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Abstract

Introduction. The Sacco Valley (Lazio, Italy) is characterized by high density population
and several industrial chemical productions that during the time had led to a substantial
amount of by-products. The result was a severe environmental pollution of the area and | e trace elements

in particular of the river Sacco. In 1991, the analysis of water and soils samples of three | e blood

industrial landfills revealed the presence of organochlorine compounds and heavy metals. | o Sacco Valley (Italy)
A research project named “Health of residents living in Sacco Valley area”, coordinated

by the regional Department of Epidemiology, was undertaken and financed to evaluate

the state of health of the population living near those polluted areas.

Materials and methods. Cd, Hg and Pb were quantified in 246 blood samples of

potentially exposed residents of the Sacco Valley by quadrupole inductively coupled

plasma mass spectrometry (Q-ICP-MS).

Results. Individuals who agreed to be sampled did not exhibit high levels of the

elements. The distance from the river does not seem to be directly connected with the

elements levels in blood. The contribution of these contaminants to the total intake due

to ingestion of food was difficult to evaluate. The unclear trend of data would require a
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characterization of the polluted site with environmental sampling of different matrices.

INTRODUCTION

Cadmium (Cd), mercury (Hg) and lead (Pb) are
naturally occurring constituents in the environment with
varying in concentrations across geographic regions.
They can be commonly found in the environment
as pollutants as a result of human activities. The
environmental chemistry of these elements influences
their fate and the potential effects on the population.
The toxicokinetics and toxicodynamics depend on the
chemical form of the element that can be regulated or
stored in the organism. For these reasons, it is important
to understand and distinguish among naturally occurring
levels, current background levels (i.e., natural and
anthropogenic sources) and contributions from specific
activities of concern [1]. The toxic effects of Cd exposure
in humans are well known and documented. Numerous
studies indicate that kidney is the primary target organ
of cadmium toxicity following extended oral exposure
[2]. The health effects of Pb on human health are widely

treated in literature. Lead can travel in the blood to soft
tissues and organs such as liver, kidneys, lungs, brain,
spleen, muscles and heart. After several weeks, most of
Pb moves into bones and teeth, however, blood remain
an effective means of assessing a possible exposure
[3]. Both elemental Hg and methylmercury are toxic,
nervous system and kidney are likely to be affected by
mercury. Exposure to Hg compounds at hazardous sites
is more likely to occur from handling contaminated soil,
drinking well-water or eating fish from contaminated
waters near those sites. But not all waste sites containing
mercury have had releases of mercury to the air, water or
surface soils [4, 5].

A recent and, to some extent past exposure to Cd, Hg
and Pb by all routes (including ingestion, inhalation and
dermal absorption) could be reflected by their levels in
blood, nevertheless, their presence does not by itself
mean causing diseases or adverse effects [6, 7]. In order
to evaluate a possible exposure to organic and inorganic
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contaminants blood is commonly employed in human
biomonitoring, nevertheless it does not trace the
bioaccumulated chemicals [8]. Human biomonitoring
is defined as the direct measurement of people’s
exposure to environmental contaminants by measuring
substances or their metabolites in blood, urine, or other
specimens [9]. The great strength of biomonitoring
is that it provides unequivocal evidence that both
exposure and uptake have taken place [6, 10]. Results
from biomonitoring studies are particularly useful
when they are combined with classical epidemiological
observations and/or animal data [11]. At present,
many biomonitoring investigations have been done at
international level in population-based surveys designed
as a basis for protecting public health [12-24].

