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Polychlorinated biphenyls are one of the most dangerous compounds for human health and the environment and are included to 
Annex C of the Stockholm Convention on Persistent Organic Pollutants. Since Ukraine joined the Stockholm Convention in 2007, 
the National Implementation Plan of the Stockholm Convention provides the environmentally sound disposal of polychlorinated 
biphenyls, as well as creation of a monitoring system and sharing information about toxicants. Polychlorinated biphenyls’ have fire 
resistance, low volatility and stability. Therefore, these substances have been widely used in industry, but on the other hand, they are a 
problem for the environment. The main hazardous properties of polychlorinated biphenyls are bioaccumulation, stability in the envi-
ronment, the possibility of formation in accidents (especially in fires) of extremely persistent and toxic aromatic compounds, such as 
dioxins and furans. Toxic responses to polychlorinated biphenyls are: acute lethality; body weight loss; carcinogenesis; dermal toxi-
city; fatty liver; genotoxicity; hepatomegaly; immunosuppressive effects; neurotoxicity; porphyria; reproductive and developmental 
toxicity; thymic atrophy; thyroid hormone-level alterations. The most likely risks of polychlorinated biphenyls contamination in 
Ukraine are in the areas of operation, repair or storage of electrical equipment. According to quantity, the leading regions for accumu-
lated polychlorinated biphenyls in Ukraine, are Dnipropetrovsk (459 tons), Volyn (280 tons) and Kyiv regions (255 tons). 
A comprehensive approach to reducing the risk of polychlorinated biphenyls for human health and the environment involves the 
improvement of the regulatory framework for managing in all stages of “life cycle”. Obtaining complete and accurate information on 
the volumes and forms of polychlorinated biphenyls accumulation and creation of modern effective technological support for polych-
lorinated biphenyls’ degradation are a necessary part of environmentally sound management of polychlorinated biphenyls in 
Ukraine. The “Polychlorinated Biphenyls Database in Ukraine” information system (2017) was created as a National Polychlorinated 
Biphenyls Registry in Ukraine. It was designed to systematize, structure, and analyze the large amount of information collected dur-
ing the inventorising of polychlorinated biphenyls. The best technology of polychlorinated biphenyls degradation must not only 
provides a high degree of polychlorinated biphenyls’ destruction, but also not lead to the formation of new toxic compounds.  

Keywords: PCB; toxicity; environmentally sound management; dangerous properties.  

Introduction  
 

Polychlorinated biphenyls (PCBs) are among the most dangerous 
compounds for human health and environment. These pollutants are in-
cluded to Annex C of the Stockholm Convention on Persistent Organic 
Pollutants (POPs) and are formed of aromatic compounds formed in such 
a manner that the hydrogen atoms on the biphenyl molecule (two benzene 
rings bonded together by a single carbon-carbon bond) may be replaced 
by up to ten chlorine atoms. Ukraine ratified the Stockholm Convention 
on Persistent Organic Pollutants on April 18, 2007. The Ukrainian Natio-
nal Implementation Plan of the Stockholm Convention provides: the envi-
ronmentally sound disposal of polychlorinated biphenyls; creation of a 
monitoring system and sharing information about toxicants; developing 
the technologies for cleaning transformers from PCBs; identification of 
areas contaminated by PCBs, etc. PCBs have never been produced in Uk-
raine, but, as in other industrialized countries, have been widely used in 
various industries. PCBs were used extensively during the 1950s to 1970s, 
mostly in industrial applications (such as coolants and insulating fluids) 
and as additives and sealants in building materials. After the 1970s, the 
production and use of PCBs was gradually restricted in many countries, 
and global emissions started to decrease. However, the decline in emis-
sions lags strongly behind the rate of phase-out of production, because 
stocks of products in-use and materials continue to release PCBs to the 

