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The aim of this study was to assess malignant mesothelioma morbidity due to exposure to asbestos in a 
population living in districts Nova Gorica and Tolmin (49,850 people) near the asbestos manufacturing 
village Anhovo (Slovenia) and to compare it with the entire Slovene population (1,949,750 people). Crude 
rates per 100,000 people were calculated from the total number of mesotheliomas, and risk assessment in 
the studied vs. total population was based on 23 years worth of data. Time series data on mesothelioma 
cases were also processed as a forecast of new cases by 2010.
The crude incidence of mesothelioma per 100,000 individuals for all of Slovenia was 21.4, while for the 
Nova Gorica district including the village Anhovo it is 170.2 and for the Tolmin district 60.9. The probability 
of a mesothelioma case in the studied population was 8.5 times the probability of the same diagnosis in 
the whole of Slovenia. Over 23 years, 28 % of all mesothelioma cases in Slovenia were diagnosed in the 
studied population, which makes only 2.5 % of the total Slovene population.
The outbreak of asbestosis and mesothelioma epidemics in the studied population is associated with 
manufacture of asbestos products in the local factory from 1922 to 1996.
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Asbestos use began about 4,500 years ago. 
Evidence of its use to strengthen clay pottery goes as 
far back as 2,500 BC. The use of asbestos is one of 
the most controversial issues in the minerals industry. 
Its carcinogenic nature, an overall lack of knowledge 
about safe exposure thresholds, its widespread use 
for more than 100 years, and the long latency for the 
development of lung cancer and mesothelioma are 
the main subjects of these controversies. The British 
fi rst raised health concerns in the early part of the 
20th century, but it was not until the late 1950s that a 
correlation between excess exposure to asbestos fi bres 
and respiratory cancer diseases was established (1).

“Disease caused by asbestos” (2) includes physical, 
chemical, and carcinogenic effects of asbestos on 
human health. Asbestosis is a diffuse interstitial 
lung fibrosis, which was first described in 1907 

among British workers in asbestos spinning mills 
(3). In the 1960s, asbestos alarmed the public with 
mesothelioma. The fi rst cases were described and 
confi rmed among workers in industries producing or 
using asbestos (4), but now the fi rst asbestos-caused 
diseases appeared amongst workers’ family members, 
who had never worked with asbestos at all (5). The 
workers seem to have brought asbestos home with 
dust on their clothes.

The latency period from exposure to asbestos to the 
manifestation of the malignant pleural mesothelioma 
can be as long as 30 to 40 years (6).

About 670,000 t of asbestos have been imported to 
Slovenia since 1946. Thousands of workers had been 
occupationally exposed to asbestos, of whom at least 
23,000 in 14 major enterprises in Slovenia (7). The 
asbestos-cement product manufacturer in the village of 
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Anhovo had been using asbestos since 1922 (8). There 
were three production lines in the Salonit Anhovo 
plant: cement production, production of asbestos-
cement pipes, and production of corrugated sheets. 
The production gradually increased until it reached 
25,000 t of asbestos per year, of which chrysotile 
accounted for more than 98 % and amphiboles up to 
2 % (the quantities of amphiboles added depended 
on the market price, but were a small fraction of total 
asbestos consumption, from 0.009 % to 2.1 %) (9). 
Consumption peaked in the 1970s and 1980s. There 
are estimates that in these years the factory employed 
2,500 workers in average, of whom 600 were directly 
exposed to asbestos (8). Other authors mention 
different data and a case control study (9) determined 
a cohort of 6,714 people employed at Salonit Anhovo 
between 1946 and 1994, who were directly exposed 
to asbestos for at least one day.

It is important to know that certain aspects of 
occupational exposure to asbestos and the associated 
incidence of lung cancer have been studied quite well 
in Slovenia, including the amphibole hypothesis and 
the role of genetic polymorphism in the development 
of malignant diseases in people occupationally 
exposed to asbestos in Slovenia (9, 10, 11). On the 
other hand, the impact of asbestos pollution on wider 
population has not yet been studied.

