4dotA - - 76 | 48 - - 76 | 48 - - 76 | 48
NEES| .
3 2=H - - 73 | 9.2 - - 73| 9.2 - - 73 | 92
4 U5 - - 81 |78 - - 81|78 - - 8.1 7.8
5 s |FeAF| - - | 82 79| - - | 82|79 - - 82 | 7.9
6 Akl - - 8.7 | 91 - - 87 | 9.1 - - 87 | 9.1
7 22811161092 | 82 | 92116 092 [ 82 |92 ]| 1.16 | 092 | 82 | 9.2
8 ME | Fo ™1 1.04|085| 84 | 94104 085 |84 (94| 104 |08 | 84 | 94
9 S 0951082 ] 83 | 92]1095| 082 | 83 ]192] 09 | 082 | 83 | 92
ojat 20
10 ;lA . ! 084|057 | 74 | 941084 | 057 | 74 194|084 | 057 | 74 | 94
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DL [ BZF+49| AFA d T TE=
(ng/L)| =l | B | &= | B5H | 79 [ A | A5 |79 | 5| 342
Mono—chlorobiphenyl| 2.7 ND |[|ND | ND | ND | ND | ND | ND |ND | ND | ND
Di-chlorobiphenyl 2.8 ND |[|ND | ND | ND | ND | ND | ND | ND | ND | ND
Tri—chlorobiphenyl 2.6 ND | ND|ND | ND |ND|ND|ND |ND|ND| ND
Tetra—chlorobiphenyl| 3.3 ND [ ND|ND | ND | ND|ND | ND | ND|ND| ND
Penta-chlorobiphenyl| 4.6 ND | ND | ND | ND [|ND | ND |ND|ND|ND| ND

Hexa-chlorobiphenyl | 4.1 ND ND | ND | ND | ND | ND | ND | ND | ND | ND

Hepta—chlorobiphenyl 3.5 ND | ND | ND | ND |[|ND | ND |ND|ND|ND| ND

Octa-chlorobiphenyl 3.4 ND [ND | ND | ND | ND|ND|ND | ND|ND| ND

Nona-chlorobiphenyl | 2.7 ND ND | ND | ND | ND | ND | ND | ND | ND | ND

Deca-chlorobiphenyl | 2.2 ND [ ND | ND | ND | ND|ND|ND | ND|ND| ND

Total PCBs 3.2 ND [ND | ND | ND | ND|ND |ND | ND|ND| ND
* 1. D.L : Detection Limit , 2. ND : Not Detected




4 8 > K

DL |44 AFH b i TERE
(ng/L)|F50 | B[ 2% [ 25| 2o (A% 25 [ro 55| B2
Mono-chlorobiphenyl| 6.2 ND |[ND |ND | ND | ND |[ND | ND | ND | ND | ND
Di-chlorobiphenyl 3.6 ND |[ND |ND | ND | ND |ND | ND | ND | ND | ND
Tri-chlorobiphenyl 4.2 ND |[ND |ND |ND | ND |[ND | ND | ND | ND | ND
Tetra-chlorobiphenyl | 2.5 ND | [ND  ND | ND|ND ND| ND |ND | ND| ND
Penta-chlorobiphenyl | 3.0 ND |[ND | ND |ND | ND |ND | ND |ND | ND| ND
Hexa-chlorobiphenyl | 2.6 ND |[ND |ND |ND | ND |[ND | ND |ND | ND | ND
Hepta-chlorobiphenyl 3.5 ND |[ND |ND | ND | ND |[ND | ND | ND | ND | ND
Octa-chlorobiphenyl | 2.8 ND |[ND | ND |ND | ND |ND | ND |ND | ND| ND
Nona-chlorobiphenyl | 3.8 ND |[ND |ND |ND | ND |[ND | ND | ND | ND | ND
Deca-chlorobiphenyl | 7.1 ND |[ND |ND | ND | ND |[ND | ND | ND | ND | ND
Total PCBs 3.9 ND |[ND |ND | ND | ND |[ND | ND | ND | ND | ND
* 1. D.L : Detection Limit, 2 ND : Not Detected
# 14 3% 24 2%
DL 49| A7H A & h TERE
(ng/L)| ¥ | A [ 9% (3R] 79 (A% [ 327 [5=] vy
Mono-chlorobiphenyl| 2.6 ND |ND |ND |ND | ND |ND |ND |ND | ND | ND
Di-chlorobiphenyl 2.8 ND |[ND |ND |ND | ND |[ND |ND |ND |ND| ND
Tri-chlorobiphenyl 3.4 ND |[ND|  ND | ND | ND |[ND | ND | ND | ND| ND
Tetra-chlorobiphenyl | 3.7 ND |ND |ND |ND | ND |ND |ND |ND | ND | ND
Penta-chlorobiphenyl | 4.7 ND |ND |ND |ND | ND |ND | ND | ND | ND | ND
Hexa-chlorobiphenyl | 4.2 ND |ND |ND |ND | ND |ND | ND | ND | ND | ND
Hepta-chlorobiphenyl 3.2 ND |ND |ND |ND | ND |ND |ND |ND |ND | ND
Octa-chlorobiphenyl | 6.6 ND |[ND | ND |ND | ND |ND |ND |ND |ND| ND
Nona-chlorobiphenyl | 5.8 ND |ND |ND |ND | ND |ND | ND | ND | ND | ND
Deca-chlorobiphenyl | 4.9 ND |ND |ND |ND | ND |ND |ND |ND |ND | ND
Total PCBs 42 ND |[ND | ND |ND | ND |[ND | ND |ND |ND| ND
* 1. D.L : Detection Limit, 2 ND : Not Detected
4. 8 B
B AT £ Bajo] AwAom PCBsel wAlel o gagE WA ey As
o WH(ETe 9ask Y PCBs ol WA & Ak dek 04 F)E AU, 52
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TEAE Aoskit MAdE =A™ 2 S oldste A Gl FAARC
wAS AR A3 PCBs 54| 62F° A&5A F%=S Al
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