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The activated carbon/Celite 545-AW column was used in combination with a sample preparation procedure

for pre-cleaning of PCB congeners. The method was optimized using standard solutions of 24 PCB congeners

and marine sediment samples. The influence of traces of remaining matrix on the elution profile of PCB con-
geners on activated carbon/Celite 545-AW column was observed. Quantitation was carried out by GC/ECD
with fused silica capillary column of different polarity. By application of a chromatographic column filled with
Activated carbon/Celite 545-AW and elution with three solvents(n-hexane, n-hexane/toluene(98:2), toluene) of
different polarity three PCB fractions were obtained. Fraction A contained poly-ortho PCBs, Fraction B mono-

ortho PCBs and Fraction C non-ortho PCBs. But PCB 8 and PCB 28 of the mono-ortho PCB congeners was

found at Fraction A. Polychlorinated biphenyls in sediments from industrial complex coastal and clean coastal
area were determinated. Polychlorinated biphenyls were not detected in all samples.

Key words: non-, mono- and poly-ortho PCBs, Activated carbon/Celite 545-AW column.
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BAPANE 5 PCBs Z5Fo tigh ZH A4 Ayl
o5hH o] 54 congeners2 UHE congeners
Hoh "4 o AEs5e] ZEm mebx PCBs Ht
9] total toxic potency’} Holddo| <&l F7t=l=
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Table 1. WHO Interim TEFs for Human Intake of Dioxin-like PCBs

Non-ortho TEFs Mono-ortho TEFs Di-ortho TEFs
77 : 3,344 0.0005 105 : 2,3,3',4,4"- 0.0001 170 : 2,2',3,3'4,4',5- 0.0001
126 : 3,3'4,4',5- 0.1 114 : 2,3,4,4'5- 0.0005 180 : 2,2',3,4,4',5,5'- 0.00001
169 : 3,34,4'5,5- 0.01 118 : 2,3',4,4',5- 0.0001
123 : 2',3,4,4'5- 0.0001
156 : 2,3,3',4,4',5- 0.0005
157 : 2,3,3',4,4',5- 0.0005
169 : 3,34,4',5,5- 0.00001
189 : 2,3,3,4,4',5,5"- 0.0001

Source: Adapted from Ahlborg et al.(1994)
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non-ortho PCBs)E Za]ale] A& & 4= o),
2 AelM= carbonioll <3h= Supelclean ENVI-
Carb thAlell ko] R F9jo] 2]k Activated
carbone ARS8} ©]E poly-ortho, mono-ortho, =
non-ortho PCBsE #2] A3 4 =Ad viste]
Ao, Activated carbons A3l FE3]

o) [e)
e AFE o e ATk
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2.1. Al W Alekel M2

PCBs %589 2+= PCB Calibration Check Solu-
tion(C- CCSEC, AccuStandard® Inc)$} PCB Con-
gener Content Evaluation Mix 2(AE-00060, Accu-
Standard® Inc) 2 CEN PCB Congener Mix 1(Cat.
No. 47927, Supelco Co.)= AM&-slith & &uj=
+ n-hexane(J. T. Baker) ¥ Toluene(J. T. Baker)2
ARE-3FATt

activated carbon> Junsei Co.5+), Z2]3L Celite
545-AW+= Supelco CoZHE FU3510H, silica gel
G 60(70~230mesh ASTM, Merk)? Z=2]4 (Florisil
PR, Wako Pure Chemical Industries, Ltd)2 =25
PRA(pesticide residue analysis)S5< AM83Hla,
Na,S0,, NaOH, H,S0,= Kanto Co.(EF)lH 7
sto] ARE-SHATE

Silica gel, Florisil 3 Na,SO,= dichloromethane®
2 1277 B HAENeH, silica gel#t Florisik
150°Cell A 16217F 5%, 123 Na,SOE 120°Co)A
12717} 5ot AZAIZ T} o714 silica gel#t Florisik>
30% H,0(w/wye 7Fetal 30% &<t shakerollX &5
o] BA3AZ T AFE3I UL Activated carbon-
toluene® 2 A& F THA] acetone® 2 A3l AME-3}7]
el 150°CellA 2A17F &<t AZxA1ZAT. Celite 545-
AW= dichloromethanel] 12417} F<F AAsl2 130
°CollA 6A17F Az 5 ARSIt H,SO,8 NaOH

Table 2. Analytical Conditions of GC/ECD for PCBs.

