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Polychlorinated biphenyls (PCBs) are toxic, persistent and bio-accumulative substances that have been includ-
ed into the Stockholm Convention due to their hazardous properties. While large efforts have been made in the
past decades to phase-out closed systems containing PCBs, open systems have received much less attention.
In Lithuania, too, transformers and capacitors (closed systems) have already been inventoried and mostly col-
lected and destroyed, but PCBs in open systems, mainly in buildings, have not been investigated. Therefore,
this article presents estimates of probable PCB amounts and distribution in buildings in the country. According
to theoretical calculations, about 1,900 t of PCBs could be brought into Lithuania and used in closed, partially
closed and open systems. It is most probable that PCBs under the trade name Sovol, produced in Russia, con-
stituted the majority of PCBs in open systems, i.e. some 400 t. There are about 8,600 apartment houses and
51,950 various public buildings with a big probability to contain PCBs. One such building could contain up to
6.6 kg of PCBs.
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Introduction

Polychlorinated biphenyls (PCBs) are toxic, persistent
and bio-accumulative substances that have been in-
cluded into the Stockholm Convention due to their haz-
ardous properties (UNEP 2001). The Stockholm Conven-
tion, which entered into force in 2004, has an objective
to protect human health and the environment from per-
sistent organic pollutants (POPs). It requires Convention
parties to prohibit (with just a few exemptions) produc-
tion and use of intentionally produced POPs, and reduce
or eliminate releases from unintentionally produced
POPs that are listed in the Convention. It also requires
ensuring that stockpiles and wastes consisting of, con-
taining or contaminated with POPs are managed safely
and in an environmentally sound manner.

As the characteristics of PCBs are quite advantageous
from a technical point of view, they used to be employed
in a wide range of applications. Production and use of
PCBs peaked around 1970s; the most widespread use
was in capacitors and transformers. QOver time, evi-
dence about the adverse effects of PCBs on the envi-
ronment and human health has accumulated, and, thus,
PCB-related prohibitions have increasingly come into
force (Breivik et al. 2002, Breivik et al. 2007).

The Stockholm Convention states that each Party shall de-
velop a plan, the so-called National Implementation Plan
(NIP), for the implementation of its obligations under the
Convention. When developing the first NIPs, Convention
parties paid their main attention namely to the use of PCBs
in capacitors and transformers, i.e. in closed systems

Fig. 1
Step-by-step
approach to estimate
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(buildings)
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(Wagner 2010). In Lithuania, capacitors and transformers
with PCB containing oil have already been inventoried and
largely disposed of (Lithuanian MoE 2010).

Scientists in some countries, such as Switzerland, Ger-
many, Denmark, and the US, have pointed out that PCBs
had quite widespread use in open systems as well,
mostly in buildings: sealants, paints (e.g. concrete),
steel anticorrosive coatings, electrical cable protection,
etc. Investigations have shown that PCBs can be detect-
ed not only in construction materials but also in indoor
air (Kohler et al. 2005, MacIntosh et al. 2012, Butera et
al. 2014). It has been estimated that approximately 21%
of PCBs were used for open uses (Breivik et al 2007).
Therefore, the next step, when updating NIPs, shall be
paying sufficient attention to PCBs in open systems.

This article presents estimates of PCBs in buildings in
Lithuania and places them into the overall picture of
PCB usage. These estimates are needed to update the
Lithuanian NIP on POPs under the Stockholm Conven-
tion, as well as are helpful in attempts to protect human
health and environment from exposure to PCBs.

Materials and methods

Sequence of research steps is shown in Fig. 1. Estimation
of PCBs in open uses (buildings) in Lithuania started from
data collection both from literature sources and potential
information sources in the country; then, it was followed
by screening level laboratory analysis of potentially con-
taminated samples. Finally, calculations of potential
amounts of PCBs in buildings (estimates) were made.
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Data collection

Documents developed by the Stockholm Convention
Secretariat and the European Commission (can be ac-
cessed via http://chm.pops.int/default.aspx and http://
ec.europa.eu/environment/waste/pcbs/index.htm),
NIPs of different countries, research papers, reports,
other written sources of information were analysed in
order to find out information on production and usage of
PCBs and their pathways to the environment.

