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SEC O T O X

MESAEP
Mediterranean Scientific Association
of Environmental Protection

SECOTOX
Society of Ecotoxicolgy
and Environmenatl Safety

The 12th International Symposium on Environmental Pollution and its Impact on Life in the Mediterranean Region was jointly organised by MESAEP and SECOTOX (Society of Ecotoxicology and Environmental Safety) in Antalya, Turkey from October 4 to 8, 2003.
The objectives of this symposium are to provide opportunities for scientists of different countries to:
- exchange recent results related to the processes of pollution in the Mediterranean region
- discuss current technological and/or legal measures to avoid or to reduce the degradation of environmental elements
- present suggestions and recommendations to the regulatory authorities on environmental quality and
safety in the Mediterranean and other neighbouring countries.
362 scientific papers have been presented as oral and poster presentations by environmental scientists
from 30 countries: Albania, Belgium, Brazil, Canada, Croatia, Cyprus, Czech, Egypt, Estonia, France,
Georgia, Germany, Greece, Hungary, Iran, Israel, Italy, Morocco, Poland, Portugal, Russia, Slovenia,
Spain, Syria, Turkey, Uganda, UK, Ukraine, USA and Yemen.
The main results of the 12th symposium papers are included in four successive issues of the international journal “Fresenius Environmental Bulletin” (FEB) and they will contribute undoubtedly to the
advancement of the environmental scientific knowledge and hence, to the improvement of the Mediterranean region environment.

Dr. Kostas Nikolaou

Prof. Dr. Ivan Holoubek

President of MESAEP
Organisation for the Master Plan and
Environmental Protection of Thessaloniki, Greece

President of SECOTOX
RECETOX - TOCOEN & Associates
Brno, Czech Republic
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Proceedings of the 12th International Symposium
“Environmental Pollution and its Impact on Life in the Mediterranean Region”

TOPIC: Ecotoxicology and Environmental Safety

FOREWORD
For almost 25 years now the "Mediterranean Scientific Association of Environmental Protection"
(MESAEP) has been publishing the best scientific papers
presented at its international symposia on "Environmental
Pollution and its Impact on Life in the Mediterranean
Region" in proceedings volumes (1981-1983) and regular
international scientific journals (Chemosphere, 1985;
Toxicological and Environmental Chemistry, 1987-1989
and Fresenius Environmental Bulletin, 1991-2002). This
issue is a summary of interesting studies in the field of
ecotoxicology and environmental safety, presented in the
dedicated session of the 12th International Symposium on
"Environmental Pollution and its Impact on Life in the
Mediterranean Region", jointly organized by MESAEP
and the "Society of Ecotoxicology and Environmental
Safety" (SECOTOX) in Antalya, Turkey, from October 4
to 8, 2003.

of Brassica carinata (or Ethiopian mustard), which is
believed to be a natural hybrid, and of Brassica juncea to
clean-up polluted soils by specific heavy metals, as well
as the maximisation of their phytoremediation effectiveness (case study carried out in the affected soils at the
Southern Spain) is a key highlight of bioremediation
included in this issue.

This issue includes studies on heavy metal accumulation and their toxicological effects in selected model organisms, as well as a broad overview of waterborne metal
effects on fish gill functions. In this context, a promising
approach on the assessment of the impact that aquatic
pollution has in Atlantic and Mediterranean coastal waters
by using two adapted biomarkers applied to Sand smelt
fish (Atherina presbyter) is described, giving useful insight in the application of bioindicators and risk assessment techniques for environmental planning and ecosystem management.

This issue is the result of the work of many scientists,
colleagues who are active in this area not only in Mediterranean region, but also in other European countries. We
wish to thank these colleagues for their collaboration and
for devoting their research work to the goals of MESAEP.
Particular thanks goes to the editor-in-chief
Prof. Dr. Parlar and the editorial staff of the publishing
house "Parlar Scientific Publications" with whom we
have enjoyed a long-standing and efficient collaboration
by publishing in the international journal "Fresenius Environmental Bulletin" - the official journal of MESAEP.

Finally, several contributions pertain to the use of
molecular and genetic analyses for toxicity assessment, a
field that promises to shed more ample light in the toxicogenomics of environmental pollution. Naturally, these
are only a few of the exciting dimensions of ecotoxicological and environmental safety research of the future,
which promise to enhance significantly our understanding
of the interactions between environmental quality and
human health.

Of particular importance are the results of a study on
the occurrence and effects of antibiotics on non-target
species – considering for example flumequine used in
aquaculture in Italy. Residues of flumequine are progressively evaluated in the recent years (1998-2003) by the
World Health Organisation (WHO), Food and Agriculture
Organization of the United Nations (FAO), the European
Agency for the Evaluation of Medicinal Products, etc.
highlighting the rising concern with regard to its toxicity
effects.
Another aspect of environmental safety research is
the potential of biological species to act as efficient cleanup agents for environmental bioremediation. The ability
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THE EFFECT OF METALS ON FISH GILL FUNCTIONS –
GAS AND ION EXCHANGE (REVIEW)
Barbara Jezierska and Małgorzata Witeska
Department of Animal Physiology, University of Podlasie, Siedlce, Poland
Presented at the 12th International Symposium on Environmental Pollution and its Impact on
Life in the Mediterranean Region (MESAEP & SECOTOX), Antalya, Turkey, 04 – 08 Oct. 2003

SUMMARY

METAL UPTAKE AND
ACCUMULATION IN THE GILLS

Waterborne metals are taken up by the fish mainly
through the gills, therefore, this organ is particularly susceptible to metal-induced structural and functional disturbances. In the present review the effects of metals on
gill histology, gas exchange and osmoregulatory functions
are discussed. The literature data show various changes in
secondary lamellae of metal-intoxicated fish, such as excessive mucus secretion, damage to epithelium, changes in
lamellar blood circulation, in the chloride cell structure
and ATP-ase activity. These changes result in reduced gas
and ion exchange abilities, which may lead to tissue hypoxia and disturbed ion-water balance.

The gills appear to represent a major route of metal uptake. Various heavy metals were reported to be taken up
from water and deposited mainly in fish gills: mercury [2],
copper [3-7], aluminum [8-10], silver [11, 12], zinc [1317], chromium [18], cadmium [19, 20], beryllium [21]
and lead [22, 23]. High levels of metals in the gills may
be related not only to the uptake, but also to the role of
gills as excretory organs. Crespo et al. [24] observed that
in fish exposed for a long time to zinc, the level of copper
in the gills increased, which indicates possible route of
copper excretion. This possibility was confirmed by the
results of Szulkowska-Wojaczek et al. [25] and Dethloff
et al. [26].
The data on metal accumulation show that the gills
may accumulate large amounts of metals, especially in the
initial period of exposure. Deposition of various metals in
the gills differs, and is concentration- and time-dependent.
Many authors [27-31] consider the gills to be a good indicator of environmental pollution.

KEY WORDS:
gill, metal, secondary lamella, chloride cell, ATPase.

INTRODUCTION
Fish gills are the primary target of most environmental impacts. The gills comprise over 50% of external body
surface, and, therefore, they play an important role in the
exchange of various substances between organism and
environment. Due to their structure and function, the gills
are very susceptible to be injured by waterborne metals that
are absorbed through the gill epithelium. The gills may
accumulate large amounts of metals, especially in the
initial period of exposure, before the metals enter other
parts of the organism.
Waterborne metal taken up by the gills may affect
their structure and function – gas and ion exchange, causing tissue hypoxia and disturbance of ion-water balance.
These issues are extensively discussed in the review by
Jezierska and Witeska [1].

THE EFFECT ON HISTOCHEMICAL CHANGES IN SECONDARY GILL LAMELLAE
Table 1 shows metal-induced changes in fish gills observed by various authors and usual evidenced with electron microscope photographs. The schematic drawings of
these changes are presented in Figs. 1 A-E. In Fig. 1 A an
unchanged lamella is shown.
Metals may be accumulated in the mucus covering
the gill surface, or in the gill epithelium. Excessive mucus
secretion (Fig. 1 B) is one of the earliest fish reactions to
water pollution with metals. The mucus promotes metal
accumulation on the gill surface, preventing its penetration into the bloodstream. According to many authors [35,
41, 68, 73-75], mucus secreted by the epithelium plays a
protective role. Mucus shows different binding potential

1370

© by PSP Volume 13 – No 12a. 2004

Fresenius Environmental Bulletin

for various metals, depending on their valence, ionic
form, and binding capacity (review: [1]). Some authors
propose mucus secretion as a good indicator of environmental pollution [66, 68, 76-79]. It is noteworthy that
metal content in the mucus is high, especially in the initial

A

phase of exposure, and after some time declines [35, 36].
Probably the mucus together with the accumulated metal
is removed from the gill surface, which protects the fish
from intoxication. It may be particularly beneficial in case
of incidental pollution [80].

B
1

C

3

D

4

6

2

7
5

9

Epithelial cell
Chloride cell
Mucous cell
Pillar cell
Blood capillary

1 - Mucus secretion, 2 - epithelium swelling, 3 - cell vacuolization, 4 - epithelium lifting, 5 - epithelium
necrosis and shedding, 6 - capillary dilatation and blood clotting, 7 - leukocyte infiltration, 8 - chloride
cell proliferation, 9 - chloride cell necrosis

FIGURE 1 - Metal-induced changes in fish gill secondary lamellae (A – normal gill lamella, B – mucus
secretion, C – changes in epithelium, D – changes in blood circulation, E – changes in chloride cells)
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Metals may induce characteristic changes in the secondary gill lamella structure. (Fig. 1 C). Waterborne metals may affect the epithelium by smoothening its undulating surface, causing a decrease of exchange area. Very
often enlargement and proliferation of the epithelial cells
is observed, called by some authors „epithelium swelling”. It is often followed by the damage of single cells,
that means vacuolization, deformation, swelling or shrinking of the nucleus, or swelling of mitochondria. Such
changes may result in cell death and disintegration. The
entire epithelial layer may separate from the intercellular
structures, which results in an increase in diffusion distance in the lamella. This symptom, called „epithelium
lifting”, seems to be a protective reaction reducing the
metal uptake by the gills. Single damaged cells sometimes
detach from the epithelium. Toxic effects of metals finally
result in epithelium rupture, necrosis and shedding. Most
authors, whose observations are presented in Table 1, observed these changes in the gills of exposed fish. Initially,
the secondary lamellae may touch one another with
curved ends, then the ends of the filaments connect, and,
finally, the entire filaments fuse [50, 81].

tions of the chloride cells. Very often an increase in chloride cell number (proliferation) is observed at the beginning of sublethal metal exposure. (Fig. 1 E). According to
Ojho et al. [84], an increase in chloride cell number indicates ionic imbalance, since their proliferation is closely
related to the intensity of ion transport processes. Proliferation of chloride cells is a compensatory reaction to ion
loss that helps to maintain sufficient supply of essential
cations under adversely changed environmental conditions. Probably, it also promotes the excretion of toxic
ions from the organism preventing their accumulation.

