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Determinants influencing the amount
of asbestos-cement roofing in Poland

Abstract

Because of its harmfulness to human health, asbestos has been banned
in 55 countries, including the EU. In Poland, the use and production of
asbestos and asbestos-containing products has been forbidden since
1997. However, there is no precise data about the amount of asbestos-
containing products to be eliminated from the territory of Poland. This
survey aims to identify characteristics that have a significant impact on
the estimation of asbestos-containing products used in Poland. Statistical
correlation between the results of the physical inventory count done in 155
municipalities was examined. As a result of the survey it was found that the
amount of asbestos-cement roofing depends on the following factors: the
number of individual farms in the village, the distance from the asbestos
manufacturing plants, the age of the buildings and the economic situation
of municipality. The results obtained may contribute to the ability to predict
the amount of asbestos-containing products used in other municipalities.
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Introduction

The term asbestos covers chrysotile (white asbestos),
amosite (brown asbestos), crocidolite (blue asbestos), tremolite,
anthophyllite and actinolite (Ross et al. 2007). A unique set of
physical and chemical properties has led to many industrial
applications for asbestos (Virta 2002, 2003) For example: as roof
coatings (flat and corrugated sheets), pipes, flooring (Dunnigan
1993), water supply pipes, textiles, rope, cord and yarn, paper,
friction and compound materials, household products, plastic
fillers (Alleman & Mossman 1997), as well as clutches, brake linings,
gaskets and pads for automobiles (Thompson & Mason 2002).

Exposure to asbestos can cause a wide range of diseases
such as lung cancer, mesothelioma and asbestosis (Outline for
the Development of National Programmes for Elimination of Asbestos-Related
Diseases 2007). In 1969, asbestos was classified by the International
Agency for Research on Cancer as being carcinogenic to humans
(IARC 1987). In order to eliminate asbestos-related diseases,
the World Health Organization and the International Labour
Organization have strongly recommended stopping the use of all
types of asbestos (WHO 2006). The production and use of asbestos-
containing materials has been banned in 55 countries (LaDou et
al. 2010; International Ban Asbestos Secretariat 2014), including, from 1
January 2005, all EU countries (Commission Directive 1999/77/EC).

In Poland, according to the Act of 19 June 1997 banning
the use of asbestos-containing products (Act of 19 June 1997 on the
prohibition of the use of asbestos-containing products) and the amending
Ordinance of the Minister of Economy of 13 December 2010
(Ordinance of the Minister of Economy of 13 December 2010), asbestos-
containing products should be safely eliminated by the end of
2032. In the Programme for Asbestos Abatement in Poland 2009-
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2032, it was estimated that about 14.5 million tons of asbestos-
containing products are to be removed from the territory of
Poland (Resolution No. 39/2010 of the Council of Ministers).
Since these estimations need to be validated, municipalities
should collect data on the quantity of asbestos-containing
products. This is mainly done through a physical count, a time-
consuming and labour-intensive process (Krowczynska & Wilk 2013).
Therefore it is essential to develop methods for assessing the
amount of asbestos-containing products used in Poland based
on the different data sources that are available.

The vast majority of asbestos-containing products are in
the form of asbestos-cement roofing and building construction
materials (Collegium Ramazzini 2010). There have been several
surveys undertaken on asbestos identification with the use of
hyperspectral remote sensing data for a certain region, part of
the country or city, in order to estimate the quantity of asbestos
products in the study area (Fiumi et al. 2012; Giannini et al. 2012; Frassy
etal. 2014; Szabo et al. 2014).

The survey undertaken aims to identify characteristics that
might have an influence on the estimation of amount of asbestos-
cement roofing. Statistical characteristics were predetermined
taking into consideration the physical count in 155 municipalities
in Poland (the lowest level of territorial division in the country).
It was assumed that there is a statistical relationship between
the amount of asbestos-cement roofing used and the number of
farms, the financial and organizational efficiency of municipalities,
the economic situation of the inhabitants and the distance
from the asbestos manufacturing plants. The objective of the
undertaken study is to examine the statistical correlation between
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the physical count inventory results, the proximity of the asbestos
manufacturing plants and appropriately selected statistical data
by determining the degree of correlation.

