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A3} Z+7F ND~77.3 ppm, 0.0863~2.49 ppmz} N.D.~0.00241 ppmC. 2 HAZE 1t} WHO-TEQ FEE
Co-PCBs7} 23.3~600 pgTEQ/g, PCDD/Fs7} N.D.~128 pgTEQ/g (XCo-PCBs+PCDD/Fs-2 24.4~728 pgTEQ/
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=2 HE&S AA3I91Th PCDD/Fs o484 #3e] lojAl= OCDD7} 53% o2 the oAl H]
3] =& vES AL T3 X A8 F Co-PCBse] oA el e 317 th7| A5 Bt olug} PCBs
AIFQ Aroclors} AFSE FEIS vEhio], Bisty] AAR7E ti7] & PCBse] 299 F dhteke Aol
AlAFE At

Abstract : The levels of total PCBs, Co-PCBs and PCDD/Fs in the transformer insulation oil samples obtained
using GC/ECD and HRGC/HRMS were ranged from N.D. to 77.3 ppm, from 0.0863 to 2.49 ppm and from
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N.D. to 0.00241 ppm, respectively. In terms of WHO-TEQ values, Co-PCBs and PCDD/Fs were ranged from
23.3 to 600 pgTEQ/g and from N.D. to 128 pgTEQ/g, respectively (XCo-PCBs+PCDD/Fs concentration was
calculated 24.4~728 pgTEQ/g). Although, the contribution of PCDD/Fs was below 12% in total TEQ

concentration, it is suggested contamination of PCDD/Fs in transformer insulation oils. Among 10 samples,

4 samples showed higher concentration than 2 ppm (specific waste criterion of Korea) and Aroclor 1242, 1248,

1254 and 1260 was detected in samples as a single or mixture of Aroclor. It was shown reliable relationship
between concentration of Co-PCBs and those of PCDD/Fs (p<0.003), however, was not shown between
production year of transformer and concentration of PCBs. The distribution pattern of Co-PCB congeners showed

that the ratios of mono-ortho substituted congeners were higher than non-ortho substituted congeners. Among

that, PCB-118 congener was predominant. In addition, the OCDD congener was predominated in PCDD/Fs

congeners as above 53%. Moreover, the congener pattern of Co-PCBs was similar to that of Aroclor as well

as ambient air, which suggested that PCBs volatilization from transformer insulation oil affected the pattern

of Co-PCBs in ambient air.
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Sample Sample
AlKkali digestion DMSO treatment
(IN-KOH, 1hr)
Cleanup spike
(EC-4977, EPA-1613LCS)
Liquid-liquid extraction
(n-Hexane, 3times) Acid treatment
PCB-209 congener |
Acid treatment Sulfuric acid-treated silica column
| (acid : silicagel 44%, w/w)
Sulfuric acid-treated silica column 1 fraction (Hex)
(acid : silicagel 44%, w/w) Alumina column discard
\l/ Final volume 1 mL VZ"“ fraction 50% (DCM/Hex)
GC/ECD
(Total PCBs) Activated carbon column
1t fraction 200 fraction
(25% DCM/Hex) (distilled toluene)
Others PCBs Non-orhto PCBs
PCDDs/Fs
Syringe spike Syringe spike
(EC-4979) (EPA-16131SS)
\4 \4
HRGC/HRMS
(Co-PCBs and PCDD/Fs)
Fig. 1. Analytical procedure of PCBs and PCDD/Fs in transformer insulation oil samples.
3to] AES Fe IV EES ARESt Ao wet Table 1. Detail information of insulation oil samples
Al PCBs?] & =W Aroclor FE4 9] TEEA Sample Company of Year of
X3 3sl7] W&o PCBse] 7o) AA 9] TEZS label production production
AFSE & itk Pl FUI 1978
ojo & AFeME dAF F F PCBs GC/ECD P2 FUll 1978
Z o]g3ata, %4o] 73 Co-PCBs % PCDD/FsE P-3 HITACHI 1969
high resolution gas chromatography/high resolution mass i': ;ii:i}i’;d 123?
spectrometry(®] 3} HRGC/HRMS)E ©]-&-3 B4 8 & P6  GE 1968
slel, Wk AR F o1F B 095FEL P7  GE 1977
atal vl d el o] A £ viw T8 st P-8  ETI 1981
Ak P-9 HYOSUNG 1998
P-10 HYUNDALI Heavey Industries 1998
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Table 2. Operating condition and parameter of GC/ECD and HRGC/HRMS for PCB and PCDD/Fs analysis

