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Background and aim: The implementation of idoneous management of

hazardous waste, in contrast to illegal practices, is one of the environment and

health priorities of theWHO. The aim of the present study, based on a collaborative

agreement between the Italian National Health Institute and a Prosecution O�ce

located in Naples North, was to evaluate the health e�ects of illegal landfills and

burning of urban and hazardous waste in the territory of the Prosecution O�ce.

Methods: The municipalities included in the study territory were investigated

with respect to the regional population. Regression analyses were performed in

the study area between four classes of an environmental municipal indicator of

waste risk (MRI) previously defined, computing the relative risks (RRs) in 2–4 MRI

classes, with respect to the first MRI class (the least impacted). The prevalence

of reproductive outcomes and cause-specific mortality and hospitalization were

analyzed in the general population and in the 0–19-year-old population using

SAS software.

Results: An increase ofmortality and hospitalization risk in both the genders of the

whole area, with respect to regional population, were found for overall all cancer

cases, cancer of the stomach, the liver, the lung and the kidney, and ischemic

heart diseases. An increase of mortality for leukemias in the 0-19-year-old

population and in hospitalization risk for certain conditions originating in the

perinatal period were observed. Correlation between MRI and the risk of mortality

from breast tumors in women (MRI class 2: RR = 1.06; MRI class 3: RR = 1.15;

MRI class 4: RR = 1.11) and between MRI and the risk of hospitalization from

testis tumors (MRI class 2: RR = 1.25; MRI class 3: RR = 1.31; MRI class 4: RR

= 1.32) were found. The hospitalization risk from breast tumors and asthma

exceeded significantly in both genders of three and four MRI classes. Among

the 0-19-year-old population, correlation between MRI and hospitalization from

leukemias (MRI class 2: RR = 1.48; MRI class 3: RR = 1.60; MRI class 4: RR = 1.41)

and between MRI and the prevalence of preterm birth (MRI class 2: RR= 1.17; MRI

class 3: RR = 1.08; MRI class 4: RR = 1.25) were found.
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Conclusion: A correlation between health outcomes and the environmental

pressure by uncontrolled waste sites was found. Notwithstanding the limitation

of the study, the results promote implementing the actions of environmental

remediation and the prosecution of illegal practices.

KEYWORDS

hazardous waste, landfills, dumps, mortality, hospitalization, cancer, low birth weight,

preterm birth

Introduction

Mismanaged and illegal waste sites are among the principal

worldwide sources of soil and groundwater pollution. In the

United States, the management of waste represents the main

activity causing the contamination in the areas of the National

Priority List of the Environmental Protection Agency (1), including

1,334 uncontrolled hazardous waste sites in March 2022 updating

(https://www.epa.gov/superfund/current-npl-updates-new-

proposed-npl-sites-and-new-npl-sites, last access 15 July 2022).

In Europe, 38% of the contaminated sites are characterized by

municipal and industrial waste disposals (2). The World Health

Organization (WHO) included hazardous waste among the main

environmental risk factors for the health population in Africa

(3). In three Latin American countries (Mexico, Uruguay, and

Argentina), 316,703 people were estimated to be exposed to the

lead released by 129 hazardous waste sites (4). TheWHO estimated

that only 17.4% of the e-waste produced in 2019 reached formal

waste management and recycling systems (5).

Uncontrolled and poorly managed industrial and hazardous

waste landfills and illegal waste dumps could release and emit a

mixture of environmental contaminants, often unknown, that are

potentially dangerous for the health of the population residing close

to these sites (6).

The increasing body of evidence about the possible

health impact of environmental contamination due to waste

mismanagement prompted the WHO to recommend the

implementation of sustainable waste management practices,

also contrasting illegal trafficking and management, among

environment and health priorities to achieve the United Nations

Sustainable Development Goals (7). The evidence of the association

of several health effects with exposure to hazardous waste sites has

been defined as “limited”: non-Hodgkin lymphoma; cancers of

the liver, the bladder, the breast, and the testis; asthma; congenital

anomalies overall and of the neural tube, the urogenital, connective,

and musculoskeletal systems, and low weight and preterm birth,

among reproductive outcomes. This evaluation, concerning

articles published through 2015, was based on more than one study

reporting strong and precise results, with an overall consistent

association, though the authors could not completely exclude a

role of random variability, bias, and confounding factors (8).

From January 2015 to May 2022, 16 additional articles on

the human health impact of hazardous waste and dumping

sites, including two studies on informal workers in waste

sites, the so-called “pickers,” have been published (4, 9–23)

[search in PubMed and Medline: (“industrial waste” [Mesh] OR

“hazardous waste” [Mesh] OR “waste disposal facilities” [Mesh]

OR “electronic waste” [Mesh] OR “illegal dump∗” [Title/Abstract])

AND (“epidemiology” [all fields] OR “mortality” [all fields])].

The articles of interest were selected by two researchers who

were blinded, among the 143 articles emerged from the search,

based on compliance with the inclusion criteria (epidemiological

studies on humans) and the search question, in terms of

population/exposure/comparators/outcomes [population: resident

population; exposure: living near hazardous and electronic waste

sites and illegal dumps; comparators: all comparators; outcome: all

diseases/health disorders (PECO)].

The majority of the selected articles concerns reproductive and

childhood health outcomes. A systematic review published in 2017

highlighted the significantly elevated risk of preterm birth (PTB)

among infants born to women living near hazardous waste sites

and of congenital malformations in proximity to specific waste

sites (10). Increased risks of low birth weight, intrauterine growth

retardation, and vector-borne diseases, such as malaria, in the

population living near dumps and burning waste sites, have been

reported in a more recent review (22). An increase of very preterm

birth, low and very low birth weight, and stillbirth were reported

among mothers exposed to contaminants released by an illegal

arson of a large municipal landfill during the periconception period

and the first trimester (15). A population-based case–control study

(9) found an increased risk of bone tumors in children (0–14 years

old) living within 2 km of hazardous waste sites, and the impact

of lead released by 129 hazardous waste sites in Latin American

countries was estimated to be 51,432 DALYs for mild intellectual

disability in children and cardiovascular disease in adults (4).

