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• SCCPs and MCCPs used in PVC produc-
tion are toxic and bioaccumulative
POPs.

• In this paper, ecotoxicity of SCCPs and
MCCPs is assessed by two LCA method-
ologies.

• The results indicate potential ecological
risks of MCCPs use in some PVC prod-
ucts.

• SCCPs in PVC should better be replaced
by some inorganic materials than by
MCCPs.
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Short chain chlorinated paraffins (SCCPs) have been commonly used as plasticizers and flame retardants in
polyvinyl-chloride (PVC) products for the construction industry. During the last few years the production of
SCCPs has been banned or reduced in Europe, Japan, USA, and Canada due to their toxic and bioaccumulative ef-
fects but they have been still produced and used under less controlled conditions worldwide. Middle chain chlori-
nated paraffins (MCCPs)were suggested as a suitable alternative to SCCPs for PVCproduction instead. In this paper,
the ecotoxicity of SCCPs and MCCPs is studied using the methods of potentially affected fraction of species (PAF)
and the most sensitive species (MSS). Characterization factors (CFs) are estimated for SCCPs by the PAF method
(for MCCPs suitable ecotoxicological indexes are not available) and for MCCPs by the MSS method (for SCCPs
PEC values are negligible). Results of the present study indicate that from an ecotoxicological point of view,
MCCPs may present similar ecological risks as SCCPs. Therefore, it is recommended both SCCPs and MCCPs not
to be used worldwide in PVC products for the construction industry. The most suitable alternative for SCCPs
seems to be inorganic compounds but their environmental impacts have not been sufficiently excluded yet.

© 2018 Elsevier B.V. All rights reserved.
Keywords:
Short-chain chlorinated paraffins
Medium-chain chlorinated paraffins
Polyvinyl chloride
Construction
Ecotoxicity
1. Introduction

Polyvinyl chloride (PVC) is the thirdmost commonly used plastic on
the Earth, right after polyethylene and polypropylene. It is produced by
etičová), cernyr@fsv.cvut.cz
the polymerization process from vinylchlorine and for the first time it
was synthesized in 1935. More than one half of the world-produced
PVC is used in the construction industry for pipes, window and door
frames, floor and roof coverings. PVC generally contains various addi-
tives for the improvement of its properties, such as fillers, plasticizers,
flame retardants, and stabilizers.

Short chain chlorinated paraffins (SCCPs) and middle chain chlori-
nated paraffins (MCCPs) belong to themost frequently used plasticizers
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and flame retardants at the PVC production worldwide (Glüge et al.,
2016). SCCPs are polychlorinated C10–C13-alkanes and MCCPs with
C14–C17 have a chlorination degree varying from 30% to 70% (w/w)
(EURAR, 2008). Similarly to other halogenated flame retardants, the ef-
ficacy of SCCPs and MCCPs consists in interfering with the key reaction
of combustion where free hydrogen and hydroxyl radicals react with
oxygen. They release halogen atoms into the gaseous phase before the
material reaches the ignition temperature. Hydrogen being freed up
from the burning material is then fixed with the halogen to form
hydrogen-halogen. This process increases caking of the polymer, de-
creases the amount of volatileflammable products, and thus contributes
to retarding of polymer burning (e.g., Petrová et al., 2015). Zhan et al.
(2017) observed that SCCPs are evolved from PVC after heating to
100–200 °C; a one-hour thermal treatment caused a release of
1.9–10.7% of embedded SCCPs.

However, SCCPs and MCCPs belong to persistent organic pollutants
and are classified as carcinogenic and persistent, bioaccumulative and
toxic substances. SCCPs have higher acute and chronic toxicity than
MCCPs but MCCPs are more bioaccumulative (ECB, 2008; Glüge et al.,
2016; Xia et al., 2017a, 2017b) and more accumulative in the environ-
ment (ECB, 2008) due to their higher molecular size and relevant prop-
erties. SCCPs were also recommended for further evaluation because of
their possible endocrine disruption role (Lassen et al., 2014).

The production and import of SCCPs has been prohibited in the EU
(POPRC, 2016), Japan (WCC, 2014), and in the USA and Canada (van
Mourik et al., 2016) butMCCPs are currently only listed as “priority sub-
stances” for risk assessment under the Council Regulation 793/93/EEC.
All chlorinated paraffins are also listed as “priority substances” for the
Water Framework Directive. On the international level, MCCPs along
with SCCPs are controlled through the OSPAR Convention which pro-
tects the marine environment of the north-east Atlantic Ocean.

