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Abstract

PCBs have been measured using GC-ECD, GC-MS, GC-ELCD, HPLC, TLC, NMR and
Immunoassay. The analysis of PCBs using GC- ECD include the peak pattern method as
none derivatization and the perchlorination method as derivatization. This study was
conducted to establish the perchlorination method with SbCls from PCBs to decachlorinated
biphenyl(DCB). The aroclor 1242 of PCBs was chlorinated and then, converted into the
DCB which showed a single peak in GC-ECD chromatogram. The detection limit of DCB
was 2pg. The quantification detection concentration of PCBs extracted with soxhlet was
0.5ng/g in the soil. PCBs were not detected in the suburban soil, but 174ng/g in the soil
of industrial complex. Mean PCBs concentration of Shinchun stream at Kumho river and
Jinchun stream at Nakdong river was calculated average 88ng/g in the sediment. PCBs
concentration in the sediment of Kumho river near 2-7km from conjunction with Nakdong
river was average 154ng/g. PCBs concentration in the sediment of Nakdong river near
conjunction with Kumho river was average 159ng/g.
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1881'd Schmidt$} Schulz(1881)9 <3 #A4 €
Polychlorinated biphenyls (PCBs)& 19299 ol%
2e  Aroclor®USA and UK, Monsanto),
Clophen®(German, Bayer), Fenclor®(italy, Caffaro),

Kanechlor®(Japan, Kanegafuchi)$} Phenoclor®

(France, Prodelec) %9 AFHoz A=
(Connell = Miller, 1984). o]#¥ 3 PCBse E%dA
A, AFADGIHEA, 93 Tl AHEHS fo
(Eduljee, 1988).

Jensen(1966)2 Al9A A F9 IHFFY B
Mol N £4& wast= E22 PCBsE AEsl=
24 PCBs9 IFE HLo2 Budgd 1 o
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F 1970 #E PCBsol dig AF71 A3 &
Rom, BALPY ANEEA AAA AR F9
PCBs #41& A HUd-

PCBsE #43l= WHegE  GC-ECD,
GC-MS, GC-ELCD, HPLC, TLC, NMR¥ Immun-
oassay'{°l $1tHTable 1).

GC-ECD9 7% PCBsE #=AzZ HEA ¢
3 43 Peak pattern’i#, GUdEZ Y FEA
2 9Eo E43= 943yl itk

Peak pattern' 22 PCBsS EA3F 7#ALE 4
HRYH, Duinker et al. (1991) PCBs¢ oz71#
o] dAAd Wy FT= AMYPE Ao,
Wilson-Yang et al.(1992)& Alge] mZd e
757kA] o] AA o) g PCBsE £4 3en,
Alcock et al.(1993)2 1944@4%¥ 19883712 #
NNEL 7Y EY F 247HA oA o dlF)
PCBs9| ¥35:ME Busig

a3 oZ PCBsE #4% 7498 duny,
Armour(1973)€ SbClsel ¢ PCBs®} DCBE A
BHE &o] HEF 97%y Hudtgloen Crists
Moseman(1977)2 FEA AWxFAA9 PCBs
3 4go] 87%ea 3ok =3 FUdM e 9
T B8 (1982)0] dAadYes B AUE U
5] FoA PCBs& #4319t

GC-MS9 7%, Flanagan® May(1993)&
Hudson 78 AYE 5 PCBsE GC-MS®E &4
35921, McLachlan et al.(1994)2 #H7]1&8 24
E 238 EdH A7A AF Exe 29 7
FolMe] PCBsE GC-MSE EAM3lgen,
Haglund et al.(1993)2 PCBs ®A44¥-& AAg
% PCBsE GC-MSZ #4314t} 33 Greaves
et al(1991)& PCBs9 #A9Woez GC-ELCD
W3 GC-ECD 2 GC-MS #¥g vlwsdyg.
Haglund et al.(1990)}2 HPLCZ o]&3lA PCBs
9] 10571A] o]A AL 158 oo ¢A EF3}
gouv s FExFd 3lE PCBsE HPLC,
GC-ECD % GC-MS$ o]&3x ®Asg
Fishbein(1972)2 TLCEZ PCBsE ®Asle 4%
HAaozEwFol 02pgolet 3