= O o] BAISA %L ARE-sISIT

QoA x2]¥ Activated carbon} Celite 545AWS
U FoF 42 EFES 4gS HH glass
column(W7 10mm, Z°] 250mm)°ll #}$-3L n-
hexane® 2 53] H4It}. glass column®] WY& Eof
£ glass wool& AN} glass column ARS-3517]
HollE A 50mLe] n-hexane® & Aoj&=t}, 3k
E2E 2 7175 7] 98iA= cleaning solution®
2 AL &, f715S AAsH] flsted thAl n-hexane

3} acetoneS ARME-3ISIT).

2.2. 77|

PCBs &A1& 9Jair] AAEE 7157 (B3Ni Electron
Capture Detector)”} ##¥ Gas Chromato-graphy
(Hewlett Packard Model 5890) AlM&-3t% o
columne HP-5MS(5% phenyl methyl siloxane)Z
25m x 0.2mm id, 033um film thickness ¢! capillary
columne AME-SFA T injector temperature= 250°C,
injection mode= splitless©]™, ECD detector tem-
perature= 320°Co|ith. Make-up gasE FA7tAE
AM-3IAL, carrier gasZ+ helium gass ARE-3ISIH
EAZEAL 90°CAIM 372F FAIAZIAL, 20°C/ming
180°C7HA] F7MA71aL 8% &<t FAAIZIY 1E|ar
2°C/min®. 2. 280°C7HA S7MAAH 58 &< AT
PCBs¢| &S 918 B4%271-E Table 2949} 2t}

2.3. Al Fx2|

AEE A AFA7) A, Bste] EFA) (850mesh)
o E38 Ao A7 (30g)E 1M KOH-EtOHE)
100mLZ 2A17 &t &z BEsAIzl ¥, glass
membrane filtersS AFE-3le] ojz}alar, NS Hol 7+
q7lel &713 g% E(G0mL)S 713t n-
hexane 100 mIA o2 FH3l] AFEFY f7] S
3 FE3t

woll 27 53 FENe Zo3 con-HyS0,8

EREERT]

= %
Column
Injector temp. 250°C
Injection mode Splitless
ECD detector temp. 300°C

Carrier gas
Oven temp. Program

N, at 1.1mL/min

HP-1(Crosslinked Methyl Silicon Gum) 25 m x 0.2 mm (L.D. 0.33 um ET)

80°C(3min) - 30°C/min - 190°C(1min) - 6°C/min - 280°C(10min)
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Kuderna-Danish concentrator®Z %3k § HZFHo =
AL7bE ARl 1ml7EA] 553t GC-ECDZ
A5

™

3. 2%t A n#E

PCB congeners£2] 549 A=E YepE F2E
TEFs #to= vepd 5 glown, dnkziow PCBsE
non-ortho PCBs, mono-ortho PCBs % poly-ortho
PCBs(di-, tri-, tetra-, penta-, hexa- 5)2 U4, =
4] =71 non-ortho PCBs) mono-ortho PCBs)
poly-ortho PCBs®| 73S zk=t}. TEFs gholl w2

dze] £
(IN KOH-EtOH)

Extraction
(n-hexane)

I
Activated
Carbon/Celite
1:1; 69

n-hexane/toluene toluene
(98:2 v/v)

n-hexane

Fraction C
non-ortho PCB

Fraction B
mono-ortho PCB

Fraction A
poly-ortho PCB

Fig. 1. Sample clean-up procedure for the determination
of PCBs including on a Activated carbon/Celite
545-AW column.

