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Abstract

The southern Italy waste management crisis has reached epic proportions, posing grave health
risks to the populations. Epidemiological data from Campania indicated that there might be a causal
relationship between illegal dumping of toxic substances and incidence of cancer. Our data showed the
relationship between the wrong management of municipal toxic waste and the effects on human health,
demonstrated by monitoring the DNA damage in animal sentinel edible frog (Pelophylax kl. esculentus).
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Introduction

In recent times “Campania Felix,” the most fertile
soil of Italy, has become one of the largest mass
poisonings in Europe [1]. This depends on the tons of
toxic wastes illegally dumped into the land of province
of Naples and Caserta, areas sadly known as “Terra
dei Fuochi” [2]. Naples and its province produce more
rubbish than its coping capacity, and this problem is
linked to the presence of organized criminal associations
leading to illegal waste dumping. Moreover, hazardous
waste from northern Italy and hidden in southern Italy
brings out the widespread presence of toxic elements
and compounds [3].

The prolonged persistence of this status generated
negative effects on ecosystems, on water [4], soil [5-6],
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vegetables [3] and animals [7], and it has been linked to
increasing rates of cancer [4,8] (Fig. 1). In fact, pollution
can be considered one of the main causes of many of the
DNA mutation-based diseases [9-12]. According to this,
data from Campania Cancer Registry show that Naples
and Caserta host the highest cases of cancer mortality,
compared to the rest of the Campania region [13-15].
Epidemiological studies have been developed in this
area, concerning the effect of waste treatment on human
health [4, 16-17]. Even if it is a difficult task, to link
illegal activities and human health assessing the cancer
incidence and mortality, should be to develop studies for
the correct management of land.

Humans inhabiting areas with wastewater discharges
can suffer genetic damage as well as organisms (animal
and plant) living in the same areas can be exposed to
similar genotoxic effects [18]. This concept introduces
an animal sentinel approach in which a sensitive species
can be predictive of human exposure to a threat. A few
studies have been developed on animals as bioindicators
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Fig. 1. Tyres, plastic and burnt toxic waste are left strewn on the sides of rivers and agriculture fields, near Nola, southern Italy, one of
the villages inside the “Terra dei Fuochi” and a small edible frog with evident morphologic alterations.

in this area [19-20], but none concerns wild species in a
predictive sentinel approach.

We show, in a previous work [7], that the edible
frog Pelophylax ki. esculentus can be considered a
good sentinel organism of the occurrence of genotoxic
effects of waste dumping. This species has a large
ecological spectrum because its life cycle takes place
in an aquatic environment (as a larva) as well as in the
terrestrial environment (as an adult), bioaccumulation
capability, and is numerically abundant as well as easy
to survey [21-23]. Here we try to link DNA damage, in
animal sentinel edible frog, to the rate of cancer impact
on human population from Caserta and Naples
provinces.

Materials and Methods

In brief, we performed a comet assay on the nuclei
of frog erythrocytes and matched the results with
the impact of cancer in the human populations living
in the same sites. The comet assay, or single cell gel
electrophoresis (SCGE), is a standard method for
determining in vivo/in vitro genotoxicity (Fig. 2). It
offers a simple way of evaluating the damage caused

a) b)

by a clastogenic agent by measuring breaks in the DNA
chain of animal and plant cells, for example in fish [24-
25], mollusks [26-27], earthworms [28-30] or arthropods
[31-33].

Additionally, the biomonitoring of contaminated
sites recurring to the comet assay in amphibians has
also been performed, namely, of chemically polluted
lakes [21], coal mines [34], waste dumping sites [35],
dredged sediments [7], polluted water bodies [36-37],
and residues from municipal solid waste incineration
[38].

None of the frogs used for this study were killed.
Blood sampling was conducted with cardiac puncture,
without any effect on animal vitality. The project was
approved by the Institutional Animal Care and Use
Committee of the University of Naples Federico II
(prot. numb. 2013/0032826). Twenty adult frogs were
sampled from each of the 4 sites: Nola, Castel Volturno,
Giugliano in Campania and Aversa (N = 80) during
August/September 2008 (Fig. 3).

We performed a comet assay on edible frog
erythrocytes to evaluate DNA damage following
methods in Maselli and co-workers [7].

