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Nowadays, cancer is the leading cause of death in humans before they reach old age , and some specific, once
rare, types connected to environmental and occupational contamination are increasing (e.g., testicular cancer ,
thyroid cancer , non-Hodgkin's lymphoma , leukaemia , etc.). After about three decades of research from the first
evidence of a link between environmental pollution and cancer in the 1980s, it is easy to feel that we are all,
directly or indirectly, subject to an uncontrolled experiment. This makes human studies difficult because humanity
may, at this point, lack unexposed controls, such as human beings who have never been in contact with

environmental pollution.

cancer environment pollution air water Soil carcinogens

| 1. Introduction: Prevent Cancers Instead of Fighting Them

In a time when we are all concerned about the risks posed to human health by an unprecedented pandemic &, we
risk forgetting and underestimating the death toll of an old and lasting (at least, since the Industrial age) pandemic
that affects almost a third of the human population worldwide: cancer (or, better, cancers). Cancers are now
considered the second leading cause of death after only cardiovascular diseases. There is a higher prevalence of
cancers in higher-income countries, from approximately 6% (which is about 34,000 people) of the population in the
US down to around 0.4% in the poorest countries [, Globally, breast cancer is the most prevalent form, followed

by prostate, colon, rectum, cervical, pulmonary, uterine, stomach, bladder, and other forms [,

This is because humanity considers, with good reasons, the number of COVID-19 victims intolerable but seems to
accept the premeditated murder committed by cancers because of the anonymity of its victims. However, in the
case of cancers, we are well aware to often be the victim of ourselves, in a sort of mass suicide: lifestyle has much
to be blamed for cancer mortality, with obesity, sedentary habits, alcoholism, and smoking contributing as
supposed major factors BBl For instance, lung cancer also heavily affects non-smokers and is the sixth most
common cause of cancer-related death (18,000-27,000 deaths each year are caused by lung cancer in people

who are not active cigarette smokers, and 16,000 occur among lifelong non-smokers 87,

What is, rather, emerging with the recent research in environmental health is that exposure to a mixture of
pollutants, favoured by wrong lifestyles, psychosocial stressors, and genetic susceptibility, significantly increases
the risk of developing cancer B, Global patterns of cancer incidence confirm this evidence 9. However, almost
no place can be considered safe nowadays on this planet, with an even higher risk in industrialised countries.

Occupational exposures to certain chemicals increase the incidence 11, but about 220 widely distributed breast
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cancer carcinogens have been identified so far 22131 and we have increasing evidence that most children’s

cancers are strongly related to parental exposures 1411131,

Our medical weapons against cancers have not improved too much in the last century, at least not in terms of the
number of arrows in our quiver: Quite the opposite, our knowledge of the links between environmental pollution and
cancer has surged from the 1980s. Researchers started discovering the dangers of indoor pollution from domestic
chemicals of common use, some in the past and most in the present, such as phthalates (contained in toys,
personal care products, vinyl flooring and wall covering, detergents, lubricating oils, food packaging,
pharmaceuticals, etc.) that impair male development and pose a risk to human reproduction 1€ PCBs
(polychlorinated biphenyls, widely used in electrical equipment like capacitors and transformers) that reduce
testosterone 718l PFAS (perfluoroalkyl and polyfluoroalkyl substances, a group of ~5000 synthetic chemicals in
commercial production since the 1940s to make surfaces resist stains, water, and grease, where the most widely
studied are PFOA used for decades to make non-stick pans) that can cause testicular and kidney cancer 12, flame
retardants (present in manufactured materials, such as plastics and textiles, and surface finishes), and bisphenol A
(found even in polycarbonate baby bottles and the epoxy lining of food cans), leached in most food items 2221122]
that, in laboratories, induced precancerous lesions to form in the mammary and prostate glands in early life [23124]
[25][26]

Nonetheless, outdoor exposure to chemicals, particularly those used in agriculture, soon emerged as a major
threat to human health. DDT (dichlorodiphenyltrichloroethane), a now-banned organochlorine insecticide in most
countries, for a long time has been one of the most common pesticides found in fishes 24 (which also contain
PCBs (28] and heavy metals [29]), in the bodies of migrating songbirds B9, in forest soils 21, in paints 22, in breast
milk 23341 and as residues on kitchen floors B2l together with other pesticides such as chlordane, chlorpyrifos,
diazinon, fipronil, and permethrin. Moreover, hormonal effects (which can stimulate mammary and ovary cancer) of
atrazine exposure were shown by many early studies [28I37I[38][39][401[41]42] '|nstead, very early on—already in the
1980s—the scientific community launched an alarm on the evidence that women with breast cancer have higher
levels of DDE (a common breakdown product of DDT found in vertebrate’s bodies) and PCBs in their tumours [43],

which was clearly linked to the increase of breast cancer among women born between 1947 and 1958 [44],

