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Abstract: Despite Italy banning use and production of asbestos in 1992, it continues to represent a 
risk to human health due to its permanence in the places where it was located. The aim of this work 
is to estimate how many schools in Rome (Italy) have asbestos containing materials (ACM), and to 
assess whether the location, condition and nature of ACM can influence the level of risk for student 
health. 3,672 schools were contacted and 1,451 participated to asbestos survey. 692 bulk samples 
were collected and analyzed by optical and electron microscope and Fourier transform infrared 
spectrometer. About 16% of the surveyed schools had ACM. Most of the ACM were not accessible 
to students (water tanks, boiler thermal insulations). Asbestos-cement materials and vinyl floor tiles 
were the most common non-friable materials found in schools and equipment insulation linings 
and Bunsen burner gauze mats were the friable ACM found in science laboratories. Measures to 
prevent or reduce asbestos hazards were applied where necessary. This study allowed to develop the 
awareness of the asbestos health hazard among headteachers and the need to manage these hazards 
appropriately. It represents the beginning of a larger study leading to ACM national mapping in 
schools.
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Introduction

Asbestos was widely used in Italy for building and in-
dustrial applications until the late 80s. The greatest indus-
trial use of asbestos worldwide was in combination with 
cement, for the construction of a wide variety of products, 
such as, pipelines or flat and corrugated sheets. Both chrys-
otile and amphibole (crocidolite and amosite) have been 
used in asbestos-cement materials produced in Italy until 
1986. In that year, the use of crocidolite in asbestos-cement 
products has been forbidden due to the increased danger of 
these fibres compared with other varieties of asbestos1). 
This explains the presence of asbestos-cement sheets con-
taining only chrysotile, introduced on the market after 
1986, instead of sheets with both varieties of asbestos 
(chrysotile and amphibole).

In 1992 the Italian regulation2) banned use and produc-
tion of asbestos and asbestos containing materials (ACM) 
but in spite of it, the risk of exposure to asbestos still exists, 
because most of ACM have not been removed and continue 
to be located not only in industrial environment, but also in 
public buildings, such as schools and hospitals.

ACM may constitute a source of airborne asbestos in the 
environment depending on whether the asbestos is firmly 
locked inside the material or not.

The presence of asbestos in a building does not indicate 
that it is a health hazard to the occupants of building. When 
ACM is in good condition and has no potential to be dam-
aged, it does not give rise to airborne asbestos fibres, and 
the exposure is unlikely. 

A potential health risk to occupants exists when ACM 
inside the building can be damaged because of maintenance 
work, repair or vandalism. In this case, fibres can be re-
leased into air.

Generally, ACM in buildings are found in three groups: 
sprayed on ceilings, wall and other surface; insulation on 
pipes, boiler, tanks, ducts and other systems; and in a vari-
ety of other products such as ceiling and floor tiles (miscel-
laneous materials). ACM belonging to the first two groups 
are friable materials, that is, they can be crumbled or re-
duced to powder by hand pressure, as defined by U.S. En-
vironmental Protection Agency3). Friable ACM, if dis-
turbed, are dangerous because they can very easily release 
fibres into environment. In the third group, there are 
non-friable materials. They are made from a bonding com-
pound with 15–20% of asbestos. The bonding compound 
locks asbestos inside the product and generally do not con-
stitute a significant source of airborne asbestos fibres, as 
long as they remain in good condition. Asbestos-cement 

materials and asbestos vinyl tiles are a good example of 
asbestos locked inside the product.

Our focus is on children because children are remarkably 
vulnerable to both acute and chronic effects of environmen-
tal hazards compared to adults4). It is known that asbestos 
exposure is the only established risk factor known to be 
causally related to mesothelioma and the risk of mesotheli-
oma persists and increases a long time after exposure to 
asbestos has ended.

Compared to adults, children having a longer life expec-
tancy, have more likely to develop over time asbestos relat-
ed diseases. Moreover, the children show a physical imma-
turity, their lung development does not end at birth but 
continues during adolescence5) and the fibre deposition 
occurs more rapidly and more abundantly because of their 
little airways, greater pulmonary ventilation and greater 
airflow velocity6, 7). Behavioral factors can also contribute 
to increase the risk of adverse effects on child health, in 
comparison with the adult one. Children often play for a 
long time on the floor where dust and fibres are deposited 
and often in environments where damaged ACM are pres-
ent. This can lead to a greater inhalation of fibres8). For the 
above, it is necessary to pay attention to environments 
where children live, among which school environment is 
certainly one of the most important, due to the long time 
that a child stays at school. In Italy, it is assumed that chil-
dren spend 13 years at school for at least 30 hours per week 
for about 35 weeks of the year9).

