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1. Introduction 
Because PCBs are toxic compounds which are difficult lo decompose, the conventional 
melhod for treating soil contaminated by PCBs mainly involves excavating the 
conlaminated soil and disposing in an isolated landfill or water-barrier landfill in Japan. 
Thai conlainmeni-lype of Irealment, however, raises difficulties in some cases because it 
is very cosily and requires a disposal sile for receiving lhe contaminated soil. In addition, 
il will be necessary lo carefully monitor and maintain these landfill sites over the long-
term in order lo ensure these sites remain safe. Accordingly, an improved lechnology lo 
deconlaminale PCB-conlaminaled soil is required. 

In the Uniled Slales of America, the Environmenlal Protection Agency has developed 
the Base Catalyzed Decomposition (BCD) Process, which decontaminates the soil itself 
ihrough the dechlorination decomposition of PCBs in the conlaminated soil. Some 
contaminated areas in the U.S. have already adopted this process on a commercial scale. 
In the preceding paper, we reported the resulls of a batch-wise laboralory lesl on 
artificial contaminated soil '). This lime we conducted a series of lests lo decontaminate 
actual contaminated soil using a pilot planl, and we obtained favorable treatment resulls. 
This paper reports the pilol lesl resulls. 
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2. Experimental plant 
Fig. 1 shows a tlow diagram of the experimenlal pilol plant. The plant consists of a set of 
preliminary trealmcnl equipment including a screen, a meter and a mixer, and main 
treatment equipment including a feeder, a reactor, a cyclone, a filter, a condenser, 
activated carbon adsorbers, and a gas pump. Those units are installed in a container. A 
nitrogen gas generator is attached lo the planl to maintain an inert almosphere in die 
reaction space. The container is fabricated in a module having external dimensions of 
6.3 m (length) x 3.2 m (width) x 3.5 m (height) and weighing approximately 10 tons. 
The pilol planl can be transferred on a Irailer for trealmeni al the polluted sile. The air 
inside of the container is exhausted by a ventilation fan through the activated carbon 
adsorber. The reactor is a screw conveyer, which is healed by an extemal eleclric heater. 
The reactor is provided wilh three sampling openings on a side wall. The relention time 
of the soil up to the sampling opening is 0.25 hour, 0.5 hour, and 1.0 hour, respectively. 
Thermocouples are inserted from the lop of the reactor al the posilion of sampling 
openings lo determine the soil lemperature wilhin the reactor. 

Activated Ventilation 
Carbon Fan 
[ — f g g n — - o -

OffGas 
_} 

Pilot Plant Filter 

Mixed Soil 

Condenser 

Contaminated 
Soil 

(in die drum) 

Thermal Reaqtor 

Soil j - j NaHC03 

l l l l w sir* K 
Screen Meter 

Mixer 

Activated 
Carbon , 

Cooling Water 

Gas Pump 

Activated 
Carbon 

Treated soil Condensate 

Off 
Gas 

Fig. 1 The Flow Diagram of the Pilot Scale Experimental Plant in BCD Soil Treatment 

