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Abstract: The impact of waste incinerators is usually examined by measuring environmental
pollutants. Biomonitoring has been limited, until now, to few metals and to adults. We explored
accumulation of a comprehensive panel of metals in children free-living in an urban area hosting
two waste incinerators. Children were divided by georeferentiation in exposed and control groups,
and toenail concentrations of 23 metals were thereafter assessed. The percentage of children having
toenail metal concentrations above the limit of detection was higher in exposed children than in
controls for Al, Ba, Mn, Cu, and V. Exposed children had higher absolute concentrations of Ba, Mn, Cu,
and V, as compared with those living in the reference area. The Tobit regression identified living in
the exposed area as a significant predictor of Ba, Ni, Cu, Mn, and V concentrations, after adjusting for
covariates. The concentrations of Ba, Mn, Ni, and Cu correlated with each other, suggesting a possible
common source of emission. Exposure to emissions derived from waste incinerators in an urban
setting can lead to body accumulation of specific metals in children. Toenail metal concentration
should be considered a noninvasive and adequate biomonitoring tool and an early warning indicator
which should integrate the environmental monitoring of pollutants.

Keywords: metals; children; toenails; biomonitoring; waste; incinerators

1. Introduction

Waste incineration in industrial plants generates bottom and fly ashes, which are released into
atmosphere after appropriate purification. This procedure, however, does not completely remove toxic
chemicals from the emissions. Heavy metals (manganese, lead, cadmium, copper, nickel, mercury,
thallium, and vanadium in particular) cause concerns for public health [1-5]. Fly ash emitted from
waste incinerators contains large amounts of metals, leading to potential ecological risk [6,7] also
due to a progressive accumulation in surrounding soils [2,8]. A study investigating heavy metals
in fly ash from 15 municipal solid waste incinerators showed that metals could easily leach out,
mainly due to the high content of acid soluble fraction and reducible fraction. This might generate
elevated environmental risk [7]. Metals are abundantly present in particulate matter produced by waste
incinerators (mainly fine and ultrafine particles, PM0.2-2.5), with dominant presence of vanadium,
nickel, copper, zinc, cadmium, and lead in fine particles and with magnesium, aluminum and thallium
in coarse particles [5]. Fine particles emitted from waste incinerators have elevated content of heavy
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metals and are more cytotoxic than those emitted from biomass incineration [9], thus contributing to
human toxicity [10].

Metals can enter the human body through different routes such as dermal contact, inhalation,
and ingestion [11,12]. Children are particularly vulnerable, in terms of biological effects, when exposed
to metal pollution [13-17], mainly due to oxidative damage following chronic exposure [18,19].
In pediatric age, the body burden of metals has been linked with a number of pathologic
conditions including nononcologic diseases (i.e., altered growth and development [20], obesity [21,22],
and neurologic [23-25], cognitive [26], and respiratory [19,27] disorders) and cancer [28-30].

A recent study characterizing the distribution of heavy metals in ambient air particles (PM1, PM2.5,
PM10) emitted from a municipal waste incinerator, indicated that children living close to this industrial
plant had a high noncarcinogenic risk and a high lifetime carcinogenic risk following exposure to
toxic metals bound to the emitted particles [28]. Several studies explored the concentration of heavy
metals (mainly lead, cadmium, mercury, nickel, and chromium) in adults exposed to emissions from
waste incinerators [31-36]. However, in the majority of cases a limited number of metals have been
considered, and the sampling procedures were on blood and/or urine, thus mainly representing short-
rather than long-term exposure [37-40]. Similarly, previous biomonitoring studies in exposed children
only determined the body burden of few trace elements (mainly manganese [3], chromium, lead,
and cadmium [41-43]), not considering the wide panel of metals [1,5] emitted by waste incinerators.

Thus, studies investigating the long-term accumulation of multiple metals in children living
close to waste incinerators are still lacking. Furthermore, noninvasive biomonitoring tools able to
determine, in this age class, the health risk deriving from the discharge of hazardous pollutants into the
environment are strongly needed. In fact, human biomonitoring has been proposed as more useful to
assess possible health effects than environmental monitoring [44,45]. In this respect, human nails have
been frequently employed for the assessment of metal exposure of various origin [46], have been used
in pediatric age [47-51], and have been indicated as suitable indicators of long-term exposures [52,53].

2. Methods

2.1. Study Design

The aim of the present study was to measure the body burden of a wide panel of metals
(23 different elements, see Section 2.4) in children living in an urban setting, at different distances
from two waste incinerators. According to previous evidence, the concentration of metals in toenails
was employed as an indicator of chronic environmental exposure [37-39,52,53], adjusting results for
possible confounders.

2.2. Study Population and Area

A public campaign served to explain the aims of the study. Subsequently, a total of 220 children
(128 males, age range 6-9 years) were enrolled in the city of Forli (Emilia-Romagna region, Northern
Italy, 117,946 residents in 2017) from December 2016 to March 2017, after parents signed informed
consent. Children also agreed to participate as volunteers.

Inclusion criteria were living at the same address in the last 6 months before enrollment, and the
presence of a signed informed consent.

Subjects with previously known diseases were excluded from the study.

In the urban study area, two incinerators are located about 200 m from each other: a municipal
solid waste incinerator (total capacity 100,000 Nm>/h), and a hospital waste incinerator (total capacity
of 21,500 Nm3/h). Besides these two plants, according to the official emission inventories, the remaining
sources of air pollution in the explored area are vehicular traffic (urban traffic, two major roadways)
and domestic heating during cold season.

All enrolled children were georeferentiated. According to previous studies [28,33,41,54-57] and
to results from a dispersion model specifically assessed for the two incinerators [54], exposed subjects
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were considered those living within a 3 km radius circle around the two plants, with the circle centered
in the middle distance between the two (Figure 1).

Figure 1. Study area around incinerators (filled circles), in the city of Forli (Emilia-Romagna, Northern
Italy). Exposed subjects considered were 62 children living within a 3 km radius circle around the two
incinerators, with the circle centered in the middle of the distance between the two plants. A total of
158 enrolled children were residents in the remaining city areas (reference area).

Subijects in the reference area (controls) were the residents living outside this circle.

The Romagna Ethical Committee (CEROM) approved the study protocol. The initiative was
entirely self-financed with popular events for fundraising or voluntary donations. Written informed
consent was signed by both parents.

2.3. Assessment of Potential Confounders

A questionnaire served to explore further possible environmental conditions or personal behaviors
able to influence the concentration of metals in toenails. Covariates included residential proximity (i.e.,
less than 300 m) to busy roads, previous orthodontic treatments, regular practice of outdoor sports,
hobbies involving the use of chemicals, exposure to passive smoke, and regular consumption of locally
grown vegetables. The questionnaire was administered to parents for self-compilation.

2.4. Nail collection, Sample Preparation, and Analysis

Toenails were selected for sampling as preferential to fingernails due to a minor risk of external
contamination [58]. The procedures for toenail collection, sample preparation, and analysis have been
extensively employed in previous studies [47,48,59—67].

Toenails were clipped using ceramic blade to avoid possible contamination. Samples were
thereafter stored in a 10 mL polypropylene tube for subsequent analysis, and scissors were cleaned
with a light-acid solution. Toenails were examined according to a standardized technique [68]. Briefly,
samples were immersed in a 70% ethanol solution without stirring or sonication for a period of
10 min, to reduce the risk of microbiological contamination. Exogenous impurities were removed by a



Int. |. Environ. Res. Public Health 2020, 17,1919 40f17

multistep washing procedure with acetone and Milli-Q purified water, and the cleaned samples were
kept at room temperature for a period from 24 to 48 h for drying.

The dry samples were weighed, and the concentration of 23 elements (Aluminum (Al),
Antimony (Sb), Arsenic (As), Barium (Ba), Beryllium (Be), Boron (B), Cadmium (Cd), Chromium (Cr),
Cobealt (Co), Iron (Fe), Manganese (Mn), Mercury (Hg), Molybdenum (Mo), Nickel (Ni), Lead (Pb),
Copper (Cu), Selenium (Se), Thallium (T1), Thorium (Th), Tungsten (W), Uranium (U), Vanadium (V)
and Zinc (Zn)) was subsequently calculated, using inductively coupled plasma mass spectrometry
(ICP-MS) and the EPA 6020A 2007 method.

2.5. Statistical Analysis

Frequencies of categorical variables and means and standard errors of continuous variables were
calculated. The Wilcoxon test or the chi-squared test were employed to compare differences among
groups. Correlations were tested using the Spearman’s rank correlation coefficient. Tobit regression
models were employed to examine the association between the concentration of metals and potential
influencing factors. Tobit regression was also used to accommodate the left-censored nature of
values, due to the presence of samples with metal concentration below the limit of detection [69].
Metal concentrations were log-transformed to meet the normal assumption [70]. P values < 0.05 were
considered statistically significant.

Analyses were performed using R software version 3.5.1 (R Project for Statistical Computing,
available from https://www.r-project.org/).

3. Results

According to georeferentiation, totals of 62 and 158 children were residents within 3 km from the
incinerators (exposed area) and in the control area, respectively.

The concentrations of Mo, T1, W, and U were lower than the limit of detection (LOD) in all collected
toenail samples, irrespective of residence (Table 1 and Figure 2). The concentrations of As, Co, and Th
were above the LOD in three (4.8%), one (1.6%) and two (3.2%) subjects living in the exposed area,
respectively, but in none of those living in the reference areas. Conversely, Bo was only measurable in
one subject living in the reference area.
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Figure 2. Proportion of children with metal concentration in toenails above the limit of detection (LOD).
Children living within a 3 km radius from the two incinerators were considered exposed (n = 62).
Children in the reference area (n = 158) were those living in the remaining city areas. Asterisks indicate
p < 0.01 (chi-squared test).
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As shown in Figure 2, the percentage of children with toenail metal concentrations above the
LOD tended to be higher in those living in the exposed than in those living in the reference area in all
cases, with significantly higher proportions for Al (67.7% vs. 61.4%, respectively), Ba (46.8% vs. 20.9%),
Mn (71% vs. 51.3%), Cu (85.5% vs. 65.8%) and V (8.1% vs. 1.3%).

Table 1 shows the absolute concentrations of metals measured in the two groups of children.
Children living within 3 km around the incineration plants had significantly higher concentrations of
Ba, Mn, Cu, and V, as compared with those living in reference area. On average, the concentrations of
these metals were, respectively, 5.5, 1.8, 1.3 and 9.5 times higher in children living in the exposed area
than those in the control area.

According to results of the Tobit regression (Table 2), living in the exposed area was a significant
predictor of Ba, Ni, Cu, Mn, and V concentrations, after adjusting for covariates. The analysis
of covariates also showed influencing effects of previous orthodontic treatments on Ba and Cu
concentrations and of exposure to passive smoke on Ba concentrations. However, the proportions of
children with previous orthodontic treatments (9.7% in exposed, 10.1% in reference area, p = NS) or
exposed to passive smoke (3.2% in exposed, 6.3% in reference area, p = NS) were similar in the two
groups of children.

Table 1. Absolute concentrations of metals (ug/g) in toenails from children living within a 3 km radius
circle around the two incinerators (exposed area) or in the reference area.

