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Transformer oil is usually a highly-refined mineral oil that is stable at high temperatures and has an excellent
electrical insulating property. Polychlorinated biphenyls(PCBs) had been widely used as transformer oil before
the use of PCBs was banned throughout world in 1970s. Therefore PCBs is not used as transformer oil or insu-
lating oil any more, but sometimes they have been found in transformer oil. It is difficult to separate and quan-
tify PCBs in transformer oil because chemo-physical characteristics between PCBs and transformer oil are very
similar. Lately, various solid phase extraction(SPE) methods are adopted for rapid and simple separation of
PCBs but it is still hard to perfectly extract PCBs from transformer oil and loss during this extraction/cleanup
process can cause a recovery problem. The aim of this study is to find an easy method for PCBs determination
in transformer oil and to verify its efficiency. We applied various pretreatment methods to extract PCBs deter-
mination in transformer oil and compared with their efficiencies: laborious treatment including sulfur treat-
ment, multilayer silica gel column and so forth, SPE method and simple treatment such as just dilution of
transformer oil. For the majority of transformer oils with few impurities, large differences of PCBs between
methods could not be found.
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Fig. 1. Flow chart for pretreatment steps for PCBs analysis in transformer oil.
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Table 1. Conditions of GC/ECD for analysis of PCBs
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GC/ECD SHIMAZU GC-17A
Column DB-5 (60 mx0.25 mmx0.25 um),
Carrier gas 99.9999% N,
Oven temp. 100°C (2 min) — 160°C(15°C/min, 1 min)

— 300°C (5°C/min, 14 min)
Injector temp. 250°C
Detector temp. 310°C

Flow rate 2ml/min
Injecton mode Split
Split ratio 1:5
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Fig. 2. Index peak of the Aroclor commercial product for mixed ratio confirmation.
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Fig. 4. The difference of PCBs peak pattern in accordance with pretreatment method.
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Table 2. The mean of recovery rate of ITUPAC No. 209
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Method A Method B Method C Method D
Recovery rate(%) 60.39 78.94 81.94 79.66
S.D. 14.35 1.75 2.80 4.23




178 ey -

3.4. Mxj2lof w2 HE At

AP E dEist o2 HAf PCBsE g3l
t}. PCBs %S A&d I=2neay 5 7F 2 v
A 25%°1’¢ F=E el 339 IUPAC No. 18,
28, 31, 44, 52, 101, 118, 138, 149, 153, 170, 180,
194 Y32 AFslo] FL2 AAEINCH, PCBsE 4
Fal7] Qs 4 g ARSI, Ase Fgva W
Heo] g Yepli, De HE A4S Ytk A=
MR AR AP HE BAAFEA 3 XIE
A ARSI Vie GCol Y3 FU#S U

ERIH, Ws= Al89] %S Yepdth A5+ 0.1mLE

R I

g gk Ae' yehdth $7FsE] S2, S3, S49]
735 RE] HAEES HAAFE Atole] x|zt
7%~18%71g e 202 IRIHAL, a5%e] ¢
o} HAFE o7} 13~15%71F Ue Aoz &
A=Ak W A9 WhH B xfe|Ql ] A
oAl Az} zhel &4 &2 HA 4.1%°103, B oF
8.9%(S.D. 3.14) Z}ol7} Y= Aoz It &2
2 A2]E wiAlgt AAg] W B SPE(Solid phase
extractor)E AME-SF AA2] WY Cole] Aol s}
Al Yehvs A2 SR1EI A =4 e PCBs
A} ke oF 28] dA Zfel7h WAL, 2 9] AlRelA

ARG, HF A 1mLE St < o 106%(S.D. 5.69) 2ol UERitt. SPES] ¥
He s mfg s ARg-E 4 AT, PCBs
PCBs (mglL) = o M skl U E2g0] W BM urh e 2 R0
2 ekt gafe) AxelE WSS @ W D
As : Total area of Quantatity Peak = OE WHE 2o 23 3ol M =4 YERdTh
D : Final Volume (mL) W Cx HPE DR A3 7o) AT 184% o)}
Cf : Mean of Calibration Fator(A/ug) wom HH Do A}t o] Hi 87.6%(S.D. 5.62)A
Vi : Injection Volume (uL) o} ZH WS 70e] A 3RS Tk zjo7F YERg e,
Ws : Sample amount(mL) Az} grol 7 whol mat )= 2 4 9le-e veh)
T k. 7+ AN AR B §71098H
A A= Table 30 VeRATH A AdellA & o] EJEo] 7] Hrhke o FF HAA] A F
T dxel, ¢ AIgelA PCBsel B Tt & siHo] 7|E Ak o] XIEUS W A el
Aes 2 & F vk 53] A skold A7 v= MAHYE el Bel 2dHUNE ThsAol Ae
7} Aol A} ghollA FA diFE S YeIZ & itk mEbA] A PCBs 4 W RS
k. dEE0] S1¢] F=E BHE &Y ArF 23wl @3t AA B4ske e 28 WRe] 2
® oabH A9 o] Azt wiAlE Wy Beke] xfe] ¢ dthe Zlo] g4l =AU
= oF 34 o] Rpol7t YL gle] WREZRe] WAL
Table 3. The results of GC/ECD analysis for PCBs
S1 S2 S3 S4 S5 S6
Method A 9865 248111 46638 379678 887262 2201925
Sum of Peak Method B 34251 267178 52331 395951 997582 2477110
Area Method C 12269 222471 46289 377467 968757 2176408
Method D 50264 273007 56726 409213 1038884 2509695
Ratio(1242:1254:1260) 0:1:0 0:2:1 1:1:1 5:5:1 0:1:1 0:1:0
Cf(A/ug) 572038 179592 348223 464064 318108 370826
Vi(uL) 1 1 1 1 1 1
D(mL) 1 1 1 1 1 1
Ws(mL) 0.1 0.1 0.1 0.1 0.1 0.1
Method A 0.172 2.597 7.125 8.182 27.892 59.379
Concentration Method B 0.599 2914 7.673 8.532 31.360 66.800
(mg/L) Method C 0.214 2577 6.389 8.134 30.454 58.691
Method D 0.879 3.159 7.840 8.818 32.658 67.679
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