™ non-ortho PCB congeners®l TUPAC No 169}
1262 mono-ortho PCB congeners®2.t} theF 100~
10000 A= © =™, poly-ortho PCB congenersk.th=
10000 o) & Ao defA] Stk Z2ER ol&S
HEate] Agshe Zlo] mlg- Fasith

Activated carbon/Celite 545-AW columns -3}
poly-ortho, mono-ortho®} non-ortho PCBsE 3]
A7) f18ted EPA0IA #7sk= PCB congeners
Z 2071¢] congeners?}t 4719 t}E PCB congeners
£ ¥3 24719 PCB congenersIUPAC No: 8,
18, 28, 31, 44, 52, 66, 77, 101, 105, 118, 126, 128,
138, 149, 153, 169, 170, 180, 187, 194, 195, 206,
2095 RE=EE ARSI 247H¢] PCBs con-
geners ¥F=2L 16709] poly-ortho PCBs, 5712
mono-ortho PCBs % 37119] non-ortho PCBsE 2%
3ol At}

4 2471¢] PCBs 23S Activated carbon/
Celite 545-AW ZH-3 317171 A GA7ZA] A2 g
ol GC/ECDO] FJale] Beldh AznlEde Fg.
204 ¢} 2k o] ARREIYOZRE 7H7te
congeners°l] gk HEE AIZHR)E AUTHTable 3).
Fig. 291-& & 4 %o 22709] B-%-gqte] vehd
t}. o017 2702l PCB congenersE°] TtHE con-
generss3} -2 w5 AlZbllA HA vERL Sl
S goitt. o]yt B9l AL o] ERlelA B
TE v Yot o)l BoEe HAI x4
(column Z3A|, &€]9 5)S ol&skd T F=
AN

Activated carbon/Celite 545-AW ZH-E A}-&-3}o]
2470¢] PCB congeners X5 %= 2< spikedl n-
hexane 10 mL® 100 mL7HA] £2] AZS W AEH

-
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J il

10 12 14 16 18 20 22 24
Time (min.)
Fig. 2. Chromatogram for PCB standards(24 PCB con-
geners).
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Table 3. PCB congeners of the peaks in Figure 2

Polychlorinated Biphenys

No. of Peaks -

TUPAC No. Ret Time Structure M.W.

1 8 9.083 2,4'- 222.0
2 18 9.825 2,2'5- 256.0
3 31 10.731 2,4'5- 256.0
28 2,4,4'- 256.0

4 52 11.463 2,2'5,5'- 289.9
5 44 11.893 2,2'3,5'- 289.9
6 66 12.895 2,3'4,4'"- 289.9
7 101 13.530 2,2'4,5,5'- 323.9
8 77 14.336 3,34,4'"- 289.9
118 2,3'4,4'5- 323.9

9 149 15065 2,2'3,4'5',6- 357.8
10 105 15.671 2,3,3',4,4'- 323.9
11 153 15.722 2,2'4,4'5,5'- 357.8
12 138 16.365 2,2'3,4,4'5'- 357.8
13 126 16.569 3,3,4,4',5- 323.9
14 187 16.918 2,2'3,4'5,5',6- 391.8
15 128 17.004 2,2'3,3'4,4'- 357.8
16 180 18.251 2,2'3,4,4'5,5'"- 391.8
17 169 18.756 3,3,4,4'5,5'- 357.8
18 170 18.940 2,2',3,3,4,4',5- 391.8
19 195 20.163 2,2',3,3',4,4',5,6- 425.8
20 194 20.745 2,2'3,3',4,4',5,5'"- 452.8
21 206 21.807 2,2'3,3',4,4'5,5',6- 459.7
22 209 22.655 2,2'3,3',4,4'5,5,6,6'- 493.7

