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Genotoxicity detected in wild mice living in a highly
polluted wetland area in south western Spain
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We have found an increased genotoxic damage in wild mice in a highly polluted area from industry,
mining and agriculture in SW Spain, as assessed by the Comet assay.
Abstract
A field study was carried out in the south of the Iberian Peninsula in an industrial area in the neighbourhood of Huelva city, SW Spain, and in
a natural area (Do~nana National Park) for comparison, to estimate the genetic risk induced by environmental pollution in wild mice. Genotoxic
effects in a sentinel organism, the Algerian mice (Mus spretus) free living in the industrial area were compared with animals of the same species
living in the natural protected area. The single cell gel electrophoresis, or Comet assay, was performed as a genotoxicity test in peripheral blood
of mice. Our results clearly show that mice free living in the contaminated area bear a high burden of genetic damage as compared with control
individuals. The results suggest that the assessing of genotoxicity levels by the Comet assay in wild mice can be used as a valuable test in
pollution monitoring and environmental conservation.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The environmental impacts of human industrial and agricul-
tural activities are gaining increasing international attention
and concern. The purpose of this study was to evaluate the en-
vironmental risk posed by a large chemical industrial settle-
ment located near Huelva city, in the southwest of the Iberian
Peninsula. Contamination with heavy metals from mining ac-
tivity reaching the area in river water, as well as from intensive
agricultural activity (mainly strawberry) was also an important
component to add to the industrial focus.

When it comes to monitoring for genotoxicity in the envi-
ronment, an issue of paramount importance is the proper selec-
tion of representative organisms as sentinels, as well as the
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performance of sensitive and reliable tests such as those de-
signed for the evaluation of DNA damage. Regardless of the
particular features of the contamination event as a whole, it
is also very important that the assay(s) of choice has been fully
validated by laboratories worldwide and can be used to mon-
itor virtually any potentially endangered wild species. In ear-
lier reports we selected as sentinel organisms the white stork
(Ciconia ciconia) as well as the black kite (Milvus migrans),
as appropriate bird species for evaluating the potential geno-
toxic effects in the wake of the toxic accidental spill of mining
waste on wildlife of the Do~nana area (Pastor et al., 2001a,b,
2004). The biotest applied as an indicator of DNA damage
was the alkaline single cell gel electrophoresis (SCGE), or
Comet assay (Singh et al., 1988), performed on peripheral
blood lymphocytes from young birds sampled in the contam-
inated area and compared with reference animals with positive
results as to an increase in genotoxic damage. Earlier studies
carried out using small mammals have also demonstrated
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that they are able to accumulate a wide spectrum of pollutants
present in the ecosystem (Talmage and Walton, 1991). Some
significant correlations between pesticides (McBee and
Bickham, 1988), radioactivity (Cristaldi et al., 1991), or heavy
metal contamination (Tull-Singleton et al., 1994; Ieradi et al.,
1996) and genetic damage in free living rodents have been
reported.

According to the above considerations, in the present inves-
tigation we have chosen the Algerian mouse, Mus spretus
(Rodentia, Muridae), because this non-protected species typi-
cally inhabits marshlands, follows an r-type reproductive
strategy, and attains high population densities (Camacho and
Moreno, 1989). These traits may make this rodent a useful
mammalian model in environmental biomonitoring. Samples
collected in both the industrial settlement and a protected
area were assessed by means of a rapid method of the
SCGE or Comet assay (Daza et al., 2004) to determine the
potential DNA damage induced by chemical mutagens.
2. Materials and methods
2.1. Collection sites and sampling procedure
Fig. 1. Map of the studied highly polluted area (outskirts of Huelva, SW Spain)

and control site (Do~nana National Park).
The study was carried out in a marshland (‘‘Estero Domingo Rubio’’)

nearby a large industrial settlement close to Huelva city and in a protected

area, the ‘‘Laguna de Santa Olalla’’, inside the Do~nana Biological Reserve

in Do~nana National Park for comparison (Fig. 1). The industrial settlement

is a large petro-chemical complex located in the estuary formed by the mouths

of the Odiel and Tinto rivers. It includes some chalcopyrite transformation

plants and several phosphate fertilizer factories which use phosphorite as a pri-

mary material.

Inside the studied marshland, three areas were selected for sampling, ac-

cording to the differences as to the possible main source of contamination.

The main impact in Site no 1, on the western verge of ‘‘Estero Domingo Ru-

bio’’, is expected to be due to potentially toxic heavy metals discharged from

mining activity to the River Tinto (see Fig. 1). Sampling Site no 2, while also

receiving an impact from the above, as a result of water entry in the marshland

during high tide, is more exposed than no 1 to possible accidental leaks from

the large petro-chemical settlement as well as to organic biocides and fertil-

izers profusely used in intensive agriculture (strawberry production). This lat-

ter is the main source of contamination in sampling Site no 3, located near the

eastern border of the marshland studied. The natural area, Do~nana Biological

Reserve (‘‘Laguna Santa Olalla’’) is a marshland area located around the

mouth of the Guadalquivir River.