Our belief that exposure to asbestos was wider than 
occupational has been gaining ground in scientifi c 
circles. This is due to the increasing number of 
mesothelioma cases not only in the occupationally 
exposed. The families of the workers who brought 
fi bres home in clothes, hair, etc. were also exposed.

In Slovenia we have a very good cancer registry 
collecting data over several decades. Among other 
purposes, this database was also designed to map 
the accurate geographical distribution of malignant 
diseases. For the purpose of this study we used the 
original division of Slovenia into 61 districts (now 
the country is divided in 210 districts).

The aim of our study was to compare mesothelioma 
morbidity in populations from districts that provided 
the workforce for Salonit Anhovo with the population 
of the entire country.

METHODS

This study included the population of Anhovo and 
of the districts of Nova Gorica and Tolmin, as the 
vast majority of the workforce came from these two 

administrative units. For easier reading, we shall be 
referring to this population as the “study population”. 
It includes 49,850 people between 1983 and 2005. 
The studied population is about 2.5 % of the country’s 
population. We analysed and compared mesothelioma 
rates between the studied population and the entire 
Slovene population relying on the data taken from 
the national cancer registry database for the period 
1983-2005. This period was selected because since 
1983 each registered mesothelioma case had been 
histologically verifi ed.

The calculated crude rate is the number of 
mesothelioma cases per 100,000 people. According 
to the WHO, a crude rate is “the number of cause-
specifi c events (in our study: mesothelioma cases) 
over a specifi ed period of time (in our study: 1983-
2005) divided by the total population” (12). We used 
the crude rate instead of the age-standardized rate 
because we consider the studied and the total Slovene 
populations similar in demographic variables such 
as age and sex. The crude rate can safely be used for 
comparison whenever we expect populations to have 
similar demographics (13).

However, considering the low incidence of 
mesothelioma in general population all over the world, 
we believed that the use of Poisson likelihood may be 
better in predicting it for population as small as ours 
(14). Likelihood is the probability of an observed 
outcome as a function of the number of people 
(n) living in a particular area. It applies to various 
phenomena of discrete nature, that is, those that may 
happen 1, 2, 3, or more times over a given period of 
time or in a given area, whenever the probability of 
the phenomenon happening is constant in time or 
space. Mesothelioma cases belong to such instances. 
The crucial assumption here is that events in disjoint 
subsets are independent of each other. Our study was 
focused on the incidence of mesothelioma cases as a 
number of discrete occurrences that took place over 
a 23-year interval in two given areas, one being the 
Anhovo vicinity (the studied population) and the other 
being the whole of Slovenia. If the expected number 
of occurrences in this interval is l, then the probability 
that there are exactly k occurrences is

where e is the base of the natural logarithm 
(e=2.71828...); k is the number of occurrences of 
an event - the probability of which is given by the 
function, and l is the expected number of occurrences 
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that occur during the given interval.
To calculate the maximum likelihood, we form the 

log-likelihood function:

.

First, we take the derivative of L with respect to l 
and equate it to zero. Solving for l yields a stationary 
point, which, if the second derivative is negative, is 
the maximum likelihood estimate of l.

Poisson probability function basically suggests 
that the probability of an event is lower in a small 
community and higher in a large community. Trend 
calculation procedure was applied to fi t and forecast 
values and residuals for a 23-year time series, using an 
algorithm that smoothes out irregular components of 
time series data. A trend line represents the long-term 
movement in time series data after other components 
have been accounted for. It tells whether a particular 
data set has increased or decreased over a period of 
time. A trend line could simply be presented with a set 
of data points, but a more proper position and slope is 
calculated using the regression method. Trend lines 
are often used to argue that a particular action or event 
caused observed changes at a point in time.

