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. . Electric utilities
Electric utilities Transformer(26.7%) [ (77.0%)

(68.8%) Capacitor(50.3%)

Fig. 1. Usage of the transformer in USA and Japan20~28
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Table 1. Physical and chemical properties of PCBs
Aroclor1242(KC-300) Aroclor1248(KC-400) Aroclor1254(KC-500) Aroclor1260(KC-600)

Cl contents(%) 42 48 54 60
MW 261-266.5 288-299.5 327-328.4 372-375.5
Phusical type Fluidity Fluidity Viscous liquid Viscous liquid
Boilng point(C) 325-366 340-375 365-390 385-420
Gravity(g/cm’) 1.3-14 1.40-1.41 1.50-1.54 1.58-1.62
H20 solubility(25 C)(mg/L) 0.045-0.75 0.043-0.32 0.0001-0.30 0.0027-0.08
Vapor Pressure(25 C)(P) 0.013-0.12 0.004-0.11 0.00048-0.043 0.0016-0.012
Henry c0nstant(Pam3) 20.3-768 44.58-372 0.007-284 17.23-722.4
Kow(log) 0.703-5.8 5.75-6.11 4.08-6.72 4.34-7.14
Bioaccumulation factor(log) 3.2-4.69 3.86-5.08 4.41-5.52 4.38-6.20
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Table 2. Products of PCBs™”

Country Producer Products Name
Monsanto + Aroclor (Aro) : Aro-1016, Aro-1221, Aro-1232, Aro-1242, Aro-1254,
Aro-1260, Aro-1262, Aro-1268
American Corp. + Asbestol
Allis Chalmers + Chlorextol
Sangamo Electric - Diaclor
Cornell Dubilier + Dykanol
USA McGraw Edison - Elemex
Aerovox * Hyvol
Westinghouse Electric + Inerteen
Wagner Electric + No-Flamol
General Electric + Pyronol
Kuhlman Electric - Saf-T-Kuhl
+ Clophen : Clophen-A30, Clophen-A50, Clophen-60
Germany Bayer N
- Clophen Apirorlio
Italy Caffaro - Apirolio, DK, Fenclor
France Prodelec + Phenoclor, Pyralene
Belgium ACEC + Aceclor
UK Montanto - Pyroclor
+ Kanechlor (KC) KC-200, KC-300, KC-400, KC-500, KC-600,
Japan Mitsubishi KC-1000, KC-1300, KC-C
- Keneclor, Kennechlor, Santotherm, - Santotherm FR
RSSR Orgsteklo, Orgsintez + Hexol, Sovol, Sovtol, Sovtol-10, TCB
Czech + Delor
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Table 3. Comparison the PCBs analytical methods

Analytical Method Cleanup Process

Internal Std. Instrument Quantification

- Alkali Treatment
Korea  Official Waste Test Method - Silicagel column
- Florisil column

- GC(ECD) - Peak pattern
+ Capillary - Total Isomer peak

EPA + ¢-HxSO4 Treatment - C-209 - GC(ECD) - Peak pattern
Method 8082 - KMnOy4 Treatment - TCMX - Capillary - Index peak
USA + 50:1 Dilution . .
- GC(ECD) - Coefficient comparison
ASTM D4059 + ¢-H,SO4 Treatment -
- Packed - Total Isomer peak

- Adsorption Treatment

- Alkali Treatment

Industrial Waste analytical .
+ Silicagel column

method ..
- Florisil column

- GC(ECD) - Coefficient comparison
- Packed - Total Isomer peak

Japan - DMSO Treatment
- Alkali Treatment

* More than 10
- HRGC/MS - Total Isomer peak

MHLW?* analytical method . kinds of C"- i .
+ Silicagel column - Capillary - Specific Isomer
i compounds
- Florisil column
-+ 100:1 dilution
. - C-209 - GC(ECD) - Peak pattern
Germany DIN EN 61619 + Acid column X
. - C-30 - Capillary - Index peak
- Silicagel column
+ ¢-H>SO4 Treatment
i - - C-209 - GC(ECD) - Peak pattern
Canada EPS 1/RM/31 + Multilayer silicagel .
. - TCMX - Capillary - Index peak
+ Alumina column
* MHLW : Ministry of Health Labor Welfare
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Sample (liquid 1 L, Solid 2~30 g)

i < Internal Std.

Shaking extraction for 3 times (DCM)

!

Concentration

!

Evaluation K in each peak

i < Added H,SO,

¢-H,SO4 Treatment

!

KMnO; Treatment
(Added 5% KMnO; solution 5 mL)

!