GC/ECD HRGC/HRMS
Instrument (Shimadzu GC2010) (HP6890N/Thermo Finnigan MAT95XP)
Total-PCBs Co-PCBs PCDD/Fs
Col DB-5 DB-5MS DB-5MS
olumn (30 mX0.25 mmx<025 m) (60 mx0.32 mmx0.25 m) (60 m>0.32 mmx0.25 m)
100°C(2 min) 70°C(1 min) 140°C (1 min)
Oven temp. 15°C/min, 160°C (0 min) 40°C/min, 190°C (0 min) 40°C/min, 220°C (10 min)
program 5°C/min, 280°C (10 min) 1°C/min, 240°C (0 min) 1°C/min, 250°C (0 min)
10°C/min, 290°C (5 min) 10°C/min, 320°C (3 min) 5°C/min, 320°C (3 min)
Injector temp.  270°C 270°C 270°C
Ion source temp. 250°C
Others Detector temp : 320°C Electron acceleration voltage 35eV
Flow rate : 1 mL/min (N,) lonization current 380A
Ton acceleration voltage 4700V

HRGC/HRMS 2443} 50~130%2 3353 A7
e ST

3. &dx 3 ns

3.1 M| & PCBs ¥ PCDD/Fs SE

2 Aol A%t AAF 5 PCBs 2 PCDD/Fs
SEE Table 39 AEdte] YER AT TEQ (toxic
equivalent)s == WHO-TEF(toxic equivalency factor)%}
S 0|3l ALkt

Ht7] AAH F PCBs, Co-PCBs 2 PCDD/FsZ
GC/ECD9} HRGC/HRMSE ©] &3t &gt Az} 7t
Z} N.D~77.3 ppm, 0.0863~2.49 ppm3} N.D.~0.00241
ppmoE AEHATE E4E 10702 AE F ol AIE
o)X PCDDFs7} HAZEIRLH 17]9] A8oM= &4
£2 Yelgth T3 WHO-TEQ %+ Co-PCBs7t
23.3~600 peTEQ/g, PCDD/Fs7} N.D~128 pgTEQ/g
(ZCo-PCBs+ PCDD/Fs 24.4~728 pgTEQ/g)S 2 L}E}
o, o]ef o] Wty A Foll= PCBs o]l
PCDD/Fs7} vl & &9 =014 Sl Zlo] gRl= At

PCBs®] 7%, #2413k 1071¢] A& & 4712 A 89
A A AR E 7159 2 ppmE ZFHFHoH, 2
Ml A E(P-5, P-6)l A& 50 ppmo]’de] T=E
ER ATt P-10 A8 A9, T PCBs $=45T} Co-
PCBs =7} =7 UElst o, o] 22 5 PCBs®| 73
9 ECDE AHg-3to] Fadjeij o s JFS &, 3
F&o gk BA-L 3sA] ko), Co-PCBse| 735
HRMSE o] &3l] 99434 oz sid o]
HEZ S 3, 35god tst Bgo] o]FA]

7] Eo 2 ALEET B AFolA 43 10719 &
Af AZoM AEE Aroclor?] FEHE Ar-1242,
1248, 1254, 1260°] ©F S E4F O EAlstL
AN LT P8 A 5O 739 Ar-1248°] Ar-1254%} Ar-
1260} 3] EF= oA = A= et

