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Abstract : PCBs had numerous uses such as hydraulic fluid, heat exchange fluid, sealant, lubricant, and
carbonless copy paper. They are most likely found in electric utilities, power stations, industrial facilities,
electronic manufacturing plants, petrochemical plants, railroad systems, electric equipment repair facilities,
mining sites (active or abandoned), and military camps. Due to its outstanding chemical and thermal stabilities
and electrical insulation properties, the commercial and industrial products of PCBs, such as Aroclors, Kaneclors,
Clophens, Phenaclors etc., had been widely used as thermal oil and transformer oil from 1930s until the 1970s.
The transformer oils were analyzed as a main source of polychlorinated biphenyls (PCBs) emission into the
environment. Qualitative estimation of oil extracts as carried out with Aroclor 1242, 1248, 1254, 1260. The
transformer oils contained the pure and mixed of Aroclor 1242, Aroclor 1254, and Aroclor 1260. Also,

commercial screening kit of 20 ppm and 50 ppm were applied to the transformer oil samples.

Key words : transformer oil, PCBs, korean official testing method

% Corresponding author
Phone : +82-(0)32-560-7287 Fax : +82-(0)32-568-2041

E-mail: shinsun@me.go kr

—410 -

Copyright (C) 2006 NuriMedia Co., Ltd.



1M B
k3 Fo] wgdlel ulel vkt
So] QI7F Ao ALgH O] ghort
A9 s 2 FHE P EA T ALS

o] Abgo] FEEAeH, ol EEd F
ol Alel 7}t Z2] 3= d F(Polychlorinated biphenyls,
PCBs)o]t}.'*

CBs= 1881 Schmidtel] oJal H%=E g =]o] 1929
d mlsell A AR o ko] Al o, ARg0] T
A w7px] A A AN 1309+ Eo] AatElon M
P7), 24719 AR, &, 7HaeA, E5, BAR] 5

7&1

(U

ICET, o
o] o8 §x= Aol $ith*® 28y PCBse =4
o] st &4 FolAM FlHA d Tl HEF
% == o] WA A AlAl ZH 52 PCBse] A4kt
AH8-E FAISIAL PCBs AHS 3 S, 314 e e At B
PCBs3HT #15%29] 22|t 2)e 737817 Al &tstsiet.

SEluetellM= pops B2 HA14 #e] ol o
S8k 04 5ol WaE A5EE Hof oS A5

PCBs o+t Al B #71&9] 57} oJPRIAE A

Fol glom], ol B A% B F odEE 2
A7) Slal A A 5ol 478 FHlsla 2l

Aole.

3 dAF T PCBs 24 411
# AelAE PCBs o #7121 AAfrE A
A7l g Bl A E P e s A - A st
WY AZAPE PCBs SHial€lS vhetsilon, &

g, PCBs ¢t #71e5 W6 &34l deiet A=

E 98l WIS EPAS] RARS o83 232 e

A8 o8 AR

2.1. Al2xF
ZHAH F PCBs &2
HARZE 33 A= &7
&7 ZFRE-F7ke] YE= AF sl Z2)

=

A

m\l
)
o

3=
=T

2l oIt 5

o] 4°C ol3te] of g

2 mt do o =2

o)
ol B

22. PCBs 2%

SEvE A=A A 143 1] A7)
E % PCBs 244122 272 319 Fig 13} 72o] A|

E A28t Table 19] EAZ7ASZE GC/ECDZE #
Attt eivet d7|ERe o A4 E F

‘ Liquid Waste Sample

|

<
v

IM KOH/Ethanol 50mL

‘ Alkali Treatment

ri PCBs-209 Internal Standard

[ c-H>50, Treatment

» Boiling for 1 hr

> Cooling (507)

* n-Hexane 50mL + Hexane:Ethanol(1:1) 20mL + 25mL

» Solvent Separation(n-Hexane)

v

Florisil Column

‘ Silicagel Column Cleanup

v

‘ GC Analysis

« Quantification : Peak Pattern

Fig 1. PCBs analytical flowchart in transformer oil.
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Table 1. Analytical condition of GC-ECD

Condition
Column DB_5 (30 m, 0.32mm LD., 0.25 pm film
thickness)
Carrier Gas 99.999% N,
Detector ECD
Flow rate 17psi

Injector Temp. 200°C
140°C—200°C(2.5°C/min)—220°C
(0.5°C/min)—270°C(10°C/min)
Detector Temp. 250—

Oven Temp.

PCBsE 2 mg/LZ HA|3kaL Qlth.