There are no quantitative data on exposure risk to asbes-
tos fibres in Italian schools. Quantitative asbestos cancer 
risk assessment is related to quantify the exposure dose and 
the factors that determine its value, which are intensity, fre-
quency and length of exposure. Until now, the dose-re-
sponse relations were elaborated using the airborne asbes-
tos fibre concentrations concerning the historical exposure 
of workers employed in manufacturing process that used 
asbestos as raw material. The values of these concentra-
tions were very high compared to the current indoor levels, 
and furnish no useful information in order to elaborate the 
related risk.

Our previous surveys9) carried out from 1992 to 2002 in 
59 primary and secondary schools with ACM showed that 
the levels of airborne asbestos were lower than detection 
limit of the analytical procedure used (0.4 f/l) in 83% of the 
surveyed schools. The release of asbestos fibres into build-
ing was negligible also in presence of deteriorated ACM. 
14% of the measurements carried out in the surveyed 
schools, showed airborne asbestos concentration between 
0.7 and 1 f/l. 3% showed an airborne asbestos exposure 
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around 2 f/l, corresponding to areas of buildings in which 
ACM were severely damaged or underwent continuing dis-
turbance.

The incidence of Malignant Mesothelioma (MM) cases 
in Italy, in different age classes by modality of exposure is 
reported in the Italian Registry of Mesothelioma (ReNaM), 
that is an epidemiological surveillance system character-
ized by a network of regional operating centers established 
by all 20 Italian regions. The most recent report of the 
ReNaM identified 27,356 incident cases of mesothelioma 
from 1993 to 201510). Information on the exposure context 
was available for 21,387 cases and 70.0% experienced oc-
cupational exposure (certain, probable, possible). Among 
these, 91 cases of school teachers and school staff through-
out Italy are reported10). 

Mortality from MM in ≤50 years old people, considering 
the long latency, is likely related to asbestos exposure in 
childhood11). The analysis of early mortality from MM, re-
ported in the study of Fazzo et al. 2020, showed that in 
Italy, in 2003–2016 period, 487 people ≤50 years old died 
from MM, representing 2.5% of all deaths from MM in the 
same period. The analyzed cases were young people who 
lived where former asbestos-cement plants, shipyards, and 
a quarry contaminated by fluoroedenite fibres were present 
and likely environmental asbestos exposure was higher 
than any exposure in the schools. Until sure scientific data 
are acquired whether low airborne asbestos fibre concentra-
tions have hazardous effects or not, the exposure assess-
ment of children to asbestos in school building is of great 
concern.

The aim of this work is to estimate how many schools in 
Rome and surrounding area (Italy) have ACM, and to 
assess whether the location, condition and nature of ACM 
can influence the level of risk for student health.

Subjects and Methods

In 2015, the Italian Institute for Insurance against Acci-
dents at Work (INAIL) with the Italian National Health In-
stitute (ISS, the leading technical-scientific body of the 
Italian National Health Service. The Institute is under the 
supervision of the Ministry of Health) and Italian Regional 
Center of Asbestos of Lazio Region (RCA, identified as re-
gional center specialized in the risk assessment of human 
asbestos exposure) contacted 3,672 school buildings (pre-
school, primary school, secondary school and high school), 
located in Rome and surrounding area in order to know if 
the schools had ACM.

A website was created and a login and a password were 

provided to each headteacher. They could access to web 
page and fill out a questionnaire regarding to 1) basic build-
ing data: identification of school building (school name, 
municipality and zip code); 2) main data of school head-
teacher (name, surname, phone number and email address); 
3) specific data, among which: number of students attend-
ing the school; number of teachers; number of school staff; 
4) information relating to the presence of ACM: year of 
construction of the building; presence of ACM in the 
school; ACM type; ACM location; existence of an asbestos 
monitoring program; request for a site inspection.