Images of a minimum of 50 randomly selected
nuclei were analyzed from each slide. Thus, a minimum

C)

Fig. 2. Examples of nuclei (comet) with Tail Moment (TM, the product of tail length and tail intensity) increasing from A to C. Cells were
stained with DAPI and capture at fluorescent microscope. Scale bar =20 um.
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Fig. 3. a) Location of the study area in North Campania (in the box); b) municipalities of Nola, Castel Volturno, Giugliano and Aversa

in Campania

of 2,000 blood cells from each group of frogs were
examined. The slides were displayed on a fluorescence
microscope (Leica DMLB microscope with digital
camera Leica DFC340FX, Nussloch, Germany). Comet
images were randomly captured from the center of the
slide; overlapping figures were avoided. Quantitative
assessment of DNA damage in erythrocyte nuclei
was performed using CometScore 1.5 Image Analysis
(TriTek Corporation, Sumerduck, Virginia, USA)
software, which computes the integrated intensity profile
for each cell. To compare different populations, 7Tail
Moment value was selected because their correlation
was widely used in genotoxicity studies on wild animal
populations [7].

We consulted the Cancer Registry of Campania
Region 2003-2011 (Istituto Superiore di Sanita; 2015,
Rapporti ISTISAN 15/27) to assess human population
health, considering mortality and malformations at the
municipality level. We considered separately males and

13V

females affected by cancer. The Standardized Mortality
Ratio (SMR) expresses, as either a ratio or percentage,
the increase or decrease in mortality of a study cohort
with respect to the general population [39].

Results and Discussion

Today, the northern region of Campania, dramatically
called Terra dei Fuochi for the numerous illegal fires that
are set to the illegal rubbish dump, represents a problem
of a very large and incisive dimensions magnitude, on
human populations living inside and both agricultural
and pastoral products there are spread all over Europe
[40-42].

Finding a survey strategy able to work as a sentinel
of danger to human health is a central objective and
should mobilize many toxicology studies using animal
and plant bioindicators.
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Fig. 4. Regression analysis on the value of DNA damage (Tail Moment on frogs) and Standardized Mortality Ratio (SMR). From left to
right: Aversa, Giugliano in Campania, Castel Volturno and Nola; in gray data from males, in black data from females.
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Our analysis is based on four municipalities,
providing a clear indication about the extension of
the epidemiological problem and response of animal
sentinel. The study area considered involves 21.415
hectares, more than 20% of a core area in the so-called
Terra dei Fuochi. This land is characterized by intense
pressure from human activities of illegal waste storage,
according to investigations carried out by ARPAC
[43-45]. All values of frog DNA damage are higher
than the control value (population of frogs stored in the
laboratory with a Tail Moment values equals 0.001).

In this area, there are many water points and the
proposed animal sentinel (edible frog) can be found very
easily. Moreover, its wide and diversified dispersion
ensures accurate monitoring throughout the territory
[46].

All the erythrocyte populations of the sampled
frogs showed comets of nuclear material, and the
highest values of Tail Moment were observed at the
municipality with the highest death rate from cancer
causes (Nola, SMR Males = 119; SMR Females = 121).
Instead, frog population characterized by the lower Tail
Moment values are Aversa and Giugliano in Campania
correspond to the lower value of SMR (Aversa,
SMR Males = 103; SMR Females = 91; Giugliano in
Campania, SMR Males = 105; SMR Females = 104). An
intermediate result was observed in Castel Volturno for
both Tail Moment and SMR values (SMR Males = 100;
SMR Females = 92).

The regression line linking the effects on animal
sentinel as an independent variable and Standardized
Mortality Ratio as the dependent variable, shows a
rising trend for both males and females data (Spearman’s
Rank Correlation 7 =0.8 for Males, r, = 0.4 for Females,
p<0.05; Fig. 4).

Interestingly, except for Nola, in all examined cases,
the incidence of cancer diseases affects more males than
females [47].

The results support the hypothesis that assayed
parameters, on the sentinel organism, reflect the
incidence of health damage on human populations.
Our study did not attempt to define which specific
contaminants in the polluted river water were
responsible for genetic damage. Our more modest
objective was to detect overall genotoxic effects from
multiple contaminants, because our sites are subjected
to multiple sources of municipal pollution. Probably
the effects we find are dependent from heavy metals
(as shown by some of our recent surveys [48]) and also
because heavy metals have posed a serious threat to the
aquatic ecosystem [49-51].

Assessing environmental risk requires systems
that quantitatively and qualitatively reflect the effects
of exposure. Organisms that are in direct contact with
contaminated environmental compartments (sediment,
water, air) are well suited for inclusion in such systems
[52]. Frogs are especially useful for assessing the
biological risk of hazardous and toxic wastes in water
and sediment since they are in direct contact with the

contaminants in their environment and are sensitive to
anthropogenic compounds [53-54].