Detailed analysis of structural changes in the respiratory epithelium is often performed using morphometric
methods. The method of morphometric estimation of the
gill system parameters was described in detail by Hughes
[82], and Hughes and Perry [83]. They divided sections of
the gill lamellae into anatomical regions, and measured
certain distances in order to evaluate the diffusing capacity of the membranes, and also to compare the relative
volumes and surface ratios within the secondary lamellar
region of control and experimental fish. The measurements allow to calculate the diffusing capacity, that depends on the active surface area of the gills and the diffusion distance. The active surface area is often reduced due
to epithelial smoothening, or fusion of the gill lamellae.
Diffusion distance may be changed due to epithelium lifting or thickening. Morphometric measurements are used to
compare gill diffusing capacity of fish from various environments. The method seems to be useful also in the studies of the effect of metals on the gills and their diffusing
capacity [28, 40, 41]. Also epithelium thickness is a useful indicator of the effect of toxic chemicals on fish [59,
66, 71].

TABLE 1 - Metal–induced changes in fish gills.
(m – mucus secretion, e – changes in epithelium, bc – changes
in lamellar blood circulation, cc – changes in chloride cells).

Lock et al. [34] noted an increase in the number of
chloride cells at the beginning of cadmium exposure, and,
subsequently, a return to the initial number. KarlssonNorrgren et al. [41] observed lesions in the chloride cells
of cadmium-treated fish. The cells were reduced in size,
and had a condensed, vacuolated cytoplasm. Most authors
(Table 1) reported on the following changes in chloride
cells: proliferation, hypertrophy (swelling), dislocation, or
reduction in number, damage and necrosis. (Fig. 1 E).

Main changes in lamellar blood circulation (Fig. 1 D)
include chronic dilatation of the capillaries in swollen gill
lamellae, sometimes accompanied by hemorrhages. The
blood vessels may become congested and filled with blood
clots. Metal-exposed fish often show also infiltration of
leukocytes from the blood vessels to the intralamellar fluid.
Among these leukocytes all types of cells were observed,
namely, lymphocytes, granulocytes and macrophages,
inducing immunological reactions such as inflammation.
Chloride cells are present mainly in the secondary
lamellae and the opercular epithelium. They play an important role in ion exchange between the environment and
fish organism. Ion uptake and excretion are main func-
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Metal

Species

Hg

Petromyzon marinus
Oncorhynchus mykiss
Scophtalmus aquosus
Brachydanio rerio
Carassius auratus
Carassius carassius
Cyprinus carpio
Puntius conchonius
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Fundulus heteroclitus
Fundulus heteroclitus
Salvelinus alpinus
Gasterosteus aculeatus
Oreochromis mossambicus
Scyliorhinus canicula
Scyliorhinus canicula
Ctenopharyngodon idella
Cyprinus carpio
Cyprinus carpio
Cyprinus carpio
Ictalurus nebulosus
Mystus bleekeri
Saccobranchus fossilis
Oncorhynchus mykiss
Oreochromis mossambicus
Scophtalmus aquosus
Carassius auratus
Carassius auratus
Salvelinus alpinus
Oncorhynchus mykiss
Saccobranchus fossilis

Cd

Cu

Pb

Cr

m

+
+
+

+
+
+
+

Changes
e
bc
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+

+

+

+

+
+

+

+
+
+
+
+

+

+

+
+
+
+

+
+

+
+
+

+

+
+
+
+

cc

+

+
+
+
+
+
+
+

+
+

Refererence
[30]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[21]
[48]
[49]
[50]
[51]
[49]
[52]
[53]
[54]
[55]
[56]
[33]
[57]
[23]
[45]
[40]
[18]
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Na+, K+-ATPase by waterborne and dietary cadmium.
Inhibition occurred in both, soft and hard water, although
increase of calcium concentration reduced the toxic effect
of cadmium, especially of that applied in diet.

TABLE 1 – continued.
Metal

Species

Zn

Scyliorhinus canicula
Scyliorhinus canicula
Puntius sophore
Ctenopharyngodon idella
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Gasterosteus aculeatus
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus mykiss
Oncorhynchus clarki
Salmo salar
Salmo trutta
Salmo trutta
Salmo trutta
Salvelinus fontinalis
Salvelinus fontinalis
Salvelinus fontinalis
Gasterosteus aculeatus

Al

m

Changes
e bc

cc
+
+

+
+

+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

+
+

+

+
+
+
+

+
+

+
+
+
+
+
+

+
+
+

+
+
+

Reference
[48]
[24]
[58]
[49]
[27]
[59]
[60]
[61]
[62]
[63]
[14]
[28]
[10]
[64]
[65]
[9]
[66]
[67]
[68]
[68]
[41]
[69]
[70]
[71]
[72]
[14]

TABLE 2 - The effect of metals on chloride cell Na+,
K+-ATPase activity (↑ increase, ↓ decrease, - no change).
Concentrations
[µg dm-3]

Exposure
[days]

Activity

Reference

Oncorhynchus
mykiss
Oncorhynchus
mykiss
Oncorhynchus
mykiss
Oreochromis
mossambicus
Oreochromis
mossambicus
Oncorhynchus
kisutch
Oncorhynchus
mykiss
Oncorhynchus
mykiss
Oncorhynchus
tshawytscha
Oreochromis
mossambicus
Tilapia zillii

2000

4

-

[88]

1000

24

-

[88]

200

7

↓

[88]

10

4

↓

[47]

10

14

-

[47]

5-8

6

↓

[89]

55

1 – 28

↓

[90]

55

>28

↑

[90]

48

1000

↓

[91]

2

6

↓

[86]

2000

14

↓

[92]

Tilapia zillii

4000

14

-

[92]

Pb

Carassius
carassius
Tilapia zillii

5000

2

-

[57]

Zn

Oncorhynchus
mykiss
Oncorhynchus
mykiss

Metal

Species

Hg

Cd

Cu

Typical chloride cells and four stages of their life cycle were described in detail by Wendelaar Bonga et al.
[85]: juvenile stage – accessory (replacement) cell, immature chloride cell – structurally an intermediate between
accessory and mature cell, mature cell - with distinct
apical crypts and containing ion-transporting ATPases,
and apoptotic cell, disintegrating into apoptotic bodies,
and, finally, phagocytosed by macrophages.
Pratap and Wendelaar Bonga [47] reported about
chloride cell proliferation induced by cadmium, but most
of the new cells remained immature, while the number of
mature cells did not increase. Pelgrom et al. [86] stated
that juvenile chloride cells were not fully active, and only
mature cells were efficient in ion-transport. This ability
was lost by ageing or damaged cells. Metals may shorten
the life span of chloride cells, accelerating their ageing
and apoptosis [56, 69, 87].
Metal-induced changes in activity of chloride cell
ion-transporting ATPases are often studied in fish, and
considered to be a reliable water pollution indicator.
ATPases are involved in active ion transport through the
cell membranes. Active transport is essential for maintaining ionic gradients between intra- and extracellular compartments, and for accumulation of energetic substrates.
The data shown in Table 2 indicate that metal exposures
usually inhibit Na+, K+-ATPase activity. The effect depends on the metal, its concentration and exposure time. It
may be also related to environmental conditions. Pratap
and Wendelaar Bonga [47] observed inhibition of gill

2000

14

↓

[92]

990 – 1980

30

↓

[93]

1 – 500000

300

↓

[94]

The presented data indicate that metals in environment may cause metal deposition in the gill epithelium,
covering of the gills with mucus, often with accumulated
metal levels, changes in the gill lamellae leading to the
decline of their diffusing capacity (reduction of active
surface area and increase in diffusion distance, damage to
the blood vessels, changes of the number and functioning
of the chloride cells, which means inhibition of transporting ATPases).
DISTURBANCES OF GAS EXCHANGE
The mucus secreted in large amount by metalaffected gills fills the interlamellar spaces immobilizing
the lamellae, and reducing membrane transport of oxygen
in the respiratory epithelium [9, 10, 95-98]. Also metals
accumulated in the respiratory epithelium disturb oxygen
diffusion [9]. Thickening and lifting of the gill epithelium
results in an increase in diffusion distance between water
and blood, disturbing the gas exchange [14, 27, 28, 52,
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81, 99]. Many data clearly show reduction of oxygen
uptake in metal-exposed fish [61, 62, 99, 100-102]. The
influence of zinc on gills may cause reduction of oxygen
tension in the blood vessels [59].
Changes in the respiratory epithelium may cause also
difficulties in carbon dioxide excretion. Reduction of ammonia excretion was observed by Katz [103] in fish exposed to high zinc concentrations, and by Laurén, McDonald [6] and De Boeck et al. [99] in copper-treated fish.
DISTURBANCES OF ION EXCHANGE
Metal-induced impairment of ion transport often results in osmoregulatory disorders, such as abnormal level
of sodium, potassium, calcium or chloride ions. Most
available data concern sodium and calcium. Various authors propose several mechanisms of metal-induced osmoregulatory disturbances. According to Lock et al. [88],
osmotic disorders result from increased permeability of
the gill epithelium, although they observed also reduction
of Na+, K+-ATPase activity in mercury-exposed fish.
Lock et al. [34] discussed the data obtained by various
authors, who dealt with the effects of metals on transcellular and paracellular pathways of ion transport, and on
the ATPase-mediated active ion uptake. Williams and
Eddy [104] observed that changes in the chloride cells
and ATPase activity considerably affected the ion
transport. Inhibition of gill Na+, K+-ATPase by copper
was reported by Beckman and Zaugg [91], and Pelgrom et
al. [31]. The effect of metals on the gill ion exchange may
be explained as binding of the ions by the mucus, which
prevents their uptake across the epithelium, disturbances
in transcellular and paracellular ion transport or disturbances in active ion transport (damage to the chloride cells,
and inhibition of transporting ATPases).
Many data indicate that metals may inhibit the active
ion uptake and/or affect their efflux, and the final result
depends on both processes. Permeability of cell membranes
for various ions is different, and so are the pathways of ion
transport. Therefore, metals may change uptake and excretion of the ions in various ways, affecting ion channels,
exchangers, ATPases, or hormonal control. Toxic metal
ions themselves may also use various ways.
In Fig. 2 various patterns of metal influence on ion
fluxes across the gill epithelium and their level in the
organism are shown. Most authors dealing with the effect
of metals on ion transport, however, usually focus on one
or two ions. Such studies are very rarely accompanied by
an analysis of gill lesions.
The available data show that copper affects mainly
sodium kinetics [6, 86, 105, 106], while calcium uptake is
almost unaffected [107].
Janes and Playle [108], and Wood et al. [11, 12] reported that exposure of fish to silver caused sodium loss,
probably due to increased epithelial permeability that al-