I B = ® # W @ T M @
r-hanane, sicion wsiueeml|

Fig. 3. Elution profile PCB congeners on activated car-
bon/Celite 545-AW column(0-100 ml, n-hexane).
“abbreviation in brackets (a/b) lists firstly the
degree of chlorination(a) and secondly the number
of ortho-chloro substituents(b)'”

o]X]= PCB congenersE2] elution profile> Figure
3942} 2o} Fig. 3914 & 4 Sl%°| n-hexane
30ml7A] 82 =HSS W AE%F PCB congenerss
< poly-ortho PCB congeners& =52} 2712] mono-
ortho PCB congeners(PCB 83 PCB 2852 *%
st Aok 2E]3 100 ml7HA] 428 H9e o BE
mono-ortho PCB congenersE 74 &=t} 28
Y non-ortho PCB congeners&2 &% ).
822 Activated carbon/Celite 545-AW AH =7
slollA] poly-ortho PCB congenersE< 8-2]A]7]7] ¢
#4+= n-hexane 30 mL7F E83HS UUTh. n-hexane
30mLE $YANA A& A=rtETNS Fg 49 7Zth
o] AZnlEIH O ZHE2] PCB congenerss< Table
4ol M e} 7t

Activated carbon/Celite 545-AW ZA ol ThA] 2471
°] PCB congeners =22 spikedt T n-hexane
30mLE €8A71 &, tHA] n-hexane/toluene(98:2)2.
2 10mL® 100mL7HA] £2]A1719H elution profile
Fig. 59419} 72, 20 mLe] n-hexane/toluene(98:2)
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Table 4. PCB congeners of the peaks in Figure 4.

polychlorinated biphenys

No. of Peaks

TUPAC No. Ret. Time Structure M.W.
1 8 9.083 2,4'- 222.0
2 18 9.825 2,2'5- 256.0
3 28 10.731 2,4'5- 256.0
4 52 11.463 2,2'5,5'"- 289.9
5 44 11.893 2,2'3,5'- 289.9
7 101 13.530 2,2',4,5,5'- 323.9
9 149 15.065 2,2'3,4'5',6- 357.8
11 153 15.722 2,2'4,4'55'- 357.8
12 138 16.365 2,2'3,4,4'5'- 357.8
14 187 16.918 2,2'3,4',5,5',6- 391.8
15 128 17.004 2,2'3,3,4,4'- 357.8
16 180 18.251 2,2'3,4,4'5,5'- 391.8
18 170 18.940 2,2'3,3',4,4'5- 391.8
19 195 20.163 2,2'3,3',4,4'5,6- 425.8
20 194 20.745 2,2'3,3',4,4',5,5'- 452.8
21 206 21.807 2,2'3,3',4,4',5,5',6- 459.7
22 209 22.655 2,2'3,3,4,4',5,5,6,6'- 493.7

12 — [ -
W 16 ¥ == ihl _:"-.- 1 ' 1
7 =
‘ 1o —
“’_15“_?
7 20 WD W W MW N 0 W A @ Im
n =l e tlnene S ehrtin solmmeimii
L—J UU L LJ_/L_J\_ Fig. 5. Elution profile PCB congeners on activated car-

10 12 14 16 18

Time (min.)

20

22 24

Fig. 4. Chromatogram of PCB standards eluted with 30
mL n-hexane on Activated carbon/Celite 545-AW.

£2]5}%1S wW mono-ortho PCB congenersE5o]

!

Z5 k. 22} n-hexane/toluene(98:2) atellA 100
mL7kA] &2 AAE non-ortho PCB congenersE-<
A&HA ¢yttt 282 E n-hexane/toluene(98:2)

20mL7HA] &2 ilop A2 AZviEIY

s} or, o AZnEIY

A2 Fig. 69114
S ZHE2 PCB con-

genersE2 Table 59149} 72t} Fig. 6914 R=wkeh

7o) 47le] B9zl %

dEEed W BEe

PCB

287 315 FPskA] Fotal 22 viE A 2

ot

Activated carbon/Celite 545-AW ZAHol| T thA] 24
7le] PCB congeners 542 spikedt 5 n-hexane
30mLE £8A)7]12, THA] n-hexane/toluene (98:2)2

bon/Celite 545-AW column. (0-100 ml, n-hexane/
toluene after elution of 30ml of n-hexane).

| SRR VO |V

L

2 20mLe

10 12

14

16 i8 20 22

Time (min.)

Fig. 6. Chromatogram of PCB standards eluted with 20
mL n-hexane/toluene after elution of 30 mL n-hex-
ane on Activated carbon/Celite 545-AW.