Available data about the situation in Lithuania were col-
lected from the Lithuanian Ministry of Environment and
Environmental Protection Agency, Lithuanian Statistics
Department (official statistics database http://osp.stat.
gov.lt), and the Lithuanian Real Property Register. Spe-
cialists from municipalities and experts of construction
materials were contacted as well. And finally, ques-
tionnaires were sent and telephone calls were made to
the biggest hazardous waste management companies,
having licenses to treat PCB containing construction and
demolition waste (8 companies), construction demoli-
tion companies with long working experience (8 com-
panies), and construction and renovation companies
that were active during 1950s-1970s (4 companies).

Laboratory analysis

PCBs in construction materials of buildings can be
quantitatively detected by gas chromatography - mass
spectrometry (GS-MS). However, due to the high cost of
the method, as long as nothing is known for sure about
the spread of PCBs in specific buildings and specific
construction materials, screening spectrometric anal-
ysis can be an acceptable solution. If necessary, sam-
ples which show that they contain chlorinated aromatic
compounds can undergo further detailed analysis.

In the current research, namely initial screening by UV
and visible light absorption spectrometry method was
carried out. Ten samples from residential and public
buildings built in the city of Kaunas and in Kaunas dis-
trict in the period of 1950s-1970s were analysed:

1 residential house, concrete (1958);
2 residential house, paint (1969);

3 residential house, sealant (1960);

4 the old trolley park, concrete (1965);
5

residential house, paint (1970);
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6 residential house, concrete (1965);
7 residential house, paint (1961);
8 secondary school, concrete (1952);
9 residential house, paint (1955);
10residential house, paint (1955).

UV - visual light absorption spectrometer SPECORD
UV/VIS was used for analysis. The device was calibrat-
ed with hexane solution, > 99.0% grade (Sigma-Aldrich,
USA). The samples (~ 1-2 g) were placed into glass bot-
tles and 5 mL of hexane was added. Then the solutions
were filtered after 15-min shaking on a laboratory shak-
er. The prepared samples went for UV/VIS spectromet-
ric analysis (Buika et al., 2007).

Results and discussion

Literature analysis for background information

The cumulative global production of PCBs has been es-
timated to be on the order of 1.5 million tonnes (Breivik
2002). Production of PCBs and their mixtures started
in 1929 in the USA by Monsanto and soon spread into
other countries, such as Germany, Czechoslovakia, the
Soviet Union, Austria, China, France, Italy, Japan, Spain,
Great Britain and other. The United States remained
the largest producer until 1977; 600,000 t of PCBs were
produced in the USA during that period. Production in
Europe was almost 450,000 t; it was most widespread
in the period of 1934-1982 (Breivik 2002, Breivik 2007).
It has been estimated that globally approximately 69%
were used in closed systems (~ 48% in transformer oil
and ~ 21% for small capacitors), approximately 10% in
partially closed systems, and approximately 21% for
open uses (Breivik 2007). According to Guidelines for
Identification of PCBs and Materials Containing PCBs
(UNEP 1999), closed and partially closed systems con-
tain PCB oils and fluids. PCBs in open applications may
be found in lubricants, various surface coatings (e.g.
paints, flame retardants, carbonless copy paper), adhe-
sives, plasticisers (e.g. sealants, rubber, PVC), inks, etc.
While large efforts have been made in the past decades
to phase-out closed systems containing PCBs, such
as transformers and capacitors, open systems, being
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more complicated to deal with, have received less at-
tention (Kohler et al., 2005).

PCBs were used in various construction materials: as
plasticisers in sealants for various seams, in paints,
glues, concrete and gypsum, sealants for glass pack-
ages, wall tiles, etc. Such construction materials were
used to build residential and public buildings, the peak
consumption covering approximately 1950s until 1970s
(Heinzow et al., 2007). Different countries have different
main usage of PCBs in buildings. Although exact usages
and numbers are not known, some existing estimates
are summarised in Table 1.