lowed high diffusion rates. According to Webb and Wood
[109], however, the primary mechanism of silver toxicity
involves inhibition of sodium and chloride uptake, with
very slight effects on their excretion. The authors observed inhibition of the gill Na+, K+-ATPase by silver.
Similarly, Morgan et al. [110] reported over 50 % inhibition of branchial Na+ and Cl- influxes in fish exposed to
silver, while the effluxes were much less affected. According to Hogstrand et al. [111, 112], zinc-exposed fish
showed lower calcium influx compared to the control.
Sublethal exposure to aluminum at pH 5.2 resulted in
inhibition of branchial sodium transport [113]. Most authors suggest that the mechanism of sodium and chloride
level reduction follows the pattern 1 shown in Fig. 2.
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FIGURE 2 - The possible patterns of
the effects of metals on gill ion fluxes.

Cadmium strongly affects calcium uptake. Verbost et
al. [114] observed the effect of cadmium on both, influx
and efflux of calcium in gills (pattern 2, Fig. 2). According
to Verbost et al. [19], cadmium caused the inhibition of
Ca2+ influx, accompanied by blocking of apical calcium
channels, which indicates that both metals use the same
pathways. This could explain mutual competition resulting
in reduced calcium uptake by cadmium, and lower accumulation of cadmium at high calcium concentrations. The
relationship between cadmium and calcium uptake was also
discussed by Pratap and Wendelaar Bonga [47]. Eddy and
Bath [115] reported that lanthanum-stimulated gill excretion of Na+ and Cl- ions, is according to pattern 3 (Fig. 2).

CONCLUSION
The presented changes in fish gills caused by waterborne metals initially play a protective role preventing
metal uptake to the organism. Subsequently, however,
they interfere with gas and ion exchange. The consequences are tissue hypoxia and disturbance of ion water
balance.
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SUMMARY

INTRODUCTION

Hematological changes in fish may occur in various
physiological disturbances, e.g. intoxication. Toxic substances taken up from the water enter the blood, and, therefore, blood cells are among the first targets of toxicity,
immediately after the gill epithelium.
Common carp fingerlings were exposed for 3 hours to
10, 5, 10 or 20 mg L-1 of Pb, Cu, Cd or Zn, respectively.
Blood was sampled immediately after the end of exposure,
and after 24, 48 and 96 hours. Erythrocyte and leukocyte
anomalies were evaluated in the stained blood smears.
In metal-exposed fish (except for Cu) a statistically
significant increase in percentage of abnormal erythrocytes
was observed (Pb 47.7%, Cd 5.3%, Zn 8.9%), while in the
controls it never exceeded 3%. The most commonly observed anomalies included chromatin condensation at the
nucleus border, nuclear malformations, cytoplasm vacuolization, swelling and deformation of entire cells. The frequency of hemolysis significantly increased only in Pbexposed fish.
A significant increase in the share of leukocytic
anomalies occurred only in Zn-treated fish (15.3%). The
observed changes included lymphocyte deformation, and
indentation, constriction, and division of their nuclei.
These results indicate that blood cells, especially erythrocytes, are sensitive to waterborne toxic agents, and their
morphological changes may be an indicator of physiological disturbances, including heavy metal intoxication.

Hematological changes are often observed in fish exposed to toxic substances, e.g. heavy metals (review: [1]),
often earlier than other physiological symptoms of intoxication. Toxic agents are taken up by fish mainly through
the gills, and transported within the organism by blood,
from which they may be absorbed by various organs. Thus,
they may directly affect blood constituents by inducing
changes in circulating blood cells or by disurbing hemopoietic functions. According to Vosyliene [2] and Zeni et al.
[3], fish erythrocyte morphology is one of the most sensitive indicators of toxic impact of various environmental
factors on fish. The data obtained for fish intoxicated with
various organic and inorganic substances indicate a wide
range of possible cellular disturbances in erythrocytes [313]. The most frequently observed changes include nuclear deformation and translocation, chromatin condensation
and leakage, nucleus vacuolization and destruction, cell
body deformation, abnormal staining, swelling, vacuolization, membrane damage, cytoplasmic intrusions, amitotic
division, and hemolysis. On the contrary, the data on morphological anomalies in white blood cells of intoxicated
fish are very scarce [8, 14]. The changes concern both
lymphocytes and granulocytes, and include cell deformation, abnormal chromatin distribution, mitochondrial
anomalies, cell vacuolization and destruction.
The present study was undertaken for qualitative and
quantitative evaluation of blood cell anomalies in common carp intoxicated with heavy metals.
MATERIALS AND METHODS

KEYWORDS:
fish, metal, toxicity, blood, erythrocytes, leukocytes.

Comon carps of 12-18 cm were subjected to 3-hour
immersion in heavy metal solutions (10 mg L-1 Pb (as
Pb(NO3)2, 5 mg L-1 Cu (as CuSO4*5H2O), 10 mg L-1 Cd
(as CdCl2*2H2O), and 20 mg L-1 Zn (as ZnSO4*7H2O).
Control fish were subjected to similar manipulations as the
experimental ones. Dechlorinated tap water (total hardness
133.7-235.5 mg L-1 as CaCO3), and temperatures of 17-
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18 °C were used. Blood was sampled from alive fish by
heart puncture immediately after the end of exposures (Pb0,
Cu0, Cd0, Zn0), and after 24, 48 and 96 hours (Cu24, Cu48,
Cu96, etc.) from 10 fish of each group (from each fish
blood was taken only one time). Control fish were sampled immediately after the exposures (CPb, CCu, CCd, CZn).
Blood smears were made and stained with Giemsa
and May-Grunwald solutions. Blood cell morphology was
evaluated under the light microscope (1000 x magnification), and recorded using the camera and image analysis
system MultiScan. The percentage of abnormal erythrocytes and leukocytes was calculated and the results were
subjected to statistical analysis (Mann-Whitney U-test,
p<0.05) using Statistica package.
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RESULTS AND DISCUSSION
The percentages of changed erythrocytes in the control groups were 0.5-2.3% (Fig. 1). The highest content of
abnormal cells was observed in Pb0 group (47.7%). Copper did not induce significant changes in erythrocyte morphology. In Cd- and Zn-exposed fish a significant increase occurred, but the percentage of abnormal cells was
lower compared to the Pb-exposed ones (maximum values 5.3 and 8.8%, respectively). The share of abnormal
cells in Pb-, Cd- and Zn-exposed fish remained elevated
until the end of the experiments.
The percentage of hemolysed erythrocytes (irreversibly damaged, with disrupted cell membrane) in the control groups was 0.1-0.3%, and a significant increase occurred only in Pb-exposed fish (4.9-8.2%) (Fig. 2).
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FIGURE 1 - The percentage of changed erythrocytes in carp after 3-hours
exposure to Pb (10 mg L-1), Cu (5 mg L-1), Cd (10 mg L-1) or Zn (20 mg L-1).
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FIGURE 2 - The percentage of hemolyzed erythrocytes in carp after 3-hours
exposure to Pb (10 mg L-1), Cu (5 mg L-1), Cd (10 mg L-1) or Zn (20 mg L-1).
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FIGURE 3 - Erythrocyte morphological anomalies in common carp (a – normal erythrocyte, b – chromatin
condensation at the nucleus perimeter, Pb0, c – nucleus deformation, Cu96, d – nucleus disruption, Cu96, e – cell
deformation, Pb0, f – cytoplasm vacuolization, Pb0, g – swelling, Zn48, h – amitosis, CPb, i – hemolysis, Pb48).