atmosphere throughout their lifetime. Waste dumps, decommissioning 
sites, as well as in-use stocks represent the primary sources of today 
(Diamond et al., 2010; Gasic et al., 2010; Bogdal et al., 2014; Carlsson 
et al., 2018). There are 209 individual PCB congeners, differing in the 
number and position of chlorine atoms in the molecule, having the 
common formula. PCBs may be unintentionally formed and released 
from the different source categories, including: open burning of waste, 
including burning of landfill sites; thermal processes in the metallurgical 
industry; combustion sources; fossil fuel-fired utility and industrial 
boilers; firing installations for wood and other biomass fuels; waste oil 
refineries and others. According to the World Health Organization, the 
main pathways for PCBs to enter the environment are: evaporation 
from plasticizers; allocation during incineration of domestic and indus-
trial waste, as well as during the ignition of transformers, capacitors and 
other industrial equipment in which PCBs are used; industrial waste 
leakage; removal of PCBs to landfills and aeration fields; other uncon-
trolled paths. On the one hand, due to their fire resistance, low volatility 
and stability, PCBs have been widely used in industry, but on the other 
hand, they are a problem for the environment. The main hazardous 
properties of PCBs are: the bioaccumulation, stability in the environ-
ment, the possibility of formation the extremely persistent and toxic 
aromatic compounds such as dioxins and furans during accidents (fires). 
PCBs are rarely associated with immediate risk. However, PCBs accu-
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mulate in the human body and are found in very small quantities over 
many years.  
 
Toxicity for humans  
 

Depending on the number of chlorine atoms in the molecule, PCBs 
have different physical, chemical, and toxic properties. About 70 of all 
congeners were used in technical mixtures, and 10 of these congeners 
are the most important for hazard assessment. Dioxin-like congeners are 
potentially dangerous and have the similar toxic properties as dioxins 
and furans. Dioxin-like PCBs include: four non-ortho-substituted (pla-
nar) PCBs (PCBs 77, 81, 126, 169) and eight mono-substituted PCBs 
(PCBs 105, 114,118, 123, 156, 167, 189). Ortho-unsubstituted and mono-
ortho-substituted PCBs have the similar mechanism of influence on 
living organisms as 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-
TCDD) (Leonards, 1997). Chronic entry to animals’ organisms of dif-
ferent doses of PCBs leads to dysfunction and destruction of many 
organs. The most pronounced changes are demonstrated by the induc-
tion of the activity of microsomal enzymes, and, above all, mixed-
function oxidases, which play a leading role in the disinfection of toxic 
substances registered in the liver. The International Agency for Research 
on Cancer has classified dioxin-like PCBs as probable human carcinogens. 
In general, dioxin-like effects include a wide variety of sexual, strain, age, 
and species-specific effects, including carcinogenicity, immunotoxicity, 
reproductive or developmental toxicity, hepatotoxicity, neurotoxicity, 
weight loss (Dianyi, 2014). Toxic responses of PCBs are presented in 
Figure 1.  

  
Fig. 1. Toxic responses of PCBs  

Current epidemiological studies also propose a connection between 
the effects of PCBs and the occurrence of diabetes (type 2, Fig. 2). Some 
of the PCBs’ congeners have also an antiestrogenic effect. The higher 
chlorinated PCBs (PCB 156,180,194) were linked with increased risk 
of non-Hodgkin’s lymphoma development (De Roos et al., 2005; Fa-
roon & Ruiz, 2011). Hardell et al. (2004) found that the concentration of 
PCBs in the blood of mothers of patients with testicular cancer was hig-
her than in control; studies also maintain the hypothesis of fetal origin of 
testicular cancer (Hardell et al., 2003; Faroon & Ruiz, 2011).  

Commercial PCBs mixtures cause a wide range of toxic reactions 
that depend on a number of factors, such as: the dose of PCBs; chlorine 
content; age and gender of living organism; species variety; the path of 
PCBs action; duration of PCBs influence; environmental conditions.  

There is a high risk of poisoning from PCBs pollution caused by 
fire. Dioxins and furans (polychlorinated dibenzodioxins, dioxins, po-
lychlorinated dibenzofurans, and furans) may form and release on heat-
ing of PCBs as a result of incomplete combustion or chemical reactions.  

Human exposure to PCBs can be caused by contamination of food 
or water, inhalation of PCB vapour in the air and through direct skin 
contact. In the human organism, the ratio of accumulated PCBs average 
concentration in brain- liver- fat tissues is 1-3.5-81 (Kutsenko, 2003). 
Victims of the Yu-Cheng accident (the one of the most famous instan-
ces in the world of PCB contamination, 1979) had 80 ng/g (total PCBs) 
in the brain, and 11μg/g in fat tissue accordingly (Chen & Hsu, 1986).  