Methods

The input data consisted of data gathered during the
field survey on asbestos-containing products physical
count, undertaken in 155 municipalities; survey of asbestos
manufacturing plants in Poland; data on the type of building
derived from land use maps; and statistical data provided by the
Central Statistical Office.
The asbestos-cement count in 155
municipalities in Poland

The physical counting of asbestos-containing products was
performed over the period 2008-2013 by the company WGS84
Polska Sp. z o0.0. in 155 municipalities (out of a total of 2,479
in Poland) spread throughout Poland. It was conducted during
site visits with the use of orthophotomap printouts in the scale
of 1:2500. Field survey inspectors acquired the following data:
location (street names, building numbers), asbestos materials
(type, quality and amount), and building features (the degree of
the slope of the roof, and the function of the building). The selected
features were assigned to each asbestos object by a dedicated
signature on the orthophotomap printout. Such collected primary
data was then processed with the use of GIS software in order
to obtain spatially referenced data (Goodchild & Haining 2004). As a
result of the field survey and digital data referencing, a database
has been developed (Table 1).

roofing physical

Data on asbestos manufacturing plants in Poland

In 2013, data on asbestos manufacturing plants in Poland was
collected and analysed by the authors. In Poland there were 29
asbestos manufacturing plants. Based on survey questionnaires,
in-depth interviews and field surveys, the geodatabase for
asbestos manufacturing plants was developed by assigning all
of the following attributes to each plant: the name of the plant
according to Annex 4 to the Act of 19 June 1997 on the prohibition
of the use of products containing asbestos, the actual address
details, data on historical production, information on change of
ownership, the current owner of the premises, the spatial location
of the plant, the type of economic activity actually conducted, the
impact of the plant on the environment, the impact of the plant on
the health of residents, the condition of the buildings, asbestos
elimination carried out, the use of asbestos-containing products
and up-to-date photographs. The survey undertaken by authors
covered all the asbestos manufacturing plants in Poland.

Statistical data and survey
The statistical data was acquired through Local Data

Bank provided by the Central Statistical Office (Local Data Bank

2012). In total, 18 features have been tested, which refer to

the characteristics of buildings, the social-economic situation

in Poland and the proximity of asbestos manufacturing plants.

Among these characteristics the following items should be

enumerated:

1. Characteristics of buildings: inhabited dwellings per km?
(by year of building construction: before 1918, 1918-1944,
1945-1970, 1971-1978, 1979-1988, 1989-2002), households
with occupant, using an individual agricultural holding
per km?,

2. Municipalities’ social-economic situation: expenses per one
inhabitant, financial resources for supporting the activities
of non-budgetary sources per km?, funds from the European
Union budget per km?, financing and co-financing of EU
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Table 1. Asbestos-cement materials database attributes

No. Feature

N

Street names

Building numbers

Type of asbestos-cement materials

Degree of the slope of the roof

Condition/quality of asbestos-cement materials

Function of the building

N|o|jla|~|O|N

Amount of asbestos-cement materials used

Table 2. The correlation between the total amount of asbestos-
containing products and the area covered by the types
of building in the municipality (n=155), Spearman Rank
Correlation Coefficient r_(bold indicates a significant

correlation)

Type Pf building , p-value <

environment s
village 0.311 0.000082
dense urban 0.053 0.516349
industrial -0.237 0.002928
large buildings -0.214 0.007396
suburban 0.114 0.156523

programs and projects per km?, general subsidy per km?,
communal economy expenditure in total per km?, agricultural
expenditure per km?, registered unemployed per km?, internal
and international migration per km?,

3. Number of asbestos manufacturing plants within a radius of
100 km and the distance from the asbestos manufacturing
plant to the municipality’s centre (centroid).

In order to avoid the area of the municipalities influencing
the conducted analysis, the amount of asbestos-cement roofing
expressed in m? was converted to per hectare of the area of
municipality. This was the dependent variable. The Spearman
Rank Correlation Coefficient r, was calculated (Croux & Dehon
2010). Calculations were performed with the use of STATISTICA
10 software (StatSoft, Inc. 2011).