Some studies developed on animal models, useful
to reveal negative effects of waste, have been based on
domestic species affected by such pathologies as cancer
[19]. This approach is not only predictive, because
it analyses the outcome of environmental hazards
when its effects have already occurred, although
on a nearby species and not on humans. Other studies
were conducted on hair and blood from healthy
pet dogs, assaying the concentration of heavy metals
[55]. Likewise, we suggest concentrating investigations
on DNA damage in wild animals closer to legal and
illegal waste dumping, and they represent a previous
step to the disease on human populations [56]. This
result is a further confirmation of how our animal
(Pelophylax kl. esculentus) species can have more
immediate responses to pollutants than the human
population. For this reason we highlight the advantage
to use a predictive sentinel approach.

Our results clearly showed the effectiveness of
animal modeling and screening technique as predictive
and sensitive. In fact, confirming our hypothesis, the
high increase of SMR is significantly related to Tail
Moment, even if we consider an interval of Standardized
Mortality Ratio relatively higher than the variation
observed in healthy and polluted regions. Although our
contribution can be considered a pilot study, it should be
an encouragement to increase analyses on the territory,
of both epidemiological and wildlife in a toxicological
view. This will be a necessary effort to address the
environmental emergency and plan a suitable waste
management strategy in the Campania region.

Conclusions

Land in the provinces of Naples and Caserta is
deemed heavily contaminated. According to scientific
literature current knowledge available for the Campania
region in terms of environmental monitoring is better
than that available for other areas that are facing
similar problems due to anthropic activities, including
illegal waste disposal. Despite this, epidemiological
studies on the effects of illegal waste toxicity can be
biased by lack of reliable assessment of exposure,
uncertain evaluation of the eco-systems, and missing
information on relevant confounding factors.

For this reason, additional studies are necessary to
better define not only the precise distribution of hot spots
of pollution, but also the real impact of such exposure
on the health of animal and human populations, in term
of cancer incidence. An extensive survey on the DNA
damage recorded in the edible frog could represent
an initial step to identify priority areas in which to
concentrate management actions.

A comprehensive  biomonitoring  programme
should integrate several methods distributed along the
biomonitoring chain, allowing us to detect exposure,
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threats and impacts, using not only animals, plants and
lichen [3], but providing useful biological outputs for
decision-makers to establish correct sustainable waste
management.

10.

11.

12.

Conflict of Interest

The authors declare no conflict of interest.

References

D’ALISA G., BURGALASSI D., HEALY H., WALTER,
M. Conflict in Campania: Waste emergency or crisis of
democracy. Ecol. Econ. 70, 239, 2010.

MANZO C. The importance of geoethics in the” Land of
Fires”, EGU General Assembly Conference, EGU General
Assembly, Vienna 2014.

BASILE A., SORBO S., APRILE G., CONTE B,
CASTALDO COBIANCHI R., PISANI T., LOPPI S.
Heavy metal deposition in the Italian “triangle of death”
determined with the moss Scorpiurum circinatum.
Environ. Pollut. 157, 2255, 2009.

TRIASSI M., ALFANO R., ILLARIO M., NARDONE A.,
CAPORALE O., MONTUORI P. Environmental Pollution
from Illegal Waste Disposal and Health Effects: A Review
on the “Triangle of Death”. Int. J. Environ. Res. Public
Health. 12 (2), 1216, 2015.

KASZUBKIEWICZ J, GALKA B., KAWALKO D.
Impact of legal and illegal waste dumps on the surrounding
soils in the Jelenia Gora and Wroclaw districts. Soil Sci
Ann 62 (2), 179, 2011.

TALALAJ L.A. Release of heavy metals on selected
municipal landfill dumping the calendar year. Ann Set
Environ Protec 16, 404, 2014.

MASELLI, V., POLESE, G., RIPPA, D., LIGRONE, R.,
KUMAR RASTOGI, R., FULGIONE, D. Frogs, sentinels
of DNA damage induced by pollution in Naples and the
neighbouring Provinces. Ecotox. Environ. Safe. 73, 1525,
2010.

SENIOR K., MAZZA A. Italian “Triangle of death” linked
to waste crisis. Lancet Oncol. 5, 525, 2004.