 
Fig. 2. Some effects of PCBs influence on human health  

According to the Commission Regulation EU (No 1259/2011 of 
2 December 2011) amending Regulation (EC) No 1881/2006 as re-
gards maximum levels for dioxins, dioxin-like PCBs and non-dioxin-
like PCBs in foodstuffs, the maximum levels for PCDD/PCDF, sum of 
PCDD/PCDF and dioxin-like PCBs and sums of 6 non-dioxin-like (in-
dicator) PCBs (PCBs 28, PCBs 52, PCBs 101, PCBs 138, PCBs 153 
and PCBs 180) were established based on the revised criteria. Each 
congener of dioxins or Dioxin-Like-PCBs exhibits a different level of 
toxicity. In order to be able to sum up the toxicity of these different 
congeners, the concept of toxic equivalency factors (TEFs) was intro-
duced to facilitate risk assessment and regulatory control. As a result the 
analytical results relating to all the individual dioxin and dioxin-like 
PCB congeners of toxicological concern are expressed in terms of a 
quantifiable unit, namely the TCDD toxic equivalent (TEQ, Fig. 3). 
Maximum levels have been established taking into account recent oc-
currence data compiled in the scientific report “Results of the monitor-
ing of non-dioxin-like PCBs in food and feed” accomplished by Euro-
pean Food Safety Authority in 2010. According to “Regulation of 
maximum levels for certain contaminants in food” (No 774/23306, the 
order of Health Ministry No 368 13.05.2013), maximum levels of 
PCBs in foodstuffs in Ukraine are the same as that presented by Com-
mission Regulation (EU) No 1259/2011of 2 December 2011.  
 
Toxicity for biota  
 

Chronic toxicity has been observed in fish, birds, mammals and others. 
Individual PCBs congeners can influence through different mechanisms 
and have various toxic possibilities (Safe, 1984; Strang et al., 1984; Safe, 
1994; Seegal, 1996). The general impacts of PCBs on the environment 
and biota are due not only to the individual components of the mixtures 
(for example, Sovol or Sovtol), but also the interactions among the PCBs’ 
congeners present and between the PCBs and the other compounds. Risk 
assessments of PCBs, therefore, require information on the levels of indi-
vidual PCBs’ congeners present in the PCB mixture and data on their 
interactions (Farrington, 2001). Toxicity for several PCBs’ congeners for 
fish, birds, and mammals is presented in the Table 1.  

According to Nyska et al. (2004), PCB126 has a harmful effect on 
the pancreas, including the formation of carcinoma. PCB126 also resul-
ted in increase of bronchiolar metaplasia of the alveolar epithelium, as 
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reported by Brix et al. (2004). Moreover, exposure to PCB126 increa-
sed the incidences and severity of neoplastic and nonneoplastic lesions 
in the lung. As Cromwell et al. (2007) and Cumming et al. (2005) re-
ported, PCB77 exposure changed aspects of maternal-offspring interac-
tion in rodents.  

  
Fig. 3. Maximum levels of PCBs in foodstuffs  

Sovtol and Sovol are industrial mixtures containing PCBs and used 
in Ukraine and other countries. LD50 of Sovtol for white rats was 
7318.9  mg/kg; LD16 was 4607.4 mg/kg; LD84 was 11626.4 mg/kg 
(Feshin et al., 2006). LD50 2,3,7,8-TCDD was 0.045 mg/kg; LD16 was 

