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1. Introduction

In line with the D.M 06/09/94, 
indoor air dispersed asbestos fibers 
measurements could periodically 
confirm the good conditions of the 
pre-identified ACMs (Borchiellini et 
al. 2016), along the time. In no other 
situation the environmental pollu-
tion measures are necessary, since 
the presence of asbestos containing 
deteriorated artefacts or of dama-
ged sealings/enclosures pertains to 
a scenario where the area involved 
is no more considered a workplace.

The same Decree specifies that 
the airborne measurements alone 
cannot be a valid approach to detect 
the possible ACMs deterioration. 
It is important to evaluate the role, 
the contribution and the effective-
ness of airborne measurements in 
the identification of incipient de-
teriorations of asbestos containing 
products in good conditions, as 
collateral support to Quality Risk 
Management of the involved areas. 
Even more given the common, but 
not exhaustive, practice to monitor 
the artefacts condition evaluating 
the airborne fibers concentrations 
collected by occasional airborne fi-
bers samplings – assuming a direct 
correlation between pollution and 
ACMs conditions, without any con-
sideration on the factors affecting 
the indoor pollution (mainly in ter-
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The residual presence of critical components (e.g. Asbestos Containing Materials – ACMs) still 
represents one of the main criticalities for the Occupational Safety and Health – OS&H in 
many large public facilities (Lee and Van Orden, 2007).
Since the areas characterized by ACMs in good conditions are the most crucial to manage, due 
to the presence of the Hazard Factor in dormant conditions, an effective assessment and ma-
nagement of the related risk is pivotal. The Italian regulation (D.M. 06/09/94) provides general 
information on the approach for the analysis, stating the possibility to adopt two criteria: 1. 
examination of the artefacts condition, to detect possible deteriorations resulting in airborne fi-
bers release, 2. indoor airborne fibers concentration measurements. The same Decree specifies 
that the airborne measurements alone cannot be a valid criterion to detect the possible fibers 
release from the pre-identified ACMs deterioration .
The paper discusses the actual contribution that airborne asbestos measurements can provide 
to the Risk Management, in particular in the identification of incipient deteriorations of ACMs. 
The research work was performed by implementing a special measuring strategy, in a real sce-
nario, to increase the method sensitivity and collect data useful to relate the indoor pollution to 
the ACMs deterioration.
Keywords: occupational safety and health, asbestos risk assessment and management, qua-
lity approach to OS&H, asbestos containing materials, data uncertainty evaluation, airborne 
fibers measurements, dissemination of culture of safety.

Il ruolo della misurazione di fibre aerodiserse di amianto nella classificazione 
degli ambienti di lavoro: il caso delle Grandi Strutture Pubbliche. La presenza 
residua di componenti critiche (e.g. Materiali Contenenti Amianto – MCA) è ancora oggi una 
delle maggiori criticità nell’ambito della Sicurezza e Salute sul Lavoro – OS&H in molte grandi 
strutture pubbliche (Lee and Van Orden, 2007).
Poiché le aree caratterizzate da MCA in buone condizioni risultano essere le più cruciali da 
gestire, a causa della presenza di un Fattore di Pericolo dormiente, una efficace Valutazione e 
Gestione del Rischio correlato alla presenza di Amianto risulta essenziale. La normativa (D.M. 
06/09/94) fornisce informazioni generali riguardo al metodo di analisi, indicando la possibile 
adozione di due differenti approcci: 1. accurato esame delle condizioni dei manufatti per 
individuare possibili deterioramenti potenzialmente in grado di liberare fibre, 2. misurazione 
indoor della concentrazione di fibre aerodisperse. Il medesimo Decreto specifica che le sole 
misurazioni di fibre aerodisperse non costituiscono un valido criterio per l’identificazione del 
possibile rilascio dovuto al deterioramento dei MCA. Il presente lavoro è stato sviluppato per 
investigare sul reale contributo che le misurazioni di fibre aerodisperse possono fornire nella 
Valutazione e Gestione del Rischio Amianto, in particolare nella identificazione di incipienti 
fenomeni di degradazione dei prodotti che lo contengono. Lo studio è stato condotto tramite 
implementazione di una speciale strategia di misurazione, appositamente messa a punto 
ed applicata in un reale scenario lavorativo, al fine di migliorare la sensibilità del metodo e 
raccogliere dati utili per correlare l’inquinamento indoor con il deterioramento dei MCA pre-
ventivamente identificati.
Parole chiave: sicurezza e salute sul lavoro, valutazione e gestione del rischio amianto, ap-
proccio in qualità all’OS&H, materiali contenenti amianto, valutazione dell’incertezza di misura, 
misurazione di fibre aerodisperse, disseminazione della cultura della sicurezza.
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ms of boundary conditions). This 
approach can be debated since it 
is affected by different criticalities 
and difficulties:
1. the collection of a limited num-