The working group (INAIL, ISS, RCA) conducted an as-
bestos survey in school buildings. The first step of the 
survey was the visual inspection to detect ACM and suspect 
ACM based on material age and professional experience. 
The inspection and the identification of ACM were con-
ducted according to the criteria established by the Italian 
Ministerial Decree 199412). During the survey, the condi-
tion of all materials was assessed. Assessment involved the 
evaluation of a number of factors, including physical prop-
erties, among which friability of material, vulnerability to 
damage and accessibility of ACM. 

During the course of the site inspection, representative 
bulk samples of material were collected for asbestos analy-
sis. Moreover, photographic documentation of every site 
was acquired. The number of samples by ACM type col-
lected in the schools ranged from 0 (schools with presumed 
ACM) to 5 (schools with the following ACM type: roofing, 
chimneys, floor, boiler lining, and water tank). The number 
of samples taken per school was highly variable because it 
depended on ACM type. An average of 3–4 samples were 
taken per school. Overall, 692 bulk samples were collected. 
All samples were analyzed in the laboratories of the work-
ing group, qualified for asbestos analysis according to the 
Italian Ministry of Health Decree12). 

The instrumentation used for determining presence or 
absence of asbestos was: stereomicroscope (LEICA 
M205C), phase contrast optical microscope (PCOM, 
LEICA), scanning electron microscope (SEM, LEO 440) 
equipped with energy-dispersive X-ray analysis (EDS, 
Oxford Instrument INCA) and Fourier transform infrared 
spectrometer (FTIR, Spectrum one, Perkin Elmer).

The analysis of asbestos is a complex task which in-
volves different approaches depending on the characteris-
tics of the bulk samples. The coupling of more analytical 
techniques is the key for a good asbestos analysis.

The analytical scheme followed in this study was: 
1) observation of the sample at low-powered stereo mi-

croscope (e.g., ×8 to ×40 magnification) for the initial 
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are not resolved by PCOM techniques. The detection limit 
is around 0.01%12). It should be noted that for Italian cur-
rent legislation a material “not contained asbestos” or “as-
bestos-free” is a material in which no fibre should be de-
tected under scanning electron microscope13). 

Twenty-five air samplings were carried out in 5 schools, 
using static samplers (Analitica Airflow 300T) with a flow 
rate of 10–12 l/min for sampling variable air volumes but 
not less than 3,000 l. The airborne particulate was sampled 
using 25 mm diameter and 0.8 µm porosity polycarbonate 
membrane filters. A quarter of each filter was mounted on 
an aluminum stub and coated with a thin layer of gold; 
SEM analysis allowed the identification of asbestos fibres. 
The concentrations of respirable airborne asbestos fibres 
were evaluated on the ground of the definition of a respira-
ble fibre: object of length greater than 5 µm, diameter less 
than 3 µm with a length to diameter ratio (aspect ratio) 
greater than 3:1.

Twelve settled dust samples by adhesive tape were col-
lected in 3 schools, and observed by SEM. 

A final report was drafted for each studied school build-
ing, showing all details of the site inspection, the analytical 
results of the bulk samples collected, and providing advice 
on the duties under the national law to manage asbestos 
hazards appropriately. The report was sent to respective 
headteacher. 

Results

The completed questionnaires were 1,451, of which 26% 
was referred to preschool buildings, 24% to primary school 

search for fibres; 
2) PCOM analysis is then needed; 
2a) when there are fibres, they are identified using the 

appropriate Cargille refractive index liquid; and comparing 
the results with techniques auxiliary to microscopy such as 
FTIR. Where necessary, disagreements between results of 
two techniques are resolved by analyzing the sample with 
SEM;

2b) when no fibre is observed, the sample needs to be 
analyzed by SEM. 

Examination of a fibre sample by SEM allows the detec-
tion of much smaller fibres than light microscopy. Some 
samples, such as vinyl floor tiles may contain fibres too 
small to be resolved by PCOM, thus this ACM type is ob-
served by SEM. 

The detection limit of these techniques is dependent on 
the type of sample (matrix components, texture, etc.), on 
the preparation of the sample (homogeneity, grain size, 
etc.). A detection limit of 1% is feasible given certain 
sample characteristics in light microscopy, but could be as 
low as 0.5–0.25% depending on the skill of analyst. The 
performance of the light microscopy is analyst dependent. 
For this reason, the analyst must have adequate training in 
sample preparation, and experience in the identification of 
asbestos in samples. 

