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Abstract: This study was performed to improve the analytical methods and re-establish the regulatory standard
of PCBs-containing solid wastes for sufficient management in which has been concerned internationally. To
do this, the sampling, pre-treatment and quantification methods which were used in USA and Japan were
discussed. It was thought properly that new standard of PCBs-containing solid wastes was established through
correlation with PCBs concentration of transformer oil. The surface wipe sampling was selected in the non-
porous materials and cutting sampling in the porous materials. In the absence of transformer oils, electrical
equipment is PCB-contaminated if it has PCBs at >0.4 pug/100 cm? as measured by a wipe test of a non-
porous surface and if it has at 0.04 mg/L as measured by cutting test of a porous material. Also, new analytical

methods for PCBs containing solid waste were proposed.
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Fig. 1. Analytical procedure of PCBs in transformer samples.

Table 1. Analytical conditions of GC/ECD for determination

of PCBs
Condition
DB-5 (30 m, 0.25 mm, 0.25 pm
Column film thickness)
Carrier Gas 99.999% N,
Detector nECD
GC/ECD Total Flow 60 mL/min

Injector Temp. 250 °C

100 °C—160 °C(15 °C/min)—
300 °C(5 °C/min)

Detector Temp. 320 °C

Oven Temp.
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Table 2. Sampling status of PCBs containing solid wastes
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Wastes type Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8§ Sample 9 Sample 10
(ppm) 15.43 29.83 93.39 15.23 8.23 2.119 2.329 3.839 4.549 3.60°
Transformer oil 1 1 1 1 1 - - - - -
Wood 2 -2 2 2 - - - - - -
Iron sheet 1 1 1 1 1 1 1 1 1 1
Paper 3 3 3 » IR 1 1 1 1 1
Copper 3 3 3 » IR - - - - -
n 10 8 10 3 3 2 2 2 2 2

a) the sample which didn't contain wood
b) paper and copper were collected with mixed
c) this result was from certified lab.

‘ PCBs containing wastes ’

[ Nonporous solid wastes ]

[ Flat solid wastes J Amorphous solid wastes}

(steel pot, plastic etc.) (copper, holt etc.)

[ |
I
[ 1

‘ Porous solid wastes ’

‘ Paper, wood, textile etc. ’

‘Wipe-test Ultasonic extraction

Soxhlet extraction [ ‘Water extraction

Sample cutting Samlpe cutting
(10cm x 10cm) (1cm* S0g)

SamDIe cutting
(1em x lcm, 100g)

Surface wiping with
absorbent

extractlon

Sample cutting }
(PH 5.8-6.3, 200lpm, 6hrs)}

|
!

L Soxhlet exiraction ] [ Ultrasonic extraction ] { Ultrasonic extraction ]

LiquidJiquid extraction
(hexane SOmL)

Fig. 2. PCBs analytical methods which were applied to each solid wastes type.
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Table 3. PCBs concentration of iron sheet and copper in non-porous solid wastes

Wipe test

Cutting sampling

Soxhlet extraction

Sample (ug/100 om?) Utrasonic extraction (mg/kg) Water extraction (mg/L)
Iron sheet Tron sheet Copper Iron sheet Copper
Transformer 1 ND? ND
(15.43 ppm) 0.6431 0.6460 04818 (0.0000495) (0.0001)
Transformer 2 ND
(29.83 ppm) 1.0279 1.6906 0.6026 (0.0000116) 0.0007268
Transformer 3 ND
(93.39 ppm) 1.4154 4.0240 2.2405 (0.0000179) 0.0013341
Transformer 4 ND ND
(15.23 ppm) 04963 0.6425 0.1479 (0.0000202) (0.0003098)
Transformer 5 ND
(823 ppm) 0.5487 0.3535 0.2622 (0.0000105) 0.0005254
Transformer 6 0.1468 0.0964 0.0515 ND ND
(2.11 ppm)
Transformer 7
0.0393 0.1060 0.0566 ND ND
(2.32 ppm)
Transformer 8
0.3513 0.1750 0.0936 ND ND
(3.83 ppm)
Transformer 9
0.1842 0.2074 0.1107 ND ND
(4.54 ppm)
Transformer 10 0.0374 0.0946 0.0505 ND ND
(3.60 ppm)

a) ND(not detected) : the value was less than 0.0005 mg/L
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(a) iron sheet-wipe test-soxhlet extraction (0.6451 1g/100cr)
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(b) iron sheet-cutting sampling-ultrasonic extraction (0.6460 mg/kg)
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(c) iron sheet-cutting sampling-water extraction (ND)

Fig. 3. PCBs chromatograms of iron sheet from transformer 1 (15.43 ppm).
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Fig. 4. Correlation and regression analysis between PCBs

concentrations in iron sheet through wipe test and in
transformer oil.
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Table 4. PCBs regulatory standards of solid wastes in USA,
Japan and Korea as PCBs concentrations were
determined by wipe test method

Liquid wastes Solid wastes

Country  Insulating oil Wipe test Calc‘ﬂ?}ed
(mg/L) method , con. .
(ng/100 cm?)  (ug/100 cm?)
USA 50 10 2.08
Japan 0.5 0.1 0.02
Korea 2 0.4(draft) 0.08

a) the concentrations was calculated through regression equation
shown in the Fig. 4
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Fig. 5. Correlation and regression analysis between PCBs
concentrations in copper material and in transformer oil.

Table 5. PCBs regulatory standards of solid wastes in USA,
Japan and Korea as PCBs concentrations were
determined by cutting sampling method

Liquid wastes Solid wastes

Cutting sampling  Calculated

Country  Insulating method con?
ol (g (me/ke)

USA 50 - 1.22
Japan 0.5 0.01 0.012
Korea 2 0.04(draft) 0.049

a) the concentrations was calculated through regression equation
shown in the Fig. 5
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Fig. 6. PCBs concentrations for copper, iron sheet and paper
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Fig. 7. Recommended PCBs analytical procedure for solid wastes.
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Table 6. PCBs analytical method(draft) and regulatory standard(draft) for PCBs containing solid wastes

Solid wastes Analytical method

Standard(draft) Description

Porous material
(wood, paper etc.)

Cutting sampling-water extraction

USA : insulating oil 50 ppm

0.003 mg/l. Japan : insulating oil 0.5 ppm

. Wipe test-soxhlet extraction
Non-porous material

USA : 10 pg/100 cm?

2
04 ng/100 cm Japan : 0.1 pg/100 cm

(iron sheet, copper etc.)

USA : -

Cutting sampling-ultrasonic extraction 0.04 mg/kg Japan : 0.01 mg/kg
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