The region of river Sacco valley is located in the
central part of Italy (Lazio). This valley is characterized
by high density population and several industrial
settings, including chemical plants. For a long time,
it has been an important industrial area involving
chemicals production that led to a considerable amount
of by-products, thus representing a problem for their
disposal and treatment. Furthermore, the presence
of illegal dumping sites has been a matter of concern
for the population. In 1991, a technical survey on
the substances in water and soils of three industrial
landfills revealed the presence of organochlorine
compounds and heavy metals. The concentration
of these contaminants in soil showed a descending
order with increasing distance of the river. It was
therefore suggested that the land nearest the river was
contaminated and that the river served as a vehicle for
the contamination [25]. In 2005, the analysis of one
raw milk sample of a dairy farm of Gavignano revealed
a high value of B-hexachlorocyclohexane [25], a
synthetic chemical classified as possibly carcinogenic
to humans by the International Agency for Research
on Cancer (IARC) [26]. Subsequent investigations
on raw milk and feed sampled from different farms
have confirmed the contamination of the territory. The
river Sacco turned out to be severely polluted as well
due to the discharge of toxic and uncontrolled waste
of industrial origin. Therefore, there was the need of
investigating a possible impact on human health of
inhabitants living near the river due to this extensive
environmental pollution.

A comprehensive research project entitled “Health of
residents living in Sacco Valley area”, coordinated by the
regional Department of Epidemiology, was undertaken
and financed to deeply evaluate the state of health of
the population living near those polluted areas. The
study was divided in four different parts, each unit has
dealt with a particular aspect of the project:

a) epidemiological surveillance and evaluation of the
effects on human health with analysis of mortality,
morbidity and reproductive health area;

b) survey on population with cross-level characterization
of the accumulation of organic contaminants and metals
with the study of biological markers, disease in adults
and reproductive health;

c) cohort studies of people living with enrollment of a
cohort to study the relationship between residence in

the area and causes of death and hospitalization, and
assess the risk among farmers of farms located along
the course of the river Sacco;

d) analysis of mortality of the cohort of workers with
mortality study of the cohort of workers engaged in the
chemical processing of the former industrial complex of
Colleferro and railway carriages.

In the framework of this project, a human
biomonitoring programme was carried out on the levels
of Cd, Hg and Pb in blood of 246 potentially exposed
residents in the area as a part of point b) of the analysis.
Blood was previously acid assisted digested and the
elements were all quantified by means of quadrupole
inductively coupled plasma mass spectrometry (Q-ICP-
MS). This paper presents and discusses the outcome of
this study.

MATERIALS AND METHODS
Areas
In this study, nine small municipalities were involved,
three of them were located near the industrial pole of
Rome territory (Colleferro, Segni and Gavignano) and
the remaining six were of Frosinone’s province (Paliano,
Anagni, Ferentino, Sgurgola, Morolo and Supino).
Four areas were selected on the basis of the distance
from the different pollution sources (industrial area and
river Sacco), as follows:
Area 1: area of Colleferro (1 km from the industrial
area);
Area 2: areas of the centers of Colleferro, Segni,
Gavignano, Sgurgola and Morolo (1 km from the
river);
Area 3: other areas of Colleferro and a rural area of
Gavignano and Segni;
Area 4: inhabited areas of Gavignano and Segni.
Area 1 and 2 have 31 000 and 57 000 inhabitants,
respectively.

Selection of population and data collection

The subjects to be eligible for the study must be Italian
citizen, aged in the range 25-70 years, had been living
for a continuative period of at least 15 years in one of
the mentioned four zones. Candidates (all Italian) were
asked to answer a questionnaire in order to verify any
possible additional exposure through ingestion of food,
smoking, use of medicine, and other. This information
turned particularly useful in the evaluation of final data,
especially in case of very high values that require a close
examination of questionnaires to exclude confounding
factors.

A number of 509 questionnaires were distributed
among residents living in the areas. Four hundred and
four people were considered eligible for the study with
only 240 blood samples. Sampling of blood (10 ml from
each participant) was done in the Transfusion Centers of
the hospitals of Colleferro and Anagni. After sampling,
blood specimens were stored in a freezer at -20 °C in
BD Vacutainer® blood collection tube with heparin
(Becton, Dickinson and Company, NJ, USA). The
population participating in this study was considered
representative of the inhabitants of the Sacco valley due
to their specific location.
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Table 1
Characteristics of the subjects with a direct interview

Sex

male

female

Age (years)

20 to 34

35to 44

45 to 54

55 to 70

House distance from the river
less than 500 m (d1)

from 500 m to 1 km (d2)
from 1 to 2 km (d3)

from 2 to 5 km (d4)

more than 5 km (d5)