ber of indoor asbestos airborne 
fibers concentration measu-
res inside the areas containing 
ACMs can provide only a “snap-
shot” of the pollution in a limi-
ted time span;

2. the extent of possible fibers re-
lease due to incipient artefacts 
deterioration results in an incre-
ase of concentration barely me-
asureable (comparable with the 
outdoor background), as confir-
med by some research works on 
the evaluation of fibers release 
from artefacts subject to stress 
conditions (Paustenbach et al., 
2004). Therefore, the indoor 
pollution variability due to ar-
tefacts deterioration can be he-
avily influenced by the outdoor 
concentration fluctuations (e.g. 
outdoor pollution variability);

3. the method uncertainly (sam-
pling and analysis) should be 
carefully defined: in some ca-
ses, (e.g. in the Phase Contrast 
Microscopy – PCM analysis) the 
measure expanded uncertainty 
becomes important and com-
parable to the numerical value 
of the measured concentration 
(NOHSC, 2005); the decision 
making becomes then difficult, 
in particular in very low concen-
tration conditions.
Hence, a presumed prompt iden-

tification of the ACMs even slight 
alteration by means of indoor air-
borne measurements presents not 
negligible lacks.

The target of the study entails the 
possibility to detect very low con-
centrations: hence, the method sen-
sitivity was increased by selecting a 
peculiar sampling context, adop-
ting a special sampling and analysis 
strategy, and implementing an ap-
proach for the data interpretation 
characterized by a well-defined lo-
gical (metrology-based) structure.

2. Materials and methods

2.1. The sampling and 
measuring strategy

The context designated to per-
form the measurement campaigns 
pertains to window fixtures remo-
val operations due to the presen-
ce of asbestos in mastic sealant in 
many areas of a large public facility. 
The removal yard, involving con-
secutively different parts of the 
buildings (e.g. single floors) can 
reproduce a context of ongoing 
deterioration of materials contai-
ning asbestos in limited amount. 
The situation is certainly worse, 
and most critical (just think to 
mechanical stresses on the window 
fixtures due to the removal opera-
tions) than a context where ACMs 
in compact matrix are exposed to 
stress actions due to natural dete-
rioration and/or operative causes1. 
Therefore, this scenario could con-
tribute to overcome the problems 
related to barely detectable air-
borne fibers concentrations, con-
sidering the mechanical wearing 
actions on artefacts producing po-
tentially higher fibers releases.

In this context, the sampling 

1  Mechanical actions on the ACMs 
due to working/operational causes (e.g. 
maintenance or cleaning activities) are 
managed through a careful design of both 
the intended use and allowed activities. 

campaign was designed and car-
ried out following a special stra-
tegy, based on sessions of three 
simultaneous (matching starting 
sampling times) indoor/outdoor 
samplings, involving three diffe-
rent areas at a time:
1. the remediation working area 

(indoor environment), labelled 
as area A;

2. an indoor nearby area (area 
B) with the same criticalities 
(window fixtures with asbestos 
containing mastic sealant, to be 
successively removed);

3. the external environment (area 
C) close to the removal yard.
The identification of each zone 

typology by a specific letter simpli-
fied also the management of sam-
pling operations, tagging the used 
membranes with the same letter 
of each sampling area, together 
with the progressive number of 
sampling session (fig. 1 shows the 
membranes related to the first 
sampling session).