T3, Antibody-antigenyt-3& ©]£% Immun-
oassay¥ o2 PCBsE EA3l= Wil Ut
(Van Emon® Lopez-Avila, 1992). Goksoyr
(1991)€ ELISA¥o 2 PCBsE #HA3le= wye
A A8, Baek(1993)2 PCBs® 2.9% E%
< A4 Wyio = ELISAYL ZFg3lgon,
o] 2#E GC-ECDZ 4% EY %9 PCBs ¥
o} vwsgch.

A9 49874 £4YH 5 GC-ECDW¥el 7%
Be] AH8H3 e, o W2 Peak pattern'd
I dazyoz AA FEEY Peak patternty &
A doiM AE Fo Yehte PCBs Peakd)
Pattern®] ®EF9 ol= A YX3=uUE Hlu
31, Z4zZte] PeakE A4Msld Ao a2y
Al529 BFEY Gas chromatogram® Pattern®
7F v$- oyt = EFEAY Hdy FFE
2o EHIEd gty BEHAsE B8 5+
o olEF BT BEAUE 9E3g o=
a3 o] Q. of WL PCBsE |423HAA,
2 E PCBs °]4AAE Decachlorinated biphenyl
(DCB)Y dYfEA=Z THEFT Gas Chromatogram
A ddmaz  HFses  yoltH(Armour,
1973; Crist $} Moseman, 1977). oo} ©dula s
4314 =¥ ¥ PCBs9 o] astA ot
< ZAe] o, PCBs o4y #Ze Fx
g ¢ F gl 9dx Ut

uhgre) 32E(1982)2 M E Y £4, AY
E, 8°] ¥ PCBs ZH H7lA gasigiez
PCBsE ¥X43dth. =3 s v 5(1980)

o 81§ PCBs ¥4 it AFR s} v Fad,
53 o7 2mAYe PCBsyEdl W3 A7
Bxd v gl

mebA B dpdAe dasyd A% EY F
PCBs9 #Awyg sy, o d+2ug
EY 2 AYE F9 A8 HE3lo PCBsE &
Aganx gt
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Table 1. Introduction of analytical methods of PCBs

Analytical methods

References

Gas chromatography (GC) - Electron capture detector (ECD)

* None derivatization

* Derivatization of
perchlorinated

- Mass spectrometry (MS)

-Electrolytic conductivity
detector {ELCD)

High performance liquid chromatography (HPLC)

Thin layer chromatography (TLC)
Nuclear magnetic resonance (NMR)

Immunoassay - Enzyme linked immunosorbent
assay (ELISA)

Duinker et al. (1991)
Wilson-Yang et al. (1992)
Alcock et al. (1993)

Aromour (1973)
Crist and Moseman (1977)
Park and Hwang (1982)

Flanagan and May (1993)
Haglund et al. (1993)
McLachlan et al. (1994)
Greaves et al. (1991)
Haglund (1990)
Haglund et al. (1990)
Fishbein (1972)
Tretjak et al. (1991)
Goksoyr (1991)

Van Emon and

Lopez-Avila (1992)
Baek (1993)

2. Mz 3 WY

2.1 Azl A
2.1.1.

FA43yd o EY 5 PCBsY #4HEL &
Hatr] fAsA, 82 didnyg EY 2 AY

2 QAT EYES PCBs 297b 54 A
< Aoz mIYAYQ AHiugtn AP Gz
FAAER AFEAGE H39eH, PCBs 2.9
7VeAo] e FuANYoze= FGAFY, 3FY,
AXFEE 93y, a2z AYE 9 PCBs
e A YA, sk oAl e}
© AT N FEAGE FHse JAAL H
e G5 % Hidoezry
A& 9391, G573
2km % &% 2km XFL
g H o (Fig. 1).