3. Experimental methods 
A single batch feed (operating time ranging from 4 lo 5 hours) of soil (10 mm opening 
pass) and NaHC03 were weighed and blended in the mixer. The mixed soil was charged 
inlo the hopper on the feeder. After the reactor temperature reached a specified level, 
the feeder was slarted lo continuously charge the soil inlo the reactor. The relention 
lime of the soil in the reactor was controlled lo I hour by adjusting the screw rotational 
speed wilh an ON-OFF timer. The soil discharged from the reactor was cooled in a vessel 
equipped with water-cooled jacket and was taken out after completing the experiment. 
During the experiment, N2 gas was inti'oduced from two places in the reactor, and a gas 
discharge pump was kept operating to discharge the gas from tiie reactor via the four-
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stage activated carbon adsorber lo maintain the reactor atmosphere al a reduced 
pressure. The condensate was slored in a receiving lank. The condensate in the receiver 
lank was discharged afler the experiment lo be stored in a sample bottle. 
The soil was subjected lo a chemical analysis and elution lesl before and afler treatment. 
The analysis of the soil was conducled using mainly ECD/GC, which is an officially 
accepted method, and GC/MS was 
also applied lo part of soil for Tablel ECD/GC Conditions 
comparison. The condensate was 
analyzed by GC/MS. 
Table 1 shows the analytical 
condition of ECD/GC, and Table 2 
shows the analytical condilion of 
GC/MS. The elution lest was 
carried oul by the melhod specified 
in the "Environmenlal Standard 
relating to Contamination of Soil" 
(Notification No.46 of the 
Environment Agency in Japan, 
Augusl 23, 1991). 
The total quantity of PCBs in the 
condensate was extracted by n-
hexane followed by concentration. 
The concentrate was then 
transferred into a liquid phase 
reaction experimental unit lo 
decompose the PCBs. 
Fig. 2 shows a schematic 
drawing of the liquid phase 
reaction experimenlal unil.2) 
A hydrogen donor (C-heavy 
oil) of 150 ml, a carbon 
catalyst, and NaOH were 
added lo the PCBs extracted 
from the condensate. 
The mixture was then healed 
lo 350°C on a mantle healer 
in a nitrogen gas almosphere. 
Sampling was conducted al a 
specified interval lo determine 
the PCBs concentration. 
Afler confirming that the 
PCBs concentration became 
ND (1 mg/l or less), healing 
was slopped lo complele the 
experiment. 
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Table 2 GC/MS Conditions 
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Fig.2 Experimental Appalatus for BCD liquid phase reaction 
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Table 3 The Properties of the Soil used 
in the Experiment 

4. Results and Discussion 
Table 3 shows the properties of soil used in 
the experiment. The soil had a neutral pH 
value and contained 7.3% of organic matter. 
Table 4 shows the PCBs concentration in the 
soil before and afler treatment. The soil 
treatment conditions were: three soil 
temperature levels, 280°C, 330°C, and SSCC; 
three NaHC03 concentration levels, 0%, 3%, 
and 6%; and one soil retention time, 1 hour. 
For the case of a retention lime of less than 1 hour, the study was examined using the 
sampling openings at the side wall of the reactor. 

Ignition loss (%) 
C(%) 
H(%) 

pH 

7.3 
6.4 

0.83 
7.1 

Table 4 Experimental Conditions & Results of Analysis of PCBs in the Soil 

Run 1 

Run 2 

Run 3 

Run 4 

Run 5 

Temperature 
of Soil 

CC) 
330 

330 

330 

380 

280 

Amount of 
NaHC03 
Adding 

(%) 
6 

3 

0 

3 

3 

UnU'eated Soil 

Content of 
PCBs 

(mR/kg) 

49 

32 

44 

51 

72 

Leaching Solution by 
Notification N0.46 
of the Environment 

Agency in Japan 

( m g / O 

ND 

ND 

ND 

ND 

ND 

Treated Soil 

Content of 
PCBs 

(mg/kg) 

0.26 

0.038 

0.074 

0.022 

0.26 

Leaching Solution by 
Notification N0.46 
of the Environment 

Agency in Japan 

( m g / O 

ND 

ND 

ND 

ND 

ND 

Removal 
Ratio 

(%) 
99.5 

99.9 

99.8 

99.95 

99.6 

N.D.: less than O.OOOSmR/ t 

The PCBs concentration in the soil before treatment was in the range of from 32 to 72 
mg/kg, which indicates that the soil has a relatively low level of contamination. The 
PCBs concentration in the soil after treatment was a maximum of 0.26 mg/kg, and the 
analysis gave a removal rale of 99.5 to 99.95%. Even when no NaHC03 was added, the 
PCBs concentration in the soil afler treatment was as low as 0.074 mg/kg, and the 
influence of the difference in experimenlal conditions was nol clear. According lo the 
results of the laboralory lest", the effecl of adding NaHC03 was clear for highly 
contaminated soil. Some soils may not need the addition of chemicals. 
The resull of the elution tesl gave ND (0.0005 mg/l or less) of the PCBs analysis for the 
soil afler treatment in all experimental runs. The elution tesl on the soil before treatment 
also gave ND result, which presumably comes from the weakly conlaminated soil. 
Table 5 shows the relationship belween PCBs concentration and retention lime. The 
correlation was derived from Run 2 where the soil was sampled from sample openings on 
the side wall of the reactor. At a retention time of 0.25 hour, the PCBs concentration 
was 1.9 mg/kg, which was slightly high level. At a retention lime of 0.5 hour, however, 
the PCBs concentration decreased to 0.31 mg/kg. 
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Table 5 Relationship belween Relention time and 
Concentration of PCBs in tiie Soil (RUN2) 