ACKERMAN S., HORTON W. “Chapter 2.4 - Effects of
Environmental Factors on DNA: Damage and Mutations,”
in Green Chemistry. Elsevier 109, 2018.

LOOMIS D., GROSSE Y., LAUBY-SECRETAN B., EL
GHISSASSI F., BOUVARD V., BENBRAHIM-TALLAA
L., GUHA N., BAAN R., MATTOCK H., STRAIF K., on
behalf of the International Agency for Research on Cancer
Monograph Working Group IARC, Lyon, France. The
carcinogenicity of outdoor air pollution - 14 (13), 1262,
2013.

YAUK C., POLYZOS A., ROWAN-CARROLL A,
SOMERS C.M., GODSCHALK R.W., VAN SCHOOTEN
F.J.,, BERNDT M.L., POGRIBNY IP, KOTURBASH
I, WILLIAMS A., DOUGLAS G.R., KOVALCHUK
0. Germ-line mutations, DNA damage, and global
hypermethylation in mice exposed to particulate air
pollution in an urban/industrial location. Proc. Natl. Acad.
Sci. 105, 605, 2008.

WONG I.C.K., NG Y.-K., LUI VWY. Cancers of the lung,
head and neck on the rise: perspectives on the genotoxicity
of air pollution. Chin. J. Cancer 33, 476, 2014.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

COMBA P, BIANCHI F., FAZZO L. MARTINA
L., MENEGOZZO M., MINICHILLI F., MITIS F,
MUSMECI L., PIZZUTI R., SANTORO M., TRINCA
S., MARTUZZI M., “HEALTH IMPACT OF WASTE
MANAGEMENT CAMPANIA” WORKING G. Cancer
Mortality in an Area of Campania (Italy) Characterized by
Multiple Toxic Dumping Sites. Ann. New York Acad. Sci.
1076, 449, 2006.

MARTUZZI M., MITIS F., BIANCHI F., MINICHILLI F.,
COMBA P., FAZZO L. Cancer mortality and congenital
anomalies in a region of Italy with intense environmental
pressure due to waste. Occup. Environ. Med. 66, 725,
2009.

GdL SENTIERI-ReNaM, BINAZZI A., MANGONE L.
SENTIERI - studio epidemiologico nazionale dei territori
e degli insediamenti esposti a rischio da inquinamento:
I'incidenza del mesotelioma. Epidemiologia e prevenzione.
Nov 9;40(5Suppll): 1, 2016

BARBA M., MAZZA A., GUERRIERO C., DI MAIO M.,
ROMEO F., MARANTA P, MARINO IL.R., PAGGI M.G.,
GIORDANO A. Wasting lives: the effects of toxic waste
exposure on health. The case of Campania, Southern Italy.
Cancer Biol. & Terh. 12 (2), 106, 2011

DI LORENZO G., FEDERICO P., DE PLACIDO S.,
BUONERBA C. Increased risk of bladder cancer in critical
areas at high pressure of pollution of the Campania region
in Italy: a systematic review. Crit. Rev. Oncol. Hemat. 96,
534, 2015

STAHL R.G. jr. The genetic toxicology of organic
compounds in natural waters and wastewaters. Ecotox.
Environ. Safe. 22, 94, 1991.

MARCORATO L., LEO C., GIRELLI R., SALVI S.,
ABRAMO F., BETTINI G., COMAZZI S., NARDI P,
ALBANESE F., ZINI E. Association between waste
management and cancer in companion animals. J. Vet.
Intern. Med. 23 (3), 564, 2009.

ZACCARONI A., CORTEGGIO A., ALTAMURA
G., SILVI M., DI VAIA R., FORMIGARO C.,
BORZACCHIELLO, G. Elements levels in dogs from
“triangle of death” and different areas of Campania region
(Italy). Chemosphere 108, 62, 2014.

MASELLI V., SICILIANO A., GIORGIO A., FALANGA
A., GALDIERO S., GUIDA M. FULGIONE D,
GALDIERO E. Multigenerational effects and DNA
alterations of QDs-Indolicidin on Daphnia magna.
Environ. Pollut. 224, 597, 2017.

COTELLE S., FERARD J.F. Comet assay in genetic
ecotoxicology: a review. Environ. Mol. Mutagen. 34, 246,
1999.