Normal mature erythrocytes of common carp are oval
with smooth acidophilic cytoplasm and cantrally-located
oval nucleus showing almost homogenous chromatin
(Fig. 3a). Erythrocyte anomalies included chromatin condensation at the nucleus perimeter (Fig. 3b), nucleus deformation (c), nucleus disruption (d), cell deformation (e),
cytoplasm vacuolization (f), swelling (f) and division (h).
Hemolyzed cells were present as nuclear shadows (Fig. 3i).
The results show that erythrocyte morphology was more

sensitive to intoxication than red blood cells (RBC),
which did not significantly change in intoxicated fish, when
compared to the controls [13]. The observed changes were
similar to those reported by other authors in fish exposed to
heavy metals [5, 7, 15]. Chromatin condensation at the
nucleus perimeter was the most frequently observed in
most of the intoxicated fish. According to Gill and Pant [7],
the nucleus is the main target of metal toxicity to fish erythrocytes. In blood of cadmium-exposed fish they observed
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uneven chromatin distribution, and chromatin leakage from
the nucleus. Among the cell body anomalies, cell deformation was the most frequently observed, which suggests
that cell membrane was affected. The mechanisms of
heavy metal action upon fish erythrocytes are different,

but the observed effects are often similar. According to
Albahary [16], Tewari et al. [17] and Hodson et al. [18, 19],
lead adversely affects cell membranes of both circulating
erythocytes, and new cells in the hemopoietic organs inhibit erythrocyte maturation, and hemoglobin synthesis.
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FIGURE 4 - The percentage of changed leukocytes in carp after 3-hours
exposure to Pb (10 mg L-1), Cu (5 mg L-1), Cd (10 mg L-1) or Zn (20 mg L-1).
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FIGURE 5 - Lymphocyte morphological anomalies in common carp (a – normal blood lymphocytes, b – nucleus
indentation, Zn96, c – nucleus constriction, Pb0, d – nucleus division, Zn48, e – cell deformation, Zn48).
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Copper, which is essential for hematopoietic processes, when present in excessive amounts, may show hemolythic action [20, 21]. Probably, it also causes damage
to hemopoietic tissue of fish anterior kidney [22]. Cadmium may reduce the life span of circulating erythrocytes and
inhibit hemopoiesis by disturbing the iron metabolism [23,
24]. According to Gill and Epple [25], the main mechanisms of cadmium action on red blood cell system in fish
include reduction of intestinal iron absorption, shortening
of erythrocyte life span, and inducing their necrosis. Reduction of hemopoietic ability by cadmium may be related
to its high affinity to kidney tissue [26]. Zinc, an essential
microelement, may also adversely affect fish erythrocytes.
The in vitro study by Akahori et al. [27] revealed that zinc
induced changes in the cell membrane lipid layer, which
resulted in the increased rate of hemolysis. Increase in
frequency of amitotic divisions in fish intoxicated with
heavy metals was reported by various authors [8, 12, 15,
28]. According to Murad et al. [29], who observed such a
reaction in healthy goldfish after water temperature increase, amitosis is a compensatory reaction increasing the
oxygen capacity of blood.
Therefore, it seems that heavy metals affect mainly
erythrocyte nucleus and cell membrane causing various
structural anomalies that reduce cell viability. The changes
induced by various metals are quite similar.
The percentage of changed leukocytes in the control
groups varied from 0 to 1.7% (Fig. 4). Metals did not affect
leukocyte morphology, except for Zn exposure, resulting in
a significant increase in the share of changed leukocytes up
to 15.3%. The observed leukocyte anomalies concerned
almost exclusively lymphocytes (the most numerous white
blood cells in common carp blood). Normal lymphocytes
are round with large round nuclei showing condensed
chromatin, sometimes slightly indented, surrounded by a
narrow rim of basophilic cytoplasm, often with short protrusions (Fig. 5a). The observed anomalies included strong
nucleus indentation (Fig. 5b), constriction (c) or division
within the cell (d), and deformation of entire cell (e).
Indentation of lymphocyte nuclei in fish was reported by
various authors [30-33], but all observations concerned
healthy fish. According to Hayhoe and Flemans [34], the
presence of double-nuclear lymphocytes in humans is a
pathological reaction to irradiation.
Gill and Pant [8] observed cytoplasm vacuolization in
lymphocytes of chromium-intoxicated fish. According to
Lutnicka [14], cytoplasm vacuolization, hypochromasia,
deformation, and nuclear anomalies may occur in lymphocytes, but also in monocytes and granulocytes of carp,
as a result of intoxication with pyrethroids.The results of
the present study showed that heavy metals induce morphological changes in carp blood cells. Particularly erythrocytic anomalies seem to be a good indicator of intoxication.

1383

REFERENCES
[1]

Jezierska, B. and Witeska, M. (2001) Metal toxicity to fish.
Wydawnictwo Akademii Podlaskiej, Siedlce.

[2]

Vosyliene, M.Z. (1999) The effect of heavy metals on haematological indices of fish (survey). Acta Zool. Lituanica 9,
76-82.

[3]

Zeni, C., Bovolenta, M.R. and Stagni, A. (2002) Occurrence of
echinocytosis in circulating RBC of black bullhead, Ictalurus
melas (Rafinesque), following exposure to an anionic detergent
at sublethal concentrations. Aquat. Toxicol. 57, 217-224.

[4]

Buckley, J.A. (1976) Heinz body hemolytic anemia in Coho
salmon (Oncorhynchus kisutch) exposed to chlorinated
wastewater. J. Fish. Res. Bd. Can. 34, 215-224.

[5]

Johansson-Sjobeck, M.L. and Larsson, A. (1979) Effects of
inorganic lead on delta-aminolevulinic acid dehydratase activity and hematological variables in the rainbow trout, Salmo
gairdneri. Arch. Environm. Contam. Toxicol. 8, 419-431.

[6]

Fletcher, T.C. and White, A.(1986) Nephrotoxic and haematological effects of mercuric chloride in the plaice (Pleuronectes platessa L.). Aquat. Toxicol. 8, 77-84.

[7]

Gill, T.S. and Pant, J.C. (1986) Chromatin condensation in
the erythrocytes of fish following exposure to cadmium. Bull.
Environ. Contam. Toxicol. 36, 199-203.

[8]

Gill, T.S. and Pant, J.C. (1987) Hematological and pathological effects of chromium toxicosis in the freshwater fish, Barbus conchonius Ham. Water, Air & Soil Pollut. 35, 241-250.

[9]

Zhiteneva, L.D., Poltavtseva, T.G. and Rudnitskaya, O.A.
(1989) Atlas of normal and pathologically changed blood
cells of fish.[In Russian], Rostov-na-Donu.

[10] Boge, G. and Roche, H. (1996) Cytotoxicity of phenolic
compounds on Dicentrarchus labrax erythrocytes. Bull. Environ. Contam. Toxicol. 57, 171-178.
[11] Witeska, M. (2001) Changes in the common carp blood cell
picture after acute exposure to cadmium. Acta Zool. Lituanica 11, 366-371.
[12] Witeska, M. and Baka, I. (2002) The effect of long-term cadmium exposure on common carp blood. Fresenius Environmental Bulletin 12, 1059-1065.
[13] Witeska, M. (2003) The effects of metals (Pb, Cu, Cd and
Zn) on hematological parameters and blood cell morphology
of common carp. [In Polish], Rozprawa Naukowa 72,
Wydawnictwo Akademii Podlaskiej, Siedlce.
[14] Lutnicka, H. 2001. The effects of pyrethroids on fish. [In
Polish], Rozprawy Naukowe AR w Lublinie 252.
[15] Hofer, R., Weyrer, S., Kock, G. and Pittracher, H. (1992)
Heavy metal intoxication of arctic charr (Salvelinus alpinus)
in a remote acid Alpine lake. FAO/EIFAC/XVII/92/Symp.
E31, Lugano, Switzerland.
[16] Albahary, C. (1972) Lead and hemopoiesis. The mechanism
and consequences of the erythropathy of occupational lead
poisoning. Am. J. Med. 52, 367-378.

© by PSP Volume 13 – No 12a. 2004

Fresenius Environmental Bulletin

[17] Tewari, H., Gill, T.S. and Pant, J. (1987) Impact of chronic
lead poisoning on the hematological and biochemical profiles
of a fish, Barbus conchonius (Ham). Bull. Environ. Contam.
Toxicol. 38, 748-752.

[33] Lanfranchi, A. and Fabiani, O. (1995) Ultrastructural characterization of the different classes of lymphocytes in the peripheral blood of Mugil cephalus L. (Teleostei, Pisces). Fish
& Shellfish Immunology, 5, 3-7.

[18] Hodson, P.V., Blunt, B.R., Spry, D.J. and Austen, K. (1977)
Evaluation of erythrocyte δ-amino levulinic acid dehydratase
activity as a short-term indicator in fish of a harmful exposure to lead. J. Fish. Res. Bd. Can. 34, 501-506.

[34] Hayhoe, F.G.J. and Flemans, R.J. (1982) Haematological cytology. Wolfe Medical Publications.

[19] Hodson, P.V., Dixon, D.G., Spry, D.J., Whittle, D.M. and
Sprague, J.B. (1982) Effect of growth rate and size of fish on
rate of intoxication by waterborne lead. Can. J. Fish. Aquat.
Sci. 39, 1243-1251.
[20] Singh, H.S. and Reddy, T.V. (1990) Effect of copper sulfate
on, hematology, blood chemistry, and hepato-somatic index
of an Indian catfish, Heteropneustes fossilis (Bloch), and its
recovery. Ecotoxicol. Environ. Saf. 20, 30-35.
[21] Gwoździński, K. (1992) Structural changes of proteins in fish
red blood cells after copper and mercury treatment. Arch.
Environ. Contam. Toxicol. 23, 426-430.
[22] Baker, J.T.P. (1969) Histological and electron microscopical
observations on copper poisoning in the winter flounder (Pseudopleuronectes americanus). J. Fish Res. Bd. 26, 2785-2793.
[23] Haux, C. and Larsson, A. (1984) Long-term sublethal physiological effects on rainbow trout, Salmo gairdneri, during exposure to cadmium and after subsequent recovery. Aquat.
Toxicol. 5, 129-142.
[24] Houston, A.H. and Keen, J.E. (1984) Cadmium inhibition of
erythropoiesis in goldfish, Carassius auratus. Can. J. Fish.
Aquat. Sci. 41, 1829-1834.
[25] Gill, T.S. and Epple, A. (1993) Stress-related changes in hematological profile of the american eel (Anguilla rostrata).
Ecotoxicol. Environ. Saf. 25, 227-235.
[26] Saxena, M.P., Gopal, K., Jones, W. and Ray, P.K. (1992)
Immune responses to Aeromonas hydrophila in cat fish (Heteropneustis fossilis) exposed to cadmium and hexachlorocyclohexane. Bull. Environ. Contam.Toxicol. 48, 194-201.
[27] Akahori, A., Jóźwiak, Z., Gabryelak, T. and Gondko, R.
(1999) Effect of zinc on carp (Cyprinus carpio L.) erythrocytes. Comp. Biochem. Physiol. 123 C, 209-215.
[28] Storozhuk, N.G. and Guleva, I.B. (1983) Kachestvennyj
sostav i morfologia kletok krovi kizhucha Oncorhynchus
kisutch (Walbaum) (Salmonidae) pod dejstviem rtuti. Vopr.
Ichtiol. 23, 845-853.

