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Accuracy Assessment of PCBs in Transformer Oil
using the Simple Cartridge Pretreatment Method
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The purpose of this study was to evaluate the resolution and accuracy of PCBs in the transformer oil using
simple cartridge pretreatment method. Also, purification ability of PCB free oils was investigated. The average
recovery rate of 142 PCB congeners was 82.2%. And, average recovery rate and relative standard deviation
(%RSD) of tri- to hepta- chlorinated biphenyl congener were 94.3% and below 18.5%, respectively. Average
recovery of [IUPAC No. 189, the surrogate for this method were 99.9%. Also, the recovery rate of 10 dioxin-
like PCB congeners was 93.4%. In addition, this simple cartridge pretreatment method showed high purifying
ability of interferences in PCB free oils. The recovery rate and %RSD of 39 PCB congeners in 7 PCB free
oil were 85.3% and 5.3%. Further, recovery rate and %RSD of tri- to hepta- chlorinated biphenyl congener
were 97.2% and 4.8%, respectively. Simple cartridge pretreatment method in this study showed high accuracy.

Key words: Transformer oil, PCBs, Homologue, Rapid analysis method, Dioxin like-PCBs, Recovery rate
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Fig. 1. Structure of PCBs.
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Table 1. Composition of PCBs congeners in transformer oil

Homo-  TUPAC Congener name Homo- TUPAC Congener name Homo-  TUPAC Congener name
logue No. logue No. logue No.
1 2- 60 2,3,4,4'- 136 2,2'3,3,6,6'-
Mono 2 3- 63 2,3,4'5- 137 2,2'3,4,4'5-
3 4- 64 2,3,4'6- 138 2,2'3,4,4'5'-
4 2,2'- 66 2,34,4'- 141 2,2'3,4,5,5'-
5 2,3- 67 2,3'4,5- 144 2,2'3,4,5',6-
6 2,3"- 69 2,3',4,6- 146 2,2'3,4'5,5'-
7 2,4- Tetra 70 2,3'4'5- 147 2,2'3,4',5,6-
8 2,4'- 71 2,3',4',6- 149 2,2'3,4'5',6-
Di 9 2,5- 73 2,3',5',6- 151 2,2'3,5,5',6-
10 2,6- 74 2,44 5- Hexa 153 2,2'44'55'-
12 3,4- 75 2,4,4',6- 154 2,2'4,4'5,6'-
13 3,4'- 77 3,3,4,4'- 156 2,3,3,4,4',5-
14 3,5- 81 3,4,4'5- 157 2,3,3'4,4'5'-
15 4,4'- 82 2,2'3,3'4- 158 2,3,3',4,4',6-
16 2,2'3- 83 2,2'3,3',5- 163 2,3,3',4',5,6-
. 17 2,2'4- Penta 84 2,2'3,3',6- 164 2,3,3'4'5',6-
Tn 18 2,2'5- 85 2,2'3,4,4'- 165 2,3,3',5,5',6-
19 2,2',6- 87 2,2'3,4,5'- 167 2,3'4,4'5,5'-
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Table 1. Continued