.
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Fig. 1. Sampling locations for evaluation of residual
PCB in Taegu ()Kyungsan, (2)Hwang-
gumdong, (3Industral complex of dye, (4)3th
Industrial complex, (5)Sungseo  industrial
complex, (6)Sinchun stream, (7)Jinchun stream,
(8),(9),10Kumho river, (11),(2(3Nakdong river.

212 9

AlEe 19949 294 AHsHT AR AHe
CoreE AHE3lY 30cmZolE 10m7tZ o2 33
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g ART F YA YEAEE AU
HEAEE & AQIM 422 934 ARE
52 ¥ 2mmAE FAY ¥, 4T BEa0l v
$a olg RANEZ Agsc

22 PCBs2| &4
221. A2t

£ Ago A&7 & F n-Hexane ¥
Acetone2 I HYAFEFAEFIY EIFAGE
ALg3l9ct. £F PCBst Aroclor 12428 |2
Supelco HAtolAM Tsg e, £F DCBE =
Y DR. Ehrenstorfer 3|Al| A 74314t

222 M=ol MA2| % Hast

EFARAA PCBs #%& Fig. 29 2] 34
t}. Soxhlet o]l E< 30g3 Copper powder
50mg& ¥ n-Hexane : Acetone (1:1) 200mLE
NEL FE3t. FEd Bl FF/S
100mLE %olA n-Hexane®< ®ulstdon o
€ 33 urE3gt. W@ n-Hexaned < F
Na;SO,2 €433, Hd A¢EF71AN 53
3 g4a3 4 ch(Schutzmann et @l 1971, Kim
et al 1992, Lopez-Avila et al. 1993; Tan %
Vijayaletchumy, 1994).

PCBs9 43+ SbCl 05mL& 713 F 165
TolA 16417t ¥H3-A Rt ¥H8 ¥ BenzeneZ 3
&3l GC-ECDY ¥4A 82 AHEst{oh (LK%

% 9, 1973; Huckins et al. 1974, 3379 3¢
3, 1982).

223. GC-ECD &4=d

Gas chromatographys= E.CDZNi(AAxx A
%71)7} %% Varan 3300 AHE3tgon, 712
A€ Chromate V 228 AM-3l5ich PCBse 24
Z31L& Table 29 o] 3+ th(Trotter ¢ Young,
1975; Crist®t Moseman, 1977).

Sample, 30g

Copper powder 50mg
n-Hexane and Acelone 200mL (i:1)
Soxhlet, 3hr

Extraction
| Disti. Water 100mL x 3
Partition
T : 1
Aqueous n-Hexane
| unhydrous NazSO.
Dehydration
|
Concentration
l SbCls 0.5mL
165, 16hr
Perchlorination
30% HCl 30mi
Benzene 50mL

10% Tartanc acid 25mL
Extraction
|
Concentration
| GC-ECD
Determination

Fig. 2. Flow chart of extraction and perchlorination of
PCBs in soil.

Table 2. Gas chromatography parameters for the analysis of DCB converted from PCBs

Parameters Conditions

Instrument Varian 3300
Detector Electron capture detector
Column 2m X 0.6cm, stainless

Packing material
Temperature
Carrier gas
Recorder

3% OV-17, chrom. whp 80/100 mesh
Injection250C, Column240°C, Detector260T

Nz 60mL/min
Chromate V. 2.2
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EE T

2t

3.1. PCBse| H4s}
3.1.1. & DCB2| Chromatogram

Fig. 3& EFF DCBY GC-ECD9 Chromato-
grame|t}.

Column® #AEA=Z 3% OV-17 Chromosorb
2 AR, Columne®E 240C, ¥7|A &4
< 60mL/min® 2 39E& o, FAAZHE 10589
At 4714 DCBY HAAEFLE 2pgeldUth

4}

w

g ¢ oo

2

& A ¢t b
3

T T A B T

0 20
Retention time (min.)