An investigation performed on the acute effects consequently to

an event of illegal dumping of tons of waste into a river in

Malaysia reported shortness of breath, cough, nausea, vomiting,

and eye and throat irritation in school children (6–17 years old)

(23). An increase in mortality for all causes, specifically for all

cancers and colon–rectum, bladder, and hematological tumors, in

the general population (all ages) was reported by an ecological

study in residents of a municipality with landfills (13). Some

studies based on self-reported symptoms in the population living

close to dumpsites and mismanaged landfills in low- and middle-

income countries (LMICs) reported an increase in the prevalence

of diabetes (19, 20), asthma, tuberculosis and depression (20), sore

throat and hypertension (19), respiratory symptoms (wheezing

and frequent sneezing), and skin rashes (21). Two biomonitoring

investigations performed in Italian contaminated areas by illegal

waste sites were recently published. The first one concerns a subarea

of the so-called “Land of Fires” in the Campania Region, which is
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characterized by a widespread presence of dumps and uncontrolled

landfills (including waste burning sites): no correlation of persistent

organic pollutants (POPs: PCBs, PCDDs, PBDEs, and PCDFs) and

heavy metals blood concentration was observed with residence

in the study area, but the highest values, also in comparison

to the national average level, were reported in the municipality

with the highest number of illegal and uncontrolled landfills

(16). The importance of using private well water and consuming

locally-bred eggs and beef in determining high blood levels of β-

hexachlorocyclohexane (β-HCH) in the population residing within

1 km of the Sacco river, where illegal waste dumping occurred, was

highlighted (18).

A special mention should be made of the articles on the health

impact of electronic and electrical equipment, also known as “e-

waste,” which has become an increasing problem in recent years,

particularly in LMICs.

Some environmental monitoring studies observed high

concentrations of heavy metals, dioxin-like compounds, and

polycyclic hydrocarbons (PAHs) in e-waste sites (24–26), and

some of the same compounds were also reported in blood or urine

samples of the general population (27, 28), children (27, 29–34),

and mothers (35, 36). Exposure to these components is reported

in association with the alteration of fibrosis indicators (TGF-β

and α-SMA) in the general population (27). Exposure to e-waste

has been related to a high prevalence of childhood disorders:

altered developmental measures (33, 35–37), neurodevelopment

(30, 31, 38), behavioral disorders (38), anemia (29, 33), altered

lung function (35, 37), and vascular inflammation and high

blood pressure (34). In 2021, the WHO defined that prenatal and

childhood e-waste exposure are significantly linked with specific

birth and childhood health outcomes: impaired neurodevelopment

and behavior, negative birth outcomes (including stillbirth,

premature birth, shortened gestational age, low birth weight), lung

functions and respiratory effects, impaired thyroid, cardiovascular

and immune systems’ functions, including greater vulnerability to

common infections and reduced response to immunization, DNA

damage, and increased risk of some chronic diseases later in life

(5). The review published in the same year was consistent with the

WHO report, defining “suggestive” the association between these

outcomes and e-waste exposure (39).

In this context, the present article describes a study aimed

at estimating the health impact of residential exposure to

uncontrolled landfills and illegal dumps in Italy, based on a

collaborative agreement between the Italian National Health

Institute (Istituto Superiore di Sanità: ISS) and the Naples North

Prosecution Office (NNPO).

The study area (Figure 1) is the territory of NNPO, which

includes 38 municipalities located between the Naples and

Caserta provinces in the Campania Region (South Italy), and

is characterized by a huge presence of waste sites (about 3,000

waste sites in 426 km2). Because of the environmental pressure

due to the waste sites, the area is partially included among

the contaminated sites of national concern for remediation. In

addition, some subareas are included in the so-called “Land of

Fires” national environmental emergency area, owing to illegal

practices of waste open-air burning that have occurred since

the 2000s. Illegal waste trafficking and mismanagement by crime

organizations in the area have been documented since the end of

the 1980s based on crime organization exponents’ statements and

judicial investigations. Industrial and urban waste, including those

that are hazardous, have been illegally dumped in heaps, sunken,

or buried in pits (illegal dumps), or disposed of in poorly managed

landfills with no control (“uncontrolled” landfills) (40). Based on

the European Legislation (Directive 91/689/EEC), transposed in

Italian Legislation by means of Legislative Decree 152/06, the

wastes are classified as hazardous, considering its origin, if it

is known, the chemical–physical and toxicological characteristics

of the substances potentially present in the waste itself. Before

the cooperation agreement, both institutions had extensively

investigated the area of interest. NNPO has been contrasting illegal

practices of waste management since the early 1980s. ISS, in the

meanwhile, had conducted a series of epidemiological studies on

cancer mortality, cancer incidence, and prevalence of congenital

anomalies at birth in the Provinces of Naples and Caserta in relation

to waste contamination (41–44).

The first step of the collaborative study consisted in the

implementation of a geo-database of the waste sites and the

development of a GIS-based indicator of waste risk (40). In the

study area, which is 426 km2 large, 2,767 waste sites, including

illegal waste burning, were mapped and characterized on the

basis of the environmental data and information available at the

beginning of the investigation. A total of 38% of the population

was estimated to be living within 100m of one or more waste

sites, areas potentially impacted by the contaminants emitted or

released by the waste sites. The choice of a large buffer of 100m

around the waste site to identify the potentially impacted areas,

relatively short with respect to those of 1–2 km used in other

similar contexts, was due to the high density of waste sites in the

study area. The data sources, including information collected by

the Prosecutor through judiciary inquiries, considered the waste

sites identified in the 2008–2017 period; at the beginning of the

investigation, significant remediation acts have not yet been carried

out. The method used to assign the index of waste risk to each

municipality (municipal waste risk index: MRI) was described in

the article previously published (40). A hazard risk quantification

(hazard risk level: HRL) was attributed by experts’ knowledge to

each of the 2,767 waste sites on the basis of the information available

for all sites: modality of waste disposal (i.e., illegal burning sites

and dumps, controlled landfills and treatment plants, temporary

storage), characteristics of the site, environmental contaminants

present in the site, and type of waste. The highest level of HR was

attributed to the 653 burning waste sites based on the possible

contamination of all environmental media (air, soil, and water).

There was no information on the duration of the fires, but the

sporadic ones reported by individuals were not considered: the

included sites concern arsons of waste heaps, plastic, and temporary

waste storage that occurred between 2011 and 2018, as documented

by law enforcement and regional institutions. To follow, no visible

dumps (sunken or buried) of potentially hazardous and highly

hazardous waste were considered very high-impacting waste sites.