SCCPs are very stable and their release into the environment, which
occurs not only during a fire of building structure but also at a common
building usage and PVC processing and recycling (Zhan et al., 2017),will
continue yet for a long time after their ban due to the large quantities of
PVC produced before. In total, 2,200,000 t of SCCPs have been used be-
tween 1935 and 2015 (Glüge et al., 2016). The highest production vol-
umes of SCCPs and MCCPs were reached after 2006, when China
scaled up their production from 260,000 t/year in 2006 to
1,000,000 t/year in 2013 (Xu et al., 2014). Currently, SCCPs and MCCPs
are still used as plasticizers and flame retardants or in other applications
in Asia, Africa and the Americas (with the exception of USA and Canada)
without any significant restriction and monitoring (Glüge et al., 2016;
van Mourik et al., 2016). China, Russia, and India will thus probably re-
main the major producers and consumers of SCCPs and MCCPs also in
the near future. Therefore, investigations on the ecotoxicity of SCCPs
and MCCPs present an actual topic in environmental science and
engineering.

Life cycle assessment (LCA) is a method to deal with the environ-
mental impacts associated with products, substances, or service (ISO
14040; ISO 14044). Present LCA softwares include various methodolo-
gies for Life Cycle Impact Assessment (LCIA) and they are focusing on
preferred impact categories. One of these impact categories is
ecotoxicity. Environmental impacts can be assessed for freshwater envi-
ronment (water or sediment), salt environment (water or sediment), or
soil. The effect of comparing products, chemicals, or services in LCA is
expressed by characterization factors (CFs) describing and quantifying
the cause–effect chain of an emission of a substance to the environment.

In the presented study, two ecotoxicity modeling approaches are
used. The first model is based on potentially affected fraction (PAF) of
species (e.g., Goedkoop and Spriensma, 1999; Hauschild and
Pennington, 2002; Pennington et al., 2004; Salieri et al., 2015) and
uses endpoint or/and midpoint level. This concept has been used in
the USEtox model (USEtox, 2017), that was developed under the um-
brella of the United Nations Environment Program and the Society for
Environmental Toxicology and Chemistry (Rosenbaum et al., 2008;
Hauschild et al., 2008). The PAF expresses the toxicity put on ecosys-
tems due to the presence of a single chemical or a mixture of chemicals.
In many studies based on PAF, the species sensitivity distribution (SSD)
concept has been applied. This method uses the available toxicity data
for different species with respect to a particular chemical to derive a
joint sensitivity distribution, from which the fraction of potentially af-
fected species is determined. Hazard concentration causing x-
percentile effect (HCx) is so derived. The most commonly used levels
are HC5 and HC50. The first affecting 5% of species is considered as pro-
tective for thewhole community (Smetanová et al., 2014). Characteriza-
tion factors in the USEtox model are located at endpoint.

The second model is based on the most sensitive species (MSS) and
its lowest ecotoxicological index value (lethal concentration, LCx, or ef-
fective concentration, ECx,where xmeans that this concentration affects
x% of species, or no observed effect concentration, NOEC). This value is
compared to modeled substance levels in an affected environment.
Characterization factors in the MSS model reflect the damage on the
ecosystem quality (species diversity changing) and are located some-
where along the cause-impact pathway, typically at the point after
which the environmental mechanism is identical for each environmen-
tal flow assigned to that impact category (ISO 14040; ISO 14044).

The PAF- and MSS-based models are applied for the ecotoxicity as-
sessment of SCCPs andMCCPs used in PVC products for the construction
industry and the obtained results are discussed. The ecotoxicological
data on SCCPs and MCCPs are used for the calculation of both acute
and chronic points, based on the toxicity data for different trophic levels.
Limitations of both types ofmodels are discussed and possible improve-
ments are proposed. Alternatives to SCCPs andMCCPs for PVC products
are suggested as well.

2. Methods

2.1. Concept of potentially affected fraction (PAF) of species

The most widespread endpoint model USEtox (USEtox, 2017) esti-
mates the characterization factor (CF) of a substance for the impact cat-
egory of freshwater ecotoxicity as:

CF ¼ EF� FF� XF ð1Þ

where EF (PAF·m3·kg−1) is the effect factor that represents the
ecotoxicity and which is expressed in terms of potentially affected frac-
tion of species, FF (day) is the fate factor which expresses the residence
time of a substance in a particular environmental compartment (fresh-
water), XF (dimensionless) is the exposure factor which is the fraction
of a chemical dissolved in freshwater (Rosenbaum et al., 2008; Larsen
and Hauschild, 2007a, 2007b).