SEM analysis is a reliable method for the detection and 
positive identification of asbestos in some bulk building 
materials, both friable and non-friable. The method is par-
ticularly applicable to bulk materials that contain a large 
amount of interfering materials that can be removed by 
ashing and/or dissolution and contain asbestos fibres that 
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Fig. 1. Example of presumed ACM: thermal system insulation (a) and roofing (b) in buildings constructed no later than 1980.

(a) (b)



buildings and 50% to secondary school buildings. The 
analysis of the questionnaire data showed that most build-
ings was built between 1950 and 1980, a time when asbes-
tos was added to every kind of building material to increase 
durability and fire resistance. 

Headteachers confirmed the presence of ACM in 52 
school buildings without requesting an asbestos survey, 
while a site inspection was requested in 233 school build-
ings to confirm or exclude the presence of ACM.

167 surveyed schools had ACM and 16 schools had “pre-
sumed ACM”. In analogy with the OSHA standards14), the 
term “presumed ACM” refers to pipes, boilers, tanks, flues 
found in buildings built later than 80s. Clearly, the term 
“presumed” was introduced because many of these materi-
als, being inaccessible, were not sampled and analyzed to 

verify the presence of asbestos. Examples of presumed 
ACM are shown in Fig. 1.

Referring to the total number of schools participating in 
this project (1,451): 15% had ACM (corresponding to 219 
schools), 1% had “presumed ACM” and 84% had no ACM. 

All 219 schools had non-friable ACM, and among these 
40 schools also had friable ACM.

The analysis of 692 bulk samples of the suspected mate-
rials permitted to verify the presence of asbestos and iden-
tify the type of asbestos in 333 samples. 

About 83% of the ACM found in the school buildings 
were non-friable materials that is materials made from a 
bonding compound (such as cement) mixed with a small 
proportion (usually less than 15%) of asbestos. These ma-
terials cannot be crumbled, pulverized or reduced to powder 
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Table 1. Non-friable ACM found in school buildingsTable 1. Non-friable ACM found in school buildings 

Type of non-friable ACM Location 
Asbestos content* 

(asbestos type) 

Probability to release fibres 

into air 

Water tanks Loft  
10–15% asbestos  

(chrysotile and crocidolite) 

Medium/high (if disturbed, 

damaged, or when they become 

weathered with age). 

Flues and chimneys External roof 

10–15% asbestos 

(chrysotile and crocidolite) 

(note: about 50 % samples 

collected had only chrysotile) 

Medium/high (if disturbed, 

damaged, or when they become 

weathered with age). 

Asbestos cement roofs 
Exterior roofing of 

school 

10–15% asbestos  

(chrysotile and crocidolite) 

(note: about 20 % samples 

collected had only chrysotile) 

Medium/high  

(if disturbed, damaged, or when 

they become weathered with 

age). 

Asbestos vinyl floors 

Classrooms, staffrooms, 

gyms, corridors, lunch 

rooms 

10–15% chrysotile 
Very low (except when they are 

many damaged). 

Downpipes and gutters 
External walls of 

building 

10–15% asbestos  

(chrysotile and crocidolite) 

Medium/high (if disturbed, 

damaged, or when they become 

weathered with age). 

Acoustic cement panels 

(partition walls) 

Gyms, music classroom, 

auditorium 

10–15% asbestos 

(chrysotile) 

Medium/high (if disturbed, 

damaged, or when they become 

weathered with age). 

Other 

(Asbestos cement flower pots; 

Asbestos cement walls ) 

 

External building 10–15% chrysotile 

Medium/high  

(if disturbed, damaged, or when 

they become weathered with 

age). 

*The concentration of asbestos are the estimates of the average concentrations of asbestos in the materials as reported by the Health Ministry 
Decree (1994)12). 



most common form of asbestos found in roofs since the 
1980s due to restrictions on the marketing and use of croci-
dolite and of products containing crocidolite1). In surveyed 
school buildings, crocidolite together with chrysotile were 
identified in about 80% of roofing samples collected (Figs. 
7a, 7b) confirming the year of construction of the building 
declared on the questionnaire (1950–1980). The number of 
non-friable ACM containing chrysotile and crocidolite was 
199 (corresponding to about 72% of non-friable ACM col-
lected); 47 friable ACM samples contained chrysotile and 
amosite as amphibolic asbestos (Table 2).