Received: November 25, 2003
Accepted: February 27, 2004

[29] Murad, A., Everill, S. and Houston, A. (1993) Division of goldfish erythrocytes in circulation. Can. J. Zool. 71, 2190-2198.

CORRESPONDING AUTHOR

[30] Ferguson, H.W. (1976) The ultrastructure of plaice (Pleuronectes platessa) leucocytes. J. Fish Biol. 8, 139-142.
[31] Cenini, P. (1984) The ultrastructure of leucocytes in carp
(Cyprinus carpio). J. Zool. Lond. 204, 509-520.
[32] Thuvander, A., Norrgren, L. and Fossum, C. (1987) Phagocytic cells in blood from rainbow trout, Salmo gairdneri
(Richardson), characterized by flow cytometry and electron
microscopy. J. Fish Biol. 31, 197-208.

1384

Małgorzata Witeska
Dept. of Animal Physiology
University of Podlasie
Prusa 12
08-110 Siedlce - POLAND
e-mail wites@ap.siedlce.pl

© by PSP Volume 13 – No 12a. 2004

Fresenius Environmental Bulletin

FEB/ Vol 13/ No 12a/ 2004 – pages 1379 - 1384

MUTAGENESIS AND MOLECULAR ANALYSIS TO MONITOR
THE EFFECTS OF CHEMICALS RELEASED IN THE ENVIRONMENT
Elena Sturchio1, Priscilla Boccia2, Barbara Ficociello1, Carmela Riccardi1, Sergio Spicaglia1,
Claudio De Simone2, Simona Marconi2, Manuela F. Errichetti2, and Mario Pezzella.3
1

National Institute of Occupational Safety and Prevention (ISPESL), Via Urbana, 167, 00184 Rome, Italy2
Istituto Sperimentale per lo Studio e la Difesa del Suolo – I.S.S.D.S., Via Casette, 02100 Rieti, Italy
3
University of Rome, “La Sapienza”, Department of Infectious Diseases, viale del Policlinico 155, 00161 Rome, Italy

Presented at the 12th International Symposium on Environmental Pollution and its Impact on
Life in the Mediterranean Region (MESAEP & SECOTOX), Antalya, Turkey, 04 – 08 Oct. 2003

SUMMARY

INTRODUCTION

An analysis of different soil samples, polluted by hydrocarbons, coming from tank sites located in three italian
areas was carried out in order to evaluate the mutagenesis
induction and microbial diversity reduction. The methodological approaches used were: soil chemical-physical
analysis; in vitro mutagenesis tests on Vicia faba roots;
Restriction Fragment Length Polymorphism (RFLP) molecular analysis.
The evaluation of the genotoxic effects was performed by studying Micronucleated cells (MC), Aberrant
Anatelophases (AA) and DNA damage by Comet assay in
root meristems of Vicia faba seedlings grown on soil samples coming from the different experimental areas. Molecular strategy based on the RFLP analysis of PCR fragments
amplified from genomic 16S DNA has been used to study
the bacterial community structures in the three polluted
soils. The results obtained showed that low levels of MC
were induced in the cells of V. faba by a growth step in soil
samples. Relatively high values of AA were observed. The
comet assay confirmed these results, because only one sample showed a positive comet assay.
Molecular cluster analysis by scoring similarities obtained with Jaccard coefficient and a multidimensional
scaling (MDS) map from the resulting similarities matrix
were performed. A seasonal distribution of the microbial
communities in relation to the concentration of the chemical substances was observed.

KEYWORDS: hydrocarbon pollution; community structure; RFLP;
micronuclei test; soil contaminated.

Many industrial activities may produce local contamination of toxic substances, such as polycyclic aromatic
hydrocarbons (PAHs) and n-alkanes. An increasing awareness has emerged concerning the lack of knowledge of
hydrocarbon contamination effects on the soil’s microbial
communities and on eucaryotic organisms. Local contamination has resulted in a severe disturbance of ecological
balance, such as decreased biodiversity, an irreversible
extinction of many sensitive species and the selection of
ones that are adapted better to a technogenous environment [1].
Among the living biota, plants are useful to monitor
the genetic effects caused by soil pollution and the microbial community, interacting with different ecosystems, to
understand how bacteria respond to anthropogenic disturbances [2].
The aim of our investigation was to analyse different
soil samples, polluted by hydrocarbons, coming from tank
sites located in three Italian areas in order to evaluate the
mutagenesis induction and microbial diversity reduction.
The effects of chemicals genotoxicity were evaluated
by following the frequency of MC and AA in root meristems of Vicia faba. In previous works [3] the micronuclei
test on this plant have been successfully used for detecting genotoxic damages in seedlings grown on a sandy soil
added with different doses of composts from very different starting materials. Vicia faba was chosen as plant test
because it has large chromosomes amenable to the study
of chromosome aberrations in somatic cells during mitotic
division [4-6] and as micronuclei in root tip cells following the mitotic division [7].
The comet assay was applied as a short-term genotoxicity test, to detect the DNA damage of Vicia faba root
cells.
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Several microbiological studies provide information
about processes and bacterial number, but they were not
appropriated for analysis of bacterial diversity and changes
in the community structure. To overcome this limitation,
RFLP molecular analysis has been applied to analyse the
fluctuations of bacterial communities [8-12].
MATERIALS AND METHODS
Soil sampling

Soil samples, down to 10-50 cm depth, were collected
in summer 2002 and winter 2003, in Northern, Central
and Southern Italy, from three industrial areas by a dry
rotation drilling technique (Fig.1 a, b, c).
The Milan soil consisted of sandy matrix, Rome soil
consisted of calcareous pebbles in sandy matrix and Palermo soil consisted of clayey matrix.
At the sampling time, the Milan soil have a pH range
of 7.90 - 9.21, Palermo soil pH ranged 8.94 - 9.93 and
Rome soil pH ranged 7.98 - 8.56.
We studied, for each area, specific sampling points
related to the industrial activity.
The soils were collected near diesel tanks MIPzc,
MIPza, MIS5, RMPza, RMS5, PAS2, PAS6, tank truck
loading areas MIS2, MIS4, RMPzc, PAS4, and office areas, in the summer sampling.
The winter sampling was limited at that points just
near diesel tanks MIPzc, RMPza, RMS5, PAS2, PAS6
and tank truck loading area MIS2, RMPzc, PAS4, that are
the main sources of contamination in the tank farm sites.
Chemical-physical analysis

Soil samples were preserved in glass flasks at 4°C
and air-dried, crushed, and sieved (< 2 mm). An amount
of each soil sample, 1 g, spiked with internal standards
was extracted with Dionex ASE200 Accelerated Solvent
Extractor (Dionex, Sunnyvale, CA) (P = 1500 psi; T =
100°C; dichloromethane/acetone = 1:1 v/v) (EPA SW846 Methods, 1997). The extracts were dried under nitrogen stream and collected with toluene. The analysis was
performed by a Hewlett-Packard 6890 gas chromatograph
with a 5973A mass selective detector (Agilent Technologies, Palo Alto, CA) for quantitative determinations (injector split/splitless: splitless mode; T inj = 280 °C; T aux =
300 °C; column: HP5-MS crosslinked PH ME Siloxane
30 m * 0.25 mm * 0.25 µm film thickness; T col = 60 °C
hold 1 min, 5 °C/min 200 °C, 3°C/min 290 °C, 10 °C/min
310 °C; carrier gas He; gas flow = 1 ml/min).
Micronuclei Test

Soil samples (about 500 g each) were collected in
plastic bags from surface soil (30 cm), and were placed in
aluminium basins. Each basin containing 100 seeds/basin,
treated with 120 ml of H20, was allowed to germinate in a

climatic chamber at 20 °C ±1 for five days. Then, the seedlings were taken out, the primary roots length of seedlings
was measured in order to study the eventual toxic effects.
Then the root tips were fixed in ethyl alcohol and acetic
acid 3:1 (v/v). The Feulgen method was used for staining.
Micronuclei are Feulgen positive corpuscles, localised
within the cell wall in the cytoplasmic area surrounding
the main nucleus and formed by chromosome or chromosome fragments that are not incorporated into daughter
nuclei at the time of cell division. Aberrant anatelophases
are characterised by the presence of bridges and/or lagging
and sticking chromosomes [7, 13].
The genotoxic effects were evaluated by following the
frequency of micronucleated cells (MC) and aberrant
anatelophases (IRR AN) in root meristems of Vicia faba.
The micronucleated cells and aberrant anatelophases frequency was scored from 15.000 cells (15 root tips, 1.000
cells for tip). For each experimental group, means and
standard deviations were obtained by Analysis Of Variance
with Schefflè test significant at 0.05 level, that has been
used for analysing the significant differences among the
treated groups and the positive control treated with Maleic
Hydrazide 10 -5 M.
Comet assay

The protocol used is based on that described by Angelis
[14, 15]. Briefly, root tips were chopped using a razor blade,
the suspension with released nuclei, was filtered through a
20 µm filter to remove most of the tissue debris. Forty µl of
the filtrate was mixed with agarose and set on a microscopic
slide. Nuclei embedded in agarose were lysed for 1 hour and
then slides were placed in the electrophoresis buffer at
PH>13 for 40 min, before electrophoresis at 30V and
300mA for 20 min. Slides were stained with ethidium bromide (5µg/ml) and comets were viewed with an epifluorescence microscope and analyzed with the IAS 2000 analysis
system (Delta Sistemi). The percentage of DNA in tail of
comets was used as a measure of DNA damage.
Molecular analysis
DNA extraction: Soil samples (about 50 g each) were
collected in sterile tubes from surface soil (10 cm), stored
in plastic bags at 4°C, and sampled within 24h after collection.