2.1.1. Effect factor
The effect factor can be generally defined as

EF ¼ 0:5=HC50EC=LC50; ð2Þ

where HC50EC/LC50 is the concentration atwhich 50% of included species
is exposed above their chronic EC50 or LC50 level. In this study, the EF of
SCCPs was estimated using ecotoxicity values from previously pub-
lished studies on freshwater organisms representing the three trophic
levels recommended by the USEtox model (algae, crustacean, fish)
(Larsen and Hauschild, 2007b). The ecotoxicity data for PAF derivation
were collected from IUCLID Chemical Data Sheets and complemented
with published data (Table 1). Only acute or chronic LC/EC50 values
for the endpoints of growth, biomass, mortality, and immobilization
from tests were used. In the case of multiple EC50 values per one species
(D.magna, see Table 1), the geometricmeanwasused. Acute LC50 values
were divided by 2 (Rosenbaum et al., 2008). Chronic NOEC data were



Table 1
Ecotoxicological data (EC50, LC50) of SCCPs for CF calculation based on USEtox.

Species SCCPs Endpoint Concentration
(mg·l−1)

Source

Freshwater environment
Fish

O. mykiss C10–12, 58% Cl 60 d-LC50 0.34 mg·l−1 Madeley and Maddock, 1983

Invertebrates
D. magna C10–13, 62% Cl 48 h-EC50 0.14 mg·l−1 Koh and Thiemann, 2001
D. magna C10–12, 58% Cl 48 h-EC50 0.53 mg·l−1 Thompson and Madeley, 1983a
D. magna C10–13, 62% Cl 48 h-EC50 0.075 mg·l−1 Koh and Thiemann, 2001
D. magna C10–12, 58% Cl 72 h-EC50 0.024 mg·l−1 Thompson and Madeley, 1983a
D. magna C10–12, 58% Cl 96 h-EC50 0.018 mg·l−1 Thompson and Madeley, 1983a
D. magna C10–12, 58% Cl 120 h-EC50 0.014 mg·l−1 Thompson and Madeley, 1983a

Algae
Selenastrum capricornutum C10–12, 58% Cl 96 h-EC50 3.7 mg·l−1 Thompson and Madeley, 1983a,b
S. capricornutum C10–12, 58% Cl 7 d-EC50 1.6 mg·l−1 Thompson and Madeley, 1983a,b
S. capricornutum C10–12, 58% Cl 10 d-EC50 1.3 mg·l−1 Thompson and Madeley, 1983b

Table 3
Physico-chemical properties of SCCPs and partition coefficients for the calculation of the
fate factor.

SCCPs properties Unit Source

Molecular weight 176.4–630.2
g·mol−1

Přibylová et al., 2006

Kow ˃100,000 ECB, 2008
Koc 1,995,226 l·kg−1 Přibylová et al., 2006
Kdoc ˃8000 l·kg−1 USEtox
BCF (fish) 7816 l·kg−1 ECHA, 2018
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not used because of the scarcity of data and major uncertainties related
to NOEC derivation (e.g., Smetanová et al., 2014).

Table 1 contains results for SCCPs only. Thedata for the effective con-
centrations (expressed as EC50 or LC50 values) of MCCPs were not found
in the literature. Therefore, PAF and CF values could not be calculated for
MCCPs.

2.1.2. Exposure factor
The exposure factor is defined as

XFfreshwater ¼
1

1þ Kp� SUSP þ Koc� DOC þ BCF � BIOMASSð Þ=1;000;000
ð3Þ

where Kp is the partition coefficient between water and suspended
solid (l·kg−1), SUSP is the suspended matter concentration in freshwa-
ter, Koc is the partition coefficient between dissolved organic carbon
and water, DOC is the dissolved organic carbon concentration in fresh-
water, BCF is a bioconcentration factor in fish (l·kg−1) and BIOMASS
is a biota concentration in water.

Most of the parameters included in the exposure factor calculation
(Kp, SUSP, DOS, BIOMASS) are local andmost appropriate for case stud-
ies. Nevertheless, USEtox contains constant values for these parameters,
except for Kp. They are given in Table 2. As the Kp value for SCCPs was
not available, the value of 1 was used instead of Kp to avoid affecting
the result; SCCPs are persistent in water but they can be absorbed into
a sediment.