Homo-  IUPAC Congener name Homo-  IUPAC Congener name Homo-  IUPAC Congener name
logue No. logue No. logue No.
20 2,3,3- 90 2,2'3,4'5- 170 2,2'3,3'4,4',5-
22 2,3,4'- 91 2,2'3,4',6- 171 2,2'3,3'4,4',6-
24 2,3,6- 92 2,2'3,5,5'- 172 2,2'3,3'4,5,5'-
25 2,3'4- 93 2,2'3,5,6- 173 2,2'3,3',4,5,6-
26 2,3',5- 95 2,2'3,5',6- 174 2,2'3,3',4,5,6'-
27 2,3',6- 97 2,2'3'4,5- 175 2,2'3,3'4,5',6-
T 28 2,4,4'- 99 2,2'4,4'5- 176 2,2'3,3'4,6,6'-
29 2,4,5- 100 2,2'4,4'6- 177 2,2'3,3'4'5,6-
31 2,4'5- 101 2,2'4,5,5'- Hepta 178 2,2'3,3',5,5',6-
32 2,4',6- 103 2,2'4,5',6- 179 2,2'3,3',5,6,6'-
33 2'3,4- Penta 104 2,2'4,6,6'- 180 2,2'3,4,4'5,5'"-
34 2'3,5- 105 2,3,3',4,4'- 183 2,2'3,4,4'5',6-
35 3,3'4- 109 2,3,3'4',5- 185 2,2'3,4,5,5',6-
37 3,4,4'- 110 2,3,3',4',6- 187 2,2'3,4'5,5',6-
40 2,2'3,3"- 114 2,3,4,4',5- 190 2,3,3'4,4'5,6-
41 2,2'3,4- 115 2,3,4,4'6- 191 2,3,3',4,4'5',6-
42 2,2'3,4'- 117 2,3,4',5,6- 193 2,3,3'4'5,5',6-
44 2,2'3)5'- 118 2,3',4,4',5- 194 2,2'3,34,4'5)5'-
45 2,2',3,6- 119 2,3',4,4',6- 195 2,2'3,34,4',5,6-
46 2,2'3,6'- 122 2'3,3',4,5- 196 2,2'3,3,4,4',5',6-
47 2,2'4.4'- 123 2'3,4,4',5- 197 2,2'3,3',4,4',6,6'-
Tetra 48 2,2'4,5- 124 2'3,4,5,5'- 199 2,2'3,3',4,5,5',6'-
49 2,2'4,5'- 128 2,2'3,3,4,4'- Octa 200 2,2'3,3',4,5,6,6'-
51 2,2'4,6'- 129 2,2'3,3',4,5- 201 2,2'3,3,4,5,6,6'-
52 2,2'55'- 130 2,2'3,3',4,5'"- 202 2,2'3,3',5,5',6,6'-
53 2,2'5,6'- Hexa 131 2,2'3,3',4,6- 203 2,2'3,4,4',5,5',6-
54 2,2'6,6'- 132 2,2'3,3,4,6'- 205 2,3,3',4,4'5,5',6-
56 2,3,3',4'"- 134 2,2'3,3',5,6- 206 2,2',3,3,4,4'5,5,6-
59 2,3,3',6- 135 2,2'3,3'5,6'- Nona 207 2,2',3,3',4,4',5,6,6'-
208 2,2'.3,3,4,5,5,6,6'-
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ID Component Major use
JIs-1 Mineral Oil Transformer, Capacitor, Cable
JIS-2 Alkyl benzene Capacitor, cable
JIS-3 Polybutene Capacitor, cable
JIS4 Alkyl naphtalene Capacitor
JIS-5 Alkyl diphenyl alkane Capacitor
JIS-6 Silicone oil Transformer
JIS-7 Mineral oil, Alkyl benzene Transformer, Capacitor, Cable

Isooctane 0.4 mL and
sample loading in column
|
Heating of the multi-silica gel
column (60 min, 85 °C)
I

Cooling & Connecting

Alumina column

Elution with 60 mL of Hexane
(PCBs were Alumina column trap)

Drying Alumina column
I

Elution by toluene

IUPAC No. 209 50ng

L 2
GC/MS

Fig. 2. Pretreatment rapid analysis method: a) the multi layer silica gel column was heated on the heater for 60 min, 85°C,
b) The PCBs were eluted with 40 mL of Hexane and then trapped in the alumina, and ¢) approximately 1 mL of
toluene by the addition of 1.2 mL of toluene onto the alumina column with heat.
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Fig. 3. Preparation of cartridge used for Rapid Analysis
Method.
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Table 3. Analytical condition of GC/MS
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Injection mode

300°C, splitless

Type
GC Carrier gas
Column .
Flow (mL/min)

Oven Temp.

DB-5ms (60 m x 0.25 mm x 0.25 um)
He
1

120°C—15°C/min—210°C—5°C/min—250°C(8 min)—5°C/min—300°C(8 min)

Tonization mode
MS
Ion source Temp.

Electron Ionization Positive Mode (EI+)

250°C

Table 4. The analytical results for each homologue

Homologue Count of congeners Recovery rate (%) %RSD
Mono-CB 3 59.4 18.5

Di-CB 11 60.2 36.9

Tri-CB 18 85.1 184
Tetra-CB 28 92.6 13.6
Penta-CB 27 97.5 12.0
Hexa-CB 25 97.8 12.3
Hepta-CB 17 98.4 12.1
Octa-CB 10 53.7 70.9
Nona-CB 33.0 86.6

TUPAC No. 189 99.9 8.7
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Table 5. Recovery rate of the PCBs homologue in PCBs free oil(JIS 1~7)

C-CS-1 TUPAC No. 189

Recovery %RSD Recovery %RSD
JIS1 84.8 7.7 84.9 15.7
JIS 2 89.4 53 87.7 7.6
JIS 3 84.0 4.0 80.0 7.3
JIS 4 85.7 5.6 90.4 6.1
JIS 5 86.0 6.5 82.1 17.6
JIS 6 71.6 54 97.1 49
JIS 7 95.8 29 83.7 4.8
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