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ABSTRACT 

The Fourier Transform Infrared (FT-IR) spectroscopy is by far known to be a useful technique for qualitative and quan-
titative analysis of asbestos in bulk samples, since all asbestos species exhibit intense absorption peaks in the 4000 - 400 
cm–1 region of the infrared spectrum. In the present work, we compare the accuracy and precision of two analytical 
procedures (the Linear Calibration Curve Method and the Method of Addition) for the quantitative determination of 
asbestos in a host matrix. We have found that, providing careful samples preparation, both techniques quantify the as-
bestos content at the level of few micrograms with good precision. Due to less expensive equipment requirements and 
shorter analysis time, FT-IR can be a competitive analytical technique in the characterization of asbestos containing 
material with the respect to diffractometry or electron microscopy. 
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1. Introduction 

Although more then ten years passed from the publica- 
tion of the Italian law n. 257/92, which has imposed a 
general ban on asbestos containing materials (ACM), 
there are at least three good reasons to care about their 
environmental monitoring: first of all, it is often neces- 
sary, especially during buildings demolitions or renova- 
tions, to analyze and identify ACM for a correct planning 
of disposal operations and protecting workers and public 
health conditions. Asbestos wastes are classified as ha- 
zardous and they must be inertised in some way (ther-
mally, chemically, mechanically and so on) before their 
disposal in controlled landfills, as stated by the new Ital-
ian directive (Ministerial Decree n. 248 July 29, 2004, 
Italian Ministry of Public Health), so that fast and reli-
able analytical techniques for their control are needed 
[1,2]. Furthermore, due to global marketing, it’s also 
very important to be able to reveal asbestos traces in 
products imported from foreign countries which still use 
it in order to prevent their involuntary introduction into 
the fabrication process [3]. 

In Italy, the Ministerial Decree issued on September 6, 
1994 indicates some analytical techniques and methods 
for qualitative and quantitative ACM characterization: X 
ray diffraction (XRD), Fourier Transform Infrared Spec-

troscopy (FT-IR), and Scanning Electron Microscopy 
(SEM). In the law recommendations, it is stated that the 
first two can be adopted for identification and quantita-
tive determination of asbestos in bulk materials if the 
fibers content is greater then 3 × 105 ff/mg; under this 
limit the samples must be analyzed by SEM. It is clear 
that these three technology, properly used, allow a spe-
cific characterization of every minerals, included asbes-
tos. On the other hand, it is not trivial nor straightforward 
obtaining quantitative data of asbestos content in a com-
plex matrix, such as an ACM can be, just analyzing the 
XRD or FT-IR spectra or the SEM images. Detailed ana- 
lytical procedures, such those currently used in other 
spectroscopic methods, should be adapted and correctly 
formulated for the specificity of asbestos. Moreover, 
while these procedures are carefully described (sample 
preparation, instrumentation set up and settings, and so 
on) in case of both XRD and SEM in the text of the Min-
isterial Decree issued on September 6, 1994, and also the 
detection limits (D.L.) are explicitly declared (1% w/w 
and 0.1% w/w for the two techniques respectively), in the 
case of FT-IR instead, there is not any indication regard-
ing the D.L. nor the measurement protocol [4].  

It is well known that qualitative and quantitative deter- 
mination of different types of asbestos, by means of FT- 
IR spectroscopy (transmittance or absorbance), is based *Corresponding author. 
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on the use of some characteristic, strong and sufficiently 
sharp peaks. Several studies have demonstrated that FT- 
IR is suitable for quantification of micrograms of differ- 
rent kinds of asbestos in host matrices and, in general, 
the sensitivity of FT-IR could be even less then 1% w/w 
when applied to bulk samples [5-8]. For these reasons, 
although samples require careful treatment before analy- 
sis, FT-IR is a valid alternative to the other cited techni- 
ques; furthermore FT-IR instrumentation is light, com- 
pact, and can be portable.  

In this work, we have applied and compared two ana- 
lytical procedures in the quantitative determination of 
few micrograms of asbestos in bulk materials. The Italian 
laws 257/92 and D.M. 6/9/1994 classify as hazardous the 
materials with a content of asbestos greater than 1% 
(w/w). Therefore, the calibration curves have been built 
in the range 0.1% - 6 % (w/w) of asbestos, in order to be 
able to collect useful data for bulk materials classifica-
tion. 

2. Theory 

The Linear Calibration Curve Method (LCM) is com-
monly used in quantitative chemistry and it has been 
adopted successfully for the determination of asbestos in 
bulk materials by means of XRD [4,9]. This analytical 
procedure can be also used in FT-IR quantitative spec-
trometry: in this case, the calibration curves are obtained 
by plotting the intensity of the absorption peak, IM, as a 
function of the concentration Cx (w/w) of the analyte for 
standard mixtures containing known quantities of a given 
species of asbestos. Through this paper, the intensity IM 
is defined as the net area of the peak integrated from the 
baseline to its minimum of absorption. 