Fig. 3. GC-ECD chromatogram of standard decachlori-
nated biphenyl(DCB).

3.1.2. Aroclore] Hast

Aroclor(Monsanto Co., USA)E AdA4 Alg %
o Aroclor 1242, Aroclor 1248, Aroclor 1254 2
Aroclor 1260 o] F& #F3Ith o] £ Aroclor
1242 A&d Clol A7F 140 Re] 3%, 274
Aol 13%, 370 Ro] 28%, 474 o] 30%, 57H
A Ro] 22%, 67421 o] 4%01™ H 42% F4i
£ 82 AHConnell # Miller, 1984). wa}
g4 383t7] A Aroclor 12429 Chromatogram
5348 93 7 vebstthFig. 4-A).

PCBs®] Peak pattern®l 9] 438 ®F PCBs
Chromatogram®] &l 7} #FAHE S

o X

Bles EF FFFY Peak patterng W3},
olgigt BT A FAANE wmIERA
PCBs ##& #A¥ 4 Aok (Duinker et al,
1991; Wilson-Yang et al., 1992; Alcock et dl,
1993)

T3 Peak pattenH-2 G&EE7] YA,
Aroclor 12428 @43 A A ©d&3H<Q DCBE A
gAA ENE £ AvHArmour, 1973; Crist &
Monseman, 1977). Aroclor 12428 9433 ¥ 9
Chromatogramell= @Y E€3d9 DCBHA7L ®F
DCB9] #AA17H 105% o el th(Fig. 4-B).

at2lA Fig. 59 w43 Zo|(Armour, 1973),
Aroclor 12427} SbCls$t ®t3-3ted, Z4e] H 2 Cl
257 1048 CIE x@Ho] FAGgoRH,
DCBY “ddf=AZ AFHL &AsAct. PCBs
o] DCB2 A#HE F2382 79 - 9% HH ol
t} 1 F Aroclor 1242% 82%°]9, Aroclor 1254
T 100%, Aroclor 1260°] 97%°]TH Trotter
Young, 1975; Crist®} Mosemam, 1977).

(A)

Response

L= B 1 B o o} (B)

10 20
Retention time (min.)

Fig. 4. GC-ECD chromatograms obtained prior to (A)
and after (B) perchlorination of aroclor 1242.
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Gl Cl ¢ cI

Q O +SbC|5 ST tem Q Q N

Potychiorinated biphenyis
(PCBs)

(DCB)

Fig. 5. Conversion process of PCBs into DCB, by perchlorinating PCBs.

{(A)
2 2
» l {(B)
[
=
o
o
v
& 4
(C)
€ cocr Ct
R e3es
|
10 l ;ﬂ
Retention time (min.)
Fig. 6. GC-ECD  chromatograms  obtained after
perchlorinating  blanks(A),soil  samples of

Kyungsan(B) and sediment samples of

Sinchun stream(C).

313 EYARe HAasl

AZ AHE-E Ak 2 %777 DCBY
g Bzl BERE 2 A Bl
A3l EGFAEE AVEA & FAPE 3
o}, FA1¥9 Chromatogram2 Fig. 6(A)9 sk
o DCB #AAAIZHY 10584 wajgarst Je
A gk ek B Age] AMSd AleF

247175 DCB £49 wWaEdg Fastn o
A st

Fig. 6B ZUAY EFY dast ¥ Chro-
matogram©|™, DCB¥ 37} yveh}z ggtong
PCBs7} ZR5A g3ttt Fig. 6(C)s AH 34
AUE g3 ¥9 Chromatogramo|®), @43}
T 5 FAAIZ 10589 DCBH =27} Yehstc o
© AYE F9 PCBs7} 943 Hoz2q 9dE
A<l DCBZ Ag "ot

32. A&HA

EY 3 e PCBsY s5 GCFY#EFL 3
pLoZ AR & F g 2 Zo] A4a
tHArmour, 1973).