(Comparison between GC/MS and ECD/GC ) 

SOUR 111 

GC/MS 

ECD/GC 

Retention time (h) 

Biphenyi (mg/kg) 

PCBs (mR/kg) 

PCBs (mg/kg) 

0 

0.0044 

36 

32 

0.25 

0.054 

2.0 

1.9 

0.5 

0.052 

0.47 

0.31 

1.0 

0.023 

0.035 

0.038 

Therefore, if the target level is 1 
mg/kg or less, then the retention 
lime may be selected as 0.5 hour. 
The result was compared to that 
of GC/MS, and there was no 
significant difference in the 
analytical values between 
GC/ECD and GC/MS. 
Fig. 3 shows the concentration 
of each of PCBs congeners in 
soil for each relention time. 
Because all retention times 
excepi for zero hour gave 
extremely low concentration 
levels, the figure adopted a 
magnification of ten times the 
actual value. The figure 
suggests that the concentration 
decreases as a tolal wilh longer 
retention times while the lower 
chlorinated biphenyls increase lo 
some extent. 

Fig. 4 shows the lolal PCBs 
content in the soil and the 
condensate before and afler 
Irealment during Run 2 in terms 
of PCBs congeners. As can be 
seen in the figure, the soil before 
treatment has a dislribulion 
resembling KC-400, centering on 
tetra-chlorinaled biphenyi. The 
condensate, however, contains 
biphenyi, mono-chlorinated 
biphenyi, and di-chlorinated 
biphenyi, and a decreased 
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Fig.3 Concentration of each of PCBs Congeners 
in Treated Soil for each Time 
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Fig.4 Content of each of PCBs Congeners in Soil 
and Condensate 
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amount of higher chlorinated 
biphenyls such as tetra
chlorinated biphenyi. The 
phenomenon suggests that a 
part of PCBs is dechlorinated in 
the reactor. Because lower 
chlorinated biphenyls show 
lower boiling points, the thermal 
desorption on the soil will be 
enhanced for the lower 
chlorinated ones. 
The experiment of Run 1 
Ihrough Run 5 Irealed 187 kg of 
soil. The lotal amount of PCBs 
recovered from the condensate 
was as small as 3.2 g, so the 
recovered PCBs were treated al 
one time in a liquid phase reactor 
unit using a 3(X) ml glass flask. 
Fig. 5 shows the concentration of each of PCBs congeners wilh lime. The figure 
indicates that the PCBs are dechlorinated with lime lo become lower chlorinated 
biphenyls. The resull was similar to the result of the liquid phase laboratory reactor 
lesl^' using KC-400 as reference material. Wilhin 1 hour, the decomposition proceeded 
lo ND (1 mg/I or less) level, coiresponding to 99.99% of decomposition rale in the liquid 
phase reaction. 

Oh 
0.5h after 

Zi^l.Oh after 

Fig.5 Result of Decomposition Test of PCBs 
extracted from Condensate 

5. Conclusion 
1) A pilot-scale treatment planl installed in a mobile-type container was used to 
continuously treat aclual PCB-conlaminaled soil, and the reaction lime of 30 minutes 
satisfied environmental regulations in Japan. 
2) It was proved that part of the PCBs is thermally desorbed in the soil reactor and that 
part of the PCBs is subjected lo dechlorination decomposition within the reactor. 
3) The PCBs that become lower chlorinated biphenyls were collected in the condenser 
and decomposed in a laboratory-scale liquid phase reaction unit. In the liquid phase 
reactor, the PCBs in the condensate were decomposed lo the ND level wilhin 1 hour. 
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