In total, 166 Algerian mice were caught using live traps (Sherman type)

from November 2006 to March 2007. Sex and weight were determined in

all animals. Controls: 18 mice, 12 males (M) and 6 females (F); Site 1: 77

mice, 36 M and 41 F; Site 2: 48 mice, 24 M and 24 F; Site 3: 23 mice, 9

M and 14 F.
2.2. Blood sampling
Blood collection from mice was carried out as follows. Briefly, blood sam-

ples (0.5 mL) were collected from mice by cardiac puncture, placed in vials

(Soria Greiner, Spain) with EDTA as an anticoagulant, and transported in

coolers to the laboratory on the day of collection.
2.3. Alkaline DNA-Comet assay

2.3.1. Slide preparation

Regular slides were coated with a 1% solution of standard agarose in dis-

tilled water, by immersing vertically for 2 s and air-drying to solidify the
agarose. Once the slides were dry and totally transparent, they were kept at

4 �C and used up to 1 month after preparation.

We employed a modification (Daza et al., 2004) of the protocols described

by Singh et al. (1988) and Fairbairn et al. (1995). Only 50e100 mL of cell so-

lution was embedded in a 0.7% low melting agarose solution in PBS and im-

mediately pipetted onto the coated slides and a coverslip was placed on. The

slides were incubated at 4 �C for 10 min. Coverslips were removed and a third

(low melting) agarose layer was added, together with new coverslips. They

were again incubated at 4 �C for 10 min. Coverslips were finally removed

and the cells were lysed by incubating for 1 h at 4 �C in the dark in a lysis

solution containing: 10 mM TriseHCl, 2.5 M NaCl, 100 mM Na2-EDTA,

0.25 M NaOH, 1% (v/v) Triton X-100 and 10% (v/v) DMSO, pH 12.0.

2.3.2. Electrophoresis

In order to unwind the DNA, the slides were incubated for 20 min in elec-

trophoretic buffer containing 1 mM Na2-EDTA and 300 mM NaOH, pH 12.8.

Electrophoresis was carried out at 1 V/cm for 20 min. After neutralization with

3� 5 min washes of 0.4 M TriseHCl pH 7.5 to remove alkali and detergent,

cells were stained with the fluorochrome 40,6-diamidino-2-phenylindole

(DAPI) in Vectashield (mounting medium for fluorescence H-1000, Vector

Laboratories).

2.3.3. Slide scoring

Cells were analysed using the Comet score program (an online free Comet

scoring software). Two parameters were estimated for each Comet: (1) DNA

zedka8
logo mr

http://www.mesadelaria.org


1
2

3
4

5

C
on

tro
l

Si
te

 1 Si
te

 2

Si
te

 3

0

20

40

60

80

100

C
e
l
l
s
 
(
%
)

Sa
mp

lin
g s

ite

D
am

age interval

Damaged DNA (%)

Fig. 2. DNA damage (Comet assay) in wild mice (Mus spretus) from different

sampling sites. Intervals 1e5 are established according to increased DNA

damage.

592 S. Mateos et al. / Environmental Pollution 153 (2008) 590e593
damage (percentage migrated DNA in the tail), and (2) tail moment (tail

length� tail intensity or percent migrated DNA). Five different classes of

DNA damage were established. Class 1 corresponded to cells showing DNA

damage between 0 and 20%, class 2 were cells with DNA damage between

20 and 40%; class 3 were cells with DNA damage between 40 and 60%; class

4 were cells with DNA damage between 60 and 80%; and class 5 were cells

with DNA damage between 80 and 100% (highest damage).

For each experimental point at least 492 Comets were measured. Student’s

t-test was used for statistical evaluation.

3. Results and discussion

Since, in most cases, the general population is exposed to
many potentially dangerous agents simultaneously, predicting
health and environmental risk is a very complicated problem,
because a mixture of genotoxic chemicals may undergo a vari-
ety of interactions, which can affect the transport, metabolism
or molecular binding of the components. Thus, the biological
effects of complex environmental mixtures, especially geno-
toxicity, seem to be very informative for risk assessment.

In environmental monitoring, when it comes to the selec-
tion of biotests for the assessment of genotoxic damage, there
is a wide agreement in the validity and accuracy of the SCG
electrophoresis or Comet assay (Fairbairn et al., 1995) as
a highly sensitive, relatively inexpensive and reproducible
method. Alkaline SCG DNA electrophoresis is especially sen-
sitive in detecting DNA single strand breaks and alkali-labile
damage in individual cells (Singh et al., 1988; Gedik et al.,
1992). We made use of the Comet assay for the analysis of
DNA damage in peripheral blood lymphocytes from birds liv-
ing in the Do~nana National Park sampled after the toxic spill
of mine waste in April, 1998 (Pastor et al., 2001a,b, 2004) and
our results showed a significantly increased level of genotoxic
damage as compared with reference animals sampled in non-
polluted locations.