Based on the site HRL and on the estimated population residing

in each impacted area (within 100m of one or more waste sites),
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FIGURE 1

Area at study.

a municipal waste risk index (municipal risk index: MRI) was

computed; the 38 municipalities were then categorized into four

classes of MRI (1–low to 4–high) (details provided in the original

article) (40).

The present contribution assesses the health profile of

populations living in the territory of NNPO, as compared to

the regional population and presents results of the regression

analyses linking the risk from selected health outcomes to the

municipal environmental waste risk indicator (MRI) within the

study area to estimate the health impact of uncontrolled and illegal

waste management in the territory of Naples North Prosecution

Office jurisdiction.

In particular, cause-specific mortality and hospitalization and

birth certificates in the population living in the study area were

analyzed, and the possible correlation with the environmental waste

risk indicator, previously elaborated, was evaluated.

Materials and methods

The sequential steps of the study are summarized in the

methodology flow chart (Figure 2).

The diseases of interest for the aim of the investigation were

selected a priori, considering the abovementioned review on the

health impact of hazardous waste (8) and the toxicological literature

on the contaminants reported in the waste sites of the study area.

We analyzed the municipal mortality and hospitalization

database (2008–2019 period) available at the Statistics Office of

Frontiers in PublicHealth 04 frontiersin.org

https://doi.org/10.3389/fpubh.2023.996960
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Fazzo et al. 10.3389/fpubh.2023.996960

FIGURE 2

Methodology flow chart.

the National Institute for Health, based on the Italian National

Institute of Statistics (ISTAT) and Ministry of Health data,

respectively. We considered the main cause reported in the

death certificate and the principal diagnosis of the hospitalization

discharge. For cancer diseases, a wash-out period up to 2001

was considered to estimate the first hospitalization, while the

first hospitalization during the 2008–2019 period was considered

for the other hospitalization diagnoses. For each selected disease,

we analyzed the more informative outcome on the basis of the

etiopathogenic characteristics.

In addition, we analyzed the birth assistance certificate (2003–

2017 period) provided by the Ministry of Health to estimate the

risk of low birth weight (LBW, born alive with weight <2,500 gr)

and of preterm birth (PTB, born alive with gestational age < 37

weeks). The analyses of the prevalence of PTB excluded twins and

the analyses of LBW excluded PTBs and twins.
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Overall study area with respect to the
regional population

To evaluate the health status of the population residing in the

overall study area (38 municipalities combined), we computed the

gender-specific standardized mortality and hospitalization ratios

(SMR and SHR) for selected diseases with respect to the regional

population, excluding the residents in the study area. The analyses

were performed both for the general population (all ages) and for

specific age classes (0–1 and 0–19 years).

For LBW and PTB, we computed the ratio of prevalence

(percentage of overall born alive) in study areas vs. the prevalence

in the referent population (Campania Region, excluding the 38

municipalities in the study).

Regression analysis into the study area by
MRI class

In the previous study, the municipalities were categorized into

four MRI classes (increasing waste risk from 1 to 4 MRI classes) on

the basis of environmental characterization of the waste sites and

the population living within 100m of one or more waste sites (40).

Details on the used method to compute MRI were described in

the original article. The principal steps are reported further in this

study. Afterward, the attribution of a hazard risk level to each waste

site, following the criteria described in the Introduction section,

the population living within 100m to one or more waste sites

was estimated.

To achieve this goal, the layers of the waste sites and those of the

census tract sections were combined in GIS software: a new layer

consisting of about 26,000 polygons was generated.

A multi-code HRL (equal to the sum of HRLs) was attributed

to the areas influenced by more than one site, with an ad hoc

procedure. The population living in the areas impacted by waste

was estimated on the basis of the density of the population in the

census tract where the polygon falls. For each polygon, a risk index

(RI) was computed.

RI = S ∗ HRL ∗ S/Sc ∗ P,

where S is the surface of the polygon, HRL is the hazard risk level

index of the waste site, or the multi-code HRL of the waste sites,

lying in the polygon, Sc is the surface of the census tract, P is the

population residing in the census tract, S/Sc × P is the estimated

population residing in the polygon, and RI is proportional to the

population living in the census tract: for an inhabited census tract,

the RI is equal to 0.

Subsequently, the waste risk index at the municipal level

(municipal risk index: MRI) was computed, summing up the scores

of all areas (polygons) comprising the municipality.

MRI =

n∑

p=1

RIp,

where p is the number of polygons lying in the municipality and

RIp is the risk index of polygons lying in the municipality.

Finally, the 38 municipalities were categorized into four classes

of MRI (1–low to 4–high), using Jenks’ method (natural breaks)

to maximize homogeneity within groups and variance between

groups (40).

In the present investigation, regression analyses by MRI class

into the 38 municipalities of the study area were performed for the

diseases recognizing waste exposure among the risk factors with

evidence defined limited (8). The relative risks (RR, 90% confidence

interval) in MRI classes 2, 3, and 4 with respect to MRI class 1,

composed of the municipalities less impacted by the waste sites,

were computed. A generalized linear model was applied, using SAS

software 9.4 version.

The analyses were performed in the general population and in

the 0–19-year-old population for specific outcomes.

Results

Overall study area with respect to the
regional population

The study area is constituted of 38 municipalities, 426 km2

large, with 973,509 inhabitants (2019 Census). The area is located in

the Campania Region (Southern Italy), between Naples and Caserta

Provinces, partially included in a contaminated site of national

concern for remediation (“Domitio-flegreo e agro Aversano”) and

in the so-called “Land of Fires,” because of the presence of illegal

waste burning sites (Figure 1). In the area, 2,767 waste sites,

including illegal waste burning (653 sites), were mapped and 38%

of the population was estimated to living within 100m of one or

more waste sites (40).

Tables 1, 2 report the results of the analyses of mortality

and hospitalization risks for the investigated diseases (SMRs and

SHRs) in the general population living in the study area, by

gender. The whole study area showed an increase in mortality

and hospitalization, with respect to the regional population,

in both genders, for overall malignant tumors, particularly for

cancers of the stomach, the liver, the lung, and the kidney and

for ischemic heart diseases. Exceeding mortality in men and

women was observed also for skin melanoma and chronic liver

diseases and cirrhosis. In addition, hospitalization was higher

in both genders for larynx, bladder, and thyroid gland cancers,

dementia, Alzheimer’s disease, and acute myocardial infarction.

Breast cancer was exceeding in women, both in terms of both

mortality and hospitalization.