The data were processed using analytical software 
IBM SPSS Statistics version 16.0 and R version 
2.7.0 (issued by the R Foundation for Statistical 
Computing).

RESULTS AND DISCUSSION

Table 1 shows the total number of mesothelioma 
diagnoses from 1983 to 2005 and crude rates per 
100,000 people in 50 of the 61 original Slovene 
districts. The eleven excluded districts have had 
no mesothelioma diagnosis. The total number of 
mesothelioma cases from the fi rst registry record to 
2005 is 404. Today, the crude incidence per 100,000 
people from the districts of Tolmin and Nova Gorica, 
that were the source of the Anhovo factory workforce, 
is 231.1 (170.2 for Nova Gorica, including the village 
of Anhovo, and 60.9 for Tolmin). By contrast, the crude 
incidence per 100,000 of the total country’s population 
is 21.4, Nova Gorica and Tolmin included.

The fi rst two cases of asbestosis in the Salonit 
Anhovo factory were confirmed in 1981. This 

year is considered the beginning of asbestosis and 
mesothelioma epidemic, which is still going on. Most 
of the people who had this disease worked in the 
Salonit Anhovo factory and lived in its surroundings 
(the studied population).

To make a comparison between the studied vs. 
entire Slovene population, we calculated relative 
annual rates with respect to population size. The 
probability of one mesothelioma case in the studied 
population turned out to be 8.5 times higher (Table 
2) than in the entire Slovene population. Table 2 
shows the age distribution of mesothelioma cases 
and calculations of Poisson likelihood. Poisson 
distribution shows whether differences in the number 
of occurrences between populations are accidental 
or a result of some pattern. According to the law of 
rare occurrences, both the studied and total Slovene 
populations have a small probability of mesothelioma 
occurrence.

Cumulative data on age distribution of 
mesothelioma cases give the impression that most 
cases were diagnosed at an advanced age (Table 2).

Because the annual mesothelioma incidence was 
small and irregular, the forecast from 2006 to 2010 
is also uneven (Figure 1). For 2006 the expected 
incidence is 30 cases (95 % C I: 19; 46), for 2007 
27 cases (95 % CI: 16; 42), for 2008 29 cases (95 % 
CI: 15; 51), for 2009 28 cases (95 % CI: 14; 51), 
and for 2010 29 cases (95 % CI: 13; 56). However, 
the precision of these predictions is low due to wide 
confi dence intervals, which in turn are mainly due to 
irregular occurrences.
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Figure 1  Predicted mesothelioma trends in Slovenia by 
2010

“Mesothelioma, a Twentieth-Century Tumour” 
(15) is an extremely rare malignant tumour (four 
to fi ve cases per 1,000,000 persons per year) that 
develops in the pleura, pericardium, and peritoneum. 
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Table 1 Total number of mesothelioma diagnoses in Slovenia from 1983 to 2005 and crude rates per 100,000 people