The concurrent indoor/outdoor 
measurements can provide useful 
information to evaluate the poten-
tial effect of external pollution on 
the indoor measurements, consi-
dering that the expected indoor fi-
bers concentrations could be com-
parable with the outdoor ones. The 
entire sampling campaign lasted 
from October 2016 to May 2017, 
in six “ordinary” and four “special” 
sampling stages.

The sampling phase and loca-

Fig. 1. First sampling session filters.
Membrane utilizzate nella prima sessione di campionamento.



Aprile 2019 57

sicurezza e salute sul lavoro

tion of the sampling stations were 
organized taking into account the 
parameters conditioning the qua-
lity of measures (e.g. microclimatic 
conditions in the three different 
sampling areas) and the peculiari-
ties of the pollutant, in particular 
the negligible aerodynamic resi-
stance of fibers.

The three simultaneous sam-
plings were carried out using three 
high-flow/flow-controlled area 
sampling pumps equipped with 
open face samplers2 (tab. 1).

According to the measuring 
processes and equipment setup in 
System Quality (Bisio et al. 2016), 
the used sampling equipment and 
analytical instrumentations ful-
fil the metrological confirmation 
condition, ensuring the quality of 
the results. Moreover, the three 
sampling pumps were calibrated by 
means of a flowmeter, before and 
after each sampling session, to ve-
rify the flowrate within the requi-
red interval: ± 5% of the set flowra-
te (UNI EN ISO 13137: 2015).

2 Both defined in UNI EN ISO 
13137:2015 standard

Action tested to increase the 
method sensitivity – sampling

Regarding the sampling phase, 
the improvement to increase the 
method sensitivity concerned the 
sampled air volume: the minimum 
volume suggested by the D.M 
06/09/94 (3000 liters) was incre-
ased to 5000 liters, drawn in 200 
minutes (sampling duration), with 
a reference flowrate Qref = 25 l/min, 
maintaining unchanged the ratio 
flowrate/membrane surface (0,35 
m/s required for SEM analyses).

The entire campaign was com-
pleted in six sampling sessions, re-
sulting in 18 membranes. During 
the collection of the three concur-
rent samplings, a multifunction 
measuring device monitored and 
recorded (every 30 minutes) the 
significant parameters potentially 
conditioning the sampling results 
(temperature, pressure, relative 
humidity and air velocity and di-
rection).

The analytical method adopted 
conforms to the Italian regulation 
DM 06/09/94, Attachment 2: the 
analyses were carried out by me-
ans of a Hitachi TM 3000 SEM, 

equipped with SwiftED 3000 de-
vice for micro-analysis, working at 
2000x magnification, with 15 kV 
acceleration voltage. The respirable 
fibers (complying the geometric 
requirements: length greater than 
5 µm, cross dimension smaller 
than 3 µm, and length/diameter 
ratio equal to or greater than 3:1) 
are definitely recognized as asbe-
stos fibers through micro-analysis.

Action tested to increase the 
method sensitivity – analysis

As for the sampling phase, one 
of the analytical parameters was 
improved to increase the method 
sensitivity. In particular, a lar-
ger filter section (1,27 mm2) was 
analyzed, this resulting in 400 re-
ading fields of 0,0032 mm2, with 
an increase of approx. 22% of the 
routine value suggested by the al-
ready quoted D.M. 06/09/94.

2.2. The method 
implementation (data 
analysis)

To draw some considerations 
about the results of the above-de-
scribed measuring strategy, based 

Tab. 1. Sampling equipment used in the measuring campaign.
Attrezzatura di campionamento utilizzata nella campagna di misurazioni.