Metal Ex;;:s:d6 grea Ref(e;e:;es grea -
Al 166.48 + 50.42 103.24 + 11.01 NS
At 0.07 + 0.02 0.10 + 0.02 NS
As 0.01 + 0.01 0.00 NS
Ba 11.95 + 9.01 2.15+0.87 <0.0002
Be 0.03 + 0.01 0.03 + 0.005 NS
Bo 0.00 0.15+0.15 NS
Cd 0.03 + 0.004 0.07 + 0.02 ‘NS
Co 0.04 + 0.04 0.00 NS
Cr 4.82 + 3.88 1.28 +0.44 NS
Fe 360.08 + 126.57 164.49 + 21.06 NS
Mn 440+1.23 2.47 +0.35 <0.05
Hg 0.05 + 0.01 0.06 + 0.02 NS
Mo 0.00 0.00 NS
Ni 2.23 +1.51 0.43 +0.18 NS
Pb 0.32 +£0.13 0.95 + 0.47 NS
Cu 6.34 +0.70 4.74 + 0.36 <0.05
Se 0.01 + 0.005 0.01 + 0.003 NS
Tl 0.00 0.00 NS
Th 0.01 + 0.01 0.00 NS
W 0.00 0.00 NS
U 0.00 0.00 NS

\Y% 0.19 £ 0.11 0.02 + 0.02 <0.02
Zn 96.27 + 9.42 95.30 + 3.09 NS

Legend: values are expressed as means and standard errors. NS, not significant.
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Table 2. Results of Tobit regression model on metal concentrations in toenails from children living
within a 3 km radius circle around the two incinerators (exposed area) or in the reference area, and the

effect of covariates.

Ba Ni Cu Mn v
B valh S 0.76 *** 031* 0.22* 02* 1.08 *
PP VISRt O (AT (005t00.6)  (0.06t004)  (0.06 to 0.4) (0.2 to 2.0)
Residential proximity -0.13 -0.18 0.09 -0.1 -0.1
to busy roads (-05t002) (-04t0005) (-0.03t002) (-03t00.01)  (-0.8t00.5)
Orthodontic -0.87* -0.08 03* -0.05 0.8
treatments (1.6 to —0.2) (-0.5t00.3) (0.04 t0 0.5) (-0.3t00.2) (-0.1t01.7)
edh A 0.13 0.08 0.006 0.1 -03
o (-02t005)  (-02t003) (-01t00.2) (-0.03t00.3)  (~1.0t00.4)
Hobbies involving 0.08 -0.07 -0.1 0.06 -0.2
chemicals (-02t004)  (-03t00.2) (-03t00.006) (-0.09t00.2) (=09 to0.5)
S 0.8* 036 0.09 02 1.0
ARV RS (03to14)  (-007t008) (-02t004)  (~0.2t00.5) (-02t02.2)
Consumption of locally 0.1 0.04 -0.008 0.09 0.005
grown vegetables (-0.06t00.3) (-0.08t00.2) (~0.08t00.07)  (0.01t00.2) (~0.4 to 0.4)
il 0.05 -0.2 -0.59 -05 -0.04
i (-0.1t00.2) (-05t0—0.1) (-07t0-05) (-0.6to-04)  (=0.6t00.5)

Legend: only significant results (metal concentration) are presented. Metal concentrations were log-transformed to
meet the normal assumption. Results (B coefficients and 95% confidence intervals) have been adjusted for covariates

and consider the left-censored data present in metals distribution. * p < 0.05, ** p < 0.02, *** p < 0.001.

Considering the whole group of subjects, the Spearman’s correlation matrix showed that Ba, Mn,
Ni, and Cu (but not V) were correlated with each other, suggesting the possibility of a common source
of emission (Table 3).

Table 3. Spearman’s correlation matrix considering the toenail concentrations of Ba, Mn, Ni, Cu, and V
in the whole group of enrolled children (n = 220).

Ba Mn Ni Cu v
Ba = 0.45 0.36 0.23 0.13
- <0.000001 <0.000001 0.0006 0.059
Mn 0.45 - 0.36 0.37 0.09
<0.000001 = <0.000001 <0.000001 0.17
Ni 0.36 0.36 & 0.23 0.09
<0.000001 <0.000001 < 0.0006 0.18
Cu 0.23 0.37 0.23 = 0.02
0.0006 <0.000001 0.0006 - 0.82
v 0.13 0.09 0.09 0.02 -
0.059 0.16 0.18 0.82 =
Legend: data are Spearman correlation coefficients (rho, normal text) and p-values (in italic). Significant p-values are
marked in bold.

4. Discussion

Results from the present study show for the first time an increased body burden of specific metals
in children free-living in an urban area and exposed to emissions from waste incinerators, as compared
with controls.
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We used toenails as a biomarker of exposure to metals. Metals bind keratin proteins maintaining
a stable concentration over time, independently from changes in metabolic activities [38,39]. The slow
rate of growth of toenails (on average 1.62 mm/month) [37] allows to evaluate longer term exposure [37],
as compared with blood or urine [38-40]. Few studies evaluated the correlation between the
concentration of metals in nails and in other biological matrices, with variable results [40] probably due
to the different time windows that can be explored using nails (6-12 months earlier [37,40,67,71,72]),
blood (2-3 h [73]), and urine (3—4 days [74]). Positive correlations have been documented between
concentration in toenails, urine, and blood in the case of Mn [75] which, in the present study, has been
found in higher concentration in exposed children than in controls. Of note, positive correlations have
been demonstrated between the concentrations of metals in toenails and in environmental matrices
such as dust [61,71,76,77], soil [61,63,77,78], and water [63,79], confirming the adequacy of toenail as a
biomarker of environmental exposure.

In exposed subjects, we found metals that, conversely, were in all cases below the LOD (As, Co,
and Th) or were present in significantly lower concentrations (in particular Ba, Mn, Cu, and V) in
children living in the reference area. Living within a 3 km circle from waste incinerators was a significant
predictor of Ba, Ni, Cu, Mn, and V concentrations, after adjusting for covariates. The presence, in our
study, of a correlation between the concentrations of these metals (with the exception of V) points to a
probable common source of exposure. A recent health-risk assessment study indicated that ambient
air around 3 km from a municipal waste incinerator had more PM1, PM2.5, and PM10 particles than
general nonpolluted air [28]. The cited study also showed high noncarcinogenic risk and lifetime
carcinogenic risk for children, derived from incinerator-emitted particle-bound toxic metals [28].

Our results are in line with a previous study determining air pollutants collected downwind
from an Italian incinerator and showing that Mn, Cu, Ba, and V were among metals with the highest
concentrations in both the fine and coarse fractions of the particulate matter [1]. In a study assessing
the short-term oxidative potential of urban particulate matter in adult nonsmoking volunteers, several
metals present in coarse, fine, and ultrafine PM (including Ba, Cu, Ni, and V) were significantly
associated with increased levels of biomarkers of systemic inflammation, oxidative stress, and neural
function. Ba, in particular, induced a significant increment (+11% at 1 h, +14% at 21 h postexposure) of
L1(UCHLI1) (traumatic brain injury marker ubiquitin C-terminal hydrolase L1); Cu exposure increased
(+14% at 1 h) levels of the DNA oxidation marker 8-hydroxy-deoxy-guanosine; urinary cortisol
increased by 88% after exposure to V, and the blood inflammatory marker VEGF (vascular endothelia
growth factor) increased by 5.3% 1 h after Ni exposure [80].

Toenail concentration of Mn has been frequently studied both in children [47-50] and in adults [40],
with an LOD ranging from 0.001 [81] to 0.33 ug/g [66] and values usually below 10 pg/g [40]. The highest
Mn toenail concentrations have been found in subjects living near a highly industrialized city in
Pakistan (average value 52.1 pg/g) [82] and in highly polluted areas in Cambodia (average concentration
43.9 pg/g) [66]. In our study, the average Mn concentration recorded in toenails from exposed children
(4.4 ug/g) was slightly higher than that previously reported in pediatric age (3.57 ng/g, weighted
means) in an analysis of pooled literature [47].

In Brazilian children aged 11-16 years and living in an urban area, fingernail metal concentrations
are linked with the degree of urbanization (i.e., population density) and with the extent of vehicular
traffic. This explains about half (50.8%) of the variance in metal concentration. In the cited study,
the average Mn nail concentration measured in subjects living in the area with the highest population
density was 1.3 pg/g, a value about 3.3 times lower than the mean Mn concentration detected in our
series of exposed children [48]. This difference could be due, at least in part, to the coexisting exposure
in our series of exposed children to vehicular traffic and industrial pollution. In fact, the average Mn
nail concentration measured in our study in children living in the reference area (2.47 pg/g) and mainly
exposed to vehicular traffic was close to that reported in Brazilian children.

According to a previous observation, urinary concentrations of Mn are inversely related to the
distance of residence from a municipal solid waste incinerator, and are directly linked with the exposure
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to particulate matter [31]. Mn was present at the highest level among heavy metals in particulate
matter collected downwind of an Italian incinerator [1]. Mn has also been described as the metal with
the highest concentration in soil [2,83] and with the second highest concentration in air (following
Cu [83] or Pb [28]) around a solid waste incinerator.

Inhaled Mn can cross the blood-brain barrier and can enter the brain through axonal transport
from the olfactory bulb to the cerebral cortex [84]. Children might be particularly at risk from Mn
inhalation. In children aged 7-9 years living in East Liverpool (Ohio), a site with a hazardous waste
incinerator and a manganese processor, a link has been shown between blood/hair Mn levels and
neurological effects (altered IQ score) after adjusting for potential confounders [3].

In our series of enrolled children, the average Mn concentration in toenails from exposed subjects
(4.4 ng/g) was 3 times higher than that measured (1.43 pg/g) in toenails from 225 school-age children
(7-12 years) living in a Brazilian industrial region. In this group of subjects, a relationship has been
demonstrated between high toenail Mn concentrations and the increased risk of intellectual deficit
linked to Pb exposure, although the exposure was low (only 1.8% of children were above the CDC
reference value of 5 pg/dL) [49]. A study assessing Mn accumulation in children aged 7-12 years
and living near a ferro-manganese alloy plant indicated toenail Mn as a biomarker of environmental
exposure, associating the burden of this metal in exposed subjects with disrupting neurobehavior.
Of note, in exposed children, the median Mn toenail concentration recorded in the cited study was
about 5 times lower than the mean value (0.84 pg/g) observed in our study [50].

Studies exploring the specific concentrations of heavy metals in air samples collected around a
Spanish municipal solid waste incinerator showed that the highest concentration was registered for
Cu [83,85]. Previous studies assessed nail Cu concentrations both in adults [40,86] and in children [47],
indicating an LOD ranging, for this metal, from 0.009 to 0.12 pug/g, with values usually below 10 pg/g [40].
The highest Cu concentration in nails (average value 26.2 pug/g) has been recorded in subjects living in
rural areas near a highly industrialized city in Pakistan [82]. The average Cu toenail concentration
recorded in our series of exposed children (6.34 ug/g) was slightly higher than that (5.66 ug/g) measured
in nails from Arab-American children living in a highly industrialized US area [47].

An increased Cu body burden has been related with increased oxidative stress secondary to
the reduction of antioxidant enzyme activity and the generation of reactive oxygen species (ROS).
These events are able to promote DNA damage, favoring the onset of cancer [87]. A recent study
compared metal concentrations in nails from adults with non-Hodgkin or Hodgkin lymphoma, showing
higher Cu levels in both groups of patients as compared with healthy controls. In the cited study,
the mean nail Cu concentration in controls (4.8 ug/g) was very similar to that observed in our series of
children living in the control area (4.74 ug/g), and Cu concentrations in nail samples from lymphoma
patients (7.36 and 7.76 pg/g in non-Hodgkin and Hodgkin lymphoma, respectively) were only slightly
higher that the average Cu concentration recorded, in our study, in exposed children (6.34 ug/g) [86].