Unfortunately, all this preliminary scientific evidence has not always been followed by governments and institutions,
which still fail to pursue research on cancer’s environmental connections 2. Nature (see for instance whales with
bladder cancer in 8 and even our companion animals were revealing a truth that we have long ignored.
Continuous studies, from 1938 up to now, suggested the evidence that exposure to herbicides, insecticide, and
waste pollutants poses a risk of cancer, particularly of the bladder, to dogs [2J[48I450I5152]  Yet, the coincident
rise of synthetic dyes and bladder cancer among textile workers 23 and the growing evidence of higher bladder
cancer risk for workers in rubber and metal industries 241531561 did not do much to address socio-economic and

political actions.

The following sections report the main findings of a literature review that was conducted, following the guidelines of
the PRISMA B2 and the COSMOS-E 8 approaches, on studies publicly available as of 28 February 2021 and
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reporting on the links between exposure to environmental pollutants and cancer. The inclusion criteria were the
following: studies involving human participants and laboratory/domestic animal species (with some selected wild
animal species exposed to anthropogenic pollutants), original research paper evaluating the association among
environmental pollutants and cancer, or original research paper that reported at least one environmental pollutant
as a potential cause of cancer. The exclusion criteria were the following: studies involving non-human and non-
animal species, and publications containing editorials, letters to editor, case reports, and case series. In addition,

non-English papers were also excluded.

| 2. Carcinogens into Water

So far, we have found, in water, about 35 of the 202 identified mammary carcinogens, including the triazine
herbicides atrazine and symazine, acrylamide, DBCP, 1,2 dibromoethane, 1,2-dichloropropane, 1,2-dichloroethane,
benzene, carbon tetrachloride, 3,3-dimethyoxybenzidine, styrene, and vinyl chloride 2. In fact, most of the
evidence about the cancerogenic effects of solvents and pesticides were brought to attention by the studies on
contaminated drinking water 2B Aquifers, lakes, and streams from which drinking water is taken can contain
contaminants from personal care products, pharmaceuticals, hormones, and organic wastewater, which alter the

endocrine system and, in turn, favour tumours [62[611(62]

Not only evidently problematic contaminants, such as pesticides £364l: see also “Carcinogens into Soil,” Section
4), metal degreasers, and dry-cleaning fluids 3 can be found in drinking waters, but even the abused nitrates in

agriculture that leach in the aquifers can pose serious risks of developing cancer (68167,

Paradoxically, drinking is not the only way to take in indoor carcinogens that are in outdoor water: dermal and
inhalation routes of exposure have been shown as relevant sources of contamination due to volatilisation of
chemicals [68I6970I71] These additional ways to come in contact with carcinogens from waters represent a serious
danger to women and their infants who, for instance, during bathing and showering may be exposed to substances

such as chloroform and trihalomethane, which increase the risk of developing tumours Z92],

Heavy metal pollution in drinking water constitutes another serious risk for human health and is associated with
many cancer forms ZBIZ4I75] Chromium and arsenic, which can naturally be part of some soils, but are in high
levels in industrially contaminated groundwaters, are of serious concern for bladder, prostate, and kidney cancers’
induction, even at low—moderate concentrations 877781 High concentrations of arsenic in drinking water cause
chronic intoxication that may sometimes also result in the development of skin and lung cancer 2B At the same
time, even though the small amount of chlorine used for tap-water disinfection is of no concern for human health
Bl there still exists a link between water chlorination and bladder and other cancers 1282831 which seems to be
due to the presence in source waters of other organic contaminants that can create by-products, such as the

carcinogen MX [84],

Radioactivity from natural sources (e.g., uranium and dissolved radon in some rocky soils) and human activities

(contamination from nuclear power plants, nuclear wastes, etc.) can be relatively high in drinking water and
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increase the risk of different cancer types, particularly of the digestive system [E3IB8IE7] However, most of these
carcinogens are not currently checked for in routine and periodic controls of drinking waters made by local and

national sanitary authorities.

| 3. Carcinogens into Air

The presence of carcinogens in the air is one of the most well-documented, because there is wide experimental
evidence for the carcinogenicity of air pollutants 8. There is, for instance, ample documentation of airborne
carcinogens from industrial sites, road traffic, intensive farms, military bases, etc. I, Among air pollutants that
may act as carcinogens, ultrafine particles are of higher concern because of their ability to penetrate deeply into
the respiratory system [21I[92193],