Shaking for 1min with voltex

'

Concentration 1~2 mL

'

GC/ECD Analysis 2 pL

Fig. 2. PCBs analytical method in USA EPA Method 8082"
Comments : 1. Quantification limit : water (0.054~0.90 pg/L), soil (57~70 pg/kg)

2. Analytical condition : Injecter (225 ), Detector (300 T),
100 C 2 min, 15 C/min) —160 C (5 C/min) —270 C

Vol.17, No.5, 2004
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Sample (0.1 g)

* Added n-hexane 2 mL and hexane 2 mL containing 10% toluene
* Added PCBs internal std. Ing

* DMSO treatment (4 times)

* Washing with n-hexane 40 mL

* Collect the DMSO layer (100 mL)

* Shaking extraction (3times) : n-hexane 75 mL

* Collect n-hexane layer

v
Alkali Treatment * Washing with 2 M-KOH 10 mL and dehydration

* Concentration 1mL
* Washing with n-hexane
* C-H,SO; treatment
» Washing with n-hexane and dehydration
* Concentration 5 mL and then N, concentration until 1 mL

v

Silicagel column chromatography

* Added n-hexane 150 mL

* Concentration 5 mL

* Added n-decane and toluene 100 pL
* N, concentration until 100 pL

v

HRGC-HRMS Analysis

Fig. 3. PCBs analytical method in Japan®

Comments : 1. Industrial Waste analytical MethodMHLW Act, No. 192)
2. Criteria : PCBs concentration is less than 0.5 mg/kg

Analytical Science & Technology



Sample (0.9~1.0 g)

* 10 mL volumetric flask
* Added PCBs internal std. 2 ppm (C-209, C-30)
* Added the n-hexane in volumetric flask.

Solution A

]

Acid column+Silicagel column
Chromatography

* washing with n-hexane 2 mL (3 times)

(500+£5) pL with maximum speed 2 mL/min).
* Elution two times with n-hexane 1 mL
* Silicagel column elution with 0.5 mL of n-hexane (2 times)
* Mass up with n-hexane

Solution B

i

¢ Elution more than 30 second which connected the acid column and solution A

GC-ECD Analysis

Fig. 4. PCBs analytical method in Germany DIN EN 61619

Vol.17, No.5, 2004
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Oil sample (0.5 g)

C-H,SO, treatment

* Loading the oil sample to 25~50 mL volumetric flask and the measuring the weight
of 1 g

* Mass up with iso-octane

* C-H,SO; treatment in 25 mL viral and then added sample 10 mL

* Shaking for 2 min.

* Collect the upper layer9nOhexane layer)

* Concentration 1 mL
* Added internal st.

v. ....................................................... ’ FlOI’iSil, Alumina column
Silicagel column chromatography @ rrrrr e ;
* Washing column with 3% Dichloromethane/Hexane(v/v) 50 mL
* Collect the elution solvent and added the 1 mL iso-octane
¢ Added internal std.
v

GC-ECD Analysis

Fig. 5. PCBs analytical method in Canada ESP 1/RM/31"

Analytical Science & Technology
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Sample

* Shaking with Acetone 50 mL and n-Hexane 50 mL
* Collect the n-hexane layer
* Concentration 5 mL

v

Alkali Treatment * Added 1 M KOH/Ethanol 50 mL

» Shaking with n-hexane 50 mL and washing the flask with 20 mL of hexane-Ethanol
* Dehydration
* Concentration 5 mL

Florisil column chromatography

L * Elution with 15% ethylether containing n-hexane

Concentration (5 mL)

T [

Silicagel column chromatography

* Elution with n-hexane
* Concentration less than 5 mL

GC-ECD Analysis

---------------------- : Performed that oil was not removed perfectly
Fig. 6. PCBs analytical method in Korea'®

Comments : 1. Official Waste Test method
2. Method detection limit : 0.05 mg/L

Vol.17, No.5, 2004



Liquid Waste Sample

i<7 1 M KOH/Ethanol 50 mL

Alkali Treatment

l<7 PCBs-209 Internal Standard

¢-H,SO4 Treatment

* Boiling for 1 hr — Cooling (50 C)
* n-Hexane 50 mL + Hexane:Ethanol (1:1) 20 mL + 25 mL
* Solvent Separation (n-Hexane)

v ................................................................. » - Florisil Column

L R

Silicagel Column Cleanup

l

* Quantification : Peak Pattern
* MDL : 0.05 mg/L

GC Analysis

Fig. 7. PCBs analytical flow chart in transformer oil"

Analytical Science & Technology
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Preparing PCBs standards (1 mg/L)
Aro-1242:Aro-1248:Aro-1254:Aro01260 =
1:1:1:1 (total concentration 1 mg/L)

)

GC-ECD

Gc chromatogram

A4

Record the Peak No. and Height (Area)

!