Of note, children’s exposure to Cu has also been linked with nononcologic conditions such as
neurologic disorders [23-25] and obesity [22]. Significantly higher blood Cu concentrations have been
found in obese children, as compared with healthy controls [88,89]. Additionally, a large cross-sectional
survey on US children and adolescents demonstrated a strong association between the highest quartile
of blood Cu concentration and obesity [22].

Ba is not essential in human nutrition, but, as mainly suggested by animal studies, health effects
secondary to chronic Ba exposure are possible in humans, although results from epidemiologic studies
are still scarce [90], as are biomonitoring reports [91]. The main routes of nonoccupational human
exposure to Ba are the ingestion of contaminated food and/or water [90]. However, this metal is
also frequently detected in particulate matter produced by several industrial combustion processes,
including waste incineration [1,90].

In a group of 126 healthy Brazilian children living in an urban area (Porto Alegre) [51], mean Ba
concentration in nails (5.6 ug/g) was 2.6-fold higher than that observed, in our study, in children living
in the control area (2.15 ug/g), but 2-fold lower than that recorded in our exposed children (11.9 ug/g).



Int. J. Environ. Res. Public Health 2020, 17, 1919 90f17

The average concentration of Ba observed in toenails from our series of exposed children was
also about 9 times higher than the average Ba nail concentration measured in Arab-American children
living in a highly industrialized US area (1.28 pg/g) [47] and 3.7 times higher than that reported in a
series of 145 adults (3.21 ug/g), in whom a significant association between Ba levels in toenails and
hearing loss at 8 kHz and 12 kHz was demonstrated after adjustment for sex, age, body mass index,
and smoking [92].

Recently, Ba exposure during pregnancy (assessed by measuring Ba concentrations in maternal
hair and in fetal placenta) has been dose-dependently linked with the risk of congenital heart defects
in offspring, underlying health hazards deriving from prenatal and transplacental exposure to this
metal [93]. Furthermore, data from the National Health and Nutrition Examination Survey (NHANES
1999-2011) found, in a large cohort of US children aged 6-19 years, a strong association between Ba
exposure (urinary Ba concentration) and obesity [21].

Several studies measured the concentration of V in nails [40,47,48,81,94,95], reporting an LOD of
0.001 pg/g [81], an inverse relation with age [47,94,95], and values generally lower than 1 pg/g [40].
This was also the case of toenail V concentration measured in the exposed children from our study
(0.19 pg/g). This concentration, however, was higher (about double) than that recorded in nails from
Arab-American children living in a highly industrialized US area (0.09 ug/g) [47], in a series of Brazilian
children living in an urban area (0.08 ug/g) [48], and as compared with the average concentration
(0.11 pg/g) derived from pooled literature values in pediatric age [47].

In the present study, toenail concentration of V was higher in children living in the exposed area
than in those in the control area. However, there was no relationship between toenail concentration of V
and concentrations of Ba, Mn, Ni, and Cu that, conversely, were correlated with each other. This result
could be due to a local source of anthropogenic emission of V different from the two incinerator
plants. On the other hand, it is also possible that the same plants generate V, but through combustion
processes not involving solid waste. In fact, air concentrations of V have been used as an indicator of
emissions from oil combustion [96-98], and it has been suggested that burning waste oil in incinerators
or using oil for providing power in incinerator plants can generate V emissions [98]. Vanadium has
been measured in air samples around a Spanish incinerator [85], and a cross-sectional study assessing
metal concentrations in spot urine samples from subjects living within 4 km from an Italian incinerator
showed, in exposed subjects, V levels higher than the reference value for the Italian population [32].

According to our results, living in the exposed area was a significant predictor of toenail Ni
concentrations, which were related with toenail concentrations of Ba, Mn, and Cu. Data also showed a
trend towards an increased toenail concentration of Ni in children living in the exposed area compared
to those in the control area.

Ni has been detected in both air and soil samples collected around a Spanish municipal solid waste
incinerator [85], and a study in Taiwan showed that the burden of this metal in the local airborne particles
was highly influenced by the stack emission of the local incinerator [4]. Additionally, a study analyzing
samples of particulate matter collected in proximity of a Chinese municipal solid waste incinerator
described fine particles as dominant, as compared with coarse and ultrafine particles, and anthropogenic
metal elements (including Ni, Cu, V) predominantly concentrated in fine particles [5].

The average toenail concentration of Ni measured, in our study, in exposed children (2.23 ug/g),
was slightly higher than that (1.8 ug/g) found in Brazilian children living in an urban area with high
population density [48], but much lower than the mean concentration detected in Arab-American
children living in an urban setting in a highly industrialized area (45.18 ng/g) [47].

In children, the exposure to Ni in particulate matter is negatively associated with indices of lung
function. Ni vehiculated by PM10, in particular, has been linked with decrements in forced expiratory
volume in the first second [99] and, according to data from school children living in an e-waste recycling
area, the accumulation of Ni in serum could generate oxidative damage and decreased pulmonary
function [19]. A recent study determining the concentrations of Ni in hair of pregnant women and in
fetal placental tissues demonstrated a possible effect of Ni exposure in increasing the occurrence of
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congenital heart defects in offspring [100]. Finally, Ni is a IARC Group 1 carcinogen, and a possible
relationship has been suggested between urinary Ni levels and childhood acute leukemia, secondary
to oxidative DNA damage [101].

A recent report showed increased blood levels of heavy metals (Cr, Pb, Cd), DNA damage and
epigenetic changes (altered DNA methylation) in school age children living within 3 km around a
Chinese waste incinerator [41]. This study confirmed previous evidence reporting higher Pb and Cd
concentrations in blood samples from adolescents living near a Belgian incinerator than in controls [42].
Unfortunately, however, in both these reports, information on body levels of other metals are lacking.

In our series, children living in exposed or in control area showed similar toenail concentrations
of Cd, Cr, and Pb. However, the proportion of subjects with concentration of these metals below the
LOD tended to be higher in the control area. Our results are in line with two previous works reporting,
in adults, no associations between living near a municipal solid waste incinerator and blood Pb and
Cd levels [34,35]. Conversely, higher blood concentrations of Cr and Pb have been reported in adults
living close to Chinese waste incinerators than in controls, with vegetable ingestion being the main
contributor to the total average daily dose of these metals, as compared with Mn [33].

Thus, the possibility exists that site-specific exposure pathways (mainly dependent on dietary
habits in rural areas) could influence the internal metal levels in exposed subjects, with consumption of
local vegetables grown near incinerators being at risk for specific (i.e., Cr, Pb) body metal accumulation.
In fact, in our series of enrolled children (all living in an urban area), consumption of locally grown
vegetables was scarce and not linked with metal concentration. In this case, inhalation, rather than
ingestion, could be the main exposure route.

In the present study, analysis of covariates suggested a possible influencing effect of previous
orthodontic treatments and passive smoke on nail concentration of Ba (both factors) and Cu (only
passive smoke). However, the role of these confounders seems to be limited, since living in the exposed
area was a significant predictor of Ba, Ni, Cu, Mn, and V nail concentrations after adjusting for all
considered covariates. Furthermore, no difference was evident in the distribution of subjects with
previous orthodontic treatments and/or passive smoke in the two groups of explored children.

A previous longitudinal study based on dispersion modeling for exposure assessment explored
health outcomes in a large cohort of subjects living in the same area examined in our study (3.5 km
around the two incinerators of Forli). Results showed significant associations between increasing heavy
metal exposure and cause-specific mortality: colon cancer in men; all cancer sites, stomach, colon,
liver and breast cancer in women; and excess of soft tissue sarcoma in the two sexes combined [54].
These findings point to the existence of an increased health risk in the same urban area in which results
from our study have shown a greater internal accumulation of metals in exposed children, as compared
with those living in the reference area.

Metals should be considered an indicator of exposure to a complex combination of pollutants
generated from waste combustion, including gaseous pollutants, persistent organic pollutants, and a
number of other toxic chemicals vehiculated by particulate matter. From this point of view, it should
be underlined that cumulative exposure to complex mixtures of chemicals of industrial origin may
generate synergistic effects on health [102]. Moreover, possible interactions between multiple and
heterogeneous exposures (i.e., industrial pollution, vehicular traffic, contaminated water/food), should
overcome the single-pollutant approach with the measurement of the absorbed internal dose of multiple
pollutants (the exposome [103]).

Finally, some metals are characterized by a linear dose-response with low-dose effects and
no threshold (i.e,, Cu, Cd) or by a nonlinear dose-response with low-dose effects (i.e., Ni) [104].
These aspects also generate concern if metals are released in the environment at low concentrations.

Taken together, all these aspects amplify the possibility of health risk in pediatric age, also
considering that children are more vulnerable to environmental toxins and have significantly more
time, as compared with adults, for developing chronic effects of protracted environmental exposures,
including both cancer and noncommunicable diseases.
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5. Conclusions

The release of metals from waste incinerators located in an urban area can contribute to human
toxicity following chronic exposure, in particular in children.

The present study employed the concentration of metals in toenails as an expression of long-term
body accumulation of a wide panel of metals, demonstrating, in children living close to waste
incinerators, an increased concentration of specific metals (in particular Ba, Mn, Cu, and V) potentially
leading to an increased health risk.

Measuring the concentration of metals in toenails should be considered a noninvasive and
adequate biomonitoring tool and an early warning indicator, which could allow a more realistic
and comprehensive analysis of risk assessment as compared with the simple monitoring of
environmental pollutants.
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EPEYNHTIKH EPTAZIA
ORIGINAL PAPER

ssssssne ssssssssssecses sssssncece sssesssse sesssssces sssessene sssssnce sessssene sscesenee ssssae

Enidpaon ¢ emayyeAparikiic ékOeong
o fapéa pétalla 6T voonpotnTa
Kat oTn Bvnopdtnta

Ta Bapéa péralla eival upéwg xpnoiponolovueva otn Bropnxavia kai
oxeti{ovrai pue coPapri nepiParlovTikr pumavon, alAd kat pe mpoPAnpata
otnv vyeia Twv epyalopévwv ot Plopnxavia. H éxBeon Tou epyaldpevou
eival BewpnTikG peyahiTepn €9’ 600V BPIOKETAI OTNV TINYR EKTOUTTG TWV
1oK@V pUTIWV, O1 oTroiot Tptv amoPAnBouv oo mepiBaAov éxouv éABe o€
ena@n pe Toug epyalopevous péow mokiwv 0dwv e10650v, pe Siapopoug
BaBpovc emPBapuvone. I Siebvri BiBAoypagia, éxel SoBei peyahn éppaon
oty enidpaon twv Bapéwv pETGAAwWV otV LYeia Tou avBpwmou kat otV
empBapuvon Twv epyalopévwv O€ GUYKEKPIHEVOUG KAGSOUC emayyeAHaTIKIC
anacyoAnonG, He EMOTNHOVIKEG HENETEG OV avaAUouv Thv enibpaocn Twv
Bapéwv petd@Mwv ot voonpdtnTa Kat otn Bvnoudéra Tou epyaldpevou
TANBUOHOU OE BIOPNXAVIKEG HOVASEC. ZOp(pWVA UE Ta Snpooievpéva oTolxEia
¢ 81eBvoig BiBMoypaepiac, umdpxel ouoxétion peta&y T Bvnopdmrac ané
OUYKEKPIPEVEG OPASEG VOO ATWY Kat TwV emayyeApdTwy ¢ Blopnyaviag,
ota omoia o1 epyalOUEVoL £pXovTal OE GUECT EMAPT) HE CUYKEKPIHEVOUC
BAamTikoUg mapdyovteg. Emiong, yivovtal avapopég oe xpovies BAaPeg Tng
uyeiag kat o€ oéa oupPavra. Térotol mapayovteg eival Ta Papéa péralia,
omwe pOAUPSOC, apoeviko, VIKEMO, XaAkdG, payyavio, BnpiAhio, kadpio,
aloupivio, aAAd Kai TO XpWHIO. Ot KUPIOTEPEG amd aUTEC TG OPAdEC eivar ot
KapKivol (KUpiwg TOU avamveuoTIKoU Kal TOU TEMTIKOU GUOTHATOG, alAa
Kal TOU EYKEQPANOU), ooPapéc aipatoloyikég Slatapayég Kat EKmTwon Tov
aVOCOTIOINTIKOU GUGTHRATOC, VOOKHATA TOU AVATIVEUCTIKOU Kat VEUPOAOY!-
Kké Siarapayéc. Emaviétepa, oxeti{ovral pe SeppatoloyikéC ekSNAWOEIG Kat
OUOTNHATIKA VOooTjHaTa.
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Né€erg evpeTnpiov

