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Combination of methods of thermal
and radiation treatment of sediments
associated with PCBs — the Delor type
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Abstract. An efficient method of burning polychlorinated biphenyls (PCBs) is often used to remove the envi-
ronmental burden of PCBs. However, combustion produces toxic dioxins and furans (PCDD/F), so residents
are increasingly rejecting this method. The heat treatment (HT) method does not burn PCBs but evaporates it
from sediments. Even in this process, PCDD/Fs are formed to a lesser extent, which are destroyed by radiation
processing (RP) following the HT. At the same time, the RP method degrades PCB congeners down to biphe-
nyls, which decompose easily in the environment. A block assembly of a complex synergistic combination of
equipment for methods of thermal (HT) and radiation (RP) destruction of PCBs in sediments is proposed. The
efficacy of this complex was preliminarily determined at a level of 70-fold reduction in PCB concentration in
sediments. To achieve a higher reduction factor in the concentration of PCBs, possible procedures for optimizing

the settings of individual devices of this complex are presented.
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Introduction

The environment in the area of 40 x 80 km? of the
Michalovce district in Slovakia with 200000 in-
habitants has a 60-year-old ecological burden from
the period of PCB production in Chemko Strazske.
For >20 years, the spatial monitoring of PCB con-
centrations in environmental components, such as
sediments of watercourses and reservoirs, soil, and
air has been systematically performed.

Great attention was paid to the spatial distribu-
tion of specific PCB congeners determined based
the measurements of the concentration of 15 PCB
congeners in the blood serum of adults, children, and
couples of mothers and children born in 2001-2003.
These were long-term residents living up to 70 km in
north and up to 50 km in south from the former PCB
Chemko Strazske production plant in the Micha-
lovce district. The concentrations of PCB congeners
in inhabitants’ blood were indirectly related to the
distance of their residence from the source of pollu-
tion. Congener-specific risk factors were derived, in
particular, for PCB congeners 52 and 153.

It was concluded that about 200 000 people were
at risk in this densely populated area 10 years ago.
This environmental burden is still one of the largest
in the world [1-3].

The paper presents preliminary verification ex-
periment of the combination of the methods of heat
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Fig. 1. Positions of current main sources of environmental
load of PCBs in Eastern Slovakia.

treatment (HT) and radiation cleaning for canal
sediments from Delor-type PCBs contamination that
is hundred times higher than the permissible level.

Experiments

The main sources of environmental load by PCBs in

Eastern Slovakia (Fig. 1) are given below:

1. Inthe Chemko Strazske complex, there are con-
tainers with 500 tons of PCB waste.

2. Posa tailings pond, a source of dust with PCBs
carried by the wind.

3. In Strazsky canal, there are 4000 tons of sedi-
ments contaminated by PCB in averaged concen-
tration of 53 mg/kg [4].

4. Containers with a concentration PCB waste in
the forest.

The environment can be divided into those that
are spatially modified, such as containers with PCB
waste and PCB sources enclosed in controlled ar-
eas (Chemko Strazske complex and Posen tailings
pond). Small containers with PCB waste in the
environment and in the Chemko Strazske complex
can be handed over for disposal. The Posen tailings
pond can be secured in the classic conventional
way against the release of PCBs into the environ-
ment. The canal still releases PCB-contaminated
sediments, which further contributes to new envi-
ronmental contamination. Based on the data from
long-term monitoring, it is necessary to monitor the
situation in the environment to a depth of approxi-
mately 30 cm. The purpose of in-depth sampling
is to determine the average thickness of sediments
through which PCBs still penetrate in a concentra-
tion that exceeds the level of the maximum permitted
value laid down by the Act No. 188/2003 Collection
of Laws of the Slovak Republic. The act defines

PCB 28

PCB 52 PCB 101

PCB 118

limits for PCB concentration in sediments, which is
0.8 mg/kg for the sum of seven selected PCB con-
geners: 28, 52, 101, 118, 138, 153, and 180. Their
chemical structure can be seen in Fig. 2.

An expensive PCB incineration method is often
used to remove the environmental burden of PCBs.
However, the combustion process produces toxic
dioxins and furans (hereinafter also referred to as
PCDD/Fs) and hence additional expensive equip-
ment is needed to remove these dioxins and furans,
so PCB incinerators are stable facilities into which
waste from a wide area is imported. For this reason,
residents demand that non-incineration methods
of relocatable PCBs are used to regenerate their
PCB-contaminated environment.

The preliminary estimated level of PCB concen-
tration in the sediments of the Strazsky canal is
relatively high (approximately one hundred times
higher than the maximum allowed value). Therefore,
additional methods of HT and radiation treatment
(RP) were chosen to reduce the concentration of
PCBs in the sediments.

The first HT method is effective for destroying
PCBs in sediments. However, the HT method is
also a process in which toxic dioxin-like selected
PCB congeners (DL-PCBs) 77, 81, 105, 114, 118,
123, 126, 156, 157, 167, 169, and 189 in the solid,
liquid, and gaseous state are by-products. Electron
beam (EB) irradiation is an effective method to
remove these toxic products. Both HT and RP
methods are complementary and their intercon-
nection to achieve a synergistic effect is shown in
Fig. 3. After applying the HT method, the RP method
is preferably used, which is also effective in removing
DL-PCBs (PCDD/Fs). The RP radiation treatment
method also removes PCBs from liquid condensates
by gradual degradation of congeners until they are
converted to biphenyls, which decompose easily in
the environment. The products of the radiochemi-
cal degradation reactions of PCBs may gradually
accumulate, leading to a reduction in the efficiency
of the RP method. In this case, the treated sample
is cleaned as shown in Fig. 3.