Total, average and maximum amount of non-friable 
ACM found in the schools was roughly estimated accord-
ing to ACM type (Table 3). The size of the water tanks 
found in schools varied widely. An average weight of 70 kg 
was considered for a medium-sized tank, taking into ac-
count that 1 m2 of asbestos-cement weighs over 10 kg15). 
About roofs, we considered an average weight of 1 m2 of 
roofing equal to 13 kg, having found both asbestos flat and 
corrugated roofing15). Flues and chimneys were not includ-
ed in the count due to the difficult to quantify; thus, the 
amount showed in Table 3 is underestimated. The visual 
inspection allowed to classify the asbestos-cement materi-
als into three classes: intact materials not susceptible to 
damage; materials susceptible to damage; damaged materi-

by hand pressure. 
Tables 1 and 2 show non-friable and friable ACM found 

in the surveyed schools respectively. ACM location, that is 
where the ACM was found in a school building, the asbes-
tos content suggested by Italian Ministerial Decree 199412) 
and the ease of the material to release fibres into the envi-
ronment are added in tables. Table 2 also shows the number 
of friable ACM by type. The number of non-friable ACM 
by type is deducible from Fig. 2 that shows the percentage 
of six different types of non-friable ACM identified in the 
schools on a bar chart.

Asbestos-cement materials and vinyl floor tiles (included 
backing and glue) were the most common non-friable ACM 
found in school buildings. Fig. 3 and 4 show some of 
non-friable ACM in the schools. 

Microscopic analyses of bulk samples confirmed that 
only chrysotile fibres were present in vinyl-asbestos tiles 
(Figs. 5a, 5b). FTIR analysis, widely used for ACM analy-
sis, is complementary to PCOM analysis especially for de-
tection of asbestos in vinyl floor tiles when in PCOM a 
suspected fibre is observed. In Fig. 6 are shown the spectra 
of two samples of vinyl tiles (with and without chrysotile 
respectively). The samples were detected with diffuse re-
flectance.

In Italian buildings, chrysotile asbestos has been the 
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Table 2. Friable ACM found in school buildings 

Type of friable ACM 

(number of collected samples) 
Location 

Asbestos content* 

(Asbestos type) 

Probability to release fibres into 

air 

Boiler lagging 

(28 samples) 

 

Boiler rooms 

80–100% asbestos 

Chrysotile and amosite 

were used. 

Blankets, felts, papers, 

tapes and ropes were 

usually 100% chrysotile. 

High probability to release fibres 

in air if the lagging is not 

encapsulated 

Equipment insulation linings 

(19 samples) 

Science classrooms 

(Laboratory machines, such as 

ovens and centrifuges) 

100% asbestos 

(chrysotile and amosite) 

High probability to release fibres 

in air 

Bunsen burner gauze mat 

(10 samples) 
Science classrooms 70–80% chrysotile 

Medium probability to release 

fibres in air. 

(Gauze mats used under 

Laboratory fume hoods). 

Insulation lining of fire-rated 

door 

(1 sample) 

Corridor Until to 100% chrysotile 
High probability to release fibres 

in air 

*The percentages of asbestos are the estimates of the average concentrations of asbestos in the materials as reported by the Health Ministry 
Decree (1994)12) 
 

Table 2. Friable ACM found in school buildings



such as ovens and centrifuges included asbestos as internal 
insulating material (Fig. 8b). In these laboratories, a large 
number of Bunsen burner gauze mats containing asbestos 
were found (Fig. 9a). The gauze mats, placed on tripods 
above Bunsen burners have a white heat-resistant pad at the 
center. The microscopic analysis showed the presence of 
chrysotile in the heat-resistant material. This material being 
soft and crumbly was classified as friable. 

Fortunately, the most commonly found form of friable 
ACM was as thermal insulation on pipes and boilers in 
rooms accessible only to technical personnel. The type of 
asbestos detected in this friable ACM was chrysotile (Fig. 
9b).