Bapéa pétalia
EmayyeApatikn ékBeon
OvnopdétnTa
Kapkivog

Xpwuio

YroBAriBnke 20.6.2011
Eykpi@nke 20.7.2011

O 6poc Bapéa pétalia EPIYPAPEL Hia OpASa LETAN-
Awv TTou oxetifovTal pe pUTavon Kat duvnTikn To§iKkeTNTA.
MPOKEeITal yia PETAANG, TWV OTOlWwV N TIVKVOTNTA Eival >6
g/cm? 1 éxouv €181K6 Bapog >5. O 6pog XpnotpoTolEiTal
ouvrBwe yia Ta akéhouBa pétaria: MoAuBSoc (Pb), vikéAio
(Ni), xpwpro (Cr), kadpio (Cd), xahko6g (Cu), Yeudapyuvpog
(Zn), BnpUANIO (Be), apoevikod (As), udpapyupog (Hg).
Oewpouvtal Tofikd, KaBWE €xouv SUCHEVEIC EMITTWOEIG
OTOUC OPYAVIOHOUG aKOUN Kat 6Tav BpickovTal o€ XapnAég
OUYKEVTPWOEILG. Ot v Adyw ouoieg eival un Blodaoniwpe-
vec, dnhadh Sev Siaonwvral kat Sev amofaiovral ané
TOV OPYQVIOUO, HE QMOTENECHA VO CUCOWPEVOVTAL Kal Va
Bpiokovtal TEMKA 08 LYNAEC CUYKEVTPWOELG.

Méow TwV BIOYEWXNHIKWV KUKAWV Kat TNG avBpwmvng
napéupaong, ta Papéa pétalla avakaravépovral ota
Si1apopa mepiBariovTika Siapepiopata. H Bopnxavikn,

N TEXVOAOYIKY Kal N YEWPYIKN Spactneiétnta anoteAovv
ONUavVTIKOUG TTAPAYOVTEG pUTIAVONG amd HETAAAA PE TNV
anéppiPn Blopnxavikwv amoPARTwy, TIG HETAANEUTIKEG
EKMETANEVOEIG, TOV EUTTAOUTIOHO Kal TNV TTAPAYWYr) UE-
TOAKWOV QVTIKEIPEVWY, KaBWE Kat T Xprion Aimacudtwv.?

Ta Bapéa pétalha, eupéwg Siadedopéva mAéov otn
Biopnxavia, oxetiCovtal pe cofapry mepIBarAovTIKA puU-
navon. Ektég and tnv mepiBarovtikn empBapuvon, Unopei
va ENMNPEACOLV CNUAVTIKA TNV LYEIQ Twv £PYalopévwv.
O1 epyaldpevol ekTiBevtal KaBnUEPIVA Ge GAOUG aUTOUG
Touc To€IKoUC TAapPAYOVTES, TIPIV Keivol amofBAn8ouv oTo
niepBAANov, pe miepiBarovtika opBoug 1y Ox1 Tpémouc. H
ema@r umopel va emrteuxOei pe S1GPopoug TPOTIOUE, 6TIWG
Katamoon, elonvon 1 Seppatikry emagn. Emiong, moikiAel
o Babuog empapuvong?

H emayyehpatikyy ékBeon oe Bapéa PETaANA TWV €P-
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vyalopévwv otig Blopnxavieg oxetiletal e avnon tng
BvnopéTnTag and Kapkivoug, Kupiwe péow oEIBWTIKWV
BAaBwv oTO YEVETIKG UAIKG, VOOHUATA TOL AVATTVEUCTIKOU,
QIHATOAOYIKEG Kal VEUPONOYIKEG Siatapaxé, Kabwe Kai,
onaviéTEPQ, SEPUATONOYIKEG EKSNAWOEIG KAl CUCTNHATIKA
voonuara’-

YAIKO KAl MEGOAOX

AigpevviiBnke n SieBvrig emotnuoviky BiBAoypagia, pe T
Xpron pnxavwv avalritnonc. Mo ouykekpipéva, emAéxBnkav ol
Baoeic Sedopévwv Medline, péow e unnpeciac PubMed, kaBw¢
Kal o1 punxavég avalritnong ScienceDirect kat EndNote X2. Ta
KPITAPIA yIa TNV EMAOYH TWV CUYKEKPIHEVWY BIBAIOYPA@IKWV Se-
Sopévwv ritav €peuveg Tou £xouv SNUOCIEUTET KUpiwG Ta TEAEUTaia
15 xpévia otnv ayyAikr} YAwooa, GpBpa mou avagépovtal otnv
enidpaon Twv Bapéwv peTdN\wV oTtnv vyeia Twv epyalopévwv
otn Blopnxavia, GpBpa Mo aPopoUV OE UENETEG ENAYYEALATIKAG
BvnopétnTag Kat EMSNUIOAOYIKEG MENETES EMAYYEAUATIKAG £KBEONC.
XpnoponoriBnkav ot Aé€eig eupetnpiou: “heavy metals”, “metal
exposure’, “occupational mortality”, “occupational exposure’; “hard
metal workers’, “chromate workers’, “chromium’, “nickel’, “cooper”,
“manganese’; “aluminum’; “cadmium’, “industrial areas”. Evtoriotnkav
704 GpBOpa, and Ta onoia peAeTiBnKav Ta 127 kai, TENIKE, XpNnot-
pormoriBnkav 39. H melongia Twv GpBpwv 1mou anokAsiotnkav
agpopouce oe MepIBaANOVTIKT £KBEoN Kat YevIKO TTARBUOUO, EVi
o€ Aiyeg mepimtwoelg Sev unmpxav aiéhoya eupripata.

EmayyéAuata upnAou kivéivou

Qg enayyéhpata upniol KivSivou avagépovTal ekeiva Katd
Ta oroia o epyalépevog £pxetal kKaBnUePIVA Ot enagn ue Bapéa
HETAMa Kai TIG TOEIKEG EVWOEIS TOUG. ZuxvoTEPQ, 0Tn BIBAIoypagia
avagépovral Ta enayyéApara e Bapiag Bopnxaviag. H Bapid
Biounxavia nepihapBaver Biopnxavieq mapaywync NAEKTPIKOU
PEVHATOG, UNXAVONOYIKEG BIOUNXAVIES, OIKOSOUIKEG Blopnxavie,
Blopnxavieg katepyaciac Seppdtwy Kal ENACTIKOU KOUMEOS (Ka-
OUTOOUK), BIOUNXAVIES OIKIaKWY CUOKELWY, eneEepyaciac EUAoU
Kal Xaptou, mapaywyrg o18rpou, XaAkou, AAOULIVIOU, EEOPUKTIKEC
Kal peTaleutikég Blopnxavies. Atydtepo ouxvd avagépovral
Brounxavieg XNUIKGV MPOIGVTWY, e18WV S1aTPOPrC, KAWOTOUMA-
VTOUPYIKEG Blopnyavieg, Blopnxavies @apudkwy, oIVOnVEUPAETWY
Kal Kamvou, OTIC OToieq SpWG EMiong XpnotpomnolovvTal Bapéa
HETaAAa (miv. 1).57

Ta emayyéAuara mou oxetifovtatl pe T Bapid Blounxavia kai
EMOPEVWG PE TNV €kBeon oe Bapéa pétalla gival ol eme€epyacTéc
HETAANEUTIKWY TIPOIGVTWY, Ol NAEKTPOOUYKOANNTEG HETGAAWY, O
anacxohoUpevol O @pULEN Kat kovioroinon &npol acBéotn, ol
EPYATES TOIHEVTOBIOUNXAVIAG, Ol EPYATOTEXVITES KOTIHG KOl KATEP-
yaoiag papudpwy, ol epyaldpevol otnv ene€epyacia OTOKOU-TAAK
(tpiBeic, YrioTeq), epyatotexviteg kepapomnotiac kat hivBornotiac,
£pydrec Bupoodeyiag, epyalopevol EKTOC Twv UMAAAAWY ypageiou
o€ Blounxavies mapaywyrc Kai Katepyaoiag oi8Hpou, XUTooISH-

Nivaxag 1. Bapéa pétalia kat Bropnxavik Spactnpiota.

ApOevIKO XPWOTIKEG KAl XPWHATA, EVIOLOKTOVA/
Qlavioktéva, petaloupyikn ene€epyacia
HETAMWY, yuali Kat kepapikd, Bupoodepia
Xpwuto Avodiwon, ToIHEVTO, XPWOTIKEC, XPWHATA,
Kat EVWOEIG TOU empeTal\woelg, Bupoodeia
KoBdAtio Katahuteg, iveg, xpwpata, XapTi Kat XapTonmoATdg
Kal EVWOEIC TOU
XaAkoég EmpetalMwoElg, NAEKTPIKA/NAEKTPOVIKG,

Kal EVWOEIG TOU ene€epyacia EMPAvEIDY, EVIOHOKTOVA,
andotaén dvOpaka, o&gidwon Kuaviouxwy,

TAQOTIKA

Zidnpog ANoupiVIO, EMUETANDOELC, XPWOTIKEC,
Kat EVWOEIG TOU NAEKTPOVIKG, 810&£i510 ToL TITaviou
MéAuBdog ZUOOWPEVTEG, TUTIOYPaYia, e§ATpion
Kal EVWOEIS TOU QUTOKIVITWY, EKPNKTIKA, TTUPOTEXVAKATA,
EVTOHOKTOVA, Xpwhata, SivhoTthpla,
TIETPOXNUIKA
Mayydvio Katahuteg, 6uoowpeuTég, yuali, xpwpata,
Kal EVWOEIG TOU TIUpOTEXVIHaTa
Yépdpyupoc: Evropoktéva
Opyavik6¢
Yépdpyupog: HAEKTPIKA/NAEKTPOVIKA, EVTOHOKTOVA,
Avépyavog CUOOWPEVTES, PWTOYPAPIKG, EMOTNHOVIKA
bpyava, XpWHATa, PapUAKEUTIKA UNIKE,
XapTi/XapTOmOATOG, KATAAUTES, TOIHEVTO,
kavon avBpaka/nerpehaiov
Kaooitepog Empetal\woeig

Kal EVWOEIC TOU

Yeubdpyupog ZuVBETIKEG iVeEC, EMPETAAWOEI, XapTi/
Kal EVWOEIG TOU XapTOMOATOG, Ene€epyacia ENACTIKGOV
BnpuAkio Mupnvikr Blopnxavia, gidnpouxa kat pn