The calibration curve can be always approximated to a 
straight line, at least for very small ranges of concentra-
tion where its equation is: IM = A + B Cx. It is therefore 
possible to find the best line that interpolates the experi-
mental points and determine the line parameters A and B, 
and also the relative error δA and δB. The unknown con-
centration of asbestos in the analyzed sample, denoted as, 
is, thus, determined by using the following formula: 

M
x

I A
C

B

−
=               (1) 

Relative and absolute error on this quantity, εr and εa 
respectively, are calculated by usual formulas of errors 
propagation:  

M
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where the error on IM, δIM, is the statistical indetermina-
tion of several independent measurements on the same 
sample. Even if LCM is largely adopted in spectroscopy, 

quantitative results from LCM procedure can be strongly 
affected by the interference of the matrix in which the 
asbestos are embedded. As it happens with most spec-
trometric techniques, some peaks of the analyte can be 
partially or fully masked by other substances peaks, pre-
venting correct quantitative measurements [10]. 

The Method of Additions (MOA) has been developed 
for the quantitative determination of an analyte in a com- 
plex matrix and therefore is less dependent on its compo- 
sition and complexity [10]. The MOA calibration curve 
evaluates IM for a series of mixtures obtained by multi- 
ple additions of known quantities of standard asbestos to 
the original matrix. The unknown weight concentration 
of asbestos in the sample is given by the intersection be- 
tween the calibration line and the X-axis i.e.: 

A
xC

B
=                   (4) 

The relative error is in this case: 

A B
r A B

δ δε = +               (5) 

First, confirm that you have the correct template for 
your paper size. This template has been tailored for out-
put on the custom paper size (21 cm × 28.5 cm). 

3. Experimentals 

In the experimental measurements, we have used sam- 
ples of pure asbestos certified by the USA National In- 
stitute of Standard and Technology. These materials have 
been mixed with calcium carbonate, used as matrix and 
also as an interfering substance. While calcium car- 
bonate can be found as a dry and fine powder, asbestos 
materials are sold as fiber bundles with very different 
lengths, ranging from about 100 μm up to centimeters. 
Since infrared spectra are strongly affected by preferred 
orientation and, in general, by particles size, it is of great 
importance to careful reducing their linear dimensions 
down to approximately few microns. The following pro- 
cedure has been used in preparing the FT-IR samples, 
both for pure and mixed materials. 

We have used a micro-mortar Retzsch (mod. RM-100), 
and a surfactant solution for reducing mechanical stresses, 
to grind every sample to particles having maximum 
length of about 5 µm. Under this value, the scattering 
losses can be ignored [11]. SEM observations have shown 
that about 30 minutes milling are necessary for Chry- 
sotile and 10 minutes for Amosite and Crocidolite. 

For each ground sample, about 1 g of powder was mixed 
with pure KBr, then homogenised in Agata mortar by 
hand and dried at 105˚C for 1 hour. Three or more trans- 
parent pellets of about 300 mg each and diameter of 13 
mm were obtained by applying a force-weight of 10 tons 
for 5 minutes. The 400 - 4000 cm–1 interval was scanned, 
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24 times for each pellet, with a resolution of 4 cm–1, 
using a Perkin-Elmer FT-IR spectrometer, mod. 2000. 
After a careful analysis of the infrared spectrum of the 
pure minerals, the analytical peaks for each asbestos spe- 
cies were identified. The Chrysotile characteristic peak is 
at 3691 cm–1, the Crocidolite one at 451 cm–1 and the 
Amosite peak at 998 cm–1. 

The LCM curves, reported in Figure 1 for Chrysotile, 
Amosite and Crocidolite, have obtained by plotting the 
IM as function of the weight concentration. Curve para- 
meters are summarized in Table 1. 

The MOA linear curves, for Amosite and Chrysotile, 
are shown in Figure 2 and the relevant parameters are 
reported in Table 2. 

In order to check accuracy and precision of the LCM 
and MOA, some test mixtures of asbestos in CaCO3 were 
prepared and measured following the procedure above 
described. Tests results are reported in Tables 3 and 4, 
where the relative errors respect to the known weight 
percentage of asbestos can also be found. 
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Figure 1. Linear calibration curves for Amosite, Crocidolite 
and Chrysotile. 
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Figure 2. Method of additions curve for Amosite and Chry- 
sotile. 

Table 1. LCM curve parameters. 

ASBESTOS SPECIES A ± δA B ± δB R 

Amosite –5 ± 5 143 ± 3 0.9995 

Crocidolite –24 ± 3 70 ± 1 0.9996 

Chrysotile 1 2 ± 2 76 ± 1  0.9998 

Chrysotile 2 135 ± 5 40 ± 1 0.9994 

 
Table 2. MOA curve parameters. 