District Number of mesothelioma diagnoses Crude rate per 100,000 people
Nova Gorica 101 170.2
Tolmin 12 60.9
Maribor 66 45.1
Piran 7 40.3
Tržič 5 32.6
Slovenska Bistrica 10 28.8
Sevnica 5 27.7
Črnomelj 5 26.7
Ormož 4 22.7
Koper 11 21.9
Vrhnika 4 17.8
Krško 5 17.7
Ljubljana 58 17.6
Ptuj 12 17.3
Ljutomer 3 16.4
Lendava 4 16.3
Šmarje pri Jelšah 5 15.6
Šentjur 3 15.1
Gornja Radgona 3 14.5
Ilirska Bistrica 2 14.1
Grosuplje 5 13.9
Domžale 7 13.2
Izola 2 12.9
Žalec 5 12.3
Mozirje 2 12.1
Radlje 2 12.0
Idrija 2 11.8
Dravograd 1 11.3
Trbovlje 2 11.2
Celje 7 11.0
Laško 2 10.9
Murska Sobota 6 10.3
Hrastnik 1 9.7
Novo mesto 6 9.6
Jesenice 3 9.5
Slovenj Gradec 2 9.2
Velenje 4 8.7
Sežana 2 8.3
Logatec 1 8.1
Kamnik 2 6.1
Zagorje 1 5.8
Radovljica 2 5.7
Kočevje 1 5.5
Kranj 4 5.2
Litija 1 5.0
Škofja Loka 2 4.8
Postojna 1 4.7
Slo. Konjice 1 4.3
Ajdovščina 1 4.2
Ravne 1 3.8
Total 404 21.4
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Some authors claim that over 90 % of all mesothelioma 
cases are caused by asbestos (16, 17). Others claim 
that exposure to asbestos is in fact the only cause 
of mesothelioma (18). The epidemics of malignant 
diseases caused by asbestos are expected to peak in 
the next few decades. The peak of asbestos diseases 
in Slovenia is expected for after 2020. This is in 
agreement with the data from developed countries 
(Finland, UK, Germany, Norway, and Sweden), 
which have well-developed systems of diagnosis, 
identifi cation, registration, and compensation (19, 20). 
These data show an increasing trend in the incidence 
of cancers (malignancies) associated with exposure to 
asbestos. In Slovenia, the most widespread use was 
between 1975 and 1985 (7).

The course of the disease is very fast; the 
tumour metastasises and the patient dies within a 
year. Undoubtedly, asbestos is also a risk factor for 
populations living around asbestos plants or mines 
(21). Most reports of mesothelioma associated with 
non-occupational exposure come from these areas 
(22).

It is known that in Slovenia asbestos was most 
extensively used in the Salonit Anhovo factory, while 
protective measures were very poor (7). The estimated 
incidence of asbestoses (pneumoconioses) in Slovenia 
is uncertain, because methods of disease verifi cation 
as occupational are dubious and involve legal and 
insurance ramifi cations. In contrast, the number of 

registered mesotheliomas in Slovenia for the years 
1983 to 2005 is exact. This is because the Cancer 
Registry of Slovenia always presents the fi nal data on 
the cancer with a two or three-year lag to allow enough 
time to verify the data. However, it is reasonable to 
assume that the national cancer registry has failed 
to record some cases; patients with confirmed 
mesothelioma may have died of another cause or may 
have moved away (seasonal workers, migration), as 
the workforce came from other countries as well.

Figure 1 shows the increasing trend of mesothelioma 
incidence in Slovenia. A similar trend has been 
observed in Croatia. Between 1994 and 2000, the 
number of newly diagnosed mesothelioma increased, 
reaching a peak of 20 a year (23). As we said earlier, 
the mesothelioma epidemic in Slovenia is expected to 
peak in the following 10 to 15 years (Figure 1).

Table 2 shows that younger age groups from 
the studied population have a lower mesothelioma 
incidence than the same age groups in the whole 
of Slovenia. This may be due to factors other than 
asbestos, which have a role in the pathogenesis of 
mesothelioma. In fact, it is usual that the incidence of a 
disease is greater in a bigger population. Furthermore, 
it can be expected that the epidemic of mesothelioma 
in the studied population will occur when the people 
who belong to the young age groups reach older 
age, because mesothelioma latency after exposure to 
asbestos is between 30 and 50 years.

Table 2  Comparison of mesothelioma cases (N) in Slovenia from 1983 to 2005 by age groups; annual averages, Poisson 
likelihood, and probability of one event

Age groups
year

Studied population Total Slovene population

20 to 24 0 3
25 to 29 0 1
30 to 34 2 0
35 to 39 2 5
40 to 44 3 7
45 to 49 5 30
50 to 54 18 27
55 to 59 13 41
60 to 64 18 56
65 to 69 23 42
70 to 74 14 22
over 75 15 57
N 113 291
Annual average 4.91 12.65
Per 100,000 inhabitants 6.08 0.66
Poisson likelihood 0.00235 0.18377577
Probability of 1 event 0.00121292 0.000143
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Because of the problems caused by asbestos, 
the Ministry of Health of the Republic of Slovenia 
proposed the “Decree prohibiting and restricting 
production, trade in and use of asbestos and asbestos 
products” in accordance with European legislation 
(24). The Decree was passed in 1998, and asbestos 
ban has been fully enforced since 1 January 2003, 
but the provisions do not apply to asbestos already 
in use (24).