Kal EVWOEIG TOU KpApata agpovaunnyikig
NixéAio ka1 vi)oeIGToU  EMPETANWDOEIS, CUGCWPEUTEC, KATANUTEC

Kabpiokai evioeigTou  XpwoTikég, XphpaTa, EMUETAMGCEIS, TIOAHEDT

pou, xdAuBa kal mapaywyric xdAuBa os eEAdopata i cUpHaTa, ot
EPPUONTEC-TIEDTEC KAl O1 KOPTEG O PBropnxavies ualoupyiag, ol
£PYaTOTEXVITEC Bropnxaviag mapaywyric XNUIKWY AImacuaTwy,
YEWPYIKWY QAPHAKWY, QIOPPUTTAVTIKWY, PAPHAKWY, KAANLVTIKGDV,
o1 epyaldpevol oe BloPNXavieq KATAOKEVAG TUPIMAXWV UNIKGV,
ot epyalbuevol oTnV TIapaywyr] Xpwuatwy, BEPVIKIOV Kai Ot
KAWOTHPIQ, UPAVTHPIA, PIVIPICTAPIA, Ol ATTACXOAOULEVOL O Blo-
TEXVia EAAOTIKOU KAl TAPAaywYriG ENACTIKOU, LyPWV CUCCWPEUTMV
HOAUBSOU, EKPNKTIKWV UAWV Kal TTUpiTiSwv.-54-10

Enayyehpatikn é&k0eon: Emntaoeig
01N voonpdtnta kat otn Bvnoipdtnra

Kapkivog

Ta Bapéa pérala ival TAéov YVwoTa yia TNV KApKIVOYOvo
Spaon Toug, kabwg dpeoa i éppeca mpokahovv BAGREC aTo DNA
(yovoto€ikétnta) (miv. 2).”" TuvriBwe, 0Tov £pyactakd xwpo siva
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M. KOYPOYTOY kat ouv

Nivaxag 2. Katdta&n me IARC yia 1o BaBp6 KapKIVIKOTNTAG TwV Bapéwv HETAAWV.

Méralio Katnyopionoinon IARC

ApOEVIKO
NikéAio
Kaduio

Oudda 1

Xpwpio

Aloupivio

BnpuAAio

MNupitio

KoBéAtio pe kapPidio Tou BoAppapiov
Eviwoelg poAuBSou (avopyaveg)
Bavadio

KoBdaATio Kat EVwoel; koBaAtiov
Evwoeig xpwpiov Opada 3
Evwoelg poAuBSou (opyavikég)

H ouaia, piypa KA. gival Kapkivoydvog otov avBpwmo

Oupdda2A H ovoia, piypa kAn. givat mOavov Kapkivoyovog otov avBpwno

Opdada 2B H ovoia, piypa KA. givat evSexOpEVa KapKIVOyovVoG oTov dvBpwno

H ouoia, piypa KA. Sev pnopei va ta§ivopnBei wg mpog TV IKavoTnTa KapKIVOYEVESNG

IARC: International Agency for Research on Cancer (AieBvric Emtpomn Epeuviv Kapkivou)

mio mBavry n Tautéxpovn £ékBeon oe neplocdTepa and éva Bapéa
péralra. Ta Bapéa péTalia Spouv HECW TTOIKIAWY UNXAVICHWY Kal
o€ éva i MEPIOO6TEPA BrHATA TNG KapKivoyéveanc. Ot pnxaviopol
autoi mepiA\apBavouv Apeceg avTiSpAcel; Tou HETAANOU pe To DNA
1} GANOUG £HECOUG HNXAVIOHOUG TTou ephapBdavouv BAGBEC otnv
embi6pbwon Tou DNA, otn pebuliwon tou DNA, kabwg kat oTig
petaBolikég Siadikaoieg mou eumiékovtal 0To SIMAaclacpd Kat
otnv ékppaon Tou DNA.”? T1a i&ia cupnepdopata katéAnge Kat
Hia GAAN HEAET, oUp@wva pe Ty onoia n ékBeon oe Cd, Cr kat
Ni Twv epyalopévwv ot xutripla pokalei BAdBec oto DNA kat
Kapkivoyéveon.” Emiong, unootnpiletal o onuavtikog poAog g
TauTtdxpovnG ékBeone Twv epyalopévwy ot Cd, koBaitio (Co) kat
naAAasio (Pd) yia tn Snuioupyia yevetikov BAaBiv kat avamtuén
KApKivou.™'s TovotoIkdTnTa SIamOoTWVETAl Kal and TN HEAET
66 £pyalOpéVwV O€ EPYOOTACIO CUCOWPEUTWY otnV MoAwvia, ot
omolol épxovTav oe enagr] e HOAUBSO Kat Kaduo.’

O KapKivog Tou TIVEUHIOVA EiVal O CUXVOTEPA EUPaVICOUEVOG
KapKivog o oxeTiletat pe €kBeon oe Bapéa METONAG OTO EPYAOl-
aké mepIBAAAov. Ze yaANkr| Blopnxavia katd to xpoviko Siaotnpa
1968-1991, To MOCOOTS TwWV Bavatwv mou MPokArenkav and
KAPKIVO TOU TTVEDHOVA TAV ONUAVTIKG OUYKPITIKA HE TO OUVOAIKO
apiBpo Twv Bavdtwy.”? Katd ta teeutaia 10 xpévia, o kivéuvog
yia KapKivo Tou Tiveupova SIMACIAoTNKE OE EPYAlONEVOUC TIOU
ekTéOnKkav Tautéxpova oe KoBdaATio kai BoAgpduo.? Emiong, o
Kapkivog Tou Tiveupova ep@aviferal cuxvotepa o€ epyalope-
VOUC OTIC BIOUNXAVIES XNHIK®V XpwHIOL AGYW TNG HAKPOXPOVIOG
£KBEONC OTO XPWHIO. ZUYKEKPIUEVA, LPNASTEPQ ENieda xpwHiov
BpéBnkav OTOUG TIVEUHOVEG TIOU TIEPIEIXAV 10TO OYKOU Kal oTnv
Tpaxeia Twv epyalopévwv autwy, akdun Kai av gixav €éNBe1 o€
ENAQ HE XPWHIO TTOANG Xpovia Tipiv EAETNBOUV ot 1oTol.*"7 TtV
avaokoémnor Toug, ot Wiwanitkit et al ava@épouv OxeTIkn PeEAETN
o€ 6 £pydTeg Blopnxaviag XNHIKWV xpwpiov mou néBavav and
KOpPKivo Tou Tvepova, n omnoia €8ei§e 6TI TO XPWHIO TIAPEUEIVE

OTOUC TIVEUHOVEG TOUG —KUPIwG 0Toug Gvw AoBouc— yia peyaho
XPOVIKS S1G0TNHA HETA amd TNV €KBETT| TOUG? Avagépetal akopn
6Tl undpyel LYPNAGG KivEUVOG yia KapPKivo TOU avamnveuoTIKoU
OGUOCTHUATOG OE CUYKEKPIUEVEG OUASES EQYATWY TTOU EKTIBevTAL
O€ VIKENIO, OTIWE Ol ATTACXOAOULEVOL OF EMVIKEAWON 1} NAEKTPO-
EMKANUYN HE VIKENO KAl EPYATEG OE EPYOCTACIA CUCCWPEUTWV.
Bdoel mahai6tepnG BiBAoypagiac, ot Krantz et al unootnpilouv 6Tl
UTIAPXEL 2,6 POPEG LEYOAUTEPOC KivOUVOG YIa KOPKiVO TOU ITVEUpHOvVa
Kai 40 PopEC HEYaNUTEPOG KivBLVOG yia KapKivo Tou pivo@dpuyya
o€ EPYATEC aMacXOAOUUEVOUG 0TV TAEN ViKEAioL kai Tn Siepyacia
£€€UYEVIOHOU HETAMN WV (pa@IvapIopa). ZTny idia PeAETn, yia Tov
KApPKivVO TOU TIVEUHOVA EVOXOTIOIEITAL KAl N HOKPOXPOVIa EPYast-
akn £€kBeon oe BnPUAAO.! e HENETN AOBEVWV-HaPTUPWV Yia TN
oxéon peta&l mupITiou Kat KapKivou Tou Tivelpova S1amoTwonke
avénon Tou KIvSUVOU Yia KAPKIiVO TOU TIVEDHOVA OE KOTIVIOTEQ
epyalouevoug oe ene€epyacia Kaooitepoy, XaAkoU Kat o1érpou
pe xprion nuprtiov? Mehétn Bvnopdtntag oto lllinois Twv HMA
yia enTd TOMOUG Kapkivou mou oxetifovral pe Ty epyacia édeike
6Tt 0 KivBUVOG yia KapKivo Tou IVEUHOVA Eival TIEVTAMAAoIOG yid
epyalopevoug otnv e€6puén Kal otny ene€epyacia HETAAwWY,
KABWE KAl OE PNXAVIKOUG OXNHATWV.

SOpQWva WE TNV iBla peRéT, undpxel avgnon e méavo-
TNTAG EPPAVIONG KAPKIVOU TOU TIENTIKOU OUCTHHATOG. ZUYKEKPL-
péva, epydreg ene€epyaociac ToUBAwY 1) TETpag kal Bageic mou
ekTéBNKav O Bagéc fi SlaAUTIKG gppavicav auénpévo kivéuvo
yia kapkivo Tou otopdyou. H idia tdon napatnPriBnke kai o
£PYATEG TTOU XPNOIHOTOI0UV LYPA KOTIHG Aadiol A vepou yia TV
KOTI) HETANAWV (Tayldpiopa). Augnpévo kivbuvo yia Kapkivo Tou
TIAyKPEATOG EUPAVIOAV EPYATEC KATAOKEUNG HETAAAWY, Kupiwg
KATOOKEVAOTEC HETAAMK®V EAAOHATWY Kal 8wy and @UAAa
peta\ou. MevranAdoiog ival o Kivéuvog yia kapkivo maykpeatog
Twv epyalopévwy o BIOPNXAVIES NAEKTPIKAG I0XVOG (NAEKTPOASYOL,
XEIPIOTEG UNXAVNHATWY, UNXavikoi).®




ENIAPAZH EMATTEAMATIKHI EKOEXHX ZE BAPEA METAAAA TH NOZHPOTHTA KAl ONHEIMOTHTA 73

Eni m\éov, o1 epydareg ene€epyaciag XnUIK®Y OUCIHV Kat OL
HNXaVIKOi, KUPIWE KATACKEVAOTEG UNXAVWY OXNUATWY, Epgavifouv
OUXVOTEPQA KAPKIVO TOU TIPOOTATN, EVW O KivEUVOG yia Kapkivo
™G oupodoxou kUoTNG mevraniaotaletal oe epyaldpevoug ota
£pPYOOTAOIA TAPAYWYIS NAEKTPIKIG EVEPYEIAE Kal OE EpyalOpEVOUG
OTNV KAtaokeur) mpoidvtwv and yuaAi®

Mikprj av€non tou KivdUvou yia KakoBEeIG BYKOUG EYKEQANOU
napatnprifnke oe epyaldpevoug otig Blounxavieg ens€epyaciac
HETOAMKWY ENACHATWY, EVW OF EPYATES Blopnxaviag TRAEMKOL-
vwviwv TpImAactaletal o Kivéuvog Aoyw Tng £kBeong o€ XapunArg
ouxvétnTag NAeKTpopayvnTik aktivoBolia. Eniong, TpimAdociog
givat o kivbuvog yia Toug epyalOHEVOUG OTNV KATAOKEUH TTPOI6-
vTwv ané yuahi, kaBwe autoi ekTiBevTal 0 MOoIKINa XNUIKWVY, OTTWE
apoevikd, HOAUBSEO, VIKENIO Kal XpWHIO, onoTE gival SUoKOAO va
nipoodiopioTeil 0 akpIPric artioloyikdg mapdyovracs