2.1.3. Fate factor
The fate factor links the quantity released into the environment to

the concentration or mass occurred in a given compartment
(Rosenbaum et al., 2008; Hauschild et al., 2008). This analysis ismanda-
tory based on substance information, such as molecular weight, Kow
(octanol/water partition coefficient), Koc, vapor pressure, solubility in
water, and degradation rate in the concrete environmental compart-
ments. The nested model adopted by USEtox has been usually applied
in recent scientific studies (e.g., Salieri et al., 2015; Plouffe et al.,
2016). Rate constants between compartments were used in the
Table 2
USEtox data for the calculation of the exposure factor of
SCCPs.

SUSP 15 mg·l−1

DOC 5 mg·l−1

BIOMASS 1 mg·l−1

Koc 1.26·Kow
BCF (fish) 0.05·Kow
mathematical matrix for the calculation of FF freshwater value based
on the USEtox model (Rosenbaum et al., 2007). The basic physico-
chemical properties and partition coefficients of SCCPs for the calcula-
tion of FF are listed in Table 3.

2.2. Concept of the most sensitive species (MSS)

The concept of themost sensitive species is based on a calculation of
the predicted no effect concentration (PNEC) using the effective con-
centration value from the chronic test on the most sensitive species.
This concept was used, e.g., in EDIP 97 and EDIP 2003 (Potting and
Hauschild, 2004) or Institute of Environmental Sciences (CML) of Leiden
University (Guinée et al., 2002). The CFs for SCCPs have never been cal-
culated by any of the mentioned models. Therefore, estimations based
on the CML methodology (Hauschild and Potting, 2004) were used in
the present study. The CF for individual freshwater compartment was
estimated according the following formula (Guinée et al., 2002):

CF ¼
PEC
PNEC

CPsð Þ
PEC
PNEC

reference substanceð Þ
ð4Þ

where PEC (predicted environmental concentration) is based on the
modeled substance concentration/mass level expressed as emissions
into the concrete environmental compartment per year. The NOEC/
EC10–50 value is used for PNEC calculation,when the selected value is di-
vided by the uncertainty factor of 1–1000 (EC, 2003). PNEC is expressed
Water solubility (25 °C) 0,15–0.47 g·l−1 ECB, 2008
Vapor pressure (40 °C) 0.021 Pa Přibylová et al., 2006
Biodegradability 1630 days ECB, 2008
Half-time in air 0.81–10.5 days POPRC, 2015
Half-time in sediment ˃1 year POPRC, 2016
Degradation rate in air 3.97 × 10−6 s−1 Muir et al., 2000
Degradation rate in water 1.37 × 10−7 s−1 Muir et al., 2000
Degradation rate in
sediment

2.10 × 10−7 s−1 BIOWIN 3model in EPISuite
recommended in USEtox

Degradation rate in soil 4.46 × 10−8 s−1 Muir et al., 2000



Table 5
The average log HC50, effect factor (EF), exposure factor (XF), fate factor (FF), and charac-
terization factor (CF) for SCCPs in freshwater environment.

Average log HC50

(based on mg·l−1)
EF
(PAF·m3·kg−1)

XF
(−)

FFa

(day)
CFa

(PAF·m3·day·kg−1)

−0.539 1730 0.227 9.64–10.10 3790–3950

a SCCPs consist of amixture of compoundswith various properties. Therefore, FF and CF
were calculated for the lowest and the highest values of characteristic properties (molec-
ular weight, water solubility).
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as reciprocal value (1/PNEC) for CPs as well for reference substance
(Guinée et al., 2002; Kočí, 2009):

CF ¼ PEC � PNEC CPsð Þ
PEC � PNEC reference substanceð Þ ð5Þ

In accordance with some recommendations for ecotoxicological
analyses of persistent organic pollutants (e.g., Guinée et al., 2002; ČSN
EN ISO 14040), pesticide 1,4-DCB was selected as the reference sub-
stance in the present study. The data for the calculation of CFs using
the MSS concept are given in Table 4.

3. Results

3.1. PAF method

USEtox database contains various factors or PAF values for several
thousands of compounds (mostly organic non-ionic substances). How-
ever, the environmental factors for any chlorinated paraffins (CP) are
not included. All CPs have the same mode of action. Therefore, if less
than five values were available (all species except freshwater crusta-
cean D. magna), the PAF values were estimated according to
Aldenberg and Luttik (2002) where the authors used different sub-
stances with the same toxic mode of action (we used toxicity values of
CPs with varied properties). Acute EC50 values were transformed to
chronic values using the acute to chronic factor of 2 (USEtox, 2017).