The analyses focusing on pediatric-adolescent subpopulations

showed an increase in mortality for leukemias in the 0–19-year-old

population and in hospitalization for certain conditions originating

in the perinatal period (Tables 3, 4).

The prevalence of PTB and LBW was significant higher in the

whole area with respect to the regional population (Table 5).

Regression analysis into the study area by
MRI class

The distribution of municipalities and population by MRI class

is reported in Supplementary Table 1.
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TABLE 1 Mortality in the general population in the whole area, by gender. 2008–2019 period.

ICD-10 code Mortality cause Men Women

Obs SMR (90% CI) Obs SMR (90% CI)

C00–C97 Malignant neoplasms 14,566 121 (120–123) 9,857 116 (114–118)

C16 Malignant neoplasm of stomach 918 142 (135–150) 615 138 (129–147)

C22 Malignant neoplasm of liver and intrahepatic bile ducts 1,382 142 (136–148) 766 156 (147–166)

C25 Malignant neoplasm of pancreas 613 110 (103–118) 541 104 (97–111)

C32 Malignant neoplasm of larynx 347 146 (134–159) 37 115 (88–150)

C33–C34 Malignant neoplasm of trachea, bronchus, and lung 4,706 132 (129–135) 1,274 117 (112–122)

C43 Malignant melanoma of skin 163 123 (108–140) 130 127 (110–146)

C45.0 Mesothelioma of pleura 64 99 (80–121) 25 134 (96–186)

C49 Malignant neoplasm of other connective and soft tissue 51 90 (72–113) 42 85 (66–110)

C50 Malignant neoplasm of breast 20 122 (85–176) 1,639 110 (105–114)

C61 Malignant neoplasm of prostate 846 101 (95–107)

C62 Malignant neoplasm of testis 17 88 (59–131)

C64, C66, C68 Malignant neoplasms of kidney, ureter, and other

unspecified urinary organs

344 120 (110–131) 174 131 (116–149)

C67 Malignant neoplasm of bladder 899 130 (123–137) 167 105 (92–119)

C70–C72, D33 Malignant neoplasms of central nervous system 324 102 (93–112) 258 109 (98–121)

C73 Malignant neoplasm of thyroid gland 36 118 (90–155) 29 72 (53–97)

C81–C96 Malignant neoplasms, stated or presumed to be primary,

of lymphoid, haematopoietic, and related tissue

943 101 (96–107) 763 101 (96–108)

C82–C85 Non-Hodgkin lymphomas 309 100 (91–110) 249 105 (95–117)

C91–C95 Leukaemias 418 105 (97–114) 308 95 (87–105)

C91 Lymphoid leukemia 119 95 (82–110) 87 95 (80–114)

C92 Myeloid leukemia 78 91 (75–109) 71 99 (82–121)

G12.2 Motor neuron disease 70 78 (64–95) 64 91 (74–112)

J18, J20–J22 Acute respiratory diseases 229 97 (87–109) 214 97 (86–108)

I20–I25 Ischaemic heart diseases 5,212 110 (108–113) 5,017 123 (120–126)

I21 Acute myocardial infarction 1,775 89 (86–92) 1,291 98 (94–103)

N00–N08,

N17–N19

Glomerular diseases and renal failure 589 99 (93–106) 798 124 (117–131)

K71–K74 Chronic liver diseases and cirrhosis 852 117 (110–124) 825 145 (137–154)

ICD-10, International Classification of Diseases 10th revision; obs, observed cases; SMR, standardized mortality ratio; CI, confidence interval.

Tables 6, 7 show the RR of the mortality and hospitalization,

respectively, by MRI class, using class 1 (the municipalities lowest

impacted by waste) as a reference, and gender.

The mortality for breast and liver tumor was higher in female

subjects of MRI classes 2, 3, and 4, with lower confidence interval

values between 0.85 and 1.03; the mortality rate for bladder cancer

was higher in men living in MRI class 4 (Table 6).

The hospitalization rate for breast cancer was higher in men

and women living inMRI classes 2 (with lower CI limits<1), 3, and

4; in MRI classes 3 and 4, the hospitalization rate for asthma also

increases. Exceeding hospitalization for testis cancer was observed

in all MRI classes 2–4 with respect to class 1 (Table 7).

Table 8 shows the results of the hospitalization regression

analyses in the 0–19-year-old population, and Table 9 reports the

RR of PTB and LBW. Among the 0–19-year-old population, the

hospitalization rate for all leukemias was higher in MRI classes 2–

4, for asthma in the last two classes (MRI classes 3 and 4), and

for acute respiratory diseases in the class most impacted by waste

(MRI class 4) (Table 8). No increase of LBW risk was detected by

MRI class, meanwhile the risk of PTB exceeds in MRI classes 2–4

(Table 9).

Figures 3–5 show the forest plots of the main results;

all forest plots of the regression analyses are reported in

Supplementary Figures 1–10.
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TABLE 2 Hospitalization in the general population in the whole area, by gender. 2008–2019 period.

ICD-9CM code Hospitalization cause Men Women

Obs SHR (90% CI) Obs SHR (90% CI)

140–208 Malignant neoplasms 26,774 108 (107–109) 23,443 103 (102–104)

151 Malignant neoplasm of stomach 1,197 136 (130–143) 769 129 (121–137)

155 Malignant neoplasm of liver and intrahepatic bile ducts 1,634 125 (120–130) 812 134 (127–142)

157 Malignant neoplasm of pancreas 625 104 (97–111) 537 100 (93–107)

161 Malignant neoplasm of larynx 853 127 (120–135) 152 150 (131–171)

162 Malignant neoplasm of trachea, bronchus, and lung 4,535 125 (122–128) 1,391 113 (108–118)

172 Malignant melanoma of skin 631 115 (107–122) 604 106 (99–113)

163 Malignant neoplasm of pleura 147 103 (90–118) 55 99 (79–123)

171 Malignant neoplasm of connective and other soft tissue 273 95 (86–105) 218 97 (87–108)

174–175 Malignant neoplasm of female and male breast 91 139 (117–166) 6,537 99 (97–101)

185 Malignant neoplasm of prostate 2,791 86 (84–89)

186 Malignant neoplasm of testis 496 101 (94–109)

189 Malignant neoplasm of kidney and other and unspecified

urinary organs

1,241 113 (108–119) 604 113 (105–121)