Sampling area Area A Area B Area C

Sampling pumps

Zambelli 5000 Zambelli ZB2
 

Tecora Bravo R

Sampler Open face samplers, positioned approx. 1,5 meters above the floor, using Mixed Cellulose Ester – MCE filters  
(47 mm diameter, 0,8 μm pore size). 
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on the comparison of the simul-
taneous concentration measures, 
the approach implementation fol-
lowed three consecutive steps:
1. determination of concentration 

and Limit of Detection;
2. evaluation of the measurement un-

certainty;
3. data interpretation.

2.2.1. Airborne fibers concentra-
tion and Limit of Detection

The starting point is the defini-
tion of the mathematical model (eq. 
1) to calculate the airborne fibers 
concentration from the samplings 
and analysis parameters (tab. 2).

Table 3 summarizes the “nomi-
nal” values of the parameters, set 
in sampling and analysis stages, 
except for the variable Nf, whose 
value changes depending on the 
analytical results.

The concentration mathemati-
cal model (eq. 1) lays at the basis 
of the calculation of the Limit of 
Detection – LoD based on relation-
ship (eq. 2) in Table 4: the number 
of fibers count (Nf) is replaced by 
the upper 95% confidence limit: 
the detection limit considers the 
confidence interval of the fibers 

count due to the Poisson distribu-
tion of fibers on the filter.

The Limit of Detection of a 
method specifies the smallest de-
tectable quantity obtainable by the 
used method. In the case of SEM 
analysis, the Limit of Detection is 
defined as the numerical asbestos 
fibers concentration below which, 
with the 95% probability, the real 
concentration shall lie when no 
asbestos fibers are identified during 
the analysis (UNI EN ISO 16000 – 7 
standard). Hence, this limit shall be 
determined for each single analysis, 
and in the case of a no fibers count, 
the outcome of the analysis will de-
note “below the LoD”.

To verify the possibility of get-
ting a higher fibers count, with a 
more reduction of the LoD, four 
additional samplings were carried 
out, with a further increase of the 
sampled air volume up to 10.000 
liters, using the same membrane 

in two consecutive samplings of 
the usual 200 minutes sampling 
duration. The inlet airflow was mo-
nitored systematically to verify the 
minimum capturing velocity (0,35 
m/s in the case of SEM analysis), 
taken into account the increased 
aerodynamic resistance due to the 
progressive filter obstruction.

2.2.2. Measurement uncertainty

The measuring processes aimed 
to define pollutant airborne con-
centrations (or in general for the 
quantification of a Hazard Factor) 
should take into account the sour-
ces of variability conditioning the 
results (fig. 2), with the goal to re-
duce the final expanded uncertain-
ty affecting the measures (Barbato 
et al. 2013).

Even if, as suggested by literatu-
re, in the case of low fibers counts, 
the intrinsic uncertainty due to 

Tab. 2. Airborne fibers concentration formu-
la and parameters.
Formula e parametri per il calcolo della con-
centrazione di fibre aerodisperse.

Concentration mathematical model:

C
N A

N a Q t
f

c
[ ]

( )
ff/l �

�

� � �  
(eq. 1)

where:
-  Nf is the number of fibers identified in the 

analyzed membrane section;
-  A is the effective area of the filter [mm2];
- Nc is the number of reading fields;
- a is the area of each reading field [mm2];
-  Q is the flowrate of the sampling  

pump [l/min];
- t is the sampling duration [min].

Multiplying Q and t results in the sampling 
volume (V) referred to the normal conditions 
(T = 25 °C, P = 1013 mbar).

Tab. 3. Values of parameters.
Valori dei parametri.

Parameters and “nominal” values

Nf [ff] A [mm2] Nc [n.] a [mm2] Q [l/min] t [min]

x 962 400 0,0032 25 200

Tab. 4. Limit of Detection and Confidence Limits.
Limite di Rilevabilità e Limiti di Confidenza.