Ever smoking

yes

no

Domestic use of well water
yes

no

Use of well water for cooking
yes

no

Personal washing use of well water
yes

no

Other use of well water

yes

no

Total number of responders

Residence areas %

Sum
1 2 3 4
31 116 47 20 214
60 142 70 23 295
14 62 22 5 103
27 68 26 13 134
20 49 26 10 105
30 79 43 15 167
6 70 0 0 76
43 138 10 0 191
42 42 84 0 168
7 19 0 26
0 1 4 43 48
51 116 62 19 248
40 142 55 24 261
0 54 2 1 57
91 204 115 42 452
3 163 12 0 178
88 95 105 43 331
1 179 11 0 191
90 79 106 43 318
1 7 1 1 10
90 251 116 42 499
91 258 117 43 509

Etbical considerations

The Department of Epidemiology of the Local Health
Authority informed the subjects about the objectives of
the investigation. All participants were asked to give
their informed consent in order to contribute to the
research. The local guidelines for human investigations
were adopted for this human biomonitoring study.

Sample treatment and analysis

An open acid digestion procedure was adopted
by means of a high throughput (48 positions)
digestion system (ModBlock™ Digestion System,
CPI International, Amsterdam, The Netherlands) in
decontaminated disposable metal-free polypropylene
sample tubes (50 ml + 0.25 ml). A portion of 1 ml of
blood was transferred in each tube with 2 ml of 67-

69% Super Pure Nitric Acid (Romil, Cambridge, Great
Britain), 1 ml of 30% super pure hydrogen peroxide
(Romil, Cambridge, Great Britain) and 1 pg/l of Rh.
These were subsequently digested at 60 °C for three
hours. The final digested solutions were quantitatively
transferred in 15 ml Falcon® tubes (Becton Dickinson
Labware, Franklin Lakes, NJ, USA) with ultrapure
deionized water (specific resistivity of 18 MQ cm, Easy
Pure, PBI International, Milan, Italy) up to a volume
of 10 ml. These solutions were stored at -20 °C and no
further dilution was necessary for the analysis. Single
element 1000 mg/l stock standard solutions of Cd, Hg,
Pb and Rh in 2% (v/v) HNO, were properly diluted for
the analysis (Spex Industries Inc., Edison, NJ, USA).
Each cycle of digestion contained three blanks (1 ml
of deionized water for each Vacutainer® blood tube) in
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Table 2
Characteristics of the 240 subjects (blood withdrawal)

Sex

male

female

Age

20 to 34

35 to 44

45 to 54

55to 70

House distance from the river
less than 500 m (d1)

from 500 m to 1 km (d2)
from 1 to 2 km (d3)

from 2 to 5 km (d4)

more than 5 km (d5)

Ever smoking

yes

no

Domestic use of well water
yes

no

Cooking use of well water
yes

no

Personal washing use of well water
yes

no

Other use of well water
yes

no

Total of replies

Percent composition

Residence area (%)
Sum
1 2 3 4

51.1 51.8 49.1 56.7 51.7
48.9 48.2 50.9 43.3 48.3
12.8 23.6 22.6 188 20.0
29.8 25.5 22.6 30.0 26.3
19.1 21.8 24.5 20.0 21.7
38.3 291 30.2 36.7 321
0.0 3.6 11.3 73.3 13.3
8.5 3.6 41.5 16.7 14.6
36.2 36.4 321 3.3 31.3
40.4 30.0 9.4 0.0 23.8
14.9 26.4 5.7 6.7 171
59.6 33.6 54.7 53.3 45.8
40.4 66.4 45.3 46.7 54.2
4.3 75.5 13.2 3.3 38.8
95.7 24.5 86.8 96.7 61.3
4.3 61.8 13.2 0.0 321
95.7 38.2 86.8 100.0 67.9
0.0 70.9 11.3 0.0 35.0
100.0 291 88.7 100.0 65.0
0.0 2.7 0.0 3.3 1.7
100.0 97.3 100.0 96.7 98.3

100.0 100.0 100.0 100.0
19.6 45.8 221 12.5 100

order to evaluate possible residue contamination from
heparin. These solutions were left to stand for 24 h,
subsequently subjected to the same digestion procedure
and analyzed. Their concentrations were always below
the instrumental limit of quantification (Cd 0.043 pg/l,
Hg 0.334 pg/l, Pb 0.101 pg/l).