188 Malignant neoplasm of bladder 4,072 114 (111–117) 918 111 (105–117)

191–192 Malignant neoplasm of central nervous system 623 94 (88–100) 508 92 (86–99)

193 Malignant neoplasm of thyroid gland 488 107 (100–116) 1,469 104 (100–109)

200–208 Malignant neoplasm of lymphatic and hematopoietic

tissue

2,393 101 (98–104) 2,006 102 (98–106)

200, 202 Non-Hodgkin lymphomas 1,190 102 (97–106) 995 103 (98–109)

204–208 Leukemias 835 103 (97–109) 638 104 (98–111)

204 Lymphoid leukemia 380 99 (91–107) 282 102 (93–113)

205 Myeloid leukemia 447 105 (97–113) 333 97 (89–106)

250 Diabetes mellitus 3,499 86 (83–88) 3,025 91 (88–94)

290.0, 290.4,

331.1–331.2

Dementias 449 133 (123–143) 545 123 (115–132)

331.0 Alzheimer’s disease 156 90 (79–102) 264 87 (78–96)

332 Parkinson’s disease 455 85 (79–92) 324 82 (75–90)

335.2 Motor neuron disease 142 92 (80–105) 112 103 (88–121)

460–466, 480–487 Acute respiratory diseases 12,113 82 (81–83) 9,319 81 (79–82)

493 Asthma 2,875 88 (86–91) 2,432 85 (82–88)

410–414 Ischemic heart disease 23,902 102 (101–103) 11,079 109 (107–111)

410 Acute myocardial infarction 11,749 115 (113–117) 5,204 124 (121–127)

580–586 Nephritis, nephrotic syndrome, nephrosis, renal failure

included

5,115 95 (93–97) 4,354 105 (102–107)

571 Chronic liver disease and cirrhosis 5,275 92 (90–94) 3,663 101 (98–103)

ICD-9CM, International Classification of Diseases 9th revision Clinical Modification; obs, observed cases; SHR, standardized hospitalization ratio; CI, confidence interval.

Discussion

The study area was characterized by a huge presence of

waste sites (2,767 waste sites in 426 km2) and illegal practices

of waste management (characterizing ∼90% of the waste sites)

that occurred in the area since the early 1980s and was

documented to be present in the 2008–2017 period (Figure 6).

At the beginning of the present investigation, no significant

environmental remediation actions have been performed. The

analyses of the health profile of the population residing in the
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TABLE 3 Mortality in the whole area, in 0–19 age class, males and females combined. 2008–2019 period.

Age class ICD-10 code Mortality cause Obs SMR (90% CI)

0–19 years

A00–T98 All causes 777 94 (89–100)

C00–D48 All neoplasms 96 99 (84–117)

C70–C72, D33 Malignant neoplasms central nervous system 17 84 (56–125)

C81–C96 Malignant neoplasms of lymphoaematopoietic system 29 114 (84–154)

C91–C95 All leukaemias 26 141 (102–195)

C49 Malignant neoplasm of other connective and soft tissue 2 49 (16–148)

0–1 year

A00–T98 All causes 423 97 (89–105)

C00–D48 Neoplasms 7 135 (73–248)

C70–C72, D33 Malignant neoplasms of central nervous system 0

C81–C96 Malignant neoplasms of lymphoaematopoietic system 1 135 (30–603)

P00–P96 Certain conditions originating in the perinatal period 241 95 (86–106)

ICD-10, International Classification of Diseases 10th revision; obs, observed cases; SMR, standardized mortality ratio; CI, confidence interval.

TABLE 4 Hospitalization in the whole area, in 0–19 age class, males and females combined. 2008–2019 period.

Age class ICD-9CM code Hospitalization cause Obs SHR (90% CI)

0–19 years

460–466; 480–487 Acute respiratory diseases 11,206 77 (76–78)

493 Asthma 3,819 94 (92–97)

580–586 Nephritis, nephrotic syndrome, and nephrosis 711 104 (98–111)

0–1 year

760–779 Certain conditions originating in the perinatal period 10,189 101 (100–103)

ICD-9CM, International Classification of Diseases 9th revision Clinical Modification; obs, observed cases; SHR, standardized hospitalization ratio; CI, confidence interval.

TABLE 5 Prevalence of preterm and low birth weight, in the whole area.

Males and females combined. 2013–2017 period.

Obs % obs/born alive RP (90% CI)

Preterm birth∗ 2,870 3.71 106 (102–110)

Low birth weight∗∗ 1,551 6.42 108 (103–113)

Obs, observed cases; RP, ratio of prevalence; CI, confidence interval; ∗excluding twins;
∗∗excluding preterm birth and twins.

study area show some relevant criticalities as compared to the

general population of the Campania Region. Most of the excesses

are, moreover, detected in both genders, supporting the role of

environmental exposures.

The present investigation shows a correlation, at the municipal

level, between the indicator of the environmental risk impact of

the waste site (MRI) and specific health outcomes: breast and

testis cancers and asthma in the general population, leukemias in

the 0–19-year-old subpopulation, and the prevalence of preterm

birth. The municipalities belonging to the highest MRI classes

(classes 3 and 4) are characterized by illegal and uncontrolled

dumps of hazardous waste, including sites where illegal waste

burning occurred. Moreover, as above mentioned, in the study area

significant environmental cleanup acts have not been carried out, at

the beginning of the present investigation.

Some further considerations are needed in order to interpret

the results.

The ecological study design at the municipal level does not

allow inferring risks at the individual level but could represent

a useful indicator of risks playing at the population level to

identify appropriate interventions for public health (45). The

assessment of exposure based on residence at the municipal level

may cause a bias in the estimates, which, causing non-differential

exposure misclassification, results in an underestimation of the

risks (46); this issue has been addressed by several authors (47,

48), and Jurek et al. advised the use of sensitivity analysis to

evaluate the measures of underestimation if local data are available

(49). However, it should also be considered that the municipal

environmental waste risk indicator (MRI) was built considering

the populations living in the census tracts near the waste

sites (40).

The regression analysis was performed among municipalities

included in an area extensively impacted by waste sites,

where increases in mortality rate and hospitalization for

some outcomes, with respect to the regional reference,

were detected.
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TABLE 6 Mortality, 2008–2019. Relative risk (RR), by gender and class of municipal environmental indicator of waste risk (MRI).