O1 Szymanska et al pétpnoav Toug Kapkivikoug SeikTeC o
epyalduevoug mou exTiBevto o€ Cd, Pd kai As. Tuykekpipéva,
Hétpnoav ta enineda Tou KAPKIVOEURPUIKOU avtiydévou (CEA),
TOU TTOAUMENTISIKOU 1OTIKOU avTiyévou (TPA) kal Tou €181Kou
noAunentidikol avtiyévou (TPS). Ta anoteléoparta £8ei€av 6t
UTTGPXEL ONUAVTIKY) GUOXETION METAEY OUYKEVTPWOEWV KaSpiou
oto aipa kai CEA, kaBwg kat TnG XpovIKri¢ SIAPKEIaG TG Epyaciag
uno £kBeon. O1 kapkivikoi Seikteg TPA kai TPS, yia Tov Kapkivo Twv
woBNKWV Kal Tou TayKp£aTog, avtioToixa, ennpealovral and Thv
£kOeon OTOV EPYACIAKS XWPO OF APOEVIKS, KASHIO Kat pOAURSO.”®

Noorjpata Tou avanveuoTikoy GUCTHHATOG

H eniépaon Twv Bapéwv PETAAAWY OTO avanveuoTiké cUoTHHA
avagépetal ouxva otn BiBAoypagia. Itn HEAETN TIEPITTWOEWV-
HapTUPWV OE CUYKOAANTEG TIOU EKTIBEVTO OF VIKENIO, XaAKO Kal
Yeuddapyupo (cuykOAANoN T6Eou Kat CLUYKOAANON We avtiotaon)
napatmprnke avénpévo mMocooTo SlaTtapaxwy Tou aspaywyou,
TG00 TIEPIOPIOTIKOU GO0 KAl AMOPPAKTIKOU TUTIOU, CUYKPITIKA
HE EPYATEC UN QMACXOAOUMEVOUG O QUTOV Tov Topéa. Emiong,
napatmnpiBnke onuavTikr oxéon Siapkeiag ékBeong kat evoyAn-
TIKWV CUUMTWHATWY TOU avaTiVEUOTIKOU, OTiwg Brixag, mapaywyr
TTUéAwy, Xpévia Bpoyxitida kat aiobnua cvoPIEng oto Bwpaka.’”
O1Wiwanitkit et al ava@épouv 611 Slatapaxé Tou QvanveuoTIKOU
OUOTAATOC UNOPE( va IPOKANBOVV Kat and €10TTvor) AAOUIVIOU
OTOV €PYAOIaKO Xwpo.? Tpelg vOool Tou TIVEUHOVA HNOpPEl va
gival anotéAeopa NG epyaciakni €kBeong oto BnpuAiio: Ofsia
nivevpovitida, xpévia Bnpulhiwon Kat Kapkivog Tou mvedpova.?
Xpovia emayyeApatikly ékOeon oe BnpUANO Oxetiletal Kal pE
KOKKIWHATWEEIC vOOOUG Tou TIveLpovVa, 6NwE n capkoeidwon.?
Ztn pelétn autr, epgavidetal eniong cuoxétion Twv Bapéwv
HETAANWY —XpWHIO, KOBAATIO, VIKENIO, AEUKOXPUCOC Kal OTIavi-
61epa ahoupivio, Peuddpyupog kal Bavasdio— pe v avEnuévn
EMimTwon AoOuaTog o€ EPYATEC TIOKIAWV Blopnxavidv.? Eni miéov,
guprjpata ofeiag fj xp6viag avanveuoTIKRG vOOOU amavtovTal
o€ egpyaldpevoug otny enefepyacia PeETAAOU fj ouykOAAnon,
o1 orroiol ekTiBevtal e HETAANIKOUG aTHOUG TTOAU GUXVOTEPA OF
oUYKpIon e epyalOpEVOUS 08 GANOUG TOMEIC! MEAETWVTAC TIC
OUVETIEIEG TNG EMAYYEAUATIKAG £KBEONG OTOV PeLSEPYUPO KATA TN

Siadikacia empevSapylpwong xaAuBSoowArvwy, SiamoTwnke
611 enNpealel TNV avanveuoTikr Aerroupyia.? NMapduola cupme-
paopara npoékuypav, étav eEETA0TNKE N £kBeon ot As, Be, Pd, Cr,
Bavasio (V) kat titdvio (Ti) agpoyevig KaTé Tov appoBoMous,
XPNOILOTIOIWVTAG WG AEIQVTIKO HETO TO XaAKS'

Neupoloyikd voorjpata

OtKrantz et al ava@épouv pia ogipa and veupoAoyiKd GUUTTE-
HaTa o€ EpYATES TIOU £pXOVTAV OE OUXVH) eMaQH pe pdAUBSo, o
nahaiétepn BiBMoypagia. Autd mepiehduBavav evepedioTéTnTa,
KOTIWOT, SUCKOAIQ CUYKEVTPWONG, EKTTTWON MVAKNG, TPOPOPIKOU
Abyou Kkat KivnTikAg Se€16TNTaC, KABWG KAl ONUEIQ TIEPIPEPIKIG
veuponaBeiac. O1 {5101 avagépouv TNV uPEVIoN TTAPKIVOOVIKOD
OouvEPGOL O NAEKTPOOUYKONNTH HE Xpdvia £kBeon OTo payyd-
vio. 1o apBpo avackénnong twv Wiwanitkit et al avagépovrat
HENETEC OE EPYATEG EKTIOEUEVOUG OE LAYYAVIO, GTOUC OTIOIOUC
SlamoTwlnke abENON NG CUXVETNTAG EPPAVIONG VEUPOAOYIKWV
Kt PuXIaTPIKOV Slatapaxwv O& GUYKPIOT He TNV opdSa eAéyxov,
&vw unootnpiletal n Uap&n evog VEUPOAOYIKOU CUVEPGLIOU Xa-
pakmPIlopEVoL and acuvépyela, aoBevr pvApn kat katdd\ipn oe
€pyalOpEVOUC TIOU EKTEBNKAV OTO AAOULIVIO, TO OTI0I0 EUMAEKETaL
mBavév otnv artionaboyévela TG véoou Alzheimer kai GAAwv
VEUPOEKPUMOTIKWV Siatapax@v.® Emiong, ava@épetal onuavTikr
OTATIOTIKI) CUOXETION HETAgY O0QPNTIKAG EKTTTWONG Kal EMMESWV
kadpiou oTo aipa kat Ta ovpa Twv epyalopévwv o Biopnxavia
Xpwpdtwv.? Ixéon aitiov-amatoy petay kadpiov kai mAayiag
Huatpo@ikric okAfipuvong avédei§av ol Bar-Sela et al peta and
HENETEC OE EPYATEG TTOU QVEQEPQAV KVNOWS, QnWAEIQ 6o@pnong,
PIVIKY) oULPSPNON Kal pivoppayies, Xpovio Brixa kat Suomnvoia,
TIOVOKEQPAAOUG, OOTIKA GAYN Kat puikf aduvapia.?

Awatoloyikég Satapay£g kal Slatapay£c Tou
QVOOOTIOINTIKOU GUGTHHATOG

Ze pua pelétn yia tn Bvnoipdtnta epyalopévwy oe Blopunya-
vigg oo lllinois Twv HMA Siamotwlnke avEnpévog kivbuvog yia
non-Hodgkin Aéu@wua, moAam\ouv puéhwpa Kai Aeuxaipia oe
TUTTOYPAPOU, 18iWG PWTOXAPAKTES Kat ABoypagouc, KaBwE Kat
EPYATEC KATAOKEVWVY, 6TTWG EUAOUPYOL, USPAUAIKOI, NAEKTPOAGYOL
Kai Bageic, oe ox£on He TO YevikS TANBUOHS.S

H enidpaon Tou xpwpiov og unokaTnyopieg AepPoOKUTTAPWY
Kal OTIC avooooalpives O eKTIOEPEVOUG epYATEC pnopei va
EMNPEACEI APVNTIKA TO QVOCOTIOINTIKG CUCTNHA O OXEON LE TO
HN eKTIB€pEvo NMANBUOPS.? Ze napbpoia anotehéopata katéAnéav
Kal HENETEC O epydaTes Bupoodepiac, KaBWe Kal Og EPpYATES 0TV
EMPETAAAWON UE XPWHIO.

AN\a onaviétepa voorjuata

Mehetvtag epyal6UEvoUG OTNV KATAOKEUH QTUOUNXAVAV,
HNXav@V OXNUATWY Kal CUCOWPEUTAV HOAUBSOU avadeixBnke
ONUAvTIKr) cuoxéTion petafy Seppatikwv véowv kal Cr, Mn, Fe
kat Cu, uriépraong kat Mn, Cd kat Cu, Yuxikwv Siatapay@v kai Cd,
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Ld, Mn, Ni ka1 Zn, 8taBrjtn kat Cr, Mn kat Ni, Bwpakikol évou kat
Ld, avanvevoTikwv Siatapaywv kat Cr, Mn, Fe, Ni, Zn, gupartiwong
Kat Zn, kai 0@BaApIK®V TpoAnuatwy kat Mn, Fe, Ni kat Zn.?

T HEAETN yia TAPOSIKA 1) EMipOVA SEPUATIKA CUTTTWHATA O
£PYATEG PETAANOUPYIAG, Ol OTIOIO! £PXOVTAV OF EMAQPH UE PETAA-
Aoupyika uypda Aadiov mou Tiepieixav Papéa pétaria, Slamotwdnke
6T1T0 10% TWV EPYATWLV QUTWV EUPAVICAV SEPUATIKA CUMTTTWHATA
6Tav eKTEBNKAv yia TOUNAXIoToV 4 Nuépec Ty eBSopada? H dep-
patikr ékBeon oe Bapéa PETAAAQ, KOl CUYKEKPIUEVA OTO XPWHIO,
unopei va npokaléoel copapri ouotnuartikr BAapn*

O1 Poreba et al, yia va mpoodiopicouv Ti¢ diatapaxés Tou
KUKAOQOPIKOU OUCTHHATOG TIOU OXeTi{ovTal UE TNV eNibpaocn Twv
Bapéwv PETANWY, Kupiwg Tou HOAUBSOU, uTEBalav G NAEKTPO-
kapdioypd@nua (HKI) 60 epydteg petalloupyeiou ri SwAiotnpiou.
O1 27 and Toug 60 EPYATEG TIOU EKTIBEVTO OTO EPYACIOKO TOUG
niepiBAAov oe pHOAUBSO pgpavicav TaBoloyikd guprpata oTo
HKr2? Ot Krantz et al avag@épouv oxéon ékBeong oe péAuBso kat
unépTaone, kabwe kai BvnolpdtnTa and ayyelaka eyKkepalikd
ENEIOO6BIa OE EPYATES TTIOU XPNOILOTIOIOUV HOAUBSO, KaBwe Kat
£KITTWON TNG VEPPIKNG AEITOUPYIaG O EPYATEC TTIOU £PXOVTAl O
ena@n pe Bapéa péraiia.’