The trueness of the method was assessed by the
reference material (RM) Clinchek® whole blood level 1
(RECIPE Chemicals, Munich, Germany), certified for
the content of Cd (1.3 + 0.4 pg/l), Hg (3.8 + 1.2 pg/l)
and Pb (81 + 15 pg/l). Results for trueness (expressed
in terms of percent deviation) were: -2.6% Cd, +10%
Hg and -5% Pb.

The quantification of Cd, Hg and Pb was performed
by Q-ICP-MS (Elan DCR II, Perkin Elmer SCIEX,
Norwalk, CT, USA) applying the published in-house
validated method [27]. Matrix effects were compensate
by the addition calibration approach that uses digested
blood added with a known amount of the element
for calibration curve, in this way any fluctuation of
the analytical signal was corrected by Rh (internal
standard).

Statistical analysis
The statistical analysis used the information from
the questionnaires gathered from the interviews and
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Table 3
Reference values from literature of Cd, Hg and Pb in blood (ug/I)
Cd Hg Pb
All 0.15-2.041%; 1.61%; 3671: 0.1-1.97%1  0.94-8.131%); 4.91%1; 1.7-9,9[24] 11.4-62.88%1; 42861, 75067; 12 .8 - 27624
367
Female 4.4881; 4,07 70831; 80B4; 35056, 65°7]
Male 3.58%7 5.41%61; 3,137 9031, 9Q4l; 481561, 95371
Smokers 4587 - -
Non-smokers 1.083; 1.2134; 1 117 - -

Table 4
Mean concentrations and standard deviation for Cd, Hg and Pb in blood (ug/l) vs distance from the river Sacco
Distance from the river
Element
<500 m from 500 m to 1 km from 1 km to 2 km from2kmto5km >5km
(d1) (d2) (d3) (d4) (d5)
Cd 0.418 £ 0.265 0.659 £ 0.752 0.502 + 0.588 0.464 + 0.395 0.356 £ 0.318
Hg 3.82+£2.32 3.08 £ 1.46 3.26 £2.32 3.72+242 3.81+227
Pb 344 +252 29.1+19.3 30.0+19.2 31.6+26.8 39.1+30.3
Table 5
Characteristics of the interviewees
Residence area Total
Classes in the areas (years) d1 d2 d3 d4
0-5(y1) 2.2 1.9 2.9 3.3 2.5
6-10 (y2) 8.2 71 8.1 7.7 7.7
11-15 (y3) 12.8 12.9 183 11.5 12.7
> 15 (y4) 401 30.8 38.9 411 35.1
Total 25.8 26.0 30.4 25.0 26.8

linked life styles and possible conditions of exposure
to the polluted zones. Sex, age, home distance from
the source of pollution (identified by the river Sacco),
smoking habits, use of well water and residence area
were the eligible variables.

As the first step, a comparison by the information
of all questionnaires (509 answers) and the results of
the instrumental analysis (240 answers) was adopted to
evaluate the effect of the self-selection on experimental
data: individuals choose whether or not to participate
in sampling of blood, that choice could be correlated
with their life style and/or the awareness of a personal
exposure (Tables 1-2). This possibility is called the self-
selection problem [28]. The Kolmogorov-Smirnov
test [29] compares the area distribution of sampled
participants (240) versus the area distribution of the

total people interviewed (509) by analyzing each single
eligible variables: if the test null hypothesis of identical
sample distribution is rejected it is possible consider the
presence of the blood sample selection effect.

As a second step, the cluster analysis was applied.
This kind of analysis considers different measurement
definitions for observations data comparison; the aim
is to assign objects into group or clusters in such a way
that two objects from the same cluster are more similar
than two object from different clusters. The similarity is
defined by the distance measurement used and by the
information — variables considered [30].