A linear electron accelerator to the energy of
5 MeV University Centre of Electron Accelerators
(UCEA) of the Slovak Medical University in Tren¢in
for EB irradiation of sediment samples, a mobile
device of AGMECO Ltd. in Prague for the HT of
sediments, and a certified laboratory of the Slovak
Medical University in Bratislava for the analysis of
PCBs in sediment samples were used.

The radiation method also decomposes dioxin/
furans (PCDD/Fs) from sediments and from the
liquid that is a by-product of sediment when the HT
method is applied.
PCB 138

PCB 153 PCB 180

s

Fig. 2. Chemical structures of selected PCB congeners.
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Fig. 3. Block diagram of the design of optimization of
interconnection of HT methods with radiation treatment
method in their complementary interaction.

The presentation uses the possibility of using
the complementarity of these two methods to
increase the efficiency of PCB removal from sedi-
ments of the contaminated environment.

Technologies of both methods can be installed
on a relocatable device.

Results and discussion

Figure 4 shows the concentration dependences of
non-dioxin-like PCB congeners (NDL PCBs) in
samples of sediments chemically prepared by co-
-solvents K,COj; [5] and 2-propanol [6] and treated
by RP [7]. The values of NDL PCB congeners were
significantly reduced after irradiation by EB (5 MeV)
with a dose of 100 kGy to 200 kGy when K,CO;
co-solvent was used.

Figure 5 compares the concentrations of NDL-
-PCB congeners in untreated sediment samples
with concentrations in samples processed first by
the HT followed by radiation degradation by 5 MeV
electrons using K,COj; co-solvent.
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Fig. 4. Concentrations of NDL-PCBs in samples of sediments treated with RP.
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Fig. 5. Comparison of NDL-PCB concentrations in untreated sediment samples with RP-treated samples following HT.
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Table 1. NDL-PCB concentration (ng/g) in sediments

Treatment RP (5 MeV/100 kGy)® HT (500°C/30 min) HT + RP”
Without RP or HT 52 200 52 200 52 200
With RP and/or HT 12 348 3280 2900
PCB concentration reduction factor 4.2 16.0 18.0

“Chemical pre-treatment of sediment samples: 7 g dry sediment + 13 g water + 10 g K,COs.
“Chemical pre-treatment of sediment samples: 7 g dry sediment + 13 g water + 2 g K,COs.

Table 2. Reduction of DL-PCB concentration (ng/g) in sediments by RP method depending on their chemical pre-

treatment

Treatment RP (5 MeV/300 kGy)* RP (5 MeV/100 kGy)*
Without RP 4 630 6 400
With RP 4 050 1 560
Concentration reduction factor 1.14 41

"Chemical pre-treatment: 7 g dry sediment + 13 g water + 2 g K,COs.
“Chemical pre-treatment: 7 g dry sediment + 13 g water + 10 g K,CO:.

Table 3. Concentrations of NDL-PCB and DL-PCB (ng/g)
in dried sediments and in liquid condensate after HT

Substance Dped Liquid
sediments condensate
NDL-PCB 3280 78.9
DL-PCB 463 69.4
Weight% 39.5 56

The spectrum of congeners has been changed
after HT. Nevertheless, the addition of K,CO; to
these HT treated samples again led to a significant
reduction in PCB concentrations in sediments after
RP. The first results have already shown that the
combination of the HT and RP methods for destruc-
tion of PCBs is promising. Table 1 shows the values
of reduced PCB concentrations in sediments (sum of
NDL PCB congeners) only by processing RP radia-
tion and both HT and subsequently RP.

The differences between HT and the next RP are
small, and the PCB concentration reduction factor
changes from 16 to 18. An increase in the reduction
factors in Table 1 can be achieved by optimizing the
operating parameters of one or both complementary
methods. For example, by increasing the tempera-
ture at HT or by changing EB parameters such as
electron energy, intensity, and irradiation geometry,
as well as by adjusting the chemical pre-treatment of
the sediment samples as shown in Table 2.

Table 3 shows the concentrations of NDL-PCB
and DL-PCB in the dried sediments and in the liquid
condensate after HT.

Liquid condensate is formed in HT in the pre-
dominant amount compared to dry sediment and
contains a significant concentration of DL conge-
ners, which can be removed by RP methods [8, 9].

The rest of the PCB after the HT, which is in the
gas phase, is discharged to a special device, where
it is completely removed by pyrolytic treatment, ac-
cording to Fig. 3.

Conclusions

The complex of synergistic interconnection of two
complementary methods of gentle removal of PCBs

from sediments by thermal (HT) and radiation (RP)
destruction of NDL-PCB and DL-PCB in sediments
and liquids was experimentally verified. In the first
stage, when setting the complexes of operating pa-
rameters, a 70-fold reduction in the concentration
of PCBs from sediments was achieved. The paper
shows examples of possible procedures for optimiz-
ing the operating parameters of the complex so as to
achieve a higher factor of reducing the concentration
of PCBs in sediments.
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