Limit of Detection formula:

LoD
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�

�
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(eq. 2)

In general, the 95% confidence interval of a measurement, as function of the number of asbestos 
fibers counted, can be obtained from the two equations (eq. 3 and eq. 4):
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 (eq. 4)

where x is the fibers count, d = (x + 1) and z = 1,960 the standard normal deviate for the 
two-sided limits at the 95% probability level. The same data are available in the UNI EN ISO 
16000 – 7 standard, Table 3.

The considered 95% confidence interval of a zero fibers count ranges from 3,69 [ff] Upper 
Confidence Limit – UCL, to 0 [ff] Lower Confidence Limit – LCL. 
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the statistical Poisson distribution 
of fibers on the filters can make ne-
gligible the contribution of the re-
maining uncertainty sources, the 
experimental nature of the sam-
pling and analytical method adop-
ted made necessary to investigate 
whether the adjustments aimed 
to increase the method sensitivi-
ty introduce significant variability 
causes. The analysis was planned 
in three steps:
1. evaluation of a-priori uncer-

tainty of the analytical method 
(predicted variability obtained 
by combining the various un-
certainty components that cha-
racterize the measurement);

2. a-posteriori assessment of un-
certainty of the method imple-
mentation, using measured data 
accurately processed to identify 
systematic effects/tendencies, 
outliers, etc.;

3. conclusion about the three set of 
concurrent measures in terms 
of both values and experimen-
tally observed variability.
Typically, the a-priori uncer-

tainty is evaluated previously to 
any measurement, and is based 
on the knowledge of influence 
factors mainly producing non-sta-
tistical uncertainty contributions. 
The adopted strategy of three si-
multaneous samplings results 
comparable to three distinct pro-
cesses, carried out by means of 
comparable sampling equipment 
(with their own metrological cha-
racteristics), and same analytical 
instrument. The a-priori uncer-
tainty assessment should provide 
indication on:
1. the predicted variability associa-

ted to each of the three proces-
ses;

2. the ranking of the uncertainty 
contributions, useful to make 
decisions about the sources to 
act upon to reduce the expan-
ded uncertainty in the method 
implementation, identifying the 
most critical factors;

3. the effect of such decisions 
(point 2) in terms of expanded 
uncertainty reduction.
The knowledge of sampling and 

analysis activity/equipment made 
possible the identification of the 
uncertainties sources for each pa-
rameter, as summarized in Table 5.

The uncertainty contributions 
were estimated as suggested in the 
Procedure for Uncertainty MAna-
gement – PUMA: non-statistical 
information were transformed in 
statistical characteristics, in terms 
of variance, to be composed with 
statistical information, assessing 
the relevant statistical distribu-
tion, e.g. rectangular or triangular, 
for passing to variance. The deter-
mination of both the a-priori and 
a-posteriori uncertainties, and 
their comparison, makes possible 
to understand if the measurement 
system is correct.

2.2.3. Data interpretation

Assuming that data are cor-
rectly collected (Bisio et al. 2017), 
a possible approach for the data 
interpretation can be based on 
the ratio between the situation 
in areas where ACMs have been 

Fig. 2. Example of the Cause Effect – Hishikawa diagram (Center for Chemical Process Safety, 2008) of the main variability sources con-
ditioning the fibers concentration data.
Esempio di diagramma di Hishikawa (Center for Chemical Process Safety, 2008) sulle principali sorgenti di variabilità che condizionano i dati di 
concentrazione.
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identified, but no activities invol-
ving emission are present, or situa-
tions where some activities can be 
expected to cause asbestos fibers 
release, and the common environ-
ment pollution, expressed in the 
relationship eq. 5:

K =

concentration in the 
indoor polluted area

(eq. 5)
concentration in the 
external nearby area

3. Results and discussion

3.1. Concentration and LoD

Regarding the pollutant con-
centration data, the SEM analysis 
of the 18 membranes, from the 
six “ordinary” samplings, resul-

ted in no asbestos fibers detection 
(only few artificial or organic fi-
bers were identified). Therefore, 
laboratory reports gave concen-
tration values, for the all mem-
branes analyzed, below the LoD, 
calculated according to eq. 6, from 
data of Table 4:

LoD �
�

� � �
�

3 69 962
400 0 0032 25 200

2

2
, [ ] [ ]

, [ ] ( [ [ ])
ff mm

mm l/min] min
00 56, [ ]ff/l

No background fibers were de-
tected in the field blank analysis, 
proving the absence of membrane 
contamination.