PCBs concentration in soil(ng/g) =

Final x 100ng/mL of DCB x Peak

volume  Peak height of height
(mL) 100ng/mL of DCB  sample

x0.61

Soil(g)

Biphenyl #2}% 154.29] FujQl 308 DCBE
A 49872 vt 061€ PCBs9 DCB AgA S+
2 oL & ¢, 1973). o714 3082 AR
A Fo go] EA3I= Aroclor 12489 R A%
2929} Aroclor 12549 ¥z 326 Atol9] gl
(Armour, 1973). DCB¥ X o] A&A S 061 T3}
o E¢ F PCBs 555 AMsAT €29 4
Al A7 30gg FH3ln vlAT n-Hexane® 9 E
500mLE 39S W BEY F A ASHEES
0.5ng/gol ATH
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Table 3. PCBs concentration of soil in suburban and industrial area of Taegu
. . Concentration (ng/g) +
Divisions Sites Mean+SDY Max. N Mean £ SD
Kyungsan ND” ND ND
Suburban Hwanggum dong ND ND ND ND
Dye industrial 1244216 374 ND
complex
Industrial 3th industrial 191 %223 437 ND 174+ 44
complex complex
Sungseo industrial 208+ 68 284 151
complex

1) Mean*standard deviation, n=4. 2) No detection.

Peak pattern'§ s} @43pyol 28 PCBsd #
e EE viwdte BE, Armour(1973) 49 F
PCBs %7} Peak pattem o2 EA&HE o
28400ng/golx, Pa3HoE EAIAUE
28600ng/g 0.2 PCBs %57} A9 ¥ @t 3
gt %£§ Crist® Moseman(1977)& EZf F
PCBs ¥&5& GC-MSZ EAsHE 9 80=*
40ng/goli, GC-ECD ¢g43yes ENUE
) 70+30ng/gl.2 Aol niszdtlxm 3t

33. E¢F ¥ XYE & PCBs &

Aislye 9% PCBs #4HES Y37 43
N EY 2 AYE F PCBs 3F5%EE 2334
ot} gj722e E% F PCBs ZHFE 4% 2

I Table 3% #tth PCBs 29 7MsAel &
& Ao Adggtn AFAGH gFANH FA
A9 F3F5AY EYAE PCBs7t BEHA
A%ttt PCBs 299 7Hsdol slv 329AY9
EgoMe gAFdo] 124ng/g, 35e] 19Ing/g,
AxF A 208 ng/gel it

333 e AYUE F PCBs +X+< Table 4
s 2tk F374 ARFY AUEAAM PCBs #
X5 A¥Rd gFAE FHstd Agerrt #
F8 AHAME Png/gelfln, AMFEALE
32E AAANAE 8lng/goldch o714 AH
# AAF Pele & Zo7t AU FEAH 3
749 $RAL2EY AF Tkm7tA Y 3574
AUEANE BT 154ng/golch £F G530
MNe 33% §F4ezRH 4, 37 % 2km A

Table 4. PCBs concentration of sediment in stream and river of Taegu

Concentration (ng/g)

Divisions Sites MeantSD” Max. Nin, Mean*SD
Sinchun 95+ 165 286 ND?
Stream Jinchun 81+ 118 251 ND 889
Kumho (2km)” 152+ 141 280 - ND
Kumho (4.5km) 170£ 195 485 ND 154t 14
River Kumho (7km) . 142 £ 136 353 17
Nakdong (up 2km) 131%£196 421 ND
Nakdong (Okm) 177£191 381 ND 159+ 24
Nakdong (down 2km) 170+ 145 311 ND

1) Mean*standard deviation, n=4.
2) No detection.