Diseases MRI class 1 MRI class 2 MRI class 3 MRI class 4

Men Women Men Women Men Women Men Women

RR RR RR
(90% CI)

RR
(90% CI)

RR
(90% CI)

RR
(90% CI)

RR
(90% CI)

RR
(90% CI)

Malignant tumor (MT) of liver 1 1 1.17

(1.05–1.30)

1.16

(1.00–1.35)

0.99

(0.88–1.12)

1.17

(1.00–1.38)

0.91

(0.79–1.06)

1.03

(0.85–1.25)

MT of breast 1 1 1.19

(0.48–2.99)

1.06

(0.95–1.17)

1.05

(0.37–2.95)

1.15

(1.03–1.28)

1.08

(0.35–3.35)

1.11

(0.98–1.25)

MT of testis 1 1.32

(0.45–3.73)

1.76

(0.62–5.00)

0.91

(0.23–3.61)

MT of bladder 1 1 0.87

(0.75–1.00)

0.73

(0.52–1.03)

1.00

(0.86–1.16)

1.26

(0.92–1.73)

1.18

(1.00–1.39)

0.81

(0.53–1.24)

Non-Hodgkin lymphoma 1 1 1.03

(0.81–1.32)

1.12

(0.87–1.44)

1.49

(1.17–1.89)

0.72

(0.52–0.98)

1.06

(0.78–1.42)

0.95

(0.68–1.31)

CI, confidence interval.

TABLE 7 Hospitalization, 2008–2019. Relative risk (RR), by gender and class of municipal environmental indicator of waste risk (MRI).

Diseases MRI class 1 MRI class 2 MRI class 3 MRI class 4

Men Women Men Women Men Women Men Women

RR RR RR
(90% CI)

RR
(90% CI)

RR
(90% CI)

RR
(90% CI)

RR
(90% CI)

RR
(90% CI)

Malignant tumor (MT) of liver 1 1 1.07

(0.97–1.18)

1.14

(0.99–1.31)

0.95

(0.85–1.06)

1.12

(0.96–1.31)

0.82

(0.72–0.94)

0.74

(0.61–0.91)

MT of breast 1 1 1.48

(0.88–2.48)

1.02

(0.97–1.07)

2.61

(1.62–4.21)

1.07

(1.01–1.13)

2.62

(1.56–4.37)

1.05

(0.99–1.12)

MT of testis 1 1.25

(1.03–1.51)

1.31

(1.07–1.61)

1.32

(1.06–1.65)

MT of bladder 1 1 0.94

(0.88–1.01)

0.92

(0.80–1.06)

0.99

(0.92–1.06)

1.20

(1.04–1.38)

0.93

(0.86–1.01)

1.03

(0.87–1.22)

Non-Hodgkin Lymphoma 1 1 0.95

(0.83–1.07)

1.02

(0.89–1.16)

1.10

(0.97–1.25)

0.94

(0.82–1.09)

1.07

(0.92–1.23)

1.02

(0.87–1.19)

Asthma 1 1 0.96

(0.90–1.05)

1.00

(0.91–1.09)

1.15

(1.06–1.25)

1.28

(1.17–1.40)

1.28

(1.17–1.40)

1.23

(1.11–1.35)

CI, confidence interval.

TABLE 8 Hospitalization, 2008–2019. Zero to nineteen years old. Males and females combined. Relative risk (RR), by class of municipal environmental

indicator of waste risk (MRI).

Causes MRI class 1 MRI class 2 MRI class 3 MRI class 4

RR RR (90% CI) RR (90% CI) RR (90% CI)

All malignant tumors 1 1.16 (1.00–1.34) 1.14 (0.97–1.33) 0.90 (0.75–1.08)

Leukemias overall 1 1.48 (1.08–2.03) 1.60 (1.15–2.23) 1.41 (0.98–2.02)

Acute respiratory diseases 1 1.02 (0.98–1.07) 0.94 (0.90–0.99) 1.19 (1.14–1.25)

Asthma 1 0.98 (0.92–1.05) 1.18 (1.10–1.27) 1.31 (1.21–1.41)

CI, confidence interval.

Spatial autocorrelation between the analyzed municipalities

was not taken into account, considering that the whole

area is highly impacted by waste sites. This assumption

could entail bias in the estimations (50); nevertheless, the

present investigation aimed to analyze the risk of health

outcomes as a function of the environmental indicator,

highlighting the individual municipalities with higher levels

of criticality.

Some biomonitoring investigations have been performed in

the so-called “Land of Fires” (51–54), which includes our study

area. The medium concentrations of PCB and dioxin-like agents

in cow’s and mother’s milk were consistent with the national
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TABLE 9 Prevalence at birth, 2013–2017. Males and females combined. Relative risk (RR), by Class of municipal environmental indicator of waste risk

(MRI).

MRI class 1 MRI class 2 MRI class 3 MRI class 4

RR RR (90% CI) RR (90% CI) RR (90% CI)

Low birth weight∗ 1 0.94 (0.84–1.05) 1.00 (0.89–1.13) 1.01 (0.89–1.14)

Preterm birth∗∗ 1 1.17 (1.08–1.27) 1.08 (0.99–1.18) 1.25 (1.14–1.37)

CI, confidence interval; ∗excluding twins; ∗∗excluding preterm birth and twins.

FIGURE 3

Mortality for malignant tumor of breast, 2008–2019. Relative risk (RR), by gender and class of municipal environmental indicator of waste risk (MRI).

(A) Women; (B) men.

values, detecting individual high values in specific subareas, in

some cases characterized by uncontrolled and illegal dumps and

burning waste sites (50–53). A more recent study mentioned in

the Introduction paragraph did not observe an association between

POPs (PCBs, PCDDs, PBDEs, and PCDFs) and heavy metals blood

concentrations with residence in the “Land of Fires,” but the highest

values were observed in the municipality with the highest presence

of waste sites (16), which coincided with one of the municipalities

included in the highest MRI class in the present investigation.

Class 1 of MRI, used as a reference in the regression

analyses, includes municipalities with an ascertained impact of

waste sites, even if lower than the other ones. The analyses of

this class, when compared to the regional population, showed

an increase in both genders of mortality and hospitalization

for liver and bladder cancer as well as of mortality from

breast tumor; in addition, the prevalence of LBW was higher

than expected (Supplementary Tables 2–4). The choice of this

reference class, not to be considered as unexposed, was due

to data availability and could be a limitation of the study

design; however, this is expected to increase the likelihood

of the exceeding risks observed in municipalities with higher

MRI values.