ASBESTOS SPECIES A ± δA B ± δB R 

Amosite 363 ± 6 129 ± 5 0.9996 

Chrysotile 161 ± 5 68 ± 2 0.9997 

 
Table 3. Results obtained from the test mixtures by LCM. 

Asbestos
Species

Test

True Value  
(weight percentage of 
 asbestos in CaCO3)  

% 

Measured 
Value 

% 

Relative 
Error 

% 

Test 1 4.02 3.93 ± 0.12 2 
Amosite

Test 2 2.01 2.0 ± 0.1 1 

Test 1 4.20 4.25 ± 0.13 1 

Test 2 3.10 3.1 ± 0.1 1 Crocidolite

Test 3 0.99 1.02 ± 0.06 3 

Test 1 4.60 4.6 ± 0.2 1 

Test 2 2.53 2.5 ± 0.1 0.01 Chrysotile

Test 3 2.06 2.1 ± 0.1 3 

 
Table 4. Results obtained from the test mixtures by MOA. 

Asbestos 
Species

Test 

True Value (weight 
percentage of asbestos 

in CaCO3) 
% 

Measured 
Value 

% 

Relative 
Error 

% 

Amosite Test 1 2.44 2.6 ± 0.2 6 

Chrysotile Test 1 2.06 2.17 ± 0.14 5 

4. Results and Discussion 

One basic assumption of both the analytical methods 
proposed is the existence of a linear relationship between 
IM and Cx. We have experimentally verified that in any 
concentration range we have considered the dependence 
of IM on Cx is strictly linear: the linear regression coeffi- 
cient of all the curves reported in Figures 1 and 2 is al- 
ways grater than 0.99. 

The linearity assumption is not true in general, and the 
relationship should be verified case by case. For example, 
in an extended concentration range, we have experimen-
tally found that the peak intensity is a quadratic-like 
function of the concentration as it is shown in Figure 3 
in the case of Chrysotile. Of course, the quadratic de- 
pendence does not prevent a quantitative determination 
of unknown mixtures, but it becomes quite cumbersome. 
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Figure 3. IM as function of Chrysotile weight concentration. 
 
It is better to prepare the calibration curves in those inter- 
vals of concentration where the linearity is experimen- 
tally measured. 

We have specified samples preparation and data ac- 
quisition procedure, which are very important in order to 
maximize the accuracy and the precision of the method 
for quantify the concentration of asbestos. The homoge- 
neity of the sample was checked by making several mea- 
surements on different pellets prepared from the same 
powder. Pellets giving odd results, probably due to me- 
chanical damages or humidity affected, were rejected be- 
cause they were not representative of the mixture. Three 
pellets were analyzed for each sample and, the FT-IR 
spectrum was registered three times for each pellet. There- 
fore, nine independent values of the analytical peak in- 
tensity were used for each sample: the final estimate of 
IM was just the weighted average of nine values. In this 
way, each measurement is supported by a significant 
statistic. 

Data reported in Tables 3 and 4 show that FT-IR is a 
reliable technique for the quantitative determination of 
asbestos in bulk materials. As a matter of fact, in all the 
test measurements the revealed concentration is very close 
to the true value, within the error interval of 3%, if the 
Linear Calibration Curve Method is used, and 6% with 
the Method of Addition. 

As expected, the relative errors increase as the weight 
concentration decreases: at very low concentrations of 
asbestos, the IM determination can became difficult. In 
fact, the area of the analytical peak becomes smaller and 
smaller as the concentration of asbestos tends to the theo- 
retical limit of 0.1% (w/w) [10], and the peak broadening 
also increases, so that the uncertainty about the starting 
and ending points of integration also increases, as it can 
be seen in Figure 4, where the analytical peak of Amo- 
site, at different concentrations, is shown. 

But even at very low concentration (see Crocidolite 
test 3 in Table 3, 0.99 % w/w) experimental data show  

 

Figure 4. FT-IR Amosite analytical peak at different con- 
centration (w/w). 
 
not so high dispersion around the true value which proofs 
a good overall accuracy of both methods. 

5. Conclusions 

In conclusion, the two analytical procedures for quan-
titative determination of asbestos in bulk materials ap-
pears to be quite reliable, supposed that particular care 
is devoted to sample preparation, in particular about its 
comminution. The data acquisition methodology and 
data analysis also require attention for guaranteeing the 
quality of outputs. Relative errors between 0.01% and 
6% have been found in quantify asbestos concentration 
of about 2% (w/w) in tests measurements. FT-IR spec-
troscopy can be thus considered very appealing as an 
analytical technique for bulk determination. 
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