3) Distance from conjunction between Kumho river and Nakdong river.
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Aol A F 159ng/gol At

EY % PCBs ZFol Wg F8& Aurd,
Bentfenati et al(1992) %8 F¥ E%o
10-30ng/gel2ti 819111, Ferandez et al.(1992)&
2%<] Donana FH3 LY E%o] 05-185ng/ge)
g3 ¥t dFe WobumAlY EFdAME
19423 60ng/gol i, 1972134l 555ng/gC & &
AsQen, 1992de] 12ng/go AU
(Alcock et al, 1993). 39 Huang et al(1992)&
ke AAHIE 2FF FEAYY EFNA
PCBs X7} 450-77000ng/gol et1 34 ch.

3d 2 9 AUE F PCBs ZfFol g £
dS AuEd uhdrel F53H(1982)2 M3z S
9] JYE F PCBs ¥%7} 8ng/golata 3yt
A&S 198D FAMFT  AUESAA
ND-56ng/gel 41, 38 AYENNA 3-695ng/gol
Atz Q. Nondek$t Frolikova (1991)7F B
1% AZEZvHF ol LabeZd 34 AYUE Fd
A Bdng/gelAh. ©vlE Hundson ZoiAMe
7516ng/g9] Wl$ L FE7 AFIPLH, o=
1950-1976, A7l FA7] AZFTZAAN ZYEY
PCBs7t #i&5H 7] wiZolgtn 39 HBopp et
al., 1982).

gy E¥ 2 HUE F PCBs FFHEEE
PCBs 29499 7Is4da & 3o & g4
FPoz EME EY 2 AYUE F PCBs ¥:&8
A9 FH vasty £ v, gia3yd 9% E
% % PCBse| ZHE H7/IE & A

4. 4 B

PCBst 2107hA19] o]4AAE 7HA3 e,
°o]g BAIe wygog GC-ECD, GC-MS,
GC-ELCD, HPLC, TLC, NMR % Immunoassay
ol 9tk GC-ECDY #A$ A=AME WEA &
T Peak pattem® 3} GUREAMNZ HAste B4
e dazpye] Atk B dRdME gasiye
Z PCBsE 943 A dYdE32 DCBE H$3)
31, GC-ECDZ E% % PCBsE A%FstnA 3t

on, d7AFgE oS Pk

RAA, AEE FIIEHA G2 FAFPANA, & 4
ol AHEE Al 2 22717 DCBY EAS
waste 4ol AEHA itk 4, PCBsv}
THEeZ ANEHE Aroclor 12428 SbChLE ¢
A3} 322 A DCBE H¥dEL FA3 AA,
EY F9X4e DCBY #4& waste gar v
etz gtoem, dA3) g EY F PCBs
7t DCBZ ##gg A3ttt YA, DCBY
A2AEFE 2pgollen, PCBsY EY $ A
AEFEE 05ng/goltt. dAlAl, £9% F PCBs
v 299 A 2 AFFANE HEHA &
gom, ot 2u FEAY] TG, 3F3e %
AXFEAME HF 174ng/gol FFAT. QA
A, HUE % PCBs ¥%5& 3% AF A5
AAFG G F AFIHEY AHAANN H7
88ng/g, 8374 dFdMe= HT 154ng/golU L,
TERH G4 FHH 39 IdEHAMe
3T 159ng/gol ATt

el B dFdAe, o7 22y EY 2 A
YE ¥ PCBs¥%E GC-ECD ¥43iozg B4
3t F PCBs9 #HE %71 & & Aok

dAtel 2

¥R 104E FIHEAFASY 44
34 Azl gdkd ATHA&UD. ojd) 7
A=dyg,

nzq_«

sl

¥ EZs, 83, 1980, Polychlorinated biphenyls
(PCBs) frfETol AHERR B85
B i, BERLBEE, 2358-63.

FEE, BOE, 1982, AHY KE, KEL, 59
#f Polychlorinated biphenyls = ki
FF RAH o HEAE BEHRRRZ
£, 1,105-115.
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