H}7) 7t Al=E Wx¥ PCBs 558 AHHW,
196830l Azt P-6 A|BoA 7HE =& 527t 7
ZEen 73 H2(19983)81 P-9, 10 A FollA 7+
e TS Yt 23 MY AR
% PCBs =9 W77t AlxH A== S5l
S HolA dth oA W7 AlxE T,
H71=7] Aol "7 ko] HA[FTHE WA she] A}
|33 e AT 7] Wi E Al EY

tho] S-Alo] A9 87 A E(P-1~P-4, P-7-P-10)&
5.90 pgTEQ/g °]3tZ wl§ W& TE& HI O P-5
9} P-6 A B9 AS= 1287 110 peTEQ/go & H-&
TEE R, AR F vl sl tig F714
ol AejzAlZt Hodk Ao g HAgE) ol IF
Eo] 2918 234,78-PeCDF o] A A7} A4 PCDD/
Fs TEQ 59| 91%%} 89%E X o, the A8
o] ¥)s] 7AZ&¥ PCDF ©]4A|7F Bot7] wjiolth A
A TEQ &=o] 3+ PCDD/Fse| 7191&L 17.6% ©]
st w)¢ w¥ekow, PCDD/Fs % PCDFe] TEQ %%
H] & 49-98%2] W9E YEGTHP-2, 104]9], P2
= OCDD °|3AIRE A&E= e, P-105 EHE).

EA%E AAH 107 A1 5.2 Total PCBS(T-PCBs) &
E9} Co-PCBs =99] a3 =4 veoH
(R’=0.81, p-value<0.0003, n=10), Co-PCBs<} PCDD/
Fs 527k A% R™=0.69 (p<0.003, n=10)E *
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Table 3. Concentration of PCBs, Co-PCBs and PCDD/Fs in transformer insulation oil samples (unit : ng/g)
Sample label P-1 P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10
E Total Conc. (ppm)* 1.31 1.43 9.93 7.59 62.0 773 N.D. 1.99 0.470  0.170
g Aroclor type** 4:21514 42:54 =1:1 4:22514 4525:‘;'2?0 60 60 - 42125;2?0 4:23514 5:42610
PCB-81 1.25 - 2.28 - - 0.902 0.728 0.760 0.260 0.474
PCB-77 254 36.3 56.6 67.2 38.2 16.6 13.2 15.7 5.92 14.5
PCB-123 16.9 13.6 135 31.7 138 167 5.22 17.9 3.55 10.4
PCB-118 134 85.6 676 253 114 966 42.7 164 34.8 92.7
PCB-114 4.42 3.13 4320 8.21 750  4.62 1.31 4.46 1.26 3.40
PCB-105 46.3 383 558 107 151 139 15.8 64.2 14.3 48.6
PCB-126 0.433 0.882 1.67 1.02 1.14 0496 0358 0.529  0.155 0.266
PCB-167 3.72 3.26 23.0 132 259 228 1.57 5.00 0929 2.84
PCB-156 9.90 8.44 79.1 36.5 602 609 438 11.6 225 9.63
PCB-157 1.44 1.73 20.6 5.68 437 386 0.744 2.89 0349 1.23
PCB-169 - - - - - - - - - -
PCB-189 0.63 0.56 1.85 496 13243 13043 035 0.88 0.09 0.91
Co-PCBs 245 192 1600 529 2490 2300 86.3 288 63.9 185
2,3,7,8-TCDF y y y y y y y y y y
1,2,3,7,8-PeCDF 0.0484 - - - 0.0315 0.0152 - - 0.0199 -
2,3,4,7,8-PeCDF - - - - 0.232  0.195 - - - -
H 1,2,3,4,7,8-HxCDF - - - - - - - 0.0357 - -
R 1,2,3,6,7,8-HxCDF - - - 0.0213 - - - - - -
M 23.4,6,7,8-HXCDF - - - - 0.0618 0.0744 - - - -
8 1,2,3,7,89-HxCDF . - - . - - - - - -
1,2,3,4,6,7,8-HpCDF - - 0.0375 0.0714 0.126 0.125 0.0807 0.0948 - -
1,2,3,4,7,8,9-HpCDF - - 0.0288  0.0237 - 0.0580 - 0.0308 - -
OCDF - - - - - - 0.0433 - - -
2,3,7,8-TCDD - - - - - - - - - -

1,2,3,7,8-PeCDD y - - - . . . . ; .
1,2,3,4,7,8-HxCDD y - - - - . . . . .
1,2,3,6,7,8-HxCDD y - - - - . . . . .
1,2,3,7,8,9-HxCDD . - - . . . . .