3.2. Uncertainty evaluations

According to the analytical re-
sults, the measurement uncer-
tainty evaluation was carried out 
by replacing the fibers count pa-
rameter (Nf) with the 95% upper 
confidence limit for a zero fibers 
count (3,69 [ff]).

The PUMA method adopted to 
perform the a-priori uncertainty 
analysis pointed out that the va-
riability sources of the three pro-
cesses resulted equivalent, except 
for the sampling pumps: the three 
used devices, even differing for 
producer and model, had very si-
milar characteristics in terms of 
resolution, accuracy and reprodu-
cibility.

The predicted variability, achie-
ved from the a-priori uncertainty 
calculation sheets, resulted similar 
for the three measuring processes/
conditions (tab. 6).

On the basis of the standard 
uncertainty values ui

2(y) (values of 
the estimated variances associated 
with the output y – concentration 
generated by the estimated varian-
ce associated with each input esti-
mate xi.) it is possible to identify 
the most important uncertainty 
sources affecting each process. In 

Tab. 5. Parameters and their relevant variability sources.
Parametri e loro fonti di variabilità.

Parameters Uncertainty source

Nf
- Poisson distribution of fibers on the membrane
- Resolution 

A
- Caliper uncertainty (zero error)
- Reproducibility
- Reading uncertainty

Nc - Bias 

a - Micrometer calibration 

Q
- Reproducibility
- Resolution (sampling equipment characteristic)
- Accuracy (sampling equipment characteristic)

t
- Reproducibility
- Resolution (chronometer characteristic)
- Accuracy (chronometer characteristic)

NOTE: the following definitions of the terms used in the table are drawn from JCGM 200:2012:
Resolution: smallest change in a quantity being measured that causes a perceptible change in the 
corresponding indication;
Reproducibility: measurement precision under reproducibility conditions of measurement (con-
dition of measurement, out of a set of conditions that includes different locations, operators, 
measuring systems, and replicate measurements on the same or similar objects);
Bias: estimate of a systematic measurement error;
Accuracy1: closeness of agreement between a measured quantity value and a true quantity value 
of a measurand. 

1 For the purpose of this research work, we still make reference to the term accuracy, 
even if the last updates of International Vocabulary of Metrology – VIM introduced some 
amendments on the term.

Tab. 6. A-priori expanded uncertainty in the three investigated situations.
Incertezza estesa a-priori per le tre situazioni esaminate.

A-priori uncertainty results

area A area B area C

Confidence level 0,95 0,95 0,95

Coverage factor (tStudent) 2 2 2

Expanded uncertainty U(y) 0,093 ff / l 0,092 ff / l 0,092 ff / l

(eq. 6)
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our case, the uncertainty contri-
butions are almost in the same 
ranking between the three situa-
tions (tab. 7) and the fibers count 
represents the first important 
contribution to the final combined 
standard uncertainty uc(y)3.

Even if in our case the three ran-
kings show limited differences, the 
result confirms the importance of 
hierarchical ordering of variabi-
lity sources as key decision tool 
for the allocation of resources for 
sampling, analysis and measuring 
devices. The results of a-priori un-
certainty analysis makes possible 
some significant considerations:
1. the original modifications 

implemented to increase the 
method sensitivity (i.e. higher 
air volume sampled and larger 
filter section analysed) do not 
introduce significant sources of 
uncertainties;

2. the three measuring systems 
(samplings and analysis) show 
a comparable variability degree; 
the variability related to the fi-
bers count (resolution and Pois-
son distribution) remains the 
major uncertainty source.