Twenty-five air samplings were carried out in the class-

als. Approximately, the percentages of asbestos-cement 
material type according to damage class are shown in Table 
4. No intact asbestos-cement material was found. All water 
tanks, flues and chimneys found were damaged; while all 
acoustic panels used in gyms, auditorium for internal parti-
tion walls were not particularly damaged but can be easily 
disturbed.

Finally, only one school was a prefabricated building and 
had external asbestos-cement sandwich prefabricated 
panels. The asbestos detected was chrysotile and the sand-
wich panel was filled with man-made mineral fibres. 

About friable ACM, a fire-rated door with lining of 
chrysotile was found in a school building (Fig. 8a). In sci-
ence laboratories of 9 schools, some laboratory machines, 
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Fig. 2. Numerical proportion of the non-friable ACM found in the schools of Rome and surrounding 
(total number of non-friable ACM is 275).
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Discussion

Three forms of asbestos were found in surveyed school 
buildings: 1. fireproofing materials; 2. insulation on pipe, 
boilers and ducts; 3. miscellaneous forms such as wall-
board, roofs and floor tiles. Materials in the first two cate-
gories are friable while materials in the third category are 
non-friable.

Friable ACM usually contain high levels of asbestos (up 
to 100% in some cases). If disturbed, friable asbestos prod-
ucts pose a greater risk to health because the asbestos fibres 
can get into the air very easily. 

On the contrary, non-friable ACM contain around 15% 

rooms where deteriorated vinyl-asbestos floor tiles were 
present. During the sampling, the schools were in operation 
and normal student activity took place, in order to obtain 
representative data concerning the exposure which people 
are subjected in real situations. 

As expected, the concentration of airborne asbestos 
fibres was always lower than the detection limit, that is the 
limit below which, for the Poisson distribution, with 95% 
probability, the actual concentration must lie when no fibre 
is found during SEM analysis. A detection limit of 0.3 f/l 
was assumed on the basis of 1 mm2 of analyzed filter area 
and a sample air volume of 3,000 l.

443ACM IN SCHOOLS OF ROME 

Fig. 4. Asbestos vinyl floors of a playtime classroom (a) and classroom (b) heavily damaged. 

Fig. 5. SEM image of chrysotile (a) in vinyl-asbestos tiles with EDS analysis (b).

(a)

(a)

(b)

(b)



A CAMPOPIANO et al.444

Industrial Health 2021, 59, 436– 448

Fig. 6. IR spectra: absorption bands of chrysotile in vinyl sample (a) and IR absorption bands of vinyl 
matrix in sample without chrysotile (b).

(a) 

 

(b) 

 

Fig. 6. IR spectra: absorption bands of chrysotile in vinyl sample (a) and IR absorption bands of vinyl matrix in sample 
without chrysotile (b). 
 

Fig. 7. SEM image of crocidolite (a) in asbestos-cement roofs with EDS analysis (b).

(a) (b)

(a)

(b)



tional weight of the encapsulant applied to the roof.
The asbestos-cement roofing sheets are subject to deteri-

oration because of the exposure to atmospheric agents. In 
the long run the action of water, sun, ice, wind, moss and 
lichen, or of pollutants such as sulphur dioxide, can cause 
corrosion that facilitates the gradual release of asbestos 
fibres (Fig. 3a). 

An important role is the visual survey of the roofing 
sheet surface for assessing the corrosion of ACM and al-
lowing the choice of action to be undertaken in face of 
ACM. Generally, the choice is made by coupling the visual 
survey with air samplings in order to verify to release of 
asbestos fibres. In surveyed schools, outdoor ambient air 
samplings did not carry out because experience has taught 
us that in situations of advanced state of deterioration of 
asbestos-cement roofs, a release of asbestos fibres was not 
observed16) and when the release was present, it was always 
below the values proposed by World Health Organization 
(WHO) in urban areas. WHO gives reference data for pol-
lution by asbestos. In rural areas, i.e., in spot far away from 
sources of emission by human activity, the concentrations 
are less than 0.1 f/l, while in urban areas the pollution levels 
vary from values lower than 0.1 f/l up to approximately 1 
f/l, the latter corresponding to areas with heavy traffic17). 
However, most of the asbestos-cement sheets found in the 
schools were degraded and their removal was recommend-
ed.