Statistical treatment of data was performed by means of
the Elaboration Software SAS (ver. 9.1.3 SAS Institute Inc.,
Cary, NC, USA). Outliers were removed from this statistical
treatment and data was checked for duplications.
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Table 6
Interviewees characteristics in four clusters by considering the three quantitative variables

Cluster*[40]

Total
1 2 3 4

Metals concentration, age and number of years in polluted areas, average values of 4 clusters selected
Average blood level (ug/l)
Cd 0.45958 0.46250 0.42100 0.53893 0.50203
Hg 3.89021 4.62333 3.71250 3.92491 3.93776
Pb 30.55938 29.28417 42.65150 32.83634 33.06750
Average age 44.6 42.0 49.6 45.6 45.5
Average number of years in polluted areas 28.9 25.8 31.9 25.9 27.3

Observations distributions for:
4 selected clusters, sex, age classes, years lived in polluted areas, smoking habits and use of well water

Sex

male 54.2 58.3 65.0 48.2 52.1
female 45.8 417 35.0 51.8 47.9
Age

20 to 34 271 25.0 10.0 23.2 22.9
35to 44 25.0 33.3 20.0 25.9 25,5
45 to 54 18.8 33.3 30.0 20.5 21.9
55 to 70 29.2 8.3 40.0 30.4 29.7

Home distance from river

less than 500 m 12.5 8.3 15.0 13.4 13.0
from 500 m to 1 km 10.4 16.7 5.0 18.8 15.1
from 1 to 2 km 37.5 58.3 35.0 25.0 31.3
from 2 to 5 km 229 8.3 30.0 259 24.5
more than 5 km 16.7 8.3 15.0 17.0 16.1
Ever smoking

yes 41.7 333 55.0 50.9 47.9
no 58.3 66.7 45.0 49.1 52.1

Domestic use of well water
yes 45.8 8.3 45.0 37.5 38.5
no 54.2 91.7 55.0 62.5 61.5

Cooking use of well water

yes 417 8.3 30.0 30.4 31.8
no 58.3 91.7 70.0 69.6 68.2
Personal washing use of well water

yes 41.7 0.0 40.0 34.8 34.9
no 58.3 100.0 60.0 65.2 65.1
Other use of well water

yes 4.2 0.0 0.0 0.9 1.6
no 95.8 100.0 100.0 99.1 98.4
Total of replies 100.0 100.0 100.0 100.0 100.0

(*) Average linkage cluster method results for standardized data.
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RESULTS AND DISCUSSION

Human exposure is commonly assessed by the use
of human biomonitoring (HBM) data or reference
values (RV), which are also recommended by the
German Human Biomonitoring Commission (GHBC).
HBM values are derived on the basis of toxicological
and epidemiological studies by expert judgment [31].
According to the German Commission two different
levels can be identified: HBM I and HBM II. The
former represents the concentration below which there
is neither any risk of adverse health effects nor any need
for action, while the latter represents the concentration
above which an increased risk of adverse health effects
exists and intervention and action are needed (reducing
exposure and providing advice for individual biomedical
care); additional analysis is needed at any concentration
level between the aforementioned levels. RVs are
statistically derived values that indicate the upper
margin of background exposure to a given pollutant
in a given population at a given time [31]. The GHBC
provided for blood a value of 5 pg/l (HBM I) and 15
ug/l for Hg (HBM I1), 150 pg/l (HBM 1) and 250 pg/l
for Pb (HBM 1I), 1.0 pg/l for Cd (RV for non-smoking
adults), 2.0 pg/l for Hg (RV), 70 pg/l (female) and 90
(male) pg/l for Pb (RV with an analytical uncertainty of
20 pg/l) [31]. In 2009, following to new findings, the
GHBC suspended the HBM values (HBM I and HBM
I1) for Pb in blood for all groups of people; therefore,
levels above the RV can be considered as coming from a
specific source [32].

Table 3 summarizes RVs and/or ranges of values for Cd,
Hg and Pb in blood as obtained from the international
literature. These concentrations were selected for this
study as arbitrary threshold values by evaluating the
recommended HBM, RVs and the information collected
from literature: 5 pg/l for Cd, 9 pg/l for Hg and 100
ng/l for Pb. A higher value for Cd was selected to take
smokers into account.