In the present study we have made use of a rapid method
applicable to G0 mammalian lymphocytes, which do not
need to be isolated with the potentially cytotoxic drug Ficoll,
as previously described by Daza et al. (2004). As can be seen
in Table 1 and Fig. 2, DNA damage assessed by the Comet as-
say in mice sampled in all of the three highly contaminated
sites along the marshland ‘‘Estero Domingo Rubio’’ (Huelva,
Spain) was statistically significantly higher (Student’s t-test)
than that observed in control reference animals living in the
Do~nana National Park, an environmentally protected area. Sig-
nificant statistical differences were as well observed among
Table 1

Genotoxic damage in the Algerian mice (Mus spretus) as assessed by the

Comet assay

Sampling

site

Number

of mice

Male/

female

Number

of cells

DNA

damage (%)

Tail moment

Control 18 12/6 492 4.39� 0.27 0.37� 0.06

Site 1 77 36/41 3936 7.75� 0.15* 2.02� 0.18*

Site 2 48 24/24 1871 7.82� 0.23* 1.38� 0.18*

Site 3 23 9/14 682 5.65� 0.30* 1.75� 0.31*

*Significant differences ( p< 0.01; Student’s t-test) respect to control values.

Average DNA damage (%) and tail moment values for the different sampling

sites.
the particular sampling sites (1, 2, and 3) as to the parameters
scored (percent of damaged DNA in the Comet tail, and tail
moment of the Comets). Considering both DNA damage and
mainly Comet tail values, mice sampled at Site 1 appear as
those showing higher genotoxic damage as a whole, as com-
pared with those animals from Sites 2 and 3 (Table 1 and
Fig. 2). In our opinion, these differences in genotoxic damage
can be the result of differences in exposure to some particular
classes of mutagens, as we will discuss later.

The importance of using small mammals as monitors of en-
vironmental contaminants has been emphasized in the recent
years (Talmage and Walton, 1991). Concerning this, factors
worth considering are the type of contaminants under study
as well as the appropriateness of the endpoints selected. The
micronucleus test in the Algerian mouse (M. spretus) has
been used previously to monitor genotoxic damage in both
the Do~nana National Park after the environmental disaster of
1998 (mining waste spill) (Tanzarella et al., 2001) and in the
neighbourhood of the highly contaminated industrial settle-
ment of Huelva (same area as in the present report) (Ieradi
et al., 1998). Also, the Comet assay has been performed in
M. spretus for the detection of DNA damage in the wake of
the mining spill in Do~nana (Festa et al., 2003). Taken as
a whole, these biomonitoring studies have clearly shown that
wild mice are excellent sentinel mammalian organisms for
the detection of environmental contaminants.

Since this study using the Comet assay for the direct mea-
surement of DNA damage in individual cells has been carried
out in a population of mice living in a highly contaminated
area under the influence of a variety of environmental mutagens
from mining, industry and agriculture, at present we cannot con-
clude that the increased level of genotoxic damage is exclu-
sively attributable to any of them in particular, but we can
hypothesize as to a possible explanation for the differences ob-
served among the different sites sampled in our study (Table 1
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and Fig. 2). The industrial settlement near the area of study is
a large petro-chemical complex that includes some chalcopy-
rite transformation and phosphate fertilizer plants which use
radioactive phosphorite as a primary material. In this context,
it is worth mentioning the existence of phosphogypsum de-
posits (an important source of phosphates, sulfates and arsenic,
among others) located in the area of the Tinto Estuary. Be-
sides, biocides and fertilizers from agriculture in the surround-
ing fields, and a high concentrations of heavy metals from
mining activity reaching the area in rivers Tinto and Odiel ex-
tremely acidic waters (pH lower than 3) may synergistically
add to the industrial contamination.

The above notwithstanding, although an important contri-
bution of the different pollutants cannot be dismissed, in our
opinion, according to our previous investigation in Do~nana
National Park after the ecological disaster of 1998 (Pastor
et al., 2001a,b, 2004) a major influence of heavy metals can
be considered as a working hypothesis. There exists an un-
questionable body of evidence about the deleterious effects
of heavy ions, such as Fe, As, Pb, Cd, Cu, Zn, Tl and Hg
(LeBlanc and Bain, 1997; Fan et al., 1995). A description of
how metal pollution occurs in the TintoeOdiel estuary has
been recently reported (Grande et al., 2003). In this study,
an important presence of As, Cu and Zn has been demon-
strated. As mentioned above, the highest level of genotoxic
damage has been shown for sampling Site no 1, more in direct
contact with the acidic waters rich in heavy metals in the
TintoeOdiel estuary than Sites 2 and 3, although these latter
are also expected to receive the heavy metals impact as water
flows to them during high tide.

In our opinion, apart from the importance of the present re-
sults for environmental monitoring, it is worth mentioning that
the Algerian mouse (M. spretus) is included in the diet of at
least 14 predator species, among them reptilian, avian and
mammalian (Kufner, 1986). This latter represents a danger
of transferring pollutants throughout the trophic web (Ieradi
et al., 1998) and points to a serious impact in the environment
as a whole.
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