3 The combined standard uncertainty is 
an estimated standard deviation char-
acterizing the dispersion of the values 
that could reasonably be attributed to 
the measurand y (JCGM 100:2008) 

The a-posteriori uncertainty re-
quires to replace the estimated va-
riability contributions (by PUMA 
method) with uncertainties stati-
stically defined, in order to achie-
ve the expanded uncertainty af-
fecting the collected measures in 
specific operating conditions.

In the case under exam, the 
a-posteriori analysis would be 
ineffective owing to the prepon-
derance of variability related to 
Nf on the remaining uncertainty 
sources, the difficulty to collect 
data on the third source of uncer-
tainty (the reading field area – a), 
and the reduced contribution of 
the remaining sources4.

3.3. Data interpretation

The accurate determination of 
concentration values in the three 
considered contexts, together with 

4  in the case of a-posteriori uncer-
tainty calculation, it is necessary to con-
sider also the uncertainty contribution 
of the measuring devices for temperature 
and pressure determination, needed in 
particular to normalize the sampled vol-
ume whilst these uncertainty contribu-
tions are not introduced in the a-priori 
uncertainty evaluations, since the vari-
ability related to flowrate is estimated on 
the basis of non-statistical information 
(e.g. samplers characteristics).

the associated variability range 
for each resulting measure, makes 
possible a reliable estimate of the 
K-ratio.

In our case, the concentration 
data resulted below the LoD of 
the method, in the three analy-
sed situations, this leading to the 
estimate of concentration values 
of 0,56 [ff/l] plus 18% (expanded 
uncertainty), i.e. 0,66 [ff/l]. This 
result confirms that, even during 
the window fixtures removal the 
measurements in the operating 
area did not put into evidence a si-
gnificant environmental pollution, 
and that there is no possibility of 
Risk Assessment for the three si-
tuations on the basis of airborne 
fibres samplings.

A quite different result is obtai-
ned in the case of important 
emissions of fibers from asbestos 
containing rock masses during 
tunnel driving operations (Poma 
and Puma, 2016): in proximity 
of the face the concentration va-
lues can result certainly high, and 
in some cases close (or higher) to 
the technical threshold limit (100 
ff/l). In such a scenario, indoor/
outdoor simultaneous airborne 
measurements become pivotal: 
the raising of indoor pollutant 
concentration attributable to the 
excavation activities could be de-
tected by identifying significant 

Tab. 7. Ranking of the standard uncertainties in the three situations.
Ordinamento gerarchico nelle incertezze standard nelle tre situazioni.

Indoor work – A Indoor not work – B Outdoor – C
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differences between indoor / out-
door concentrations. However, cle-
arly this context is very far from 
the management of environments 
characterized by residual presence 
of Asbestos containing artefacts in 
good conservation conditions.

4. Conclusion

On the basis of the achieved 
results in a rigorous metrological 
approach, it is confirmed the im-
possibility to characterize the en-
vironments containing ACMs on 
the basis of airborne fibers con-
centration measurements, since, 
taken into account the uncertain-
ty values related to such determi-
nations, the concentrations result 
hardly comparable with the me-
asures collected in areas with ve-
rified presence of ACMs without 
ongoing stresses, or in outdoor 
environments close to the above-
mentioned areas.

Very different is the situation 
in operative contexts where the 
quantities of asbestos containing 
materials and the involved stres-
sing actions cause important pol-
lution levels.

Hence, according to the 
D.M.06/09/94 indications, the 
importance of rigorous direct in-
spections is confirmed, both to 
localize ACMs in compact matrix 
(Hazard Factor dormant), and to 
identify transition situations from 
dormant to active Hazard Factor. 
Such a result cannot be achieved 
by means of airborne fibers mea-
surements, except in the case of 
important fibers releases.

Future research developments 
will focus on the set up of rigo-
rous instrumental techniques to 
support the direct investigations, 
reducing the impact of judgment 
subjectivity, thanks to the imple-

mentation of formalized metho-
dologies of Canvassing, based on 
assisted image interpretation te-
chniques.
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