An important category of ACM is vinyl floor tiles. About 
10% of the surveyed school buildings had vinyl-asbestos 
floor tiles. The size of floor tiles was 20 cm, 30 cm, or 45 
cm squares. The most frequent size was 20 cm, however 

of asbestos locked inside a bonding compound such as 
cement. If they are in good repair do not constitute a signif-
icant source of airborne asbestos fibres.

Most of the ACM found in school buildings were non-fri-
able materials: asbestos cement materials and vinyl floor 
tiles. The analysis by microscope showed that most of the 
cement materials presented chrysotile and crocidolite. 

Among asbestos-cement materials, about 50% is repre-
sented by water tanks, no longer used, that were in closed 
rooms not accessible to students and school staff. On aver-
age, these materials did not show breakages or cracks, but 
observing the material carefully, an abundance of the as-
bestos fibres free from the matrix on the surface of the ma-
terial was detected (Fig. 3b). The fibres are easily remov-
able using tweezers and this is an indication of a very poor 
state of conservation. 

Immediate removal was not recommended as these ma-
terials were located in a closed room away from the student 
and school staff, however it was recommended to schedule 
their removal.

School managers need to carry out asbestos risk assess-
ments. They should ensure risks are managed by checking 
on the presence and state of asbestos in their schools. 
Where necessary, they should remove asbestos according 
to the regulations. The method of control that is selected 
(removal, encapsulation, or enclosure) must be appropriate 
for the type of material involved and its location. As an 
example, an encapsulant is not appropriate when the 
sprayed asbestos material is not firmly bonded to its struc-
tural support. On the contrary, it is recommended on roof-
ing materials as long as they be able to withstand the addi-
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Table 3. Estimated amount of ACM in the surveyed schools 

Non-friable ACM ACM total amount ACM average amount per 
school 

ACM maximum amount  

Water tanks 30 ton 180 kg 1,400 kg 

Vinyl floors 5,000 m2 30 m2 500 m2 

Roofs 150,000 m2 corresponding to 
about 1,950 ton 

900 m2 corresponding to 
about 12 ton 

3,000 m2 corresponding about 40 
ton 

 

 

Table 4. Percentage of asbestos-cement materials found in surveyed schools according to damage classes 

Intact materials 
(%) 

Material susceptible to damage 
(%) 

Damaged materials 
(%) 

- 

- 

- 

- 

- 

- 

- 

Asbestos-cement roofs (10%) 

Downpipes and gutters (40%) 

Acoustic panels (100%) 

Water tanks (100%) 

Flues and chimneys (100%) 

Asbestos-cement roofs (90%) 

Downpipes and gutters (60%) 

- 

Table 3. Estimated amount of ACM in the surveyed schools

Table 4. Percentage of asbestos-cement materials found in surveyed schools according to damage classes



cases, when the vinyl tiles are not excessively damaged, it 
is better off leaving the asbestos floor tiles in place and 
overlaying with new flooring. On the contrary, measures 
that remove the floor must be taken immediately when 
there are damaged floors like those shown in Fig. 4.

As expected, air samplings carried out during normal ac-
tivity took place in classrooms with damaged vinyl tiles did 
not detect airborne asbestos fibres. Should be considered 
that an air sampling measures current condition without 
giving information on a possible fibres release in the past 
and/or in the future. The analysis of settled dust showed 
few asbestos fibres in two schools having vinyl floor tiles 
severely damaged, confirming a release of asbestos from 

the two bigger sizes were found in some schools. The as-
bestos contained in the tiles is firmly bound in the vinyl 
matrix. These materials are unlikely to release measurable 
levels of asbestos fibre into the airborne environment if 
they are left undisturbed.

Unfortunately, many asbestos floor tiles were stuck to 
the floor screed with a black bitumastic adhesive which in 
also contained asbestos. With the asbestos floor tiles re-
moved what they are left with is a black sticky mess which 
still contains asbestos. The school bags put on the floor 
were likely to carry dust containing asbestos. 

Despite the vinyl tiles are considered non-friable, in 
these conditions floor tiles become friable material. In most 
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Fig. 8. Examples of friable ACM: lining of chrysotile in fire-rated door (a) and asbestos insulation lining in a laboratory 
oven (b).

Fig. 9. SEM images of chrysotile: heat-resistant pad of Bunsen burner gauze mat used in science classrooms (a); thermal insulation 
on boilers (b).

(a)

(a)

(b)

(b)
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