1,2,3,4,6,7,8-HpCDD . . . 0.0722 0291 0247 0.0801 0.104 .
OCDD 0402 0359 0240 0401 1.67 127 0565 0298 0409 -

PCDF 0.0484 - 0.0663  0.116 0452 0468 0.124  0.161  0.0199 -
PCDD 0.402 0.359 0.240 0.473 1.96 152 0.645 0.402  0.409 -
PCDD/Fs 0.451 0.359 0.306 0.589 2.41 1.99  0.769  0.564  0.428 -

Co-PCBs TEQ Conc.  0.0737 0.112 0.382 0.173  0.600 0.520 0.0468 0.0888 0.0233 0.0505
PCDD/Fs TEQ Conc. 0.00246 0.359*1070.69*10-3 0.00384 0.125 0.110 0.00167 0.00590 0.00104 -
Total TEQ Conc. 0.0762 0.112 0382 0.1777 0.728 0.630 0.0485 0.0947 0.0244 0.0505

*This concentration means total PCBs as Aroclor, **42=Aroclor 1242, 54=Aroclor 1254, 60=Aroclor 1260

gtk Y 10709 A8 F 2709 Al B(P-5, 6)°l 4 91}, Co-PCBs9} PCDD/Fs =7l Aol ¢l
T-PCBs+= 50 ppm©]7d, Co-PCBsi= 500 pg/g ©1/3<] £ Aoz Yyt (R= -0.25, n=8). P}I7IA 2 T
TEES e o] 2415 28] A#Ao] dFS PCBs¢} PCDD/Fs FE7tol % 15 %E AEE A9

LS
L& 7hesdel 71 Wl P-5ek P-6 AlRE ALt A AdAel fle AoE YERETHR?=-0.13,
F AT BAL 3 A3, T-PCBsSF Co-PCBs 5% n=8). Fig. 2] T-PCBs$} Co-PCBs, Co-PCBs$} PCDD/
Zrlle E& 4 R*=081, p<0.03, n=8)S WEMSL  Fs =919 A =E vepfidich
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Fig. 2. Correlation of concentration among T-PCBs, Co-PCBs and PCDD/Fs.
32 HAAF = Co-PCBs O[|MA & PCBs ©| A W& Ar-12603 FALE JEjE Ho)

Fig. 39 & AFoA E4% Xé?i'?r % Co-PCBs
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|
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12609] &S Yell= AS & 5= ATt (Table 3).
B HAH AlFENA non-orhto X3+ PCBsel| H]sf
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Akl J= AL el o]of H]g] PCBse| A
4 = U E d83A 272 vjE72=o) A= non-ortho
j];:;_], PCBSQ—] H]%ol D:‘\:‘ 74 oz E‘_L_Q_L_ o]q_lz-ls
AztR o] JEFS AP oz A e U7 5ol
= AZFE wjE7129) fAFSE Co-PCBs ©] A siES
Bol3 Slth”? 3} §o] Hug AAf F Co-PCBs
oAl HE-2 7|E9] A7 wiETEEY g)7] AR
ol= o HES Yo, £ AT A=
P-5, P-6 A|2E A3l vwE &zk2 wjE7ks
9 7] AF5e} FARSE o] Al FE-g YERfo ti7]
% PCBs9| 2 @do] &7t & da3A B9 ol
Het7] AAfE 3doly F& 58 53t di7|=
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Fig. 3. Congener distribution of Co-PCBs in transformer oil, Aroclor, Kanechlor, flue gas and ambient air samples
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Fig 4. Distribution of PCDD/Fs congeners in insulation oil, ambient air and flue gas samples.
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