The DNA extraction was performed with FastDNA
SPIN kit for soil, Bio 101 – Systems (Ca, USA).
Briefly, 500 mg of each sample was added to lysing
matrix E tube with 978 µl of sodium phosphate buffer and
122 µl MT buffer. The lysis was obtained with bead-beater
(Instrument FastPrep FP 120 bead-beater, Bio 101/Savant)
for 45 sec. at speed 6.0 m s-1 (in 0.5 m s-1 increments), corresponding to approximately 5500 rpm according to the
manufacturer (FastPrep manual, Bio 101/Savant). Then, the
tubes were centrifuged at 14.000 g for 30 sec., the supernatant was transferred to a clean tube and added 250µl of
reagent PPS.
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a)

Sampling and piezometer

b)

Sampling Piezometer

c)
Fehler!

Sampling
Piezometer

FIGURE 1
a) Milan, b) Rome and c) Palermo planimetry.
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The samples were centrifuged at 14,000 g for 5 min,
and solution binding matrix suspension was added to the
supernatant. The mixture, 600 µl, was transferred to spin
filter and centrifuged at 14,000 g for 1 min. Then was
added 500 µl Sews-M to the spin filter and centrifuged at
14,000 g for 1 min. Spin filter has removed and placed in
fresh catch tube, DNase/pyrogen free water, 50 µl were
added, and centrifuged at 14,000 g for 1 min.
Pure cultures of Staphilococcus aureus and Bacteroides
mycoides were tested for effectiveness of the procedures.
PCR Amplification

Aliquots of each sample containing 1-10 ng of purified DNA were amplified by PCR.
To detect a wide range of prokaryotic and eukaryotic
DNAs the universal primers derived from Escherichia
coli 16S rRNA (sinthesized by Pharmacia Biotech) were
used: sense primer, 5’CAGCAGCCGCGGTAATAC
(nucleotide position 519-536); antisense primer,
5’ACGGGCGTGTGTACAAG (nucleotide position 14061389) [12]. The expected size of PCR products was
887bp.The amplification was performed in a reaction
volume of 100µl containing 10 mM Tris-HCl (pH 8.3),
50 mM KCl, 1.5 MgCl2, 0.2 mM of each of the four
dNTPs, 0.2 mM each of sense and antisense primers, 2.5
units of Taq Gold DNA Polymerase. Target sequences
amplification, after hot start at 95°C for 10 min, consisting of denaturation at 95 °C for 10 sec, primer annealing
at 52 °C for 30 sec, and extension at 72 °C for 30 sec., for
35 cycles, by using an automatic DNA Thermal Cycler
(GeneAmp PCR System 2400, Perkin Elmer Cetus, USA)
was performed. After the final cycle was completed, the
amplicons were allowed to extend at 72 °C for 10 min.
The amplified DNA was electrophorized in a 2% (wt/vol)
agarose gel containing ethidium bromide at 0.3 µg/ml.
DNA bands were observed under ultraviolet light and
compared with standard DNA ladder.
Restriction endonuclease digestions

Enzymatic digestions were performed by incubating
25 µl of the amplified products with 20 units of restriction

enzymes (PalI, Rsa I, HhaI), for six hours at 37°C, according to the manufacturer’s recommendation (Invitrogen, Life technologies).
The restriction fragments were analyzed by horizontal
electroforesis in GeneGel Excel 12.5 (Amersham Biosciences, Uppsala Sweden), run on GenePhor Electrophoresis Unit (Amersham Biosciences) at 600 V, 25 mA, 15W
for 80 min. at 15°C, according to the manufacturer’s recommendation. Following separation the staining was performed by using highly sensitive PlusOneTM DNA Silver
Staining kit (Amersham Biosciences). Scanning image
analysis and estimation of fragment size were carried out
with Gel-Pro AnalyzerTM Version 3.1. Media Cybernetics.
Data analysis

The data analysis was performed taking into account
the similarity values of the cumulative RsaI, HhaI, PalI
fragments. Cluster analysis by scoring similarities obtained with Jaccard coefficient and a multidimensional
scaling (MDS) map from the resulting similarities matrix
were performed with PAST software (written by Ryan et
al. [16]). Each restriction fragment from the 16S rRNA
gene amplified by PCR was treated as a unit character and
scored as 1 (present) or 0 (absent) across all microbial
samples. A tolerance value was applied to each fragment to
compensate for misalignment of homologous fragments
owing to technical imperfections: (1% for fragments 50700 bp). From this binary matrix, the similarity of RFLP
profile was calculated as a distance matrix with the Jaccard
coefficients. The distance matrices were then used as data
for multidimensional scaling analysis method (MDS) [17].
RESULTS
Chemical-Physical Analysis

Table 1 shows the total PAH and n-alkane concentrations of the soil surface layer in the three sites. Soil samples were collected close to the possible sources of fuel
leaks. Furthermore, sampling points were sorted out in
areas far from these sources (MIE1, RME1 and PAE1).

TABLE 1 - PAH and n-alkane total concentrations of soil collected in Milan, Rome and Palermo sites.

Sampling
point
MIS1
MIS2
MIS3
MIS4
MIS5
MIPza
MIPzb
MIPzc
MIE1

Total Concentration
(mg/kg)
n-Alkanes
PAHs
C>12
0,485
2,064
0,414
5,953
0,229
1,393
0,241
2,849
0,181
1,436
0,817
3,463
0,071
0,712
0,677
14,004
0,141
2,161

Sampling
point
RMS1
RMS2
RMS3
RMS4
RMS5
RMS6
RMPza
RMPzc
RME1

Total Concentration
(mg/kg)
n-Alkanes
PAHs
C>12
0,357
5,035
0,528
1,035
0,167
1,711
0,113
1,209
0,844
1,454
0,134
1,791
0,543
2,552
0,415
1,459
0,200
2,000
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Sampling
point
PAS1
PAS2
PAS3
PAS4
PAS5
PAS6
PAS7
PAPza
PAE1

Total Concentration
(mg/kg)
n-Alkanes
PAHs
C>12
0,129
4,916
0,171
12,352
0,237
1,038
0,926
2,134
0,217
1,339
1,274
2,384
0,346
2,800
0,164
0,873
0,259
8,492
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0
PAHs

n-Alkanes

FIGURE 2
Comparison between average values of PAH and n-alkane concentrations in the three sites.

50

Total concentration (mg/kg)

40

30
MIS2
RMPZc
20

PAS4

10

0
PAH

n-alkanes C>12

FIGURE 3
Winter field campaign: PAH and TPH content in MIS2, RMPzc and PAS4 sampling points.

The results indicate that PAHs and n-alkanes are present in the studied sites. Eventhough their concentrations
in soil are lower than law limits (total PAH=100mg/kg;
Total Petroleum Hydrocarbon C > 12=750 mg/kg), these
pollutants are mainly concentrated near diesel tanks
MIPzc, RMPza, RMS5, PAS2, PAS6 and tank truck loading area MIS2, RMPzc, PAS4.
The order of magnitude of PAH concentrations are
similar in the three sites, while n-alkane concentrations in
the Rome site are lower than the ones found in Milan and
Palermo sites (Fig. 2)
In Rome the soil surface layer is pebbly, therefore,
there is less absorption than in Milan and Palermo, where
the surface layer is powdery.

The winter concentrations are still lower than law
limits but they are higher than the summer ones (Fig. 3).
Micronuclei test

The data obtained shows that there is no significant
reduction of primary root length with respect to the positive control (Maleic Hydrazide 10 –5 M in sandy soil);
also in regard to the genotoxicity, no significant increase
in micronucleated cells frequency and aberrant anatelophases was observed (Figs. 4-6).
Comet assay

A positive result has been detected only in one sample
(PA E1) (data not shown).
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b)

c)

FIGURE 4
a),b),c). Statistical analysis of phytotoxicity and genotoxicity in samples from Rome.
(root = primary root length; mc=miconucleated cells; irr an = irregular anatelophases).

a)

b)

c)

FIGURE 5
a),b),c). Statistical analysis of phytotoxicity and genotoxicity in samples from Milan.
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a)

In winter, we obtained DNA extracts from the MIS6,
MIS7 sites of Milan, from the RME1, RMPzc sites of
Rome, and from the PAS2, PAS3, PAS4 sites of Palermo.
RFLP analysis

Restriction analysis showed different patterns depending on the site analysed and the enzyme used.

s5 I

pzc II

pza I

s2 I
pzb I

s3 I
pzc I

s4 I

2

s2 II

1

s5 II

a)

pza II

b)

s1 I

The Milan dendrogram of both Summer and Winter
sampling, showed that three samples (MIS2, MIS5, MIPza)
from the Winter collection, fuse with each other to form a
distinct group, before they amalgamate with samples from
the Summer collection at about 50% of similarity value.
MIPzc sample from the Winter campaign is distinguished
at a low value of similarity of about 15% (Fig.7 a, b). In
the Summer collection MIS1 sample showed a low value
of similarity of about 10%, while the other sites clustered
at the same similarity level of about 60% (Fig. 8 a, b).
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FIGURE 6
a),b),c). Statistical analysis of phytotoxicity
and genotoxicity in samples from Palermo.
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DNA extraction

Genomic DNA extractions from soils with bead beating protocol revealed that the quality of the extracted DNA
was generally very good, but dependent on the different
texture and chemical characteristics of the three soils investigated.
In summer, the DNA extracted from all Milan samples
showed a gel electrophoresis band typically at 15-25 Kbp
in length, and it was pure enough for following DNA amplification. In contrast, from the nine Palermo samples,
only three DNA extracts from the PAS2, PAS3, PAS4 sites
were obtained. Finally, from the nine Rome samples, only
two DNA extracts from the RME1, RMPzc sites were
obtained.
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FIGURE 7
a) Milan dendrogram and b) MDS map showing the changes of
the bacterial communities in Summer (I) and Winter (II) sampling.
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FIGURE 9
Palermo dendrogram and b) MDS map showing the changes of the
bacterial communities in Summer (I) and Winter (II) sampling

FIGURE 8
a) Milan dendrogram and b) MDS map of summer sampling.

The Palermo dendrogram of both Summer and Winter sampling showed that PAS2 is defined at a 35% similarity threshold and the other samples clustered at the
same similarity level of 55% (Fig. 9 a, b).
In the Rome collection, RMPzc was found at about
42% of similarity, but the dendrogram results of Rome are
not representative because of difficulties in the DNA
extraction from soil.
In the MDS representation it is clear that the agreement between the two techniques (cluster analysis and
MDS) is excellent. The stress value is < 0.05, that gives a
good ordination with no real prospect of misleading interpretation.