FRENZILLI G., NIGRO M., LYONS B.P. The Comet
assay for the evaluation of genotoxic impact in aquatic
environments. Mutat. Res. Rev. Mutat. Res. 681, 80, 2009.
JHA A.N. Ecotoxicological applications and significance
of the comet assay. Mutagenesis 23, 207, 2008.
LAROCHE J., GAUTHIER O., QUINIOU L., DEVAUX
A., BONY S., EVRARD E., CACHOT J., CHEREL Y.,
LARCHER T, RISO R., PICHEREAU V., DEVIER M.H.,
BUDZINSKI H. Variation patterns in individual fish
responses to chemical stress among estuaries, seasons and
genders: the case of the European flounder (Platichthys
fesus) in the Bay of Biscay. Environ Sci. Pollut. Res. Int.
20, 738, 2013.

PALANIKUMAR L., KUMARAGURU A K,
RAMAKRITINAN C.M. Biochemical and genotoxic
response of naphthalene to fingerlings of milkfish Chanos
chanos. Ecotoxicology, 22, 1111, 2013.



3532

Maselli V., et al.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

ANGELETTI D., SEBBIO C. CARERE C,
CIMMARUTA R., NASCETTI G., PEPE G., MOSESSO
P. Terrestrial gastropods (Helix spp) as sentinels of primary
DNA damage for biomonitoring purposes: a validation
study. Environ. Mol. Mutagen. 54, 204, 2013.

DOS SANTOS K.C., MARTINEZ C.B.R. Genotoxic and
biochemical effects of atrazine and Roundup®, alone and
in combination, on the Asian clam Corbicula fluminea.
Ecotox. Environ. Safe. 100, 7, 2014.

FUJITA Y., YOSHIHARA Y., SATO I, SATO S.
Environmental radioactivity damages the DNA of
carthworms of Fukushima Prefecture, Japan. Eur. J. of
Wildlife Res. 60, 145, 2014.

ASSEUR P, BONNARD M. Ecogenotoxicology in
earthworms: a review. Curr. Zool. 60, 255, 2014.

ZHANG L., JI E, LI M., CUI Y., WU B. Short-term
effects of Dechlorane Plus on the earthworm Eisenia fetida
determined by a systems biology approach. J. Hazard.
Mater. 273, 239, 2014.

GALDIERO E., MASELLI V., FALANGA A., GESUELE
R., GALDIERO S., FULGIONE D., GUIDA M. Integrated
analysis of the ecotoxicological and genotoxic effects of
the antimicrobial peptide melittin on Daphnia magna and
Pseudokirchneriella subcapitata. Environ. Pollut. 203,
145, 2015.

GALDIERO E., SICILIANO A., MASELLI V., GESUELE
R., GUIDA M., FULGIONE D., GALDIERO S.,
LOMBARDI L., FALANGA A. An integrated study on
antimicrobial activity and ecotoxicity of quantum dots
and quantum dots coated with the antimicrobial peptide
indolicidin. Int. J. Nanomedicine 11, 4199, 2016.

ERISMIS U.C., CIGERCI LH., KONUK M. Evaluation
of DNA damage in Eurasian marsh frogs (Pelophylax
ridibundus) by comet assay for determination of
possible pollution in the different lakes in central Anatolia,
Turkey. Bull. Environ. Contam. Toxicol. 90, 660, 2013.
ZOCCHE 1.J.,, DAMIANI A.P., HAINZENREDER G.,
MENDONCA R.A., PERES P.B., SANTOS C.EID.,
DEBASTIANI R., DIAS JF, ANDRADE V.M.D.
Assessment of heavy metal content and DNA damage
in  Hypsiboas faber (anuran amphibian) in coal
open-casting mine. Environ. Toxicol. Pharmacol. 36, 194,
2013.

MOUCHET F., GAUTHIER L., MAILHES C., FERRIER
V., DEVAUX A. Comparative study of the comet assay
and the micronucleus test in amphibian larvae (Xenopus
laevis) using benzo(a)pyrene, ethyl methanesulfonate,
and methyl methanesulfonate: establishment of a positive
control in the amphibian comet assay. Environ. Toxicol.
20, 74, 2005.

RALPH,S., PETRAS M. Genotoxicity monitoring of
small bodies of water using two species of tadpoles and
the alkaline single cell gel (comet) assay. Environ. Mol.
Mutagen. 29, 418, 1997.