Human and environmental exposure from PCBs in open
uses, if these are not addressed properly, is an important
issue. Indoor air concentrations of PCBs in some build-
ings are one or more orders of magnitude higher than
background levels (Lehman et al., 2015). Unacceptable
exposure cases have been reported from various coun-
tries (Herrik et al., 2004, Kohler et al., 2005, Heinzow et
al.,, 2007, MacIntosh et al., 2012). PCBs have been de-
tected also in indoor air of new buildings (Kauneliené
et al,, 2016). Risk exists to those spending their time
indoor, but even to construction workers dealing with
contaminated materials (Selden et al.,, 2008). Butera

Table 1
Amount of Sealants Concrete and
construction Country with gypsum with
materials containing PCBs (t) PCBs (1)
PCBs that were used
during 1950s-1970s 1 2 3
(Benthe et al.,
1992, Breivik et al.,
2002, Herrick 2010, C¢ManY 3,500
Anderssson et al.,
2006, Prihactal,  eden 250
2005, WHO/IPCS '
1993) Finland 250
Switzerland 300
Denmark 320 75
Norway 50 85
France
Italy

Spain
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and others (Butera et al., 2014) have addressed the is-
sue of the presence of PCBs in construction and demoli-
tion waste, which is going to be utilised. Having in mind
exposure to PCBs, increasingly more attention is being
paid to appropriate mitigation and abatement meth-
ods, as well as to cost-efficiency, as costs of managing
PCB-containing construction materials can be substan-
tial (Maclntosh et al., 2012, Brown et al., 2016).

PCBs in open systems in Lithuania

At the time when PCBs were produced and consumed,
Lithuania was part of the Soviet Union, whose econo-
my was relatively closed. OECD (Organisation of Eco-
nomic Cooperation and Development) countries traded
with each other and the likelihood that PCBs came to
Lithuania from these countries is very low. In Eastern
Europe, PCBs during 1939-1993 were produced in Po-
land and Czechoslovakia (Breivik et al., 2007). However,
Poland produced just over 1,000 t, and it is likely that
the entire amount went for internal market. There is a
chance that Lithuania could get a small amount of PCBs
produced in Czechoslovakia. However, the main amount
had to come from production in the Soviet Union. There
were two factories — Orgsteklo and Orgsintez — situated

Total amount of Amount of construction

P;(iznésv\zitt)h cor?struc.tion mate- materi.als \A{ith PCBs in
rials with PCBs one residential house, kg
4 5 6
800 24,200 40-100
50
50
270
10
16,200
4,500
3,400
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in Russia that produced PCBs under three brand names
— Sovol, Sovtol and Trichlorbiphenyl (TCB) (AMAP
2000). In total, 179,500 t of PCBs were produced during
1939-1993. Sovtol was used in transformers, TCB in
capacitors, and Sovol mostly as a plasticiser in paints
and varnishes, as well as lubricants. The total produced
amount of Sovol was ~ 53,000 t, which was consumed
for the following purposes (AMAP 2000):

37,000 t consumed in the production of varnish
and paint;

10,000 t consumed in the production of lubricants;
~ 5,500 t consumed in defence-related industry
plants and other industrial enterprises; use not
specified.

According to AMAP 2000, PCB exports from and imports
to the Soviet Union were not big and probably flows off-
set each other. Calculations show that the distribution of
the proportions between the usages in closed and open
systems in the Soviet Union was the same as in other
countries (69% in closed, 10% in partially closed, and
21% in open systems (Breivik et al., 2007)):

179,500 t produced PCBs, total - 100%

37,000 t Sovolin open systems - x% x=21%

The report also states that 60% of PCBs intended for
transformers and capacitors remained in Russia; the
rest went elsewhere (AMAP 2000). It is assumed that
the distribution of Sovol between Russia and the oth-
er republics of the Soviet Union was similar, i.e. 60%
remained in Russia, and 40% went outside Russia. As
this figure of 60% of remaining PCBs in Russia is close
to the population distribution of the Soviet Union (ac-
cording to population census of 1989 (http://en.wiki-
pedia.org/wiki/Demographics_of_the_Soviet_Union),
51% of the population of the Soviet Union lived in Rus-
sia), then Lithuania's share of PCBs can be calculated
based on the Lithuanian population (1989 population
census data):

286,717 M
147,386 M

3.69 M, ie. 2.65%
of non-Russian population.

USSR population -
Russian population -

Lithuanian population -
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Import of PCBs to the other (than Russia) Republics of
the Soviet Union:

100%
40%

179,500t -

xt - x=71,800tPCB.