B A AN E EAETA= AES T A
Aol PCBs X78HE £ AWM AAT a4
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(b) Combined the Aroclor mixture

Fig 2. PCBs Quantification of korean waste official method.
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(c) Quantification of the peaks
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Fig. 2. Continued.
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Table 2. Analytical results of transformer oil
Year No Manif;crture Company  Sample List Patterns Rec((())):;:ry* Concentration
1 1966 FU A-60S-01  Arol254 81 <2ppm
2 1966 FU A-60S-02  Arol254 33 <2ppm
3 1968 GL A-60S-03  Arol254:1260=1:1 83 <2ppm
4 1968 GL A-60S-04  Arol254 34 >2ppm
1960 5 1968 GL A-60S-05  Arol242 95 >2ppm
6 1969 AS A-60S-06  Arol260 80 >2ppm
7 1969 HI A-60S-07  Arol242:1254=1:1 85 >2ppm
8 1969 TO A-60S-08  Arol242:1260=3:2 37 >2ppm
1 1970 ASA B-70S-01  Arol1260 95 <2ppm
2 1971 GC B-70S-02  Arol254 89 >2ppm
3 1975 ALS B-70S-03  Arol1260 89 >2ppm
1970 4 1976 GC B-70S-04  Aro1242:1254:60=1:1:1 77 <2ppm
5 1977 GL B-70S-05 N.D. 86 N.D.
6 1978 HI B-708-06  Aro1260 84 <2ppm
7 1978 FU B-70S8-07  Arol254 91 <2ppm
8 1978 FU B-70S-08  Aro1242:1254=1:1 93 <2ppm
1 1981 - C-80S-01  Aro1242:1254:60=1:1:1 82 <2ppm
2 1981 ETI C-80S-02  Arol260 97 <2ppm
1980 3 1983 HS C-80S-03  Arol242:1254=5:1 96 <2ppm
4 1983 HS C-80S-04 Arol242:1254=5:1 96 >2ppm
5 1985 HS C-80S-05 Arol242:1254=5:1 73 <2ppm
6 1985 HS C-80S-06 Aro1242:1254=5:1 92 <2ppm
1 1991 HS D-90S-01 N.D. 92 N.D.
2 1991 HD D-90S8-02 N.D. 95 N.D.
3 1991 HD D-90S-03  Arol1260 93 <2ppm
4 1994 EE D-90S-04 Arol260 87 <2ppm
5 1994 KCO D-90S-05 Arol254 91 <2ppm
1990 6 1998 HD D-90S-06  Aro1254:1260=2:1 86 <2ppm
7 1998 HS D-90S-07  Arol242:1254=2:1 85 <2ppm
8 1998 HS D-90S-08  Arol260 85 <2ppm
9 1998 HS D-90S-09  Aro1242:1254=2:1 82 <2ppm
10 1999 HD D-90S-10 N.D. 85 N.D.
11 1999 EE D-90S-11  Aro1242:1254:60°+1:1:1 81 >2ppm
*average of 2~3 times duplicate analytical results
(©F 1254:1260°] th=F 1:19] v]&= E3He Al&e] o] AA4-L 0.9998~0.99992] W= LEREOH,
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Fig 3. Chromatograms of samples.
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(a) Sample less than 20ppm (b) Sample more than 20ppm
Fig 5. Screening Test Result.
Table 3. PCBs screening test result in transformer oil
CLOR-N-OIL 20 L2000 analyzer Aroclor Conversion Conc.(ppm)”
No Sample
20ppm Kit (Cl) Cl Contents Askarel A Conc.  Arol1242 Arol254 Arol1260

1 New Oil" <20 0.77 0.97 ppm 2.30 1.79 1.61
2 New 0i'? <20 6.65 8.42 ppm 19.86 15.45 13.90
3 New 0i'? > 20 18.10 18.10 ppm 54.05 42.04 37.84
4 P-001Y <20 2.24 2.87 ppm 6.69 5.20 4.68
5 P-002Y <20 2.99 3.78 ppm 8.93 6.95 6.25
6 P-003" <20 7.62 9.66 ppm 22.76 17.70 15.93
7 P-004" <20 5.52 7.00 ppm 16.49 12.82 11.54
8 P-005" > 20 69.00 87.40 ppm 206.06 160.27 144.24
9 P-006" > 20 57.80 73.30 ppm 172.62 134.26 120.83
10 P-007" <20 0.62 0.78 ppm 1.85 1.44 1.30
11 P-008" > 20 6.10 7.73 ppm 1822 14.17 12.75
12 P-009" <20 1.07 1.35 ppm 3.20 2.49 2.24
13 P-010" <20 1.01 1.28 ppm 3.02 235 2.11
14 P-011" <20 2.30 2.90 ppm 6.87 5.34 4.81
15 P-012" > 20 19.40 24.60 ppm 57.94 45.06 40.56
16 P-013" > 20 124.00 167.00 ppm 370.32 288.02 259.22
17 P-014Y <20 1.81 2.29 ppm 5.41 4.20 3.78
18 P-015Y > 20 156.00 198.00 ppm 465.88 362.35 326.12
19 P-016Y > 50 51.2 64.9 ppm 152.91 118.93 107.03
20 New Oi¥ <50 0.76 0.96 ppm 2.27 1.77 1.59

PNew oil analyzed using the 20 ppm kit
220 ppm standard injected in new oil
950 ppm standard injected in new oil
“New oil analyzed using the 50 ppm kit

SCalculated concentration using the given equation in 1.2000 analyzer

= AESYT 2384 7|EE 20 ppm, 50 ppm 2 100
ppme] Al FF FEE AR Qlo], FFEEE 20
ppm B 50 ppmS 2 ZASt g1 AF FPiiion
(Fig. 5), GC/ECDZ 43t A8 5 2~3z]d EA4He
2 AR El] EAAIE vaste] vhEo Table 33
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