Results

The amount of asbestos-cement roofing expressed in m? is
characterized by a high volatility. It varies from 1.7 to 95.7 m?ha.
Of the total results, 80% lie between 4.7 and 48.5 (percentile 10
and 90 respectively), with a mean value of 23.6 and a standard
deviation of 18.2 m?/ha. The distribution is heavily skewed to
the right and dominated by municipalities with small amounts
of asbestos-containing products. The total amount of asbestos-
cement roofing in municipalities is positively correlated with rural
areas (village), and negatively with industrial, transport and large
buildings (Table 2, Figure 1).

The amount of asbestos-cement roofing is correlated
primarily with the number of farms (r, = 0.587). Positive correlation
has been demonstrated for buildings built from 1945 to 1970
with r, amounting to 0.392. The distance from the asbestos
manufacturing plants producing asbestos roofing (r, = 0.402) is
of great importance (Figure 2).
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Figure 1. The correlation between the total area of asbestos-
containing products (ha) and rural area (ha)
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What is noteworthy is that only a few characteristics
concerning the social and economic situation of municipalities
are crucial for the conducted analysis; they include general
subsidy or other subsidies from the central budget (Table 3).

Conclusions

The amount of asbestos-cement roofing reveals a high
correlation with the tested features. The highest positive
correlation is related to the number of individual farms. Hence, it
is to be expected that more asbestos-cement roofing is located
in rural areas in buildings constructed between 1945 and 1970.
After World War Il there were many buildings in Poland that were
damaged and some of also destroyed. Many of these buildings
were roofed with asbestos-cement roofing during reconstruction.
From 1945-1970 there were many farm buildings that were
covered with straw and since it is flammable, there were many
buildings that burnt down during storms. It resulted in replacing the
roofing with asbestos-cement products as it was incombustible
and the roof trusses were suitable for such material. It is also

100 km

Asbestos-cement roofing manufacturing plants
ks Other asbestos manufacturing plants

Figure 2. Asbestos-cement roofing physical count results for 155 municipalities and the proximity of asbestos manufacturing plants

in Poland
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Table 3. The relationships between the amount of asbestos-containing products used per ha, and the characteristics of municipalities
(converted to km? of the area) expressed by the Spearman Rank Correlation Coefficient r,, for each attribute n = 155,
correlations that are statistically significant (p <0.05) are indicated

Feature r, p-value <

household with the use of a farm per km? 0.587 0.000000

apartment building before 1918 per km? -0.410 0.000000

apartment building 1918-1944 per km? -0.310 0.000087

apartment building 1945-1970 per km? 0.392 0.000000

apartment building 1971-1978 per km? 0.301 0.000140

apartment building 1979-1988 per km? 0.261 0.001057

apartment building 1989-2002 per km? 0.266 0.000830

expense per 1 citizen -0.225 0.004832

financial resources for supporting the activities of non-budgetary sources per km? 0.074 0.362867
funds from the European Union budget per km? -0.044 0.587564

financing and co-financing of EU programs and projects per km? -0.029 0.718554

the general subsidy per km? 0.295 0.000191

communal economy expenditure in total per km? 0.007 0.932573

expenditure on agriculture per km? 0.131 0.103831

registered unemployed per km? 0.050 0.539535

internal and international migration per km? 0.081 0.318763

number of asbestos manufacturing plants within a radius of 100 km 0.402 0.000000
distance from the asbestos man(ucf:stt?c:iig;_:] plant to the municipality centre -0.431 0.000000

relevant that the correlation between the amount of asbestos-
cement roofing and building construction period is weaker for
each surveyed period (the weakest is observed for 1989-2002).
It might be explained by the fact that in 1997 there was cessation
of asbestos production executed, the nearer to 1997, the less
asbestos products were manufactured. For historic buildings
(older than 100 years) negative correlation was denoted, as
they are mainly covered with ceramic roof tiles; no additional
reconstruction work is allowed to be undertaken without
permission from the Office of National Historic Buildings. A high
correlation was also observed between the amount of asbestos-
cement roofing and the proximity of the asbestos manufacturing
plants. The social-economic condition of municipalities also has
an impact on the amount of asbestos-cement roofing used in
building construction (more asbestos-cement roofing is used
in low income municipalities described by higher subsidies and
lower spending by the municipality budget per capita). The
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