Evalution K in each peak

\ 4

- CBy
K- F
\ 4

Calculation the CB; and CBy(%) from H, in the
samples
CB,=KxH,

C B ()=—CB

Toal C B, %0

Calculation PCBs concentration (mg/L)

B D F
P F 6

Fig 8. Coefficient method

Vol.17, No.5, 2004
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Table 4. Guideline for PCBs analytical method in transformer ol

Contents

1. Pretreatment

o Alkali treatment, acid treatment and column cleanup etc.

2. Sample storage
and Waste treatment

o Sample storage and analysis : four weeks after sampling the sample
o Waste treatment : send to the sampling site after analysing the sample

3. Method detection limit

o MDL have evaluated with signal to noise ratio 2.5 by injecting the standard 0.05 mg/L to
same kind of sample matric which did not contained the PCBs

4. Calibration and
Quantification method

o Calibration and quantification ranges
- Correlation coefficient (Rz) : more than 0.98
- The calibration have to satisfied the +15% limit
0 Quantification
- Choose total peaks in each aroclor standards that are at least 25% of the height of the
largest peak, and
- IUPAC No. 18, 28, 31, 44, 52, 101, 118, 138, 149, 153, 170, 180, 194

5. Analytical result and
recovery

o Result present the mg/L with density (0.00)

o Surrogate injected amount : The decachlorobiphenyl IUPAC No. 209) 200 ng/mL injected
after alkali treatment

o Recover ranges : Sample analytical result have to satisfy the 75~120% recoveries, and 1
duplicate sample have to analyse the 20 samples

of o5 oz ABML A@Th of PP
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a3 AR IAZeEIPS Hwste] AF Fol - 35 At A3 Avk(Fig. 8 F=F). EI 5YL
" PCBs AIFS 8l & 4 9loH, o ZAZ 3 PCBs IUPAC No. 18, 28, 31, 44, 52, 101, 118, 138,
o AdE At FFSoh w3 AFER 2F 149, 153, 170, 180, 194, 209 59| ¥aE AZslw

€ PCBs oA TE 202 59 AR 45 ok feluehs PoBE ARHE WAt BE 4R
o Qe ol PAE oW AFol AE Fol TgHel  H=E AAse] Jouk, AXY HY F PAAAT
EAS R Helo] FPssi, o] s AAHA o} FE9 ARt et 9

Table 5. Quantification methods in various countries

11,16~ 19

Country Method Quantification Method
- Choose 3 to 5 peaks in each Aroclor standards that are at least 25% of the height of
USA EPA the largest peak
Method 8082 - The set of 3 to 5 peaks should include at least one peak that is unique to that
Aroclor
Canada EPS 1/RM/31 - Major domain numbers peaks and minor peaks in Aroclor products

Germany DIN EN 61619 - IUPAC No. 18, 28, 31, 44, 52, 101, 118, 138, 149, 153, 170, 180, 194, 209 peaks

Official Waste

Test Method

Guideline
Korea for PCBs
analytical
method in

- Total PCBs peaks

- Choose total peaks in each Aroclor standards that are at least 25% of the height of
the largest peak, and
- IUPAC No. 18, 28, 31, 44, 52, 101, 118, 138, 149, 153, 170, 180, 194 peaks

transformer oil

Analytical Science & Technology
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Aroclor 1242
Canada EPA
http:/Aww.ec.gc.calpch/peh15/eng/s1_ehtm

@ Major peak(4, 6,8, 13)
A Minor peak( 46, 50, 54, 58)

e~
oo
®>

58
A
10 20 =0 an s0)
%
°
3 Aroclor 1254
° Canada EPA
5 http:/Amw.ec.ge.calpcb/peb1Seng/s1 ehtm

® 5

@ Mejor pesk(38, 43, 46)
A Aol2#20| TIR(9,3L )
v A012602] IS (50, 54 58)

Aroclor 1260
CanadaEPA
http:/Awv.ec.ge.calpch/pchlxeng/s1 ehtm
@ Veor peek(70, 80, &, 84, 8)
* Absence peek before#®2

Fig. 9. Quantification method of Canada'’
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(@) Screening Kit(20 ppm)

(b) L 2000 analyzer DX

Fig. 10. Screening method"
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1. Toxic Substance Control Act Inventory, USA, 1991
2. Environmental Health Criteria 140, PCBs, WHO, 1993.
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