RALPH S., PETRAS M. Comparison of sensitivity to
methyl methanesulphonate among tadpole developmental
stages using the alkaline single-cell gel electrophoresis
(comet) assay. Environ. Mol. Mutagen. 31, 374, 1998.
MOUCHET F., GAUTHIER L., MAILHES C.,
JOURDAIN M.J., FERRIER V., TRIFFAULT G,
DEVAUX A. Biomonitoring of the genotoxic potential of
aqueous extracts of soils and bottom ash resulting from
municipal solid waste incineration, using the comet and
micronucleus tests on amphibian (Xenopus laevis) larvae
and bacterial assays (Mutatox and Ames tests). Sci. Total
Environment 355, 232, 2006.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

56.

D’ALISA G., BURGALASSI D., HEALY H., WALTER
M. Conflict in Campania: waste emergency or crisis of
democracy. Ecological Economics 70 (2), 239, 2010.
D’ALISA, G., FALCONE, P.M., GERMANI, AR,
IMBRIANI C., MORONE P., REGANATI F. Victims in
the “Land of Fires™ case study on the consequences of
buried and burnt waste in Campania, Italy. Case study
compiled as part of the EFFACE project, University of
Rome “La Sapienza”, 2015.

D’ALISA G., GERMANI, A.R., FALCONE, PM.,
MORONE P. Political ecology of health in the Land
of Fires: a hotspot of environmental crimes in the south of
Italy. Journal of Political Ecology 24, 59, 2017.

EVERITT B., SKRONDAL A. Standardized mortality
rate (SMR). The Cambridge dictionary of statistics., 2010.
New York.

ARPAC. Annuario dei Dati Ambientali in Campania
2006. 2006. Available online: http://www.arpacampania.it/
documents/30626/51722/Siti+Contaminati.pdf

ARPAC. Terra dei fuochi e siti agricoli da indagare, Arpa
Campania Ambiente n.6 del 31.03.14, 2014.

GUARINO FM., APREA G., CAPUTO V., ODIERNA G.,
PICARIELLO O., (a cura di), Atlante degli Anfibi e dei
Rettili della Campania, Massa editore, Napoli, 2012.
INDOLFI P, PICAZIO S., PERROTTA S., ROSSI F.,
PESSION A., DI MARTINO M., POTA E., DI PINTO D.,
INDOL C., RONDELLI R., VETRANO F., CASALE, F.
Time trends of cancer incidence in childhood in Campania
region: 25 years of observation. Riv Ital Pediatr, 42 (1), 82,
2016.

MARESCA V., FUSARO L., SORBO S., SICILIANO
A., LOPPI S., PAOLI L., MONACI F.,, KARAM E.A,,
PISCOPO M., GUIDA M., GALDIERO E., INSOLVIBILE
M., BASILE A. Functional and structural biomarkers
to monitor heavy metal pollution of one of the most
contaminated freshwater sites in Southern Europe.
Ecotoxicol Environ Saf. 163, 665, 2018.

PAL M., TRIVEDI S.P. Impact of chromium trioxide on
haematological parameters of freshwater fish, Channa
punctatus (Bloch). Eur. J. Exp. Biol. 6, 40, 2016.
ERICKSON R.J.,, MOUNT D.R.,, HIGHLAND T.L.,
HOCKETT JR., LEONARD E.N.,, MATTSON V.R.,
DAWSON T.D., LOTT K.G. Effects of copper, cadmium,
lead, and arsenic in a live diet on juvenile fish growth.
Can. J. Fish Aquat. Sci. 67, 1816, 2010.

TSAI J.,, CHEN W., JU Y., LTAO C. Bioavailability links
mode of action can improve the long-term field risk
assessment for tilapia exposed to arsenic. Environ. Int. 35,
727, 2009.

ARPAC. Terra dei Fuochi: primi risultati delle indagini,
Arpa Campania Ambiente n.3 del 15.02.15, 2015.
RAJAGURU P, SUBA S., PALANIVEL M.,
KALAISELVI, K. Genotoxicity of a polluted river system
measured using the alkaline comet assay on fish and
earthworm tissues. Environ. Mol. Mutagen. 41, 85, 2003.
BICKHAM JW., SANDHU S., HEBERT P.D.N., CHIKHI
L., ATHWAL R. Effects of chemical contaminants on
genetic diversity in natural populations: implications for
biomonitoring and ecotoxicology. Mutat. Res.-Rev. Mutat.
463, 33, 2000.

WHITE P.A., RASMUSSEN J.B. The genotoxic hazards
of domestic wastes in surface waters. Mutat. Res.-Rev.
Mutat. 410, 223, 1998.

PARMAR TK. RAWTANI D., AGRAWAL YK.
Bioindicators: the natural indicator of environmental
pollution. F



