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Immunoassay Screening Method for

Polychlorinated Biphenyls (PCBs) in Insulating

Oil (PCB sensor)

Sumika Chemical Analysis Service, Ltd.
Ehime Laboratory

Katsuya IMANISHI

Low level quantities of PCBs were mixed into insulating oil used in electrical machinery, mainly trans-

formers, as recognized by the Japanese government in 2003, however production and use of PCBs has been

prohibited since 1973. The necessity of testing approximately several million transformers for PCB contami-

nation has stimulated urgent interest in development of measurement techniques. We report the performance
of our developed rapid and simple immunoassay system for the detection of polychlorinated biphenyls (PCBs)

in transformer oil.
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Clx X+y=1~10

BGEEEM  The chemical formula of PCBs

Cly

115 Name of homologue and number of iso-
mer of PCBs

Number of chlorine Name of homologue =~ Number of isomer

1 Mono chlorinated 3
2 Di chlorinated 12
3 Tri chlorinated 24
4 Tetra chlorinated 36
5 Penta chlorinated 42
6 Hexa chlorinated 36
7 Hepta chlorinated 24
8 Octa chlorinated 12
9 Nona chlorinated 3
10 Deca chlorinated 1
Total 209
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BGEE Total ion chromatogram of PCBs (Meas-
urement by GC-LRMS)
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Oil sample
<---- p-hexane
Surrogate ----»
<---- DMSO

DMSO-0il (hexane)-partition (four times)

<---- water
<---- p-hexane

Liquid-liquid extraction (three times)

Alkaline treatment (one times)
¢ Neutralization + dehydration

H2S04 treatment (several times)
¢ Neutralization + dehydration

Multilayer Silica Chromatography

v

Concentration
Syringe spike >¢
Measurement by GC-HRMS

PEEEEN  PCBs analytical procedure (Official meth-
od for decomposed insulating oil)
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Antigen-binding fragment

Variable domain
/1

Constant domain
—/

BGEE  structure of antibody
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Equilibrium state

* + Y =Y
PCB Free Complex
antibody

Pretreatment solution containing PCBs was mixed with
fixed concentration of the labeled antibody solution.

Y Y

captured passed through
» Inside of Cell
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Y
PCB : High vy < Y

BEEEE Principle of measurement for immunoas-
say
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Disposable syringe
(10mL)

<— Na2S04

Oil sample (0.25g)

Three-layer chromatography ----»
<— SO3+ H2S04/Silica

Elution with #-hexane (10mL) <— Silica

DMSO > |,
Evaporation

{

Centrifugation

Several minutes ¢

Partition of DMSO phase with oil phase

BGEEMAN  Extraction and clean-up procedure for im-
munoassay
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Pretreatment solution

Gold colloid-labeled ----»

antibody solution Leave 1 hour for
equilibration
»
. 4
) Flow through the |[..-=*"
- detection cell

v

Rinse of membrane with buffer

Drying of membrane

i
i -

Absorbance measurement |-~
(by portable instrument)

Immunoassay procedure
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PCBs cocentration by immunoassay (mg/kg)

0.0 I I I I )
0.0 1.0 2.0 3.0 4.0 5.0

PCBs concentration by GC-HRMS (mg/kg)

IEEELN Correlation between immunoassay and
GC-HRMS in used oil (50 samples)
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Cut off Concentration

PCBs levels Concentlratlon (Reg. (Ilonc.)

Qow) " | I (high)

[

Screening <=Negative Positive >

................. I N IS (S

Screening results are confirmed by a true standard. :
i The results evaluated are classified into 4 types.

................ {} {7

PCBs levels

0 Reg. Conc. = D True Negative | | O Reg. Conc. = D True Positive
O Reg. Conc. = 2 False Negative | | 0 Reg. Conc. = @ False Positive

IEEEEN Definition for screening criteria
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11578 False positive and false negative at various
cut off concentrations (Regulatory concen-
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Number 0.5 0.4 0.3 0.2
(rate) mg/kg mg/kg mg/kg mg/kg
False 12 23 39 61

positive 9.1%) (15%) (24%) (40%)
False 1 1 0 0

negative (5%) (5%) (0%) (0%)
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