An example is ozone [24I[93196] that can be formed by nitrogen oxides, emitted mainly from internal combustion
engines, and separated into nitric oxide (NO) and free atoms of oxygen (O), by the visible or ultraviolet energy of
sunlight. When the free atoms of oxygen produced by NOx combine with molecular oxygen (02), they form ozone
(O3). In the presence of hydrocarbons, volatile organic compounds, and sunlight, these chemical reactions can
take place and form photochemical smog 4, with secondary pollutants such as peroxyacetyl nitrates (PANS).
Several epidemiological studies have evidenced an increasing incidence of lung adenocarcinoma (28129111001 5

strong association between air pollution and cancer mortality 2011021 3 correlation between industrial air pollution
and cancer [193I104][105][106] ‘and occupational cancer (L1107,

However, carcinogens in the air do not only trigger lung cancers but are documented risk factors for breast and
bladder cancers [198I[109]1110] Residence near industries and high traffic areas increases the risk of breast cancer
(111][112] * als0 because aromatic hydrocarbons, like the benzo[a]pyrene, which are emitted by the combustion of
coal and petroleum derivates, are involved in the DNA mutagenesis of the mammary gland cells 11311141 Simijlarly,
bladder cancer is linked to air pollution, with a strong association of mortality among people living in residential
districts polluted by industrial petrochemical plants [112][116]{117][118]

Despite recent progress in incinerator technology to reduce air pollutants, including dioxin and particulate (e.g.,
with “flameless” chambers, oxy-combustors, and molecular dissociation processes), what is ideally removed from
air contaminants is, inevitably, concentrated in the residual fly ashes [119112011121]i122] ' \yhich can be even more
dangerous when stocked or dispersed into soil and water, even if vitrified 123, Moreover, although modern
technologies could reduce dioxin emissions, it is difficult to completely block the formation of easily escaping
ultrafine particles 22411251 \which forms even more and smaller particles at the high temperature of new incinerators
(1261 The apparent advantage of volume reduction compared to “cold processing and dumping” is outweighed by
the air emission of greenhouse gasses (CO2, CH4, etc.) and the concentration of even more toxic contaminants in
the residual ashes that, however, must be stocked in special dumps. Additionally, when hospital waste is
incinerated, it is one of the largest known sources of dioxin because it contains PVC (polyvinyl chloride) plastic, the

dominant component of organically bound chlorine in waste such as bags, gloves, bedpans, tubing, and packaging
127
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Unfortunately, incineration is not the only source of dioxin: domestic fireplaces, firewood heating, kitchen chimneys,
and agricultural controlled fires are also main sources [228l129] Chlorinated dibenzo-p-dioxins (CDDs) have been
found in cow’s milk near incinerators L3%[131 i rivers, fish, soil, and crops [132] |n several human and laboratory
studies, dioxin showed the ability to induce liver and lung cancers 133I134] affect hormone production and growth
factors 133l1368] and act as a developmental toxicant 137138139 |t js becoming clearer that dioxin targets P450
enzymes and aryl hydrocarbon receptors (AhRs) in the human body, particularly during pregnancy, and this alters
mammary epithelial cell proliferation and differentiation [2341[1401[141][142][143]

Of no less importance, and deserving at least a mention, are other sources of carcinogens in the air. Another, jet
fuels, which—besides fine particles and other pollutants—contain a high level of octane boosters to improve the
acceleration of aircraft, such as toluene, that produces, by nitration, a mixture of nitrotoluenes in exhaust fuels 1441,
One of them, dinitrotoluene, which is also a military chemical propellant and explosive, is considered a probable
carcinogen because it is linked with breast, liver, and bladder cancers, may pose a serious risk to people living
near military bases [108I[145][146][147][148] ' Other nitrification products, such as the o-toluidine also deriving from the
manufacture of dye-stuffs and the production of rubber, chemicals, and pesticides, have shown carcinogenic
properties 149111501 and can pose another risk to exposed populations living close to airports and factories that emit

toluidine.