100 mL7}A] &2 A 2t

L8172 ¢ & toluene®E 10 mLA

o] wje] elution profile>
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Table 5. PCB congeners of the peaks in Figure 6.

polychlorinated biphenys

No. of Peaks -
TUPAC No. Ret. Time Structure M.W.
31 2,4'5- 256.0
3 28 10.731 2,4,4'- 256.0
6 66 12.895 2,34,4'- 289.9
9 118 15.065 2,3',4,4'5- 323.9
10 105 15.671 2,3,3,4,4'- 323.9
Table 6. PCB congeners of the peaks in Figure 8.
olychlorinated biphenys
No. of Peaks - oy preny
TUPAC No. Ret. Time Structure M.W.
8 77 14.336 3,3,4,4'- 289.9
13 126 16.569 3,3',4,4',5- 323.9
17 169 18.756 3,34,4'5,5- 357.8
- ..-..-.-1 - - - ,
i.--. D S 3 4 B} S T B 9] kb

nlene. wobon volomediml

Fig. 7. Elution profile of PCB congeners on Activated
carbon/Celite 545-AW column. (0-100 ml, toluene
after elution of 30 ml of n-hexane and 20 ml n-
hexane/toluene).

Fig. 72} 7201, 30mL toluene®® &N AHE 7%
RE non-ortho PCB congeners&& 2% £&93it}.
IHE2Z toluened 30ml/HA &8 A& ARRED
#-2 Fig. 8ol|xje} 7o, o] AZnfE 7)o 2 e ]
PCB congenersE< Table 6042} 72t}

Sediment®] PCBs®| 3|5&S Z4317] 913l sedi-
mentel] total PCBs¢] ¥=E52Z(PCB Calibration check
solution) 0.5mgkg % 1.0 mgkge] HE=E 715t
38 348 FEEA0=3)Z Axsld A7 HAY
o] ot Xetdd. 2 A 42 ¢
(mean+S.D.)2 86.9+1.9% % 2™ Activated carbon/
Celite 545-AW Z 3ol PCBs(poly-ortho, mono-ortho,
non-ortho)& #&3 & 3F&2 77+ 86.7+1.5%,
82.2+1.7%, 85.8+1.4%°] T}

AR AR (A4, EiIQE QFhel A9t ElFE AEE A
Fsk] g2 AZANA nhexane® 2 FE3 F53}
o] GC/ECDE &g AFaldl eyt PCBs= AZEA
oottt thAl GC/MSD=Z #RlIstsl et PCBse AE
A &8kt

L L

10 12 14 16 18 20 22
Time (rin.)

Fig. 8. Chromatogram of PCB standards eluted with 20
mL toluene after elution of 20 mL n-hexane/tolu-
ene and 30 mL n-hexane on Activated carbon/Celite
545-AW.

4.4 E

Activated carbon/Celite 545-AW ZAH-E E3lo] poly-
ortho, mono-ortho®} non-ortho PCBsE & A5}
7] 91sle] EPACIA #73sk= PCB congeners & 20
7H€] congeners?} 4719 T2 PCB congenersg =
skal 2471¢] PCB congeners(IUPAC No: 8, 18, 28,
31, 44, 52, 66, 77, 101, 105, 118, 126, 128, 138,
149, 153, 169, 170, 180, 187, 194, 195, 206, 209)
£ BFEHEE ARSI

Activated carbon/Celite 545-AW ZA#o|| TthA] 2471
°] PCB congeners %5532 spikedt ¥ n-hexane
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30mLE &gAZ& o, poly-ortho PCB congeners
252} 2709] mono-ortho PCB congeners (PCB 8
3 PCB 28)7} 2]t} thA] n-hexane/toluene
(98:2) &g o= EENFE AT 20mLE &A1Y
W ZE mono-ortho PCB congenersE°] +2] =0t}
224 mono-ortho PCB congeners& < PCB 283}
312 929 AFHZANA
ortho PCB congeners= H&EA] 294T}. toluene &
gdoz SENAS 49 0mlE EA7HE BE
non-ortho PCB congeners&°] 2% &dH8S & 4
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85 AFg3lE 2702 mono-ortho PCB congeners
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