The HC50, EF, XF, FF, and CF values for the freshwater environment
are presented in Table 5. HC50 values were estimated on trophic level,
not species level due to the lack of model species (Larsen and
Hauschild, 2007a, 2007b). The calculations performed using the data
in Table 1 showed 1 toxic value for fish, 7 toxic values for crustacean,
3 toxic values for algae. XF value was estimated using the values given
in Tables 2, 3, based on the USEtox model, version 2.02 (USEtox,
2017). SCCPs have a relatively wide range of Kow values (Table 3);
Kow = 100,000 was used for the estimation of XF in this study. FF
was calculated using the USEtox model and data in Table 3.
3.2. MSS method

The CFs (Table 6) were calculated using the formulas given in the
USES-LCA methodology (Guinée et al., 2002); the PEC and PNEC values
were taken from the literature (Table 4). In the calculations, the values
corresponding to flame retardants application (EURAR, 2008) or the
lowest values were used when a possibility of selection occurred. The
CF for freshwater environment was estimated in the range of 30
× 10−9 kg 1,4-DCB-eq·kg−1 to 300 × 10−9 kg 1,4-DCB-eq·kg−1 and
the CF for soil in the range of 0.07 × 10−6 kg 1,4-DCB-eq·kg−1 to 1.75
× 10−6 kg 1,4-DCB-eq·kg−1. SCCPs emissions into the environment
were negligible in the case of PVC, in contrast to other SCCPs applica-
tions (EURAR, 2008). For this reason, the CF could not be calculated
(effectively, it could be considered close to zero).
Table 4
Data for the calculation of characterization factors using the MSS concept.

Freshwater
(μg·l−1)

Source

SCCPs PEC Negligible (EURAR, 2008)
PNEC 0.5 (ECB, 2008)

MCCPs PEC 0.15–1.59 (Annex XV Restriction Rep
PNEC 1.0 (ECB, 2008)

1,4-DCB PEC 0.1 (EC, 2004)
PNEC 20 (EC, 2004)
4. Discussion

Generally, SCCPs have a high ecotoxicity and bioaccumulation po-
tential (see Tables 1 and 3) in aquatic environment but lower toxicity
in soils where ecotoxicity values are hundreds to thousands mg/kg of
dry soil (Bezchlebová et al., 2007; Sverdrup et al., 2006). MCCPs have
lower acute toxic potential thanks to their higher molecular size but
even higher bioaccumulation rate than SCCPs. For these reasons, the
danger of CPs lies in their long-lasting chronical exposition and bioaccu-
mulation in human or other mammals milk (e.g., Kalantzi and Alcock,
2012; Xia et al., 2017a, 2017b; Huang et al., 2017). The results of recent
studies also showed that SCCPs can be released into the human indoor
environment (e.g., Coelhan and Hilger, 2014; Huang et al., 2017) and
it is necessary to subject the use of these substances to a new, more de-
tailed discussion.

The used ecotoxicological data (EC/LC50) are relevant for each appli-
cation, mainly in Europe and North America because they CPs were
tested on model organisms representing these areas (the local model
organisms should better be used for the ecotoxicity evaluation in arctic,
subtropic, or tropic areas). Thus, the HC50 and EF were estimated for
freshwater environment (see Table 5). In addition, the data entering
into XF and FF estimation have usually a more local background than
the effect factors (see Eq. (3)), most of the CP values originate from
Europe, North America, Taiwan, Africa, China, and Australia (Glüge
et al., 2016).

The CF values determined in this paper (based on USETOX model,
see Table 5) were relatively high (3790–3950 PAF·m3·day·kg−1). It in-
dicated a high impact on the environment. Unfortunately, the calculated
data could not be compared with the results obtained by other investi-
gators because relevant studies focusing on CPs do not exist. Therefore,
other POPs, such as PCBs, DDD, chlordanewere used for the comparison.
The database of CFs based on USETOX model showed that they were in
the range of thousands to ten thousands of PAF·m3·day·kg−1

(Rosenbaum et al., 2008), which was in accordance with the CF values
obtained in this paper. The LC50 or EC50 values of MCCPs for the calcula-
tion of CFs based on USETOX model were not available. However, one
can suppose that these potential values would be in the same range.