An additional source of carcinogenicity in the air may be electromagnetic fields and indoor radon. Some evidence
is emerging about the risk posed by electricity, communication, and wireless devices [L21I152I153] gnd there is
strong evidence for an association between leukaemia, breast, and brain cancers and residential or occupational
exposure to electromagnetic low frequencies, including cell phones 154I[155]11561[157][158] ' eyen if further research is
needed to better clarify the effects on human health of the new technologies for smartphones and 5G [1521[160]161]
Indoor radon—which accumulates in closed spaces from the natural radioactive decay of uranium of rocks in the
building foundations and construction materials, producing radioactive particles that can be deposited on the cells

lining the airways—may damage DNA and cause lung cancer [162I163]

| 4. Carcinogens into Soil

The research history of carcinogens into soil can be dated back to the discovery of the links between bladder
cancer and aromatic amines in the 1970s-1980s. The proof of their carcinogenicity came after some aromatic
amines were removed from the chemical industry and the incidence of bladder cancer among affected workers
declined considerably (184 Although aromatic amines are a wide group of chemicals that include ingredients in
tobacco smoke, most of their dissemination has been through pesticides in agriculture. Bladder cancer is common
among farmers 262l and several aromatic amines, some of which are already banned in many countries (such as

atrazine in Europe, but not in the USA), have been proven responsible for this.

This chemical component of some pesticides is a proven endocrine disruptor, which affects the hypothalamic
control of pituitary-ovarian function B2[168] and triggers human ovarian cancers [267I168][169I170171][172] Noreover,

atrazine impacts breast development and shows adverse effects of prenatal exposure during a critical period of
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mammary gland growth B8II138IL73I[174] Despite that other human studies are needed to understand the effects of
this contaminant on early-life exposure, there is not much doubt about its carcinogenicity for exposed people 7%

[175] and persistence in the environment (2781,

Three other classic examples of persistent and dangerous pesticides are endosulfan, lindane, and parathion.
Endosulfan is an organochlorine insecticide and acaricide chemically similar to DDT, largely sprayed on
vegetables, apples, melons, and cotton for decades, which is being banned around the world only in recent years
(in the USA only in 2010), although the evidence of its extreme risk is much older Z7I78l | indane was widely
used in the commercial tree industry but is being banned globally under the Stockholm Convention on Persistent
Organic Pollutants, an international treaty negotiated at the United Nations Environment Programme (UNEP). All of

these three insecticides, particularly in occupational exposure, showed links with cancer [1721[180],

Aldrin and dieldrin were used extensively in agriculture for at least two decades until their use was suspended in
the 1970s in most countries, though these insecticides were being manufactured in many European countries at
least until 1978 and are still found in some parts of the world 281l | evels of both of these pesticides have
decreased over the years since they are no longer produced or used, but some traces of them can still be found in
soil and water (1821, Today, these chemicals are still around us, since they can be found in soils and buildings long
after treatment on various crops or insects was performed 183, People were usually exposed to these chemicals
by eating foods in which these substances accumulate, like those high in animal fat, such as meat, fish, and dairy
products [184],

Unfortunately, the vertical mother—foetus passage of carcinogens is not isolated to chlordane and heptachlor but is
guite common to most pesticides and can explain childhood and early-life cancers, particularly brain cancer and
leukaemia [185][186[187][188][189] Not only is contaminated food involved in this passage, but also exposition to
pesticides in the homes of farmworker children plays a role 120191l pesticides have been found even in carpet
fibres of children of parents using pesticides outside 2221931 However, also for women themselves, a new concern

is emerging on the link between pesticide use and breast cancer risk [124J195][196][197]

From the 1980s, the EU started to implement some bans on other specific pesticides, mainly persistent
organochlorine compounds, due to growing evidence of human or environmental harm. Similarly, 80-90% of DDT
produced in China is used to synthesise Dicofol, an acaricide used to protect plants from pests. Most African
countries do not use this chemical for agricultural purposes, but in countries such as Ethiopia, South Africa,
Uganda, and Swaziland, DDT is still used to control malaria. Apart from people living in producing and employing
countries (1281 this may pose a risk to other populations around the world through exported food and goods in a
global market (193],

Other, still-in-use potential carcinogens from pesticides are accumulating into soil worldwide. One of them,
glyphosate, has been shown to cause harm in large doses 299 The World Health Organization’s International
Agency for Research on Cancer declared that it “probably” causes cancer 22 although the EPA and Bayer, the

company that now owns the producer Monsanto, maintain that glyphosate does not cause cancer in humans 292,
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Nonetheless, recent studies found a compelling link between exposures to glyphosate-based herbicides and

increased risk for non-Hodgkin’s lymphoma and breast cancer [2031204],

Among other suspected carcinogens into soil, nitrates, which accumulate after over-fertilisation in agricultural

products and leaches in aquifers, may increase the risk of bladder cancer [205](206][207][208] |jlegal disposal of

garbage and even legal landfills are another source of carcinogens’ percolation and soil contamination 223, The

risk increases when populations are exposed to illegal dumping of toxic wastes and their burning 229,
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