ANOTEAEZMATA-ZYZHTHZIH

Epyaotnpiakd eupripata — HETPRAOEIS Bapéwv
HETAAAWV OE CWHATIKA LYPA Kal 10TOUG

Meléteg mou oxetilovTal e PETPHOEIG BapéwV HETAN-
AWV OTa CWHATIKA LYPA 1} OTOUG IOTOUG EPYAlOHEVWY OTN
Biopnxavia, wg Bloloyikoi SeikTeg TOL KivdUVOL voonpod-
rag, eival cuVABEIG, 6TIWG N HEAETN Twv Vitayavirasuk et
al, o1 oroiol pétpnoav ta enimeda Pb oto aipa, kai Cr kat
Cd ota ovpa Bagéwv IOV XPNCILOTIOIOUV YPEKAOTIPA, Kal
Samictwoav onUAvTIKA UPNAOTEPEG TIEG OE OXEON HE TNV
opada eAéyxou.?? MetpriBnkav ol CUYKEVTIPWOEIC Mn, Cu
Kal Mo oTnv avamvevuoTiKy {Wvn TwV £PYATWY CUYKOA-
Anong PeT@Mwv Kai SlamotwOnKe Kivbuvog eppaviong
QAVATIVEUOTIKWV TTPOBANHATWY, TTOU fiTav avaAoyog HE Tn
ouykévipwon kat T Siapkela TG ékBeonc.? MNMapopoleg
EMMTWOEIC OTO AVATIVELCTIKO £8€1E€ Kat N HEAETN Twv Kim
et al, o1 oroiol pérpnoav Tig ouykevipwoelg Cr, V, Ni, Mn,
Cu kai Ld o€ deiypata oupwv AeBnTommolmy mov ekTédnkav
o€ katdhoima mNTIKAG TéPpag meTperaiov.’

O Afridi et al pétpnoav Tig ouykevTpwoelg Pd, Cd, Ni,
Cr*' As, Cu, Co kat Mn*2 oTo aipa, oTa ovpa Kai oTIG TPIXES
Twv gpyatwyv enefepyaciag xahuPBa (atcahiol). Ot TIpEG
auTEC iTav LYNASTEPEG Kal 0Ta TPia BroAoyikd Seiypata tng
opadag TwV EPYATWV OE OX£ON ME TNV opdda avagpopdc.
Metpriceig ouykevipwoewv Ni, Cu, Zn kai Pb oto tpixwto
NG KEQAAG mpayparornoribnkav oe 281 epydteg, o 10
Biounxavieg otn Zupia. Ta anotehéopara TnG opadag Twv

M. KOYPOYTOY kai cuv

epyalopévv O EPYOOTACIO CUTOWPEVTWYV £8e1§av OTI N
OUYKEVTPWON HOAUBSoL ftav uPnAdTeEPN amé auth g
OpASac EAEYXOU, EVW OPICHEVEG HIN PUOIONOYIKEG OUYKE-
VIPWOEIG XaAKOU, Yeudapyvpou Kat viKehiou maparnpribnkav
oe epyal6uevVouG OTIG Blopnyavieg mapaywyng KaAwdiwy,
TUMTOYPAPIKEG BlOpNXAVIES KAl EPYOCTACIA CUCOWPEVUTWY,
avtiotoixa.*

Avaloyikry oxéon peTadl €kBeong Kal CUYKEVTPWONG,
KaBW¢ kat 6Tt Ta LPNAA enineda Twv Bapéwv HETAAN WV
ota ovpa cuvdéovtal Pe SlaPopwv EISWV VOOOUG, TTPOE-
KUYE UETA and HETPHOEIG OUYKEVTPWOEWV ota ovpa Cd,
Co, Pd kat Ni og gpydteg mapaywyrig xdAufa*# Cu, Ni kat
Co ot gpydteg Swhiotnpiov xahkou* kat Zn, Cu kat Ni oe
OUYKOANTEG OXNUATWV.*

T & HEAETN TTEPITTWOEWV-HAPTUPWY, OTTOU HETPBNKaV
ol ouykevtpwoelg Pd kai Cd oto aipa gpyatwv anacyo-
AOUHEVWY OE CUCOWPEUTEG HOAUBSOL Kat aAKaAkoug
CUOOWPEUTEC, avTioTolxa, Bpédnkav 6Tt fTav PNASTEPEG
O€ OUYKPION HE TOUG HAPTUPEG?

O1 Gerhardsson et al utoAGyloav TIG CUYKeVTPWOElG Cd,
Cu Kkat Zn og Sgiypata IoTwV Aatog, MVEVHOVA, VEQPWV
Kal EYKEQPANOU EPYATW®V OE XUTHpla XaAKoU Katl poAuBSou,
Ol OToieG, TEAIKE, ATaV oNUAvVTIKA LYNASTEPEG and TIG
avTioToIXEG TwV HapTUpwV.® EmPBAaBeic emdpdaoeig otn
VEQPIKA Kal OTNV Nmatikn A&iroupyia diamotwonke kat
ot BloxnHIkG éAeyxo (oupia, kpeativivn, ALT, AST, aAkaAikry
PWOPATACN, AUECN KAl ONIKT XOAEpUBpPIvN) epyatwy otn
Blopnxavia xpwpdtwy mou ektédnkav o Cd, Ni kai Pb.*

SUMTEPACHATIKG, aivetatl 6T1 n S1eBvrig BiBAoypagpia
QOYOAEITAI KUPIWG HE TN XPrON HETPrCEWV Bapéwv HETANAwWY
OE CWHATIKA LYPA Kat 1oToUG epyalopévwy Trou ekTiBevtal
o€ autd OTO EPYAcIaks Toug EPIBAANOV, WG BlOAOYIKOUG
Seikteg, Kal Toug ouoxetilel pe voonpodtnta. E§etdletal n
TauTéXPOVN £KBECN OE TIEPIOCOTEPA amd éva HETANAQ, Ta
£MINESA TWV CUYKEVTPWOEWV TWV Bapéwv HETAANWV oToV
opyaviopd, n Siapkela kat o Tpénog £ékBeong we mbava
aitia yia TNV ENPAvion CUYKEKPIPEVWY MaBRoEwy, Onwg
o1 kapkivol. Emiong, oplopéveg katnyopieg emayyeApdtwy
ouvSéovtal pe £kBeon Ot OUYKeKPIpéva pETala iy kat
HE TNV EMQAVION OUYKEKPINEVWY VOowv. QoTéoo, Sev
undpyouv edopéva mou va anoSeikviouy TN oaQn oxé-
on petadl £kBeong Twv epyalopévwy oe Bapéa PETala
OTOV EPYACIAKO TOUG XWEO Kal Tng Bvnowotntag and
OUYKEKPIHEVEG VOOOUG.

To B¢pa TN pumavong Tou ePIBAANOVTOG anéd Ta Av-
HOTA TWV BIOUNXAVIKWDV KAl TWV BIOTEXVIKWVY HOVASWYV EXEL
TEPAOTIO KOIVWVIKG Kal ETIOTNHOVIKG evBiapépov. Méyiotng
onuaoiag givat n emayyeApatikr €ékBeon o 6Aoug autoug
Toug ToEIKOUC TTApAYOVTEG OTO XWpPo epyaciag, SnAadn




EMIAPAZH ENATTEAMATIKHZ EKOEZHX XE BAPEA METAAAA XTH NOXHPOTHTA KAl ©NHEIMOTHTA

OTNV TMNYr EKMOUNTC Twv pUTTWV. To {RTNHa anodeikvo-
£Tal PAEYOV KOIVWVIKA UTIO TO TIPIOHA TNG TTAyKOOUIAG

ol

KOVOUIKNG Kpiong, katw amd 1o Bapog tng omoiag n

KOWVWVIKH Ttieon yia Siatripnon Tng epyaciag kabiotd Toug
epyaléuevou EVAAWTOUG OE KABECTWTA TTOU EMUNKUVOLV
TNV TTAPAMOVI) TOUG OTO XWPO gpyaciac —avEdvovTtac Kai

75

To Babué £kBeong otoug PAANTIKOUE TAPAYOVTEC— KATW
an6 ouvBrikeg mou Sev Silacpahifouvv Tnv mpooTacia TG
UYEIag TOuG. ZTOX0G endpevng HENETNG gival n Siepedvnon
™G enidpaong NG emayyeAHaTIKAG £ékBeong o Bapéa
pétaria otn BvnooéTnTa.

ABSTRACT

The effects of occupational heavy metal exposure on morbidity and mortality
P. KOUROUTOU,' S. KALES,2 K. HADJISTAVROU,' A. LINOS'?
'Department of Hygiene, Epidemiology and Medical Statistics, Medical School, National and Kapodistrian
University of Athens, Athens, ?Harvard School of Public Health, Boston, MA, USA, ?Institute of Preventive
Medicine, Environmental and Occupational Health, “Prolepsis’ Athens, Greece

Archives of Hellenic Medicine 2012, 29(1):70-76

Heavy metals are widely used in industry and are strongly related not only to severe environmental pollution, but also
to health problems caused to industry workers. The exposure of industry workers is typically higher than that of the
general population, since workers are close to the source of toxic emissions, and the toxic agents come into contact
with the workers in various ways and at different rates, before they are expelled into the environment. Great empha-
sis is placed in the international literature on the impact of heavy metals on people’s health, especially on those who
work in fields concerned with such metals, including scientific studies in which the effects of heavy metal exposure
on the morbidity and mortality of workers are analyzed in depth. Accordingly, there is documentation of correlation
between industrial exposure to harmful agents and mortality from certain types of diseases. Apart from mortality,
chronic health problems and acute incidents are also documented in connection with heavy metals such as lead, ar-
senic, nickel, copper, manganese, berillium, cadmium, aluminum and chromium. The most important types of expo-
sure-related disease are cancer (mostly cancer of the respiratory and digestive system, but also brain cancer), severe
blood disorders and disorders of the immune system, respiratory diseases and neurological disorders, and less fre-

quently there is documentation of dermatological effects and systemic diseases.

Key words: Cancer, Chromium, Heavy metals, Mortality, Occupational exposure
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O sunspoyvopovag tov IIOY cvvoser Tig
EKTOUTES A6 TO EPYOGTAGLO TGLUEVTOV
Montcada 6€ KopKivo

To mpwtéTLNO GPBpO GTO!

https://www.lavanguardia.com/local/barcelona/20141017/544180123 72/un-experto-de-la-oms-
relaciona-las-emisiones-de-la-cementera-de-montcada-con-€l-
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O koBnynmig kon gpguviig Tov I1.0.Y, Nicolas Olea, Ocwpei
6T 01 eKmopTES POUMKAOV OAATOV «OYETICOVTOL AUECH» NE
TIG TEPUTTAOGELS KAPKIVOV 6TNY TTEPLOYN)

H etapeia topévrov Lafarge oto Montcada i Reixac og pua eatoypagia apyeiov (Own)
TPAOONTAX
10/17/2014 2:17 pp Evnuepa@bnike 20/10/2014 8:10 pp



Bapkehdvn (EUROPA PRESS ka1 EFE)

Or pumoyéveg ovoieg mov exmépmovial and 10 epyootdoto touéviov tng Lafarge oto Montcada i
Reixac (Bapkeldvn) éxovv Gueon oxéon pe Ty EPEAEVIOT KaAPKivVOL GTOVG KOTOIKOVE TNG TEPLOYNG,
0nog amokdAvye oe ovvévievEn Tomov o kabnymtig oto Ilavemotimo g Ipavadac kot
gpevvntig otov Iaykéopio Opyaviopd Yyeiag (I1.0.Y.) Nicolés Olea.