DISCUSSION AND CONCLUSION
The extraction of pure nucleic acids from soil samples has been a challenge because of the complex and
heterogeneous nature of the soil matrix and the inhibition
of amplification reactions by coextracted substances, such
as humic acids and heavy-metals. We used various approaches to extract DNA, we performed a combination of
physical and chemical treatments, such as heat, freezing
and thawing, lysis with detergent and enzymes, bead
beating in order to obtain a crude preparation of nucleic
acids [18-20]. The bead beating protocol, with respect to
yield and total cell lysis, has shown to be a superior performance compared to other protocols, although it resulted in more fragmentation of the DNA than chemical or
freeze-thaw lysis. The maximum DNA yield was obtained
with a 45 s beating time and with a speed of 6 m s-1.
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Extractions from the three soils of different texture and
chemical characteristics with bead beating protocol revealed
that, for Milan samples, the quality (fragment size and purity) of the extracted DNA was generally good, but, for the
Rome and Palermo samples it was strictly dependent on
the soil characteristics.
The winter concentrations are higher than the summer
ones because of the temperature decrease. The fuel demand
is steady, according to the manager. In winter, the fuel leaks
during the tank truck load are not higher than in summer
and, therefore, the temperature is the only variable.
Furthermore, PAH concentrations in the Milan site
are higher than the ones found in the Rome and Palermo
sites and n-alkane concentrations are higher both in the
Milan and Rome sites than in the Palermo site. Perhaps, as
the temperature is lower in central and northern Italy than
the one measured in southern Italy, the volatization rate is
faster in Palermo soil than in the Milan and Rome soils.
The genetic fingerprints provide complex band profiles with a characteristic number of different bands for
profile, which yield a representation of the genetic structure of the community. RFLP analysis showed how the
anthropogenic activities and their related contamination
perturbed the microbial communities’ structure [11, 12,
21, 22].
In the Palermo collection, PAS2 showed a low value
of similarity, probably because the high concentration of
both n-alkanes and limestone content has resulted in decreased biodiversity and a selection of species better
adapted to the local contamination.

The results of the genotoxicity showed that low levels
of micronucleated cells were induced in the cells of root
tips of Vicia faba seedlings by a growth step in soil samples under study, while relatively high values of aberrant
anatelophases were observed. In all samples the ratio anatelophases is higher than the frequency of micronucleated
cells. In such conditions it becomes possible to make a
direct comparison between the frequency of chromosome
aberration at ana-telophases and micronucleus test. In fact
it is well know that acentric fragments and lagging chromosomes are directly involved in micronucleated cell origin.
The data in this work suggest that the presence of the
substances induced, in root tips cells of Vicia Faba, a cytotoxic damage (slow or block mitotic progression), but the
consequent formation of micronucleated cells has not been
induced. This research was a preliminary study and we
believe that further development of the methodology presented, when integrated with measurements of classical
microbiology and biogeochemical processes will be useful
to estimate change that may occur in the microbial community structures.
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SUMMARY
The antimutagenic activity of the three humic acids
extracted from composts of different origin (solid urban
wastes, tomato industry residues and olive mill pomace)
was assayed by the micronuclei test and the aberrant
anatelophase assays in Vicia faba meristem cells.
Humic acids, added to Vicia faba seedlings in concentrations of 50 and 200 mg L-1 before their contact with
maleic hydrazide (MH), showed a protective activity
against the genotoxic damages induced by the herbicide.
Several xenobiotics in composts may, therefore, have
different effects on the induction of micronucleated cells,
when composts or humic acids extracted from them were
used.

KEYWORDS: Humic acids, micronuclei, Vicia faba, maleic hydrazide, antimutagenic activity.

chemical, physiological and genetic processes in plants,
they act as immobilising agents for many organic and inorganic xenobiotics [1].
Humic substances can counter the mutagenic action of
several contaminants avoiding the suppression of the processes of mutagenesis directly in the cells by inhibiting the
mechanism [2].
The aim of this work was to investigate the antimutagenic effects of three humic acids that are present in
composts of different origin (Solid Urban Wastes, Tomato
Industry Residues and Olive Mill Pomace), by studying the
frequency of micronucleated cells (MC) and aberrant
anatelophase(AA) in germinating seeds of Vicia faba (var.
minor), in which genotoxic damage was induced by Maleic
Hydrazide (MH). This compound, a pyridazine, used as a
phyto-regulator in agriculture, in tobacco and other crops,
exerts a mutagenic activity on plants inhibiting the synthesis of nucleic acids and proteins by induction of chromosome aberration and sister-chromatid exchange [3].

INTRODUCTION

MATERIALS AND METHODS

The reuse of biomasses from different origin on agricultural soils is an ever increasing practice to convert residues into resources. The recycling of waste as a soil conditioner is an economic way to increase soil fertility thanks
to its nutrient dressing. Moreover, the humic fraction can
reduce drawbacks due to contaminants present in or supplied to soils. Many studies are available on waste or compost damages, in this case we examined i.e. phytotoxicity.
Very little information is instead available on the ecotoxicological aspects of compost use especially about genotoxicity. Humic substances are the most important constituents
of organic matter in the soil ecosystems. In addition to their
importance in plant nutrition and their role in several bio-

Humic acid extraction

Three humic acid fractions, HA1, HA2 and HA3, were,
respectively, extracted from composts obtained from solid
urban wastes, tomato industry residues and olive mill pomace. The main chemical characteristics of the starting
materials are reported in Table 1. The humic acids extraction was carried out according to the method previously
described [4] and characterised by IR and NMR spectra [5].
Genotoxicity test

Vicia faba (var. minor) seeds of homogeneous size
were allowed to germinate in a climatic chamber at 21 °C in
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TABLE 1
Main chemical features of the composts studied.
COMPOST
Solid urban wastes
Tomato industry residues
Olive mill pomace

pH
8.40
7.43
7.70

DM (%)
69.40
69.30
76.70

TOC (%)
32.81
17.98
42.99

TEC (%)
12.94
10.65
7.21

C/N
12.40
10.00
19.80

HA (%)
3.84
4.21
4.73

FA (%)
1.48
0.35
1.70

HI
1.43
1.33
0.12

DH (%)
41.11
42.80
89.30

DM: Dry Matter; TOC: Total Organic Carbon; TEC: Total Extractable Carbon; HA: Humic Acids; FA: Fulvic Acids; HI: Humification Index; DH:
Humification Degree.

After three days the seedlings were transferred into
other Petri dishes, treated with MH (10- 4 M) for 2 hours
and then transplanted in 80g of sandy soil and 20 ml of
deionised water. After 24h, root tips were cut and fixed in
Carnoy’s solution I (ethyl alcohol and acetic acid 3:1 v/v),
then stained with Schiff’s reagent according to the
Feulgen staining method. The slides prepared according
to the already described technique [6,7] were observed
under the microscope (400x). Micronucleated cells (MC)
and aberrant anatelophases (AA) frequency were examined in 15,000 cells (15 root tips, 1,000 cells for tip) for
each experimental group.
For each experimental group, means and standard deviation were obtained by analysis of variance with
Schefflè test significance at 0.05 level; it was used for
analysing the significant differences among the treated
groups and the control (MH).
RESULTS
Figure 1 shows the reduction of frequency of micronucleated cells induced by the herbicide MH in root tips
of Vicia faba seedling, by treatment with the three humic
acids at 50 and 200 mg L- 1.
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FIGURE 1
Mean values (%) and statistical analysis of micronucleated cell
frequency induced by herbicide MH in root tips of Vicia Faba seedling, by treatment with two different doses of the three humic acids.

The aberrant anatelophase frequency induced by MH
in root tips, by treatment with humic acids is reported in
Figure 2.
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Petri dishes (20 seeds/dish) containing 12 ml of a solution
of the three humic acids at two different concentrations
(50 and 200 mg L- 1). A dish with only 12 ml of deionised
water was used as control.
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FIGURE 2
Mean values (%) and statistical analysis of aberrant anathelophase
frequency, induced by herbicide MH in root tips of Vicia Faba seedling, by treatment with two different doses of the three humic acids.

DISCUSSION AND CONCLUSIONS
Micronuclei can be formed during the metaphase/
anatelophase transition of mitosis. They are Feulgen positive corpuscles, localized within the cell wall in the cytoplasmatic area surrounding the main nucleus and formed
by chromosomes or chromosome fragments not regulary
segregating in mitosis. This damage is enchanced by the
presence of mutagenic agents and can be countered by
several organic compounds i.e. humic acids [8, 9].
The data reported in Figure 1 show a reduction of
frequency of micronucleated cells induced by the herbicide MH in root tips of Vicia faba seedling, when treated
with the three humic acids at 50 and 200 mg L- 1.
In particular, a statistically significant reduction of micronucleated cell frequency was observed when we used
sample HA1, the humic acid extracted from a solid urban
waste compost. The effect was similar for both doses, 50
and 200 mg L- 1. The same reduction of micronucleated
cells frequency was obtained with the humic acid HA2,
extracted from a tomato industry residue compost at the
higher dose (200 mg L- 1).
The lower dose of HA2 produced a reduction comparable with that obtained when both doses of HA3 extracts
from olive mill pomace compost were applied.
No statistically significant differences were evident in
the frequency of the aberrant anatelophase (Figure 2) in
comparison with the control.
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The results of this study underline the important role of
humic acids extracted from different composts on the protection of the cells against mutagenic molecules present in
the environment.
The evidence that HA1 exhibits an antimutagenic effect
in contrast to the mutagenic effect displayed by the compost
as according to a previous work [5] underlines the fact that
the safety of compost and its quality does not depend only
on the humification level. As has been shown previously,
composts can present genotoxic effects in spite of their
good level of humification. Many composts are, in fact,
polluted by many contaminants. Although composting is
known to reduce the dangerous load of the starting material
[10], a great care must be taken in applying organic matrices.
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SUMMARY
The aim of this study was to investigate the acute toxicity of mercury (II) chloride (HgCl2.H2O) on Corydoras
paleatus (callychthidae). Fish were selected for the bioassay
experiments, repeated 3 times. The 96-h LC50 value of mercury (II) chloride on Corydoras paleatus was determined by
the “Static Acute Method“ and found to be 188 µg/L. Water
temperature was regulated to be 22 ± 1 °C. In addition, the
behavioral changes at each concentration were observed to
be significant for the individual fishes with increasing concentration of the toxic compound. Acute toxicity tests were
evaluated using the Probit analysis as statistical method.