Import of PCBs to Lithuania:

100%
2.65%

71,800 t -

xt - x=1,900t PCB.

Based on the estimated amount of PCBs imported to
Lithuania and on the known percentage distribution,
the expected distribution between closed, partially
closed and open systems in Lithuania can be calcu-
lated:

In closed systems 69 %: 1,310 t PCB:
In partially closed systems 10%: 190 t PCB;
In open systems 21 %: 400 t PCB.

The amount of PCBs in open systems can also be cal-
culated directly from the amount of Sovol, which was
consumed for plasticisers (37,000 t), which gives the
same amount, ~ 400 t:

37,000 t - 100%

xt - 40% x =~ 14,800t PCB.
14,800t - 100%

xt - 2.65% x=392.2~ 400t PCB.

It should be noted that these calculations resulted in
higher amount of PCBs in closed systems in the country
than it was identified when developing the first Lithua-
nian NIP, and also during the subsequent inventory in
2009 (Lithuanian MoE 2010).

PCBs in buildings in Lithuania
Occurrence of PCBs in buildings in Lithuania was as-
sessed on the basis of assumptions made by anal-

ogy with other countries, where investigations on
PCBs in buildings have been carried out. Information
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on the age of buildings in the country was received
from the State Enterprise Centre of Registers, which
is responsible for keeping the Real Property Cadastre
and Register. It could provide data on the numbers of
buildings, registered in the country in the periods of
1941-1960 and 1961-1990 (see Table 2).

Assuming that buildings in different periods were built
and registered equally, we get that during 1950-1970,
when itis probable that PCBs in buildings were used most
widely (Heinzow et al,, 2007), 171,282 buildings (without
auxiliary buildings) were registered, of which 8,600 were
apartment houses and 51,950 various public buildings.

Investigations in other countries suggest that one
apartment house can contain up to 50-60 kg of PCBs,
and a big building up to 100 kg of PCBs (Benthe et al.,
1992). Calculations based on these assumptions would
result in 3,027-6,055 t of PCBs in buildings in Lithuania.

2016/72/2

Nevertheless, such an estimate, which does not even
include private houses, seems to be an overestimate of
PCBs prevalence: as it was demonstrated in the calcu-
lations above, it is likely that the overall import of PCBs
to Lithuania could be some 1,900 t, of which some 400
t could be in open systems, i.e. mostly in buildings. That
results in no more than 6.6 kg of PCBs in one building
(apartment house or public building).

Residential and public buildings built in the period of
1950-1970 have been chosen for sampling. The sam-
ples were taken from construction materials, which
potentially could contain PCBs, i.e. from sealants, paint
and concrete (Table 3).

The resulting spectrogram is shown in Fig. 2.

Analysis showed that test samples do contain some
kind of aromatic compounds, which might potentially be
namely PCB compounds. Although this was a screen-

Table 2 -
Building uses 1941-1960, number 1961-1990, number
Number of
registered buildings 1 2 3
constructed in the
period of 1941-1990  Residential buildings 91,181 221,225
(Centre of Registers ]
2015) of them houses having three and more flats (apartment houses) 3,748 20,179
Non-residential buildings, not including auxiliary buildings 10,743 139,734
among them administrative buildings, hotels, trade,
services, catering and recreational buildings, culture,
science and sports buildings, manufacturing, industrial
buildings
Buildings, not including auxiliary buildings 101,924 360,959
All buildings 363,647 1,402,968
Table 3
Construction material
Coveragg of potentially containing PCBs Samples taken Notes
construction
materials that
1 2 3

potentially can
contain PCBs with
the samples taken
for investigation

Sealants
Gypsum

Tiles
Paint
Glue

Concrete

+ (1 sample)

+ (5 samples)