0.018 mg/kg, and LD84 was 0.062 mg/kg. Therefore, Sovol had lower 
acute toxicity than 2,3,7,8-TCDD. However, in groups of white rats 
receiving maximum doses of Sovtol, the death of the stock was ob-
served within the first three weeks. Five to six days after Sovtol’s inges-
tion, the first signs of intoxication of animals were admitted, for exam-
ple, decreased motor activity, "sloppy appearance", reluctant consump-
tion of feed and water (Feshin et al., 2005). Further, the deepening 
symptoms of intoxication were observed. There was diarrhea, nervous 
system damage, regularity of neck muscles, impaired movement coor-
dination, attenuation of reflexes to external stimuli (light, sound). With 
the introduction of Sovtol at doses of 2000 and 3000 mg/kg, symptoms 
of lung damage (difficulty in breathing), nosebleeds, cataracts, blind-
ness, decreased body weight gain was observed. The first clinical signs 
of poisoning in birds from Sovtol were admitted as early as three days 
after its use: suppression of the general condition of chickens, squatting 
feather cover, hypodynamia, reduced use of water and feed. One of the 
most prominent signs of intoxication was the progressive decline in body 
weight. In general, Sovtol for acute toxicity in oral admission to white rats 
was attributed to low-risk substances (IV class of danger, LD50 – 
7318.9 mg/kg), and for chickens to moderately dangerous substances (III 
class of danger, LD50 2357.4 mg/kg) (Feshin et al., 2005, 2006). PCBs 
levels in the tissues of chickens after Sovtol ingestion were significantly 
lower than in the tissues of chicks, indicating that the PCB was partially 
eliminated from the body of chickens by egg biomass. In addition, PCBs 
were found to have a negative effect on the formation of post-vaccine 
immunity in birds. The toxic effects of PCBs in birds are presented in 
Figure 4 (Farrington, 2001). The concentration of more than 0,5 μg/L of 
PCBs affect growth and reproduction of algae and zooplankton. Exposure 
to PCBs at a level more than 25 mg/kg causes changes in reproductive 
system and growth of macroinvertebrates (Farrington, 2001).  

Table 1 
TCDD toxicity equivalency factors (TEFs) for several dioxin-like PCB congeners for fish, birds, and mammals  

Animal 
3,4,4',5-

Tetrachlorobiphenyl  
(PCB 81) 

2,3',4,4',5-
Pentachlorobiphenyl 

(PCB 118) 

3,3',4,4',5-
Pentachlorobiphenyl 

(PCB 126) 

2,3,3',4,4',5'-
Hexachlorobiphenyl 

(PCB 157) 

2,3',4,4',5,5'-
Hexachlorobiphenyl 

(PCB 167) 

3,3',4,4',5,5'-
Hexachlorobiphenyl 

(PCB 169) 

2,3,3',4,4',5,5'-
Heptachlorobiphenyl 

(PCB 189) 
Fish 0.0005 <0.000005 0.005 <0.000005 <0.000005 0.00005 <0.000005 
Birds 0.1 0.00001 0.1 0.0001 0.00001 0.001 0.00001 
Mammals 0.0001 0.0001 0.1 0.0005 0.00001 0.01 0.0001 

 

  
Fig. 4. Toxic effects of PCBs observed in birds  

Monkeys and minks are highly sensitive to PCBs. Monkeys have 
swelling, baldness, and blackheads – the signs closest to the symptoms 
that people experience with PCBs’ poisoning. Young fish and higher 
vertebrates have similar observed toxicity and histopathological damage 
caused by PCBs. The main toxicity effects detected are: decreased food 
intake, syndrome of exhaustion, lesions in the epithelial and lymphoma. 
Fish are characterized by high variety of species sensitivity to PCBs. 
Fish preferentially bioaccumulate highly chlorinated penta-, hexa-, and 

hepta-chlorinated biphenyls, but not deca-chlorinated biphenyls (Wal-
ker & Peterson, 1994). Freshwater salmon species, especially lake and 
rainbow trout, are the most sensitive fish species to the impact of PCBs 
(Farrington, 2001). Water-based concentration effect levels are not 
appropriate for evaluating the potential risk. To evaluate the dangers and 
risks of PCBs, threshold doses and toxic effects must be estimated. 
NOEL and LOEL of PCBs to aquatic mammals were suggested by 
Kannan et al. (2000) (Fig. 5).  