The remaining asbestos and asbestos products 
should be removed from everyday use with as much 
care and as soon as possible. Disposal (immobilisation) 
of asbestos waste should be planned and monitored, 
as asbestos presents a health hazard when moved, 
such as with roofi ng removal. This is why in 2005, 
an international group of WHO experts created 
guidelines and a list of twelve substances that can 
replace asbestos fi bres (25).

Persons occupationally exposed to asbestos should 
undergo regular and focused medical examination for 
the rest of their lives. This includes monitoring the 
retired and former asbestos workers. Furthermore, a 
record should be maintained of health problems and 
death associated with asbestos exposure.

CONCLUSION

Our findings suggest that the mesothelioma 
epidemics in the studied population is associated with 
exposure to asbestos during the years of its use in the 
Salonit Anhovo factory.

Most of the mesothelioma cases were the 
consequence of a lack of knowledge, blunder regarding 
asbestos, and especially of insuffi cient protection of 
workers who handled asbestos.

Our study does not distinguish between the 
occupationally exposed and non-occupationally 
exposed population, and this limits its merits. 
However, the high incidence of mesothelioma in 
the studied population (occupationally exposed and 
non-occupationally exposed) calls for a particular 
care to be exerted in the fi nal disposal of asbestos 
and underlines the importance of close monitoring of 
population at risk.
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Izvleček

ZDRAVSTVENI PROBLEMI ZARADI UPORABE AZBESTA V SLOVENIJI

Glavni cilj raziskave je bil oceniti obolevnost za malignim mezoteliomom zaradi izpostavljenosti azbestu 
pri populaciji iz okolice Anhovega v dveh upravnih enotah (Nova Gorica in Tolmin), t. j. pri opazovani 
populaciji v primerjavi s populacijo Slovenije.
Analizirani so bili statistični zdravstveni podatki za opazovano populacijo (49.850 prebivalcev) v primerjavi 
s populacijo Slovenije (1.949.750 prebivalcev). Grobe incidenčne stopnje na povprečno število prebivalcev 
so bile izračunane iz skupnega števila mezoteliomov, verjetnosti bolezni v opazovani populaciji in v 
preostanku države pa so bile izračunane s Poissonovim verjetnostnim računom na podlagi podatkov za 
23 let. Časovne serije podatkov o primerih mezotelioma so bile obdelane kot napoved za število novih 
primerov do leta 2010.
Groba incidenca mezotelioma na 100.000 prebivalcev za Slovenijo znaša 21,4, za opazovano populacijo 
170,2 (območje Nove Gorice vključno z Anhovim) in 60,9 (območje Tolmina). Verjetnost za pojavnost 
mezotelioma v opazovani populaciji je 8.5 -krat večja kot verjetnost za enako diagnozo drugje v Sloveniji. 
Napovedano je, da se bo v 23-letnem obdobju 28 % vseh primerov mezotelioma pojavilo v opazovani 
populaciji, ki predstavlja 2,5 % skupne slovenske populacije.
Do izbruha epidemije azbestoze in mezotelioma v opazovani populaciji je prišlo zaradi učinkov proizvodnje 
azbestnih izdelkov v lokalni tovarni med letoma 1922 in 1996. Za ljudi, ki so bili poklicno izpostavljeni 
azbestu, bo potrebno doživljenjsko zdravniško pregledovanje.
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