Table 4 displays the mean concentrations of Cd, Hg
and Pb in blood classified by the distance from the river
Sacco. An unexpected scenario emerges from the data,
for the levels of the Cd, Hg and Pb do not decrease along
with the distance from the river. Indeed, when the data
values are organized in an ascending order, the distance
from the pollution source does not show a proportional
or a direct relation with the elements level. In fact, Cd
is higher in d2 and lower in individuals living far from
the river (d5). Mercury and Pb do not seem to display
a trend and, surprisingly, their levels are relatively high
in individuals living more than 5 km from the river (d5).
Apparently, the recorded Hg and Pb levels are always
higher in the farthest and the nearest areas, while no
association can be derived for Cd. For a more specific
evaluation of this outcome, an additional characterization
of the polluted site would be worth achieving, including
sampling of environmental samples.

A comparison between the relative frequency
distribution of the areas containing the 509 interviewed
people (17.9% belong to area 1; 50.7% to area 2; 23.0%
to area 3; 8.4% to area 4) and the relative frequency
distribution of the 240 participants who gave a blood
sample (19.6% belong to area 1; 45.8% to area 2; 22.1%

to area 3; 12.5% to area 4) reveals that interviews of
areas 1 and 4 are the most interesting, in particular:
19.6% of participants versus the 17.9% of people
interviewed in area 1 and 12.4% of the participants
versus the 8.4% of the interviewed people in area 4;
the same can be said for men, non-smokers and users
of well water of all areas.

The Kolmogorov-Smirnov test is capable of giving a
statistical measure of the difference between the two
distributions of data, and has indicated as statistically
significant the differences of distributions in the five
items of the distance from the river and the four items
of the areas between the 509 and the 240 subjects.
This outcome is important because the definition of
the area reflects the aspects of the pollution and the
administrative constraints, and it highlights the action
of the self-selection process among the areas taken in
consideration (for the five distances of Table 4, starting
from the nearest to the river test values for null hypothesis
rejection were 0.88, 0.72, 0.26, 0.64 and 0.86). The test
has showed other differences regarding the distribution
of data for the two following groups: smokers (null
hypothesis rejection test value 0.08) and people who do
not use well water at home (null hypothesis rejection
test value 0.16). This result may indicate that inhabitants
participating in this survey are aware of a possible
exposure to environmental pollution.

Other key information may be derived by evaluating
the distance from the river (d) as a function of the
elements concentration. The three elements resulted
quite characterized; more specifically, no sample exceeds
the assigned value for Cd (most smokers belonged to the
area d1), while Hg and Pb presented three and four high
values, respectively. However, these findings do not add
useful details about a possible exposure of the subjects
enrolled in this monitoring study.

The same approach may be adopted to investigate
other characteristics, such as gender and smoking
habits. Two different studies reported higher levels of
Cd in the blood of smokers belonging to the Italian
general population of the Umbria region and in
Prague’s homeless population [38, 39]. The same result
seems to be confirmed by two other investigations,
specifically a German biomonitoring survey [33] and
a Czech biomonitoring project on general population
that found the median value of Cd in blood of smokers
to be about 3 times higher than the non-smokers one
[37]. However, it is still difficult to evaluate to which
extent food ingested by the population contributes to
the total intake of these elements. Although in this
study the data pertaining to Cd never exceeds the
threshold value, there still exists a difference in the
distribution of the results between smokers and non-
smokers interviewees. The average values are shifted
towards higher values for smokers, supporting the
hypothesis that the habit of smoking can affect the
levels of Cd in blood [36]. The remaining two elements
do not exhibit any particular trends related to smoking
habits. Gender differentiation revealed that Cd is
higher in male specimens, who present a different
frequency when compared to female specimens, while
in female specimens Hg increases with the distance
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from the river and a similar relation appears to apply
to Pb in male specimens.