  
Fig. 5. NOAEL and LOAEL to aquatic mammals for total PCBs  
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Environmental hazards 
 

The most dangerous properties of PCBs for the environment are a 
persistent, high bioaccumulative availability, the ability to carry over long 
distances. Photodegradation of PCBs occurs in very limited quantities, the 
compounds are not hydrolyzed and oxidized, and they are resistant to 
acids and alkalis and high temperature. PCBs are slow to biodegrade in 
the environment in comparison with many other organic chemicals and 
are generally persistent in all media. Factors affecting the PCBs transfor-
mation rate in the environment: PCB concentration, bioavailability, inhibi-
tors, temperature. The less-chlorinated congeners are more water soluble, 
more volatile, and more likely to biodegrade. Higher-chlorinated PCBs 
are often more resistant to degradation and volatilization and sorb more 
strongly to particulate matter. Some of these more-chlorinated PCBs tend 
to bioaccumulate to greater concentrations in tissues of animals than do 
lower-molecular-weight PCBs. Specific structures of higher-molecular-
weight congeners make them susceptible to metabolism by enzymes. 
Therefore these congeners are taken up by fish, crustaceans, birds, and 
mammals (Farrington, 2001). Anaerobic conditions are preferable for the 
decomposition of more chlorinated PCBs and aerobic conditions for less 
chlorinated PCBs (Tiedje et al., 1993). PCBs have relatively low water 
solubility and low vapour pressures which allow them to partition between 
water and the atmosphere. Along with organochlorine pesticides, PCBs 
are the most common water pollutants in natural water. Contamination of 
bottom sediment by PCBs can cause permanent local contamination of 
aquatic organisms for a long time (up to several years). It is believed that 
the oceans are the largest sinks of PCBs. Biomagnification in hydrobiota 
and other living organisms is one of the main criteria of dangerous risks 
assessment of PCBs. Biomagnification factors of Alewife and Herring 
Gull eggs are presented in Figure 6 (Hoffman et al., 1996).  

 
Fig. 6. Biomagnification factors of alewife  

and herring gull eggs for PCBs  

High-chlorinated PCB congeners are equally characterized by sig-
nificant bioaccumulation in marine (ocean) fish. For example, PCBs 
congeners were found in certain fish species in Aleutian Islands, Alaska. 
The most prevalent congeners expressed as percent of total PCBs were 
congeners PCB164+PCB163+PCB138, PCB153, PCB180, 
PCB90+PCB101, PCB187, PCB118, PCB132, and PCB170 (Hardell 
et al., 2010). Average PCBs concentrations in fish were (ng/kg raw weight): 
135 – for Oncorhynchus nerka; 124 – for Gadus macrocephalus; 285 – 
for Lepidopsetta bilineata; 158 – for Hippoglossoides elassodon; 113 – 
for Salvelinus malma; 151 – for Myoxocephalus polyacanthocephalus; 
104 – for Hexagrammos lagocephalus.  

In many cases, the major sources of PCBs in the environment are lo-
cated nearby at pollution sites. However, some PCBs entered ecosystems 
from distant sources after air currents traveled thousands or even tens of 
thousands kilometers. PCBs can be carried over long distances by air 
currents as they are volatile in air or easily attached to atmospheric dust 
particles. Though, the pollutants are not volatile enough to stay in the 
atmosphere, they travel with air currents for short and long distances, and 
then when the temperature drops or the rain begins, the PCBs from the air 
enter the surface of the soil. PCBs remain on the soil surface only for a 

short time, and then evaporate again into the air, moving between the air 
and the soil surface. This phenomenon was called the “effect of jumping 
grasshopper". Low-chlorinated PCBs are more volatile and can be trans-
ported in the atmosphere over 20,000 km (Carlsson et al., 2018). Atmos-
pheric long-range transport is still considered to be a major route for the 
global environmental distribution of PCBs into remote areas. Even today, 
transport of contaminated air masses to the Arctic still occurs from regions 
in industrialized countries, where PCBs are still emitted from various 
sources (Hung et al., 2016). Thereafter, PCBs "stick" to the surface of 
organic particles in the water column, which leads to their possible deposi-
tion and accumulation in the sediment. The highest concentrations of 
PCBs are usually found in organic matter. PCBs are considered to exist in 
three phases in the sediment and overlying water: freely dissolved, asso-
ciated with dissolved organic carbon (DOC), and sorbed to particles (Far-
rington, 2001). Deposition processes and snow ice interactions of PCBs 
have been a research focus in the Canadian Arctic for many years (Mac-
donal & Bewers, 1996). In 2012, the average concentration of 29 PCBs in 
snow was 256 ± 177 pg/L, although the two new snow layers sampled in 
May showed higher concentrations of 545 and 611 pg/L (Carlsson et al., 
2018). In this regard, the average concentration in the snow cover was 185 ± 
85 pg/L, which is significantly higher than the concentration of PCBs in 
the surface layer of seawater. Therefore, the preservation of volatile PCBs 
congeners from the lower atmosphere layer by snow cover is effective.  