KEYWORDS: Corydoras paleatus, mercury (II) chloride, LC50
value, lethal concentration, bioassay.

INTRODUCTION
Many pollutants exist in the aquatic environment for
short or long periods at sublethal levels. These levels are
not noticed, because they do not cause immediate fish
mortality. However, the consequences of such effects are
morphological and physiological, causing illness and
reducing fitness for life [1].
Mercury (Hg) was chosen as the toxicant for several
reasons. At first, Hg is highly neurotoxic [2]. It is also a
common aquatic pollutant that bioaccumulates in fish
through dietary and waterborne exposure [3].
Mercury is present mainly in inorganic compounds or
as methylmercury (CH3Hg+) in aquatic media. The biological mercury presence is dependent upon physical
chemical factors, such as pH, dissolved oxygen and temperature of the water [4, 5].

The biological accumulation of mercury in aquatic
organisms is the result of direct (by the metal present in
water) and trophic exposures (by the metal present in
food) [6].
Mercury is predominantly accumulated in gills of fish.
It is also deposited in liver, muscles and mucus to a small
extent [7], and mainly present in its methyl form in fish,
bound to sulfhydryl proteins in various tissues [8].
Mercury contamination observed in many fish populations does not cause a significant harm on the adults. However, the early forms of life, such as embryos and larvae,
are much more sensitive and susceptible to it than to other
contaminants [3]. Therefore, it may cause death or retardation of growth of fish in the early forms of life [3, 9-11].
Bioconcentration factors (BCFs) reflect the uptake
from water in laboratory experiments. BCFs for mercuric
chloride in saltwater species range from 129 for adult
lobsters (Homarus americanus) to 10,000 for oysters
(Crassostrea virginica) [12].
C. paleatus was chosen as test organism, because it is
a very common fish in the rivers or lakes of Turkey. It is
also small and easy to keep in the laboratory. Active during the day, C. paleatus fish are opportunistic feeders
with a preference for dipteran larvae and non-planktonic
microcrustaceae, indicating that this species feeds close to
the bottom [1].
The lethal and sublethal doses of the toxic compounds for fresh water organisms are determined separately for each organism [13]. This study was focused on
the determination of the acute LC50 value of water-soluble
mercury (II) chloride on Corydoras paleatus individuals
and their behavioral changes caused.
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MATERIALS AND METHODS

concentration of 125 µg/l. The mortality was 100%, when
the concentration was increased to 225 µg/l.

The Corydoras paleatus individuals were purchased
from a local breeder and put in aquaria filled with water,
conditioned for a certain period. The aquaria were kept at
room temperature and the fish were 30 days adapted to
their new environment and fed several times a day. The
feeding was terminated two day before the bio-experiments
and care was taken to keep the mortality rate below 5%
during this period [14]. The weight and the length of each
fish was determined prior to the experiments and each 20 L
aquarium was stocked with 10 fish. The aquaria were filled
with conditioned tap water (pH 7.3, hardness 20.11 oF,
dissolved oxygen 6.7 mg/l, conductivity 212 mS, and temperature 22 oC). Care was also taken to keep the mortality
rate of the control group below 10 % [14].
Mercury (II) chloride (HgCl2.H2O), the toxic compound used in the bio-experiments, was administered at
concentrations of 125, 150, 175, 200, and 225 µg/l to the
aquaria. The dead fish were immediately removed and at
the end of a 96-h period the numbers of dead and surviving fish in each aquarium were recorded. The acute toxicity of mercury (II) chloride on Corydoras paleatus individuals was determined by the Probit analysis [15]. The
behavioral changes observed in Corydoras paleatus individuals were recorded and compared with those of the
control group.
RESULTS
The 96-h acute LC50 mean value (95% confidence
limit) of mercury (II) chloride for Corydoras paleatus was
calculated to be 188 µg/l (174.5-202.9). Control mortality
was zero. The results show that this mercury salt is highly
toxic to fish (Table 1 and Fig. 1).
The behavioral changes in fish are regarded to be one
of the most important indicators of contamination in
aquatic media [16].

The behavioral changes of the control group and those
exposed to various doses of HgCl2 were compared with
each other during the experiments. When dosing 125 µg/l,
the fish started to show behavioral disorders, such as loss
of balance, sudden startling and respiratory difficulties. At
levels from 150 µg/l, shivering, increased difficulty in respiration and swimming in capsized manner were observed.
Probit
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The control group showed normal behavior during
the test period. The changes in behavioral response started
1 h after dosing. No mortality was observed at a HgCl2

FIGURE 1
Plot of adjusted and predicted regression
line for HgCl2 to Corydoras paleatus.

TABLE 1
Acute 96-h toxicity of mercury (II) chloride in C. paleatus individuals.
point
95% confidence limit
concentration (µg/l)
LC 1.00
0.135
0.098-0.153
LC 5.00
0.149
0.117-0.164
LC 10.00
0.157
0.129-0.170
LC 15.00
0.162
0.138-0.175
LC 50.00
0.188
0.175-0.203
LC 85.00
0.218
0.202-0.258
LC 90.00
0.225
0.208-0.275
LC 95.00
0.237
0.216-0.303
LC 99.00
0.261
0.231-0.364
Control group (theoretical spontaneous response rate) = 0.0000.

1400

slope + SE
16.288 + 4.080

intercept + SE
16.823 + 2.976
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DISCUSSION
The studies on mercuric toxicology on fish in Turkey
or other countries are rather limited. Gönen [17] found the
Hg accumulation in Leuciscus cephalus sold at Ankara fish
markets to be 0.052 ppm. Wobeser [18], on the other hand,
found the 48-h LC50 value of mercury on rainbow trout
(Oncorhynchus mykiss) at 10 °C to be 280 µg/l. Matida et
al. [19] also investigated the toxic effect of HgCl2 on rainbow trout and found the 48-h LC50 value to be 0.21 mg/l,
whereas Leblond and Hontela [20] determined it as 199 µM.
Duncan and Klaverkamp [21] determined the LC50 value
of HgCl2 on Catostomus commersoni to be 0.687 mg/l.
The 96-h LC50 value for catfish exposed to Hg2+ under
static test conditions was determined by Elia et al. [22] to
be 0.57 mg/l.
The above LC50 values may vary in the different studies carried out on the same species, since hardness of
water, temperature, the size of the fish used in the experiments, maturity period and, even the genotypes of the
fish, may affect the results [23].
The studies carried out showed that mercury damages
the nervous system, kidneys, gill and osmoregulatory functions of fish, but also affects the enzyme synthesis in liver
and muscles [24].
The increased water temperature in summer increases
the solubility of mercury and, thus, its accumulation in
fish, indicating that the season of the fish caught may also
affect the LC50 value.
The metal pollution in rivers and lakes poses a threat to
human health, since the toxic metals accumulate though the
food chain. Therefore, it is important that the contamination
of the aquatic media is determined in order to evaluate the
harm it may cause upon human health. That is why it is
necessary to determine the lethal effect limits of the metals accumulated in fish, the major source of food from the
aquatic media, on a regular basis.
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SUMMARY

INTRODUCTION

The aim of the present study was to examine development and survival of the housefly (Musca domestica),
when intoxicated by heavy metals, such as zinc (Zn),
copper (Cu), lead (Pb) and cadmium (Cd). The flies were
reared from eggs until pupation on an artificial medium
contaminated with low and high concentrations of Cu, Zn,
Cd or Pb. Next, the number and viability of haemocytes,
the immuno-competent cells of the housefly, the length of
postembryonic development, the body mass of pupae and
survival of larvae and pupae were examined. We have also
determined the accumulation of Zn, Cu, Pb and Cd in the
pupal exoskeleton and the body of adult flies reared on
media with different concentrations of the heavy metals
studied, using a graphite furnace AAS.
Our results showed that rearing larvae on media polluted with heavy metals results in their accumulation in the
body, correlated with their concentration in the medium.
These metals disturb larval development, metamorphosis
and decrease the survival of larvae and pupae by affecting,
among others, the innate immune system. We have also
found that flies possess an efficient method of heavy metal
removal by bounding them, especially Pb and Cd, to the
surface of their chitinous exoskeleton, the cuticle, which is
periodically shed during larval and imaginal molts.

KEYWORDS: Xenobiogenetics, biogenetics, detoxification, haemocytes, insects.

Heavy metal pollution of soil and water is quite common in industrial areas and their negative effects on organ-

isms have already been established. It is also known that
all organisms accumulate heavy metals, which affect their
living processes. In the polluted environment organisms
are exposed to the excess amount of heavy metals that are
biogenetic (Cu and Zn) as well as xenobiogenetic (Cd and
Pb), which are not normally present in tissues.
Organisms living in water and soil are exposed to
heavy metal ions, which enter them through the body
surface or digestive and respiratory tracts, and have toxic
effects at three levels of biological organization, i.e. cellular, individual and that of population [1]. In general, animals living in the polluted environment and fed with contaminated food are especially intoxicated by heavy metals. These organisms provide good models to study heavy
metals` intoxication under laboratory-controlled conditions
and in natural polluted areas.
Although studies on heavy metals` accumulation in
plant and animal tissues have shown toxic effects of heavy
metals, the mechanisms of their impact on physiological
processes are mostly unknown. In several invertebrate
species it has been found that heavy metals, like in vertebrate species, increase metallothionein [2] and heat shock
protein, Hsp70, levels [3], however, their increased concentration is not always correlated with the heavy metal contamination in the environment [4]. Several other biomarkers have been described indicating that many physiological processes are affected by heavy metal intoxication
[5, 6]. But further studies in this direction are needed to
establish, which processes, affected by high concentration
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of biogenetics and xenobiogenetics, are crucial for the
survival of organisms and how toxicity of the metals can be
decreased by stimulation of detoxