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1, Introduction 

Polychlorinated biphenyls (PCBs) have been used widely as a heat medium, elecfi-ical 
insulatingoil, etc.,due to its highchemical stability and abilitytoinsulateelectricity. However, 
as it was revealed tiiat PCBs, when discharged to the environment, accumulated in vivo and 
caused liver disorder, in Japan, tiie production and use of PCBs was banned in 1972. The 
cumulativeamountofPCBsproducedintheworidwasaboutI milliontonsupto 1970andthat 
inJapanamountedtoatx)ut60thousandtonsby1972. Electricalequipmentinvolvingtheuse 
of PCBs suchascapacitor, transformer, etc, iscurrently being used in large quantif es and the 
custodyofonebecomingobsoleteisobligated. As the result ofcustody of such equipmentover 
alongperiodoftime.thecontainersbecomemoreandmoretimewornwithincreaseddangerof 
PCB leakage. On the other hand, according to tiie survey of custodial circumstance of PCB 
wasteconductedin 1993, approximately 7% ofthe equipmentwere lost. These are reasons 
why prompt establishmentofatechniquethatcan make PCBwastenontoxicisdesired. 

The base catalyzed decomposition process (BCD process) is a chemical process of 
decomposing PCBsdeveloped byttie United States Environmental Protection Agency (US
EPA). Thedecomposingreactbn in BCD processisexplained as follows: 

Hydrogen radical is generated from paraffin oil by catalytic dehydrogenation reaction and 
chlorine atoms of PCBs are substituted thereby biphenyl is formed as a product. In tills 
reactbn, chlorine is neutralized with sodium hydroxide into sodium chloride. The produced 
biphenyl Is considered to be readily combustible together with paraffin oil without generating 
toxicsubstancea 
Since the early literature contained few quantitative reports of PCB congeners generated 
and/or degraded in BCD prcxjess, the presentauthors examined themand obtained the time-
courseofPCBdecomposition, Wealso examinedwhethertoxicsubstanceslikedioxinswould 
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begenerated inthisprocessornot. 

2. Experimental 

2.1 Apparatus 
Thestructure of theapparat us used forthe 
experiment is shown in Fig. 1, The 
apparatus consists ofa300-ml three neck t^ i 
flask, a condenser, a mantle heater and a J1 \ 
stirrer and stimng was carried out at 4 0 0 ^ A _ 
rpm. In the trap receiver is condensed 
waterformed bytiiereaction. 

CONDENSER 

THERMOCOUPLE 

I 

Fig.1 Apparatus 
STIRRER 

2.2 Methods 
Kanechtor KC-300 (equivalent to Aroclor 1242) was used as PCBs and paraffin oil having a 
function of a hydrogen donor and fijeloil which largely contained components with a high 
boiling pointand which was cheapand readily available were used, 
Pre-determined amounts of PCBs, sodiumhydroxide and carbonaceous catalyst were added 
to150mloffueloilandthemixturewasheatedinnitrogenousatmosphereataround300to350 
"C for several hours and the PCBs concentration was measured before, during and after tiie 
reactbn. 

The analytical instrument used was GC/MS (HP5890Series 11/5971 )withacolumn of HP-5MS 
(30m xo,25mm,0.25^mfilm-thickness). 

Experiment 1: Kanechbr with a PCB concenfi-ation of 24000 ppm was subjected to 
decompositiontreatinent underthe CO nditionsdescribed above and the concentration ofeach 
of tiie PCB congeners was measured to obtain tiie time-course of PCB decomposition 
(minimumdetectableconcentration :1 pg/g). 

Experiment2: Kanechlorof 37000 ppm was subjected to decomposition ti-eatment underthe 
conditions described above and ttie concentration of each of the PCB congeners was 
measuredto obtain the time-course of PCBdecomposltion. The sample was cleaned up with 
alumina column, silica gel column, etc, to improve analytical precision (minimum detectable 
concentration: 0.2 pg/g). 
Experiment3: Kanechbr of 37000 ppm was subjected to decomposition treatment underttie 
conditionsdescribedaboveandformationoftoxicby-productssuchasdbxinswasexamined. 

3. Resultsand Discussion 
3.1 Experiment 1 
Fig. 2 showsthetime-courseofPCBdecompositionandthatof ttie temperatureinttie flask. In 
thirty minutes aftertiie start of ttie experiment, thetemperature reached to 300'€andabout70 
% of PCBs were decomposed after one hour. After two hours, ttie PCBs concenti-ation was 
reducedto 1 ppmorless. 
AGC/MS chromatogram ofthesample before heating isshown in Fig. 3. unknown compounds 
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contained in ftjel oil were 
observedwithin tiieretentbn 
timeof8.6-10.6 minutes, di
chloro biphenyl within that of 
11,7 - 13,3 minutes, ti-i-
chloro biphenyl within 13.3 -
16.0 minutes, tetra-chloro 
biphenyl within 16.0 - 19.1 
minutesand penta- within 
18,8-22.9 minutes. Mono

chloro biphenyls aswell 
as higher chlorinated 
biphenyls were not observed 
inttiissample. 

Fig, 4 shows the chromato
gram one hourafter ttie start 
ofthe experiment. A peak of 
biphenyl attiie retentbntime 
of 9.0 minutes and three 
peaks of mono-chloro 
biphenyl at 10.1, 10.9 and 

11.1 minutes, respectively, 
were newly observed. The 
peaks of dhchtaro biphenyl 
increased, tiiose of tri-chloro 
biphenyl decreased and 
tefi-a- and higher chloro 
compounds were not 
observed any more. As Fig, 
5 shows the chromatogram 
twohours aftertiie beginning 
ofthe experiment, ttie peak 
of biphenyl is prominent and 
the presence of PCBs is not 
otiserved. It was 
ascertained ttiat the small 
peaks within 9.1 - 10.6 
minutes were ttiose of 
unknovm compounds 
containedinftjeloil. 

3,2 Experiment 2 
The periodical change of ttie 
concentration of each 
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Time-course of PCB decomposition and temperature 

Table.1 Decomposition of PCBs by BCD process 
(Experiment 2) 

PCB 

Mono-
Di-
Tri-
Tetra-
Penta-
Hexa-
Hepta-
Octa-
Nona-
Deca-

Total PCBs 

Reaction time (min) 
0 

<2 
3400 

22000 
11000 

490 
32 
5.1 
ND 
ND 
ND 

37000 

30 
610 

20000 
16000 
1800 

1.2 
ND 
ND 
ND 
ND 
ND 

38000 
Unit 

60 
6400 
3300 

140 
1,8 
ND 
ND 
ND 
ND 
ND 
ND 

9800 
:/ jg/g. 

120 
12 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
12 

^D:<0.2 

180 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ijgig 

Table,2 Decomposion of dioxins/furans 
(Experiment3) 

Dibenzo-p-dioxin 
Total PCDDs 

Dibenzofuran 
2,3,7,8-T4CDF 
T4CDFS 
1,2,3,7,8-P5CDF 
2,3,4,7,8-P5CDF 
PSCDFs 
2,3,7,8-substituted H6CDFs 
H6CDFS 
2,3,7,8-substituted H7CDFs 
H7CDFS 
08CDF 
Total PCDFs 

Total PCDDs-1- Total PCDFs 

KC-300 

0 

0.20 
4,00 
0.09 
0.08 
1.10 
0.08 
0.27 
0.03 
0.05 
0.01 
5.40 
5.40 

After 2 hours 

0 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

0 
0 

unit :pg/g 
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Fig.3 GC/MS chromatogram of PCBs before treatment (Experiment 1) 

Flg.4 GC/MS chromatogram after 1 hour (Experiment 
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Fig.5 GC/MS chromatogram after 2 hours (Experiment 1) 
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2,3,7,8,-T4CDF STANDARD 

(li 1,1 J,| i i . t , i fUL, ^•.'' . • ^ . - • ) " ^ f - u ^ . .....^ i . JL .. , ..1 . . .^ . . ) . . . . . , . H.—n, ^ , ^4 , y - . y ^ 

12 13 14 15 16 17 18 19 28 21 22 23 24 25 26 27 28 
Ttme (n in . ) 

INJfS; D72B SBp 21.1 - •> / -
212739 

28-1 

before treatment 

I 
12 13 14 15 16 \? IB 19 20 21 22 23 2< 25 26 2? 28 

Time (Min.> 
INJH: D722 S0p - W ^ -
212739 

20-1 

2 hours after treatment 

_ ^ •-)-*-^'>^VY-^'*Y'*M'^-j^^-f*'''*7^-'t^''^^ fT> *|-* •^*—, 

Fig.6 D e c o m p o s i t i o n o f T4CDF s h o w n by GC/MS c h r o m a t o g r a m s 

congener of PCBs is shown in Table 1. The sample before ti-eattnent contained the largest 
amountoftri-chbrobiphenylwhich was 22000 ^g/g folbwed by 11000 /zg/gofteti-a-chbro 
biphenyl and 3400 fig/g of di-chloro biphenyl and ttie presence of upto hepta-chbro biphenyl 
with minimum detectable concentt'ation being 0.2 //g/g was observed. After 30 minutes of 
experiment, dechlorination reaction proceeded to some extent and di-chbro biphenyl was 
largestinquanttty increasing to 20000//g/g whiletri-chbrobiphenyl decreased and hexa-and 
higher chbrine compounds were not detected. After 60 minutes, ttie peak shifted to mono
chloro biphenyl which increased to 6400 u g/g while di-, tt-i- and tefi-a-chbro biphenyl 
decreased and penta-and higher chlorine compounds were not detected. Further, after 120 
minutes, only 12 / /g/g of mono-chbro biphenyl remained and di- and higher chlorine 
compoundswere no more detected. DecompositionofPCBswasfurthereffected to less ttian 
0.2//g/gastotalPCBsafter180minutes. ThedecompositionofPCBsisgreaterttian99.999% 
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Table.3 GC/MS Conditions 
Instrument jGC: HP5890 SERIES-II , MS: JEOL SX-102A 
GC Conditions 
Items 
Column 

Column Temp. 

Injection Method 
InjectionTemp. 
Carrier Gas 
IniectionVolume 

Conditions 
DB-5 
60m(Length)x0.25mm(I.C 
0.25//m(Fi lm Thickness) 
150(1 min hold) 

1 S'C/min 
250X : (0 min hold) 

6'C/min 
290 'C 
Splitless ( Im in ) 
3 0 0 t : 
He ml /min 
1 p\ 

MS Conditions 
Items Condition; 
lon Source El 
lon Source Temp. 2 7 0 ' C 

Ionization Energy 70 eV 
Ionization Current 600 //A 
Accel. Voltage 10 kV 
Resolution 1 OOOO 

complete inthetimestudied. 
3.3Experiment3 
The KC-300 was analyzed and found to contain 5,4 ppm of dioxins. Three kinds of GC/MS 
chromatog rams, ttiat is, ttioseof standard sample of 2,3,7,8-T4CDF and of tiie sample bef ore 
the experimentand 2 hours aftertreattnent are shown in Fig. 6, While the peaks of PCBs are 
presentwithin 12.0-16.2minutes and thoseofT4CDF within 16.3 -17,6 minutesbefore startof 
the experiment ttiey are decomposed and all the peaks disappeared after 2 hours (ttie 
minimum detectableconcentration being 0.2 ng/g). The concentration of dbxins isshown in 
Table. 2. Thus, it can be understood ttiatthe BCD process is remarkably effectivealso for ttie 
decompositionofdioxinsandisfreefi'omttieformationof dioxins, 
TTieconditionofGC/MSisshowninTable.3. 

4. Conclusion 
The BCD process was tested in connection with chemical decomposition of PCBs using an 
apparat usconsistingofasmall reactorand acondenser. The resultsobtained areasfolbws: 
1) Higher chbrinated biphenyls are converted to lower chbrinated compounds via stepviise 
dechlorination andthechlorinefi'eebiphenyrisproduced. 
2) ltrequires2to3hoursfbrthePCBsconcentrationtoreachtolessttiani ppm. 
3) Decomposition rat6of99.999% (lessthanO.2 //g/g) isreadily achieved. 
4) TheBCDpr(x;essiseffectivealsoforthedecompositionofdibenzofurans contained in 
PCBsandnodbxInsareproducedduringthereactbn. 
5) The reaction occurred intiielk^uldphasewithlittiegasgeneratbn; PCBs, PCDF and PCDD 
could not bedet eet ed inexhaustgas. 
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