According to the forecast model (Wöhrnschimmel et al., 2013), the 
effect of the changing climate on PCBs is not only their enhanced vola-
tilization from ice-free surface seawater but also enhanced storage of the 
compounds in the areas of the Arctic Ocean that are covered by ice. 
The contribution of precipitation to the substance cycling will also incre-
ase. The total environmental residence time (i.e. persistence) of PCB153 
will be reduced by 40% in the 2090s compared to the 1990s, mostly due 
to increased biodegradation in soil and water (Carlsson et al., 2018).  

Today, the main path of PCBs global spreading is the atmospheric 
migration. Precipitation plays an important role in their spread in both 
terrestrial and marine areas on Earth. Currently, secondary PCBs 
sources (accumulated in environmental reservoirs, such as sediments, 
water, soil, snow, and ice) are becoming more important than primary 
sources. Climate change is likely to increase the weight of secondary 
PCBs. Accumulated PCBs in ice can be released into the water (oceans, 
rivers, precipitation etc.), and then PCBs can be up-taken by living 
organisms as well as being able to migrate in biogeochemical cycles 
and along the food chain (Carlsson et al., 2018).  

According to the research of Halse et. al (2011), the highest atmos-
pheric concentrations of PCB7 are present in Central and Eastern Euro-
pe, where levels higher than 500 pg/m3 can occur and indicate the pre-
sence of ‘hot spots’ areas. The concentrations in Arctic areas are gene-
rally in the range < 5–30 pg/m3 (Hung et al., 2016). In Ukraine, PCBs 
content has been detected in the flue gases of factories at thermal treat-
ment of municipal solid waste (460–670 ng/m2). In the natural water of 
the Dnieper basin (Kyiv, Dnipro, Zaporizhia, Mykolaiv, Nikopol) PCBs 
content averages 41 ng/dm3 (Moklachuk et al., 2017). Khahula et al. 
(2018) have found PCBs in soil from sites near storage of waste with 
obsolete pesticides (Stavishche district, Kyiv region). In 0–20 cm soil 
layer, PCBs were determined in concentration of 0.04 mg/kg at a dis-
tance of 50 m from the waste storage; 0.37 mg/kg of PCBs at a distance 
of 5 m from the waste storage. In soil samples (20–40 cm), minimum 
PCBs values (0.01 mg/kg) were detected at a distance of 50 m from the 
waste storage, maximum values (0.10 mg/kg) were found at a distance 
of 5 m near waste storage. Khahula et al. (2018) consider, that PCBs 
concentration near waste storage could be appear as a result of past use 
of pesticides which included PCBs.  
 
Environmentally sound management in Ukraine  
 

The identification and primary accounting of equipment with con-
centrated PCBs in Ukraine is carried out in accordance with the indica-
tive lists of standard equipment given in the “Methodological Recom-
mendations for Detection and Identification of Polychlorinated Biphe-
nyls (PCBs)” approved by the Ministry of Ecology and Natural Resour-
ces of Ukraine in 2003.  
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A  

b  

c  

Fig. 7. Results of the previous inventories in Ukraine: a – distribution of transformers with PCBs content;  
b – distribution of synthetic liquids containing PCBs; c – distribution of capacitors with PCBs content  
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Fig. 8. The schema of the database tables in Database of concentrated PCBs in Ukraine  

Identification and primary accounting of PCBs waste in Ukraine is 
carried out in accordance with the current waste accounting system. 
Chemical analytical studies on the presence of PCBs contamination in 
Ukraine are realized in two stages. The first stage is a screening test for 
the presence of chlorine compounds, and the second stage is the identi-
fication of PCB compounds and their quantification by chromatography 
methods (EN 12766-1:2000, IDT; EN 12766-2:2001, IDT; IEC 
61619:1997, IDT). Since September 2019, the above mentioned stan-
dards have come into effect as State Standards of Ukraine. The most 
common use for screening tests is Clor-N-Oil 50 ppm (CL-050-SG) 
sets with L2000 PCV/Chloride analyzer, as well as SM-TCPs-KIT. 
According to analytical materials of the GEF-UNIDO Project on PCB 
management in Ukraine “Environmentally sound management and 
final disposal of polychlorinated biphenyls (PCBs) in Ukraine”, previous 
PCBs inventories (2003–2007) in Ukraine have shown that almost all of 
their accumulation falls on electrical equipment. Therefore, the most likely 
risks of PCB contamination are in the areas of operation, repair or storage 
of electrical equipment (Mykhailenko et al., 2018). In obedience to the 
data of above mentioned Project, leaders of accumulated PCB quantities 
are Dnipropetrovsk (459 tons), Volyn (280 tons) and Kyivsk regions 
(255 tons, Fig. 7). The total mass of PCBs, which are present in equipment 
and stored separately on objects in Ukraine, according to the results of the 
initial inventory, is estimated as 5,000 tons.  

The “PCBs Database in Ukraine” information system was created 
as a National PCBs Registry in Ukraine. “PCBs Database in Ukraine” 
was designed to systematize, structure, and analyze the large amount of 
information collected during PCBs inventory (Chetverykov et al., 2018) 
(Fig. 8). Since 2017, the National PCBs Registry has been supplemen-
ted with databases of contaminated PCB-containing equipment.  

The set of operations to be performed in the removal of PCBs-con-
taining waste is determined by information such as: the aggregate state 
of the waste; the PCBs content in the waste; the presence in the waste of 
components requiring specific methods of disposal; the need or possibi-
lity of reuse of some waste components; etc. (Kummling et al., 1997; 
Rahuman et al., 2000; Weber, 2004; Chetverykov et al., 2018). The choi-
ce of PCBs destruction technology should be made taking into account 
the toxic properties of PCBs, especially, their persistence in the environ-
ment, and ability to produce toxic compounds during heating (Addink 

& Olie, 1995; Huang, & Buekens, 1995; Babushok, & Tsang, 2003). 
The best technology of PCBs’ degradation must not only provide a high 
degree of PCBs’ destruction, but also must not lead to the formation of 
new toxic compounds (Kummling et al., 1997; Schwinkendorf et al., 
1997; Rahuman et al., 2000). Possible combinations of PCBs’ disposal 
operations depending on the source composition of the waste by Chet-
verykov et al. (2018) are presented in Figure 9.  

It is advised to degrade concentrated PCB wastes by methods that 
do not require the use of additional components which may lead to the 
formation of new secondary toxic products. So, such results are pro-
vided by technologies grounded on the destruction of PCBs using spe-
cial binding agents of degradation products. The same result can be pro-
vided by thermal methods, which do not use the additional heat-transfer 
medium (i.e. the products of the destruction are not supplemented by 
component of heat-transfer medium) that also can lead to the formation 
of secondary toxic products. Such thermal methods are the base of a 
wide range of plasma technology (Schwinkendorf et al., 1997; Rahu-
man et al., 2000).  

If the composition of high concentrated PCB waste includes other 
components, and PCB extraction from waste matrix by solvents is not 
sufficiently effective, the thermal methods with products of oxidation of 
fossil fuels are used. The redox potential of such heat-transfer medium 
is regulated along the process chain, based on the criterion of minimum 
formation of secondary toxic compounds (Rahuman et al., 2000). Thus, 
all the technologies for the destruction of high concentrated PCBs could 
be conditionally split into 1) the technologies where destruction is achie-
ved by using the appropriate reagents, and 2) the technologies with 
predominant use of thermal destruction. Group 2, in turn, is divided into 
technologies with chemically active or inert heat-transfer medium. 
In terms of economy, the destruction process in technologies using an 
additional heat-transfer medium is less costly than in technologies with-
out it, but further treatment and neutralization of destruction products 
are more expensive in capital and in operating spending (Chetverykov 
et al., 2018). The end conclusions about the advantages and disadvanta-
ges of using a particular technology for treatment or disposal of high 
concentrated PCB waste can be made only by the calculated optimiza-
tion of technology parameters coming from specific physical and che-
mical properties of the waste (Kummling et al., 1997).  
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Fig. 9. The possible combinations of PCBs treatment operations depending on the initial composition of waste  

Secretariats of the Stockholm and Basel conventions established the 
Working Groups conducted a number of workshops to identify the most 
effective methods of PCB waste treatment. The list of recommended me-
thods is very large, so the following review presents those ones which are 
the most effective technical solutions for the efficiency of extraction/de-
sorption, destruction and neutralization of chlorinated products. The set of 
operations to be undertaken for disposal of PCBs-containing wastes is 
determined by type of waste, contaminated with PCBs, content of PCBs 
in waste, presence of materials requiring some specific treatment methods, 
the need or possibility of waste reuse, etc. By conditions of implementa-
tion, all technologies of PCB treatment could be split into two groups: 
1) on-site decontamination, without removal; 2) waste disposal and remo-
val with further treatment in special plants. Methods of the group 1 are 
used mainly for the treatment of contaminated soil. The transformers con-
taining PCBs can be treated “on-site”, if there is a possibility of their re-
use. Methods of waste treatment with removal to specialized facilities are 
used for all kinds of waste, containing PCBs. An environmentally friendly 
PCB disposal system should include optimal PCBs cleaning solutions. 
An overview of the methods and technologies for environmentally friend-
ly PCB removal should begin with the cleanup of contaminated transfor-
mers. This will help to evaluate the volume and properties of PCB-
containing wastes generated from the purification of transformers, for 
which optimum disposal technologies should also be identified.  
 
Conclusions  
 

Toxic responses of PCBs are: acute lethality; body weight loss; carci-
nogenesis; dermal toxicity; fatty liver; genotoxicity; hepatomegaly; immu-
nosuppressive effects; neurotoxicity; porphyria; reproductive and develop-
mental toxicity; thymic atrophy; thyroid hormone-level alterations.  

The most dangerous properties of PCBs for the environment are a 
persistent, high bioaccumulative availability, the ability to carry over long 
distances. Photodegradation of PCBs occurs in very limited quantities, the 
compounds are not hydrolysed and oxidized, and they are resistant to 
acids and alkalis and high temperature. PCBs are slow to biodegrade in 
the environment in comparison with many other organic chemicals and 
are generally persistent in all media. Since PCBs are lipophilic, they are 
very high bioaccumulative. Therefore, the level of PCBs in biota (espe-
cially in hydrobionts) is considered as one of the most important criteria of 
environmental pollution.  

The most likely risks of PCBs contamination in Ukraine are in the  
areas of operation, repair or storage of electrical equipment. According the 
quantities of accumulated PCBs, leaders are Dnipropetrovsk (459 tons), 
Volyn (280 tons) and Kyivsk regions (255 tons). Today, Ukraine has 
made significant progress regarding the management of PCBs. A compre-
hensive approach to reducing the risk of PCBs for human health and the 
environment involves the improvement of the regulatory framework for 

managing in all stages of the toxicants’ “life cycle”. Obtaining complete 
and accurate information on the volumes and forms of PCBs accumula-
tion and creation of modern effective technological support for PCBs de-
gradation are a necessary part of Environmentally Sound Management of 
PCBs in Ukraine. The “PCBs Database in Ukraine” information system 
was created as a National PCBs Registry in Ukraine. It was designed to 
systematize, structure, and analyze in large sections the large amount of 
information collected during PCB inventorisation. All degradation tech-
nologies of highly concentrated PCBs are divided into technologies in 
which degradation is achieved predominantly by the use of appropriate 
reagents and technologies with a predominant use of thermal degradation. 
The best technology of PCBs degradation must not only provide a high 
degree of PCBs destruction, but also must not lead to the formation of 
new toxic compounds.  
 

The authors are very grateful for the support of the GEF-UNIDO project "Envi-
ronmentally sound management and final disposal of polychlorinated biphenyls 
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