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I ntroduction

Polychlorinated biphenyls (PCBs) is a chlorinated biphenyl compound with the
general formula Ci,H;¢-+/Cl,. PCBs generally occur as mixtures, where N can vary
from 1 to 10. The 10 sites available for possible chlorine substitution result in 209
possible PCB congeners[1-3]. There is now considerable concern regarding ; the
presence of PCB congeners in insulating oils used within large-scale electrical
supply systems. Due to its outstanding chemical and thermal stabilities and
electrical insulation properties, the commercial and industrial products of
polychlorinated biphenyls (PCBs), such as Aroclors, Kaneclors, Clophens,
Phenaclors etc., had been widely used as thermal oil and transformer oil from
1930s until the 1970s. PCBs from a group of persistent organic pollutants of the
environment, especially dangerous to living organisms due to high toxicity,
persistency, and bio-concentration in adipose tissue[3-6]. Despite of this fact,
PCB-contaminated oils are still commonly encountered partly because PCBs used
as dielecric liquids in transformer and condenser. The source of PCBs in
environments can range from used transformer oils or dielectric liquids to liquid
wastes, and some PCBs contamination is occurred due to the re-use of
incompletely reconditioned oil. The current action plan of Republic of Korea
dictates that organizations with electrical equipment contaminated with more than
2 mg/L PCBs will need to treat as PCBs-containing wastes [7], and 50mg/L of
PCBs or PCBs equivalent to be treated as a pure PCB preparation [8]. In this
study, transformer oils analyzed based on guideline for PCBs analytical method of
transformer oil in Korea[9].

Methods and materials
Aroclor® 1242, 1248, 1254 and 1260 (Supelco) were used to make
quantification of the waste samples by peak matching method. The main
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instrumentation was a HP 5890 equipped with electron capture detectors (ECD). A
capillary column (HP-5, 30 m X 0.32 mm, film thickness 0.25 um) was installed.
The injector temperature was held at 200°C. The detector temperature 250°C with
nitrogen make-up gas at a flow rate 17 psi. The temperature program of the
column of the column was started at 140°C; 2.5°C/min. until 200°C, 0.5°C/min.
until 220°C and 10°C/min. until 270°C. PCB-209 was used as an surrogate
standard. A 1puL of extract was injected under splitless condition. An initial multi-
point calibration was constructed up to 10 ppm. Daily calibration of GC was
performed using a minimum of two standards of 0.5 and 1 ppm. The analytical
procedure used is based on the guideline for PCBs analytical method of
transformer oil in Korea. About 0.2-10.5 mL of transformer oil was dissolved in
hexane and pretreatment processes such as alkali treatment, acid treatment, column
cleanup etc. as shown in Fig. 1.
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Sample

+ Shaking with Acetone 5S0mL and n-Hexane
50mL

« Collect the n-hexane layer
* Concentration SmL

v
Alkali Treatment + Added 1M KOH/Ethanol 50mL

+ Shaking with n-hexane 50mL
« washing the flask with 20mL of hexane-ethanol

«  —C-H,SO, treatment until colorless
*  Dehydration
. Concentration until 5SmL

v

Florisil column cleanup

.+ Elution with 15% ethylether containing n-
hexane

Concentration(5mL)

v

Silica gel column cleanup

« FElution with n-hexane 200mL
e Concentration less than 1mL

: « Peak pattern analysis
GC-ECD Analysis + MDL: 0.005 mg/L

..................... : Performed that oil was not removed perfectly

Fig. 1. PCBsanalytical method of the transformer oil in Korea
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RESULTSAND DISCUSSION

The recovery was determined 82~97% using decachlorobiphenyls (IUPAC No.
209). The presence of PCBs is indicated when the pattern of peaks resembles that
observed in a standard material. Retention time was existed within 0.1 min. and
relative peak heights showed similarly. Record the peak area (or height) for each
characteristic Aroclor® peak to be used for quantification in the initial calibration
solution. The collected samples were analyzed using the quantification methods of
Korean waste test methods. This method is quantified the chosen total peaks in
each Aroclor standards that are at least 25% of the height of the largest peak as
shown in Fig. 2.
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Fig. 2. Quantification peaks of Korea analytical method

The total PCBs concentration was determined by a visual pattern matching and
summing selected peaks to obtain a total amount in the sample containing the pure
PCBs products as shown in Fig. 3 (b). However, the mixed ratio was calculated
using the individual products peaks as shown in Fig. 3 (a). The peaks selected
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except for the overlapping region to evaluate the each product ratio. The
calibration curve was prepared using this mixed PCBs standards, and then sample
concentrations were calculated. The sample contained the Aroclor 1242 and 1260
with 3:2 ratio in Fig. 3.

Sample : B

f i 1 I f

Aroclor

il

i

WH‘HH‘HH
0 1

Aroclor

(a) Aroclor 1242 and 1260 mixture (b) Aroclor 1260

Fig. 3. Gas chromatogram of transformer samples
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