Zuykekpipéva, £xel emonuaverl 6T 1 VYNAT ovykévipwon POoAMKOV E0Tép@V 1 E0TEPMOV POXAIKOD
0&€og mov exmEPMOVTOL OO TNV KATVOSOYO TOL EPYOCTOGION Mapay@yhg ToWéviov -29 KA
emoing £xel Yevik a0&nom oe MEPINTOGEL KaPKivOy TOV TVEDHOVE, KABDG Kal YaOTPIKAOV dyKmv
OTIG YUvaikeg kol kapkivo x0Andoéyov xvotng otovg Gvdpes. "Ymhpyer emiong vmoyio 6T o
pOadikég evaoelg o pmopovoav emiong va Bpickoviar miom amd Tov Kapkivo Tov TaYEOS EVIEPOL
ka1 Tov 0pBoY, 10 omoio eivan oTiuEPE T0 MO KOWS, KAAG dev £xel amoderyDel axdua", Tpdobeoe, Kar
TAPOTPUVE TIG G101KT|CELG VO GTAPATICOVV QVTEG TIG EKTTOUMEC.

H mepintoon tov Montcada i Reixac pmopei vo mpoektobei oty opdda SMupav pe
toevioPopnyavies: «H Iomavio xotéxer v evpomoiky mpeOTE otV ekmoumy @OoAkdv
EVOEWV, O1 OMOieg £YOVV €MiONG GUEOT OXEOT HE TNV KOKN TOLOTNTA TOV CMEPUATOC KOl TOD
kapkivov Tav 6pxewv». O Olea cvupeteixe o perétn yo Ty moadiky nhikio. kat 10 mEpPEALov
(Inma), n omoia mapaxorovOnce Yo dddeka ypoévia 3.600 untépeg kor o, ToAdIE Tovg amd Ribera
d'Ebre, Menorca, Granada, Valencia, Sabadell, Asturias ka1 Gipuzkoa xou éxer emoAnfedoer puo
Gueon oxéon petad g pimaveng Tov TEPPAALOVTOG Kat TG avARTUENC 0o0EVEIDY.

H eonvor] pokvopévov ofpo, Wwitepe KOvTd oTIC £YKeTOOTAOES TOWEVIOL Yo TNV

OTOTEPPMOT], N XPNOT KEAAVTIKAOV Kot Kamvoy givan éva 10E1kd KOKTEIL T0 OO0 UETOOEPOLY O1
UNTEPEC OTA UWPE TOVG amd My mpdTM oTiyur) g Kinong: vadpyovy ctoueia 6T o @OoAKEG
evooelg Ppiokovior miow amd moALG popd mov yevviBnkav xwpis 6pxeic. «Eipaote oty Kopuon
¢ Evpdnng og mpog v mocétnta 10v 9Bodikdv oAdtov mov ovpodv éykveg yuvaikec kat
o810y, mopamovédNKe Kol SlEVKpivice 6TL amayOpEVTNKE QLT 1 OVGio O xpfion niav o
avTIKEWPEVOV Yo Bpéen, addd Oy Yo evijlikes, pe amotéleopa ta moidid vo eEaxohovfody va
HOAOVOVTOL OO TIG UNTEPEG TOVG,

H ovcia avt ypnowonoreitor emiong ot kaAAvvtikd kon T KA@GTODQAVTIOVPYIKES Bagpéc TV
nadibv, 6meg Sevkpviomke, ko EEPpace T AOmn TG Yo T0 Yeyovog 6T 1 toEikdTTa TOV
OVCLOV pETPATAL XWPIOTE Kot SV AapuBaveTor VIGYN TO CUVSVOOHEVO ANOTEAEG O tE GAAEC OVOoiEC.

O Olea ovppeteixe oe ovvévievén Tomov Tng MAATEOPHAG KATAMOAEUNONG TNC ATOTEPPMONG
Montcada i Reixac, cuvodevépevn and tov sknpdommo g Evaoong kotoikev e yertovidg Can
Sant Joan de Montcada i Reixac, Tov José Luis Conejero xat tov mepifoirovrikod axtifrom Mercé

Girona. Ou_xarowkor tng Can Sant Joan xatayyélouv bwitepe Tn dpaoctnpréTnre
omotéepoong enofiitev mov ektedei n Lafarge ané to 2006, extéc amd v TOPASOCIOKT

KQTAOKEVT] TOUEVTOV.

Lopoova pe 1o Kpatiké Mntpdo Exmopndv kar IInyédv Pomov tov Ynovpyeiov I'ewpyiog, 1
Lafarge exnéuner povo&eidio tov avlpaxa (CO) omv atpudécpaipa ot nocodtta 527,887 kihdv /
€tog 70 2010. d10&eid1o Tov avBpaxa (CO2), 271.780 kihé o 2012 - Appmvia (NH3), 47.500 xi\d
70 2008. o&eidia Tov aldrov (NOx / NO2), 501,725 xidé o 2012 - v3pépyvpo kat EVAOELS, dDOEKD
KA 10 2012. «@Barkd eotépar (DEHP) 29 xidd 1o 2012 - apopatikodc vdpoyovavOpaxec, 74,6
KtA& to 2008 ka1 copatidia, 66,300 to 2003.

To mp6PAnua agopd Tig meprpépereg Nou Barris kot Sant Andreu del Palomar ™¢ Bapxehdvng,
xafdg kar Tovg dfpovg La Llagosta, Santa Coloma de Gramenet, Cerdanyola del Vallés, Barbera




del Vallés, Ripollet xar Montcada i Reixac (Bapxeldvn).

AGQOPEG TTAVETL wakéc pedérec &yovv dwamotdost 6T 0 wAnBuvopds mov el oe okTive
petold TEooGPOV Ko TEVTE YUMONETPQV YOP® amd évav ATOTEQPOT PO £YEL PEYEAVTEPO
kivduvo va vrooéper and kapkivo, dnmg o viefokdTac, 0 Kapkivog ToV oTOpdYovL 1) TOV fneToC,
petakd GAmV, avépepe o epgovntiig. Me avth v évvoua, 0 Olea avéQepe OXETIKG e pio PEAETN
tov épyov INMA (Tloudié xan IlepiBéAlov) otnv omoio petpdtar 1 TOoGOTNTA TOV «@OAMKOV
0AGTOV» GTO. 0DPO. TOV KATOK®V S1pOp@V TEPIOXHY TOV KpdTovg Kar 1 omoia KOTAANYEL OTO
ovpmépacpo 6T 1 Iomavia Bpioketon 6TV EVpOTAiKT KOPLYT ©OG TPOG TV "vepPoiikn| £xBeom o€
auTh TN pumOY6Ve. Ovsia, OV VMAPXEL OE MOAAEG CVLOKEVAGIEG TPOQinmV, opmpaToToliag Kol
KOAALVTIKGOV KaOOG Kot ToLVISLOV.

AwcaoTikn pdym

Anb v Thevpd Tov, 0 Conejero €Nfynoe OTL kkpepel TPocPLYT moV GoKNoE 1 gtarpeio xadhg Kot
n Generalitat oe amépacn tov Superior Court of Catalonia (TSJC), n omoia amoQAavOnKe VIEP TV
xoToik®@v otV KoToyyehia tove Yo Ty EMewn IepiBadlovuky Gdeto g Lafarge. Exovv emiong
kotaBéoel o GAAN xatayyehio evdmov dikactnpiov Mg Cerdanyola del Valles yw tov
nepBarloviikd 06pvfo mov EXmEPMETOL QMO TNV npoovapepdeioa etorpeio kol yw v onoia
xatayyéAhovv Tov Tphdnv dfuapxo T Montcada, Tov 6OpBovAo yia T0 nePPAALOV Kol TOV POV
dievBuvtn g Lafarge.

O José Luis Conejero éxel xatoryyeilet 6T £xovv {ntioel enavenppévae amd Tig apyég va deEdyoov
emdNpuoAoyIKéG HEAETEG OTIC MEPIOYEG IOV PpickovTar TANGIEGTEPA OTOV AMOTEPPAOTIPA TOILEVTOV,
xopic amotéleopa. "Aev BELOVUE VO, GUHPOVIGOVY poli pag oe tpudvia xpévia, 6nmg cuveRn pe
MV TEPIMTOON TOV YELTOVOV 7OV KOTOWKOVOAV KOVI4 GTNV gtarpeio. Uralita, oto Ripollet",
vmooTipiEe, VevBLpilovTag TN paKkpd MEAN oTa diKacTHpL TOV avayvdploe Tig coPapés Cnpieg
mov 1o Uralita eiye mpokalécel Ty vyeia ToV epYOLOPEVOV KAl TV YELTOVOV TOV MO KOVTd 610
€PYOCTAC1O.

Te oxfon pe avtd o Ofpa, n etarpeia Lafarge eféopace v "éxainén" g T TG
Swpapropieg mov Eywvav, Yo va dnprovpyicst " pia adikarodoynTn ko avevBuvny avnovyia'.

"0 pBaAKOG SrpavuleoTEpag pmopei va E16EMDEL 6TO nEPIPAALOV PEGH EKTOUTOV OT6 Bropunyavies
MOV TaPGYOLV 1| XPNOIHOTOWOVY GVTH TNV OVCIO Kal O TOHENS Tolpévion dev mapdyel 1 Oev
ypnowonolel avt v ovcia. H Awebviig Ymnpeoio ‘Epevvog 1w tov Kapxivo (IARC) v
yopoxtnpiler g un ta&opnuévn 6oov apopd v KapKwvoyéveon otov GvBpono », eEnyel oe pa
dnlwon.

To epyootdoo tng Montcada avagéper octo PRTR éva pétpo S1-pBaAkod, mov eivar axOun
TELPOUATIKO.

O Pedro Mora, xafnyntig Tov ITolvtexveiov g Madpimg ko teXviKog devBuvg g évaong
gpyodotdv Oficemen, dNAwce: "Onwg avapEPETAL TNV 510, Ty MEMP, 10 d190aAiké GAog givar pia
TAPOCKEVAGHEVY XNHIKT 0vGia 7oV YEVIKG pootifetal oTa TAAGTIKG Y10, VO TO KAVEL O EVEAKTOL
(tpomelopdvTila, KOVPTIVEG VIOUG, GOANVES, OPIoHEVA mavidia, kolddo, Bepvikio voidv kot
KOMEC, petald moAdv dAAwv.) Aedopévov dTL vapYOLV ToAAG oToteia xabnuepvig xpNHoNG ToL
TEPIEXOVY QOAMKEG EVDOELS, Eival amoldTOg £mKiVEUVO KO GTEPELTOL EMOTNHOVIKTG 0VOTNPOTNTAG
1 EKTIUNON TOV EKTOPTAOV TOVG OO EPYOCTACLO Toléviov o cuvdptnon pe v e&EMEn tav
aofeverdv. To AdBoc yiveton koi mGAL amd TNV GUYXVOM Hi0G OIKOAOYIKTG MEAETNG HE IO

emdnpuohoykn perém. "

A6 v TAevpd Tov, 0 Alejandro Josa, xabnyntiig 6T0 IToAvteyveio Tng Katahoviag kot dievfuvinig
¢ CimentCatala, dnldver: "Avtég o1 dnAdoeig vmootpiloviar and pio Gkvpn oxEom EUPEONS
artiac-enidpaong. Agv vmapyovv ofipepa aEIOMOTEG peléteg mov vo. Seixvovv ofjuepa OTL VILAPYEL




oxéon petald TV EKTOUTOV and £V EPYOCTAGIO TOHEVTIOV KOl QVTAV TV acOEVELDY. Iap '6A\a
avtd, BAémovpe avnovyntikés NAdoelg 6mwg avtéc"

H etoupeia Lafarge Bpioketor 6t cvvowkia Can Sant Joan tng Montcada i Reixac. (Iwoxktine)