Because of the unavailability of cancer incidence data, we

analyzed the occurrence of oncological diseases through the
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FIGURE 4

Hospitalization for malignant tumor of breast [(A) women, (B) men] and testis (C) and for asthma [(D) women, (E) men], 2008–2019. Relative risk (RR),

by gender and class of municipal environmental indicator of waste risk (MRI).

hospital discharge records. The limitation of the use of these data

to estimate the incidence of cancers is largely documented, and

the results represent the risk of hospitalization for the considered

tumors, even if the wash out period used in the selection of the

hospital discharge records for these diseases could reduce the bias

of the estimates. In addition to cancer registries data, which are

the gold standard for assessing cancer incidence in a population,

hospital discharge records could be useful in the active search

for cancer cases (55). An integration of mortality and hospital

discharge data with those of the cancer and congenital anomalies

registries is, therefore, advisable, and an evaluation of the feasibility

of further study developments is ongoing.

In addition, we did not have information on any waste site

located outside the study area, and an underestimation of the

waste sites’ impact could affect the neighboring municipalities

in particular.

The present investigation aimed to highlight the waste sites

with a possible health impact on the population. In the analyses,

we did not consider other risk factors because of the study

design and the availability of data. The investigated diseases,

even if selected on the basis of the evidence of association

with exposure to substances released by the waste sites, have

a multifactorial etiology, and the exposure to waste sites could

concur with their occurrence. However, the regression analysis was

performed among populations living in the restricted study area,

likely similar in terms of socio-economic status, access to health

services, environmental exposures, and lifestyles. Nevertheless,

residual effects of these risk factors and of other covariates cannot

be ruled out.

In particular, we found a correlation between the

environmental waste risk indicator (MRI) and breast cancer

mortality in women and hospitalization in both genders. The

occurrence of male breast cancer is a very rare event. Breast cancer

is associated with sufficient evidence with exposure to alcoholic

beverages, estrogen–progesterone therapies and diethylstilbestrol,

x-rays, and gamma radiation; limited evidence has been found

for the association with dioxins, tobacco smoking, estrogen

menopausal therapy, shift work, and exposure to PCBs (56). In

addition, the excess of testicular cancer in hospitalization analysis

recognizes some of the same risk factors as breast cancer, such as

exposure to endocrine disruptor chemicals (EDCs: heavy metals,

POPs) (57, 58). Previous biomonitoring studies performed in the
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FIGURE 5

Zero to 19-year-old people. Hospitalization for leukemias, 2008–2019 (A) and prevalence of preterm birth, 2013–2017 (B). Males and females

combined. Relative risk (RR), by class of municipal environmental indicator of waste risk (MRI).

same territory reported high levels of POPs and heavy metals

in subareas with hazardous waste sites (51–54). The evidence

of the association of breast and testis cancers with exposure to

hazardous waste sites was defined as limited by the systematic

review published in 2017 (8).

The hospitalization risk from asthma was significantly higher

in the highest MRI classes (classes three and four). An increase in

asthma was reported in the population living in the atmospheric

pollutant areas. The emission of airborne pollutants by waste

sites was documented (59, 60), and an increase in asthma and

respiratory diseases were related to the residence near hazardous

waste sites (60); in addition, in the study area, waste burning acts

were largely documented.

Particular attention has to be paid to the increased risks

in pediatric–adolescent subpopulations. As compared to adults,

in fact, children, in general, experience higher exposure to

environmental agents due to their activity patterns, behavior and

physiological characteristics, and immaturity of organs and systems

(https://www.epa.gov/children). Moreover, children spend more

time outdoors and have higher respiratory rates. They also play

close to the ground, potentially increasing their contact with

polluted soils (61, 62). At the same time, children neither are usually

exposed to many lifestyle factors like adults nor do they experience

occupational exposures, at least in most high-income countries,

such as Italy. Therefore, a stronger effect and fewer confounders are

expected in children living in our study area compared to the adult

population, making the detected exceeding risk as “sentinel events”

to be futher attentioned. This is the case of the observed increase

of hospitalization for leukemia, asthma, and acute respiratory

diseases in the MRI classes most impacted by waste, which

supports the hypothesis of possible environmental exposure to

air pollutants among children. In particular, hospitalization from

leukemias is in excess in all MRI classes most impacted by the

waste sites. An increase in hematological diseases were related to

the residence of hazardous waste sites containing benzene (59), and

childhood leukemia has been found to be associated with residential

proximity to industrial plants involved in the hazardous waste

sector (63).

The high risk of prevalence of preterm birth (PTB), observed

in all MRI classes, with respect to MRI class 1, was related to the

mother’s environmental exposure to waste sites in the gestational

period (10), and the evidence of the association was limited
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FIGURE 6

Some illegal waste dumping and burning sites in the study area.

(8). Socio-demographic factors, such as ethnicity, older age, low

education levels, and smoking of the mothers, were also reported

as risk factors for PTB (64). The excess of PTB is of particular

interest, considering that it could represent a risk for disorders and

health outcomes in adult life. PTB is a major cause of death since

complications arising from these adverse reproductive outcomes

are the single largest direct cause of neonatal deaths, and after

pneumonia, it is the secondmost common cause of children under-

5 years deaths (65). Effects of preterm birth on a long-term scale are

documented in some reviews showing a significantly increased risk

for altered cardiovascular and renal functions in young adulthood

(66), higher blood pressure (67, 68), and several components of the

metabolic syndrome and cardiovascular disease in adult life (69).

To correctly understand the meaning of the present study, it

can be helpful to examine a few points, also bearing in mind the

abovementioned limitations.

The last two decades have witnessed a growing interest in the

international scientific community and of the WHO (specifically

of the WHO Regional Office for Europe) in the health impact of

inappropriate, if not openly illegal, methods of waste management.

The most important event in this frame has been the inclusion

of the topic “Waste disposal, management and trafficking and

contaminated sites” among the priorities of the Declaration of the

Sixth Ministerial Conference on Environment and Health of the

European Region of theWHO held in Ostrava (Czech Republic) on

13–15 June 2017 (7). The inclusion of the notion of waste trafficking

Frontiers in PublicHealth 14 frontiersin.org

https://doi.org/10.3389/fpubh.2023.996960
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Fazzo et al. 10.3389/fpubh.2023.996960

clearly shows the underlying relevance of the criminal world in this

domain. In contrast, this phenomenon implies a strong synergy

between health and judicial authorities.