+ (4 samples)

Concrete block seams

Paint from walls

Building construction
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200 220 240 260 280 300

1 - residential house, concrete (1958);
2 - residential house, paint (1969);

3 - residential house, sealant (1960);

4 — the old trolley park, concrete (1965);
5 - residential house, paint (1970);

ing analysis only, it demonstrates that contamination of
buildings with PCBs in Lithuania might be an issue as
well as in other countries which have carried out more
detailed investigations. Currently, PCB-containing con-
struction and demolition waste is collected in Lithuania
by waste management company UAB Toksika and dis-
posed of in a hazardous waste landfill in Siauliai.

Conclusions

According to theoretical calculations, about 1,900 t
of PCBs could be brought into Lithuania and used in
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Polichlorinti bifenilai atvirose sistemose Lietuvoje 2016 m. birzelis
Priimta spaudai:

Jolita Kruopiené, Eglé Jurkéné, Jolanta Dvarioniené 2016 m. rugsejis

Kauno technologijos universitetas, Aplinkos inZinerijos institutas
Gedimino 50, LT-44239 Kaunas, Lietuva

Gintaras Buika

Kauno technologijos universitetas, Cheminés technologijos fakultetas
Radvilény 19A, Kaunas, Lithuania
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Polichlorinti bifenilai (PCB) — toksiskos, patvarios ir biologiskai besikaupiancios medZiagos, dél savo pavo-
jingujy savybiy jtrauktos j Stokholmo konvencija. Si konvencija, jsigaliojusi 2004 m., draudZia (su vos ke-
liomis laikinomis iSimtimis) j jg jtraukty pavojingy organiniy cheminiy medZiagy gamybg ir naudojima
bei reikalauja saugaus medziagy pasalinimo i$ jy ankstesniyjy naudojimy. PCB placiausiai buvo naudo-
jami apie 1970 m. kondensatoriuose ir transformatoriuose. Ilgainiui kaupési jrodymai apie PCB daroma
neigiama poveikj aplinkai ir Zmoniy sveikatai, vis placiau jsigaliojo su PCB susije draudimai. Stokholmo
konvencijos Salims naréms rengiant pirmuosius nacionalinio jgyvendinimo planus (NIP), daugiausia orien-
tuotasi | PCB naudojima uzdarose sistemose, t.y. kondensatoriuose ir transformatoriuose. Lietuvoje, kaip
ir daugelyje kity Saliy, kondensatoriy ir transformatoriy alyvy su PCB nukenksminimas didZigja dalimi
jau yra atliktas. Taciau mokslininkai kai kuriose alyse, kaip Svedijoje, Sveicarijoje, Vokietijoje, atkreipé
demesj, kad PCB galéjo bati gana placiai naudoti ir atvirose sistemose, t.y. pastatuose — sandarikliuose,
daZuose (pavyzdziui, betono), plieno antikorozinése dangose, elektros kabeliy apsauginiuose apvalkalu-
ose ir kt. Manoma, kad apie 21% PCB sunaudota bitent pastatuose. Sveicarijoje, Vokietijoje PCB aptiktas
patalpy, pavyzdziui mokykly, ore.

Siame straipsnyje pateikiami teoriniai PCB paplitimo atvirose sistemose, kurios pagrinde yra pastatai,
vertinimai. Nustatyta, kad | Lietuva galéjo patekti apie 1900 tony PCB, kurie naudoti tiek uZdarose, tiek pu-
siau uzdarose, tiek atvirose sistemose. Atvirose sistemose, tikétina, sunaudota apie 400 tony PCB prekiniu
Sovol'io pavadinimu, gaminty Rusijoje. Salyje yra apie 8600 daugiabuciy namy ir 51950 jvairiy visuome-
ninés paskirties pastaty, kuriuose yra didelé tikimybé aptikti PCB. Viename tokiame pastate gali bati iki
6,6 kg PCB. Atlikti apzvalginiai UV/VIS spektrometriniai tyrimai, paémus meginius iS 10 pastaty, statyty
1950-1970 m. laikotarpiu, parodé, kad yra tikimybé, jog jie uztersti PCB.