The statistical analysis applied so far took the range
of elements concentration in blood in consideration and
gave priority to the residence areas. Following analysis
are presented by adding the new variable, the number
of years spent by the subjects in the investigated areas.
Data were subsequently distributed in four classes: from
0 to 5 years (y1), from 5 to 10 years (y2), from 10 to 15
years (y3) and more than 15 years (y4). More than three
quarters of the interviewees has lived in those areas for
a long time. Then, for the quantitative new variable
definition, the number of years (in classes) is reported in
a continuous variable assuming a uniform distribution
in the category range for the observations that have an
identical age. Therefore, individuals belonging to a given
class of possible years of exposure and of the same age
are considered to be equally distributed. For instance,
three individuals belonging to class (y1) and aged 41 in
the new variable are considered to have spent 0, 2.5 and
5 years in polluted areas, respectively. Focusing on an
individual age constraint of 70, three individuals of the
class (y4) and aged 58 in the new variable have spent
16, 50.5 and 58 years in the polluted areas, respectively.
Table 5 shows the average values of this new quantitative
variable for each area and class of exposure. The results
show that the interviewees have spent on average 26.8
years of their life in polluted areas. This can be derived
from the interviewees’ concentration in the last classes
(v4). It also appears that the average time of exposure
is higher in the d3 area, as more than the 73% of the
interviewees were subjected to an exposure time of
38.9 years. By considering the territorial distribution,
the periods of exposure are very similar, with the only
exception of the d3 area. This new quantitative variable
is then used in the cluster analysis.

First of all, all available variables (quantitative and
qualitative) were considered with different clustering
methods; thus, by evaluating the results of different
elaborations, a set of variables offering the clearest
indication for the target of this study was identified. The
cluster analysis, considered until now, used an average
linked approach by considering only the three quantitative
variables that give the elements measurement in blood.

The analysis identifies four prevalent groups (Table
6), not comprehensive of all observations (192 out
of 240, or 80% of the observations), which present
some peculiar characteristics deriving only from data
on blood: individuals belonging to the four groups
identified through cluster analysis typically present
higher values of Cd and lower values of Pb in blood
versus the total average of interviewees, and a similar
trend can be observed for Hg as well. The first group
does not have distinct characteristics for the analyzed
elements; participants have lived in polluted areas for
more than 28 years (28.9) and their average age is 44.6;
for the most part they are men showing low attention
to potential risks arising from smoking and using
well water. The second group presents the lower Pb
values, higher Hg values and an interesting Cd value.
Individuals belonging to this group are for the most part
men with the lowest average age (42 years), more than

half of them had lived in the polluted area; they also
seem to pay attention to the domestic use of well water.
The third group presents the higher average Pb value
and the lower Hg and Cd values. The group is mainly
composed of males (65%) with an average age of 49.6
years; most of them had lived in the polluted areas.
The fourth group presents the highest level of Cd and
an average age of 45.6 years; this group also presents a
slight but identifiable prevalence of women who are not
particularly characterized for the use of well water. No
other group specific characteristics were identified, but
data in table shows that the gender characterization of
the second and the third group as the differences in the
well water use had effects on the average presence of
metals in blood.

CONCLUSIONS

From the analysis of data, it can be observed that no
sample exceeds the assigned value for Cd, whereas for
Hg and Pb three and four high values were highlighted.
Although some gender differentiation was noticed for Cd,
its content in blood is normally influenced by smoking
habit as also reported by international literature, while,
for non-smokers the main source of exposure remains
food. As regards Pb, a rather wide range of reference
concentrations was found in literature, and this turned
out to be a disadvantage for the evaluation of the results,
additionally, it is known that the amount of Pb increases
with age. The consumption of food and potable water
generally affects the level of these three trace elements
in human specimens. The test of Kolmogorov-Smirnov
showed differences regarding the distribution of data
for people interviewed and participants, the two groups
were the smokers and people who do not use well water
at home.

Generally, participants did not exhibit hazardous
levels of Cd, Hg and Pb in blood. These results do not
add significant information on the spread of pollution
with reference to these three elements. Surprisingly,
the distance from the river Sacco does not seem to be
directly connected with the levels of these elements in
blood of residents. This biomonitoring study does not
highlight specific risks or life-threatening situations for
health of people living in those areas. The unclear trend
of data would require a further characterization of the
polluted site possibly with environmental sampling of
different matrices.
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