In this context, one pivotal issue is to estimate the health

impact of illegal waste disposal procedures. This is a most critical

question because it is well-known that epidemiological studies

of environmental factors produce valuable findings in terms

of public health because they encompass valid procedures for

exposure assessment. In this domain, though, exposure assessment

is difficult because, by definition, the criminal organizations work

in secret and hide as much as possible the location of the

dumping sites (in addition, obviously, their specific chemical

contamination). Epidemiology, being an observational, non-

experimental discipline, requires the adoption of highly validated

protocols to concur to the detection of causal webs between

environmental exposures and health impacts [for an overview of

these items, among others (47), refer to (70–73)].

When epidemiological issues are brought in the Courts, the

complexity of causal evaluations increases, especially because the

object of epidemiology is population health, while the issues of

both toxic tort litigations and criminal prosecution concern the

health of specific individuals, plaintiffs, or ascertained victims [see,

among else, (74–78) references]. With respect to causal links that

are well-assessed in scientific terms, such as the inhalation of

asbestos fibers and the occurrence of pleural mesothelioma, doubts

about biological mechanisms of action can lead to unexpected

absolutions, as discussed by the Italian Association of Epidemiology

in a recent position article (79).

In light of the abovementioned evidence, the purpose of the

present study consists in to confirm or refute the hypothesis of

a correlation between the GIS-based indicator of waste risk and

the occurrence of excess cases of different diseases aggregated

at the municipality level. This observation may be helpful for

setting priorities for environmental cleanup with particular care

for areas where indicators of children and adolescents’ health are

more critical.

The current limitations in our knowledge may impair the

search for sufficient evidence of an association between exposure

to complex chemical cocktails of pollutant agents and a wide range

of adverse health outcomes. The same limitations, however, do

not impede us from using the findings of the present study to

guide appropriate policies on the study territory and, given the

consistency of the results reported in the literature, in similar

contexts. Special attention should be given to the most vulnerable

population subgroups in the frame of a precautionary approach.

To reduce environmental exposure, through the contrast of

illegal waste mismanagement and trafficking, the implementation

of environmental remedial actions and of safe waste management

is among the priority prevention acts recommended by the WHO

(7). The implementation of a circular economy, with the reduction

of waste production and the increase of waste reuse and recycling,

seems particularly urgent at both the local and global levels.

Based on recent estimates (2020 https://www.isprambiente.

gov.it/it/pubblicazioni/rapporti/rapporto-rifiuti-urbani-edizione-

2021), in the Campania Region, the separate collection of waste

concerns 54% of the urban waste (∼2.5 million tons); in Naples

and Caserta provinces (that include the study area), the percentage

is similar: 48 and 54%, respectively. Moreover, about 50,000 tons of

urban waste are managed in landfills outside the region, and 1% in

regional landfills. In terms of hazardous waste, ∼8 million tons are

produced at the regional level, with 75% being recovered and the

remaining 25% being heat treated. Nevertheless, uncontrolled and

illegal waste dumping and burning of both urban and hazardous

waste continue to occur.

These actions require measures by judiciary authorities, in

terms of repression, and by administrative authorities, in terms

of prevention (80). The international trade of waste, in particular

of hazardous waste from industrialized to low-middle income

countries (LMCIs) requires global efforts to contrast illegal acts

and to control the respect of International Agreements, such

as the “Basel Convention on the Control of Transboundary

movements of hazardous waste and their management” and the

related regulations. These efforts, at the global level, are particularly

compelling, also in light of the more recent articles on the

population living near waste sites and the informal workers in waste

management, often children and women, in LMCIs.

In addition, healthcare and assistance plans should be

implemented in these areas, with special attention paid to maternal

and pediatric health and oncological diseases. The achievement

of health assistance and prevention acts is strongly related to the

participation of the local communities and communication plans

involving public institutions and stakeholders (81).

The complexity of these contexts requires collaboration, at the

global and local levels, between all institutions and organizations,

including non-governmental organizations (NGOs) and citizen

committees (80).

Notwithstanding the need to implement the abovementioned

acts, further additional research on this issue could increase

our knowledge to better point out the more appropriate

actions. The majority of the published articles concern ecological

studies, such as the present, and often this study design

is the only possible choice, considering the huge impacted

areas (80). The limitations of these studies, in order to

test hypotheses of the association disease/risk factor, have

been mentioned earlier. Epidemiological investigations at the

individual level and human biomonitoring studies could provide

useful information on the exposure and the possible biological

mechanisms. The mixture of chemicals present in these sites, often

unknown, make critical the development and the informativeness

of these studies (80). In this regard, some articles have

addressed the complexity in assessing exposure and impact

of waste of industrial origin, with particular attention to

the innovative exposome approach in relation to multi-route

and multi-pathway exposure (82–84). In addition, some health

outcomes, recently highlighted in people exposed to hazardous

waste, such as diabetes, neurological and cognitive development,

and physical growth, deserve further particular attention and

specific focus.

Finally, the present study represents a particular example

of a collaborative approach between institutions with different,

though complementary, mandates: a national public health

institute, in charge of identifying the health effects of exposure to

environmental risk factors to identify idoneous primary preventive

actions, including environmental remediation; a Prosecution
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Office with a specific mission to contrast and prosecute illegal

waste trafficking and mismanagement in areas with documented

hazardous waste contamination. The combination of the two

approaches appears to be of particular interest, considering

the large worldwide diffusion of illegal waste practices and

transboundary trade, concerning, in particular, LMICs. The

adopted investigation procedure and epidemiological methods,

notwithstanding the abovementioned limitations, could represent

a useful approach to deal with areas highly contaminated

by an unknown mixture of toxic contaminants from several

point sources.

Conclusion

A correlation between illegal waste sites and specific diseases

was observed in an area highly affected by waste sites. In particular,

mortality from breast cancer in women and hospitalization from

testis cancer were found to be correlated with the environmental

municipal waste risk index. The hospitalization from breast cancer

and asthma exceeded in both genders in the municipalities most

impacted by waste sites. Among 0–19-year-old people, a positive

correlation with the risk index was found for hospitalization from

leukemias and for the prevalence of preterm birth.

The present results confirm that waste mismanagement, in

particular of hazardous waste, could represent a health risk for

the population. The implementation of policies for environmental

remediation of the sites, the contrast of illegal and unsafe waste

management and trafficking, and the implementation of a virtuous

waste circular economy are warranted at the local and global levels.
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