In the case of CML method, the CF was calculated only for MCCPs.
The predicted environmental concentration (PEC) was negligible for
SCCPs used in PVC; no risk was thus assumed for this application of
SCCPs. As also in this case any data published by others were not
found, POPs as 2,3,7,8-TCDD or Aldrin (Guinée et al., 2002) were used
for a comparison. CFs for these substances were either of the same
Soil
(mg·kg−1)

Source

Negligible (EURAR, 2008)
1.8 (ECB, 2008)

ort, 2008) 0.52–13.9 (Annex XV Restriction Report, 2008)
10.6 (ECB, 2008)
0.073 (use) (EC, 2004)
0.097 (use) (EC, 2004)



Table 6
Characterization factors of SCCPs and MCCPs for PVC applications.

Freshwater
(kg·l−1)

Soil
(kg·kg−1)

SCCPs – –
MCCPs (30–300) × 10−9 (0.07–1.75) × 10−6
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order of magnitude or several orders lower/higher than the values ob-
tained for MCCPs. However, it is necessary to note that the PEC or
PNEC values of MCCPs and 1,4-DCB as a reference substance used in
the present study may not be the same as the data entering CML analy-
ses (Guinée et al., 2002) and that the value characterizing thewhole im-
pact is a sum of CFs and the amount of substance emissions into the
specific environment.

PEC/PNEC ratios forMCCPs in PVCwere found higher than 1 in some
cases. Thus, the risk potential from their levels in the environment was
not negligible. The risks (PEC/PNEC ratios N 1) associated with MCCPs
were observed in various uses of PVC as plastisol coating, extrusion, or
open conversion (Annex XV Restriction Report, 2008). Therefore, it
can be concluded that both SCCPs and MCCPs remain actual human
and environmental hazard substances worldwide.

The application of SCCPs as semivolatile persistent organic pollutants
with ecotoxicological effects and high bioaccumulative potential will
probably decrease in the future; the ban on its use imposed by EU,
Japan, USA, and Canada may be followed by some other countries.
MCCPs which began to replace SCCPs in PVC applications during the last
years will probably be a temporary solution only. The possible SCCPs
and MCCPs alternatives for the future use in PVC might become LCCPs,
phthalates, tri-alkyl phosphates, aryl phosphates, or inorganic com-
pounds (e.g., Petrová et al., 2015; Annex XV Restriction Report, 2008).
However, some of those substances are also toxic (e.g., phthalates) and
the efforts to ban them worldwide were already initiated. Little informa-
tion is available on the LCCPs degradation toMCCPs or SCCPs,which limits
the relevance of their future use. As phosphor will probably become a
scarce resource in the future (e.g., Ma et al., 2015; Adar et al., 2016), a re-
placement of SCCPs andMCCPs by phosphates may be a questionable so-
lution. Therefore, inorganic compounds can be currently considered as
the best alternatives to SCCPs and MCCPs although it should be noted
that the environmental impacts of their applications in PVC products for
construction industry were not analyzed yet.
5. Conclusions

The ecotoxicity of SCCPs and MCCPs used in PVC products for the
construction industry was assessed in the paper. The obtained results
showed that the characterization factor (CF) in the PAF method was
for SCCPs in the freshwater environment 3790–3950 PAF∙m3∙day∙kg−1.
This CF could not be determined for MCCPs because of the lack of effec-
tive ecotoxicological values. In the MSS method the CF values for SCCPs
could not be calculated because PEC values were negligible. The CF for
freshwater environment was estimated in the range of 30 × 10−9 kg
1,4-DCB-eq·kg−1 to 300 × 10−9 kg 1,4-DCB-eq·kg−1 and the CF for
soil in the range of 0.07 × 10−6 kg 1,4-DCB-eq·kg−1 to 1.75 × 10−6 kg
1,4-DCB-eq·kg−1. The PEC/PNEC ratios for MCCPs in PVC were found
higher than 1 in some cases, which indicated a risk potential.

Based on the findings gathered in this paper, it can be suggested that
MCCPs should be given similar attention as SCCPs; from an ecotoxico-
logical point of view MCCPs may present similar risks, perhaps even
higher. Therefore, not only SCCPs but also MCCPs should be banned
worldwide in PVCproducts for the construction industry. Themost suit-
able alternative seems to be inorganic compounds but their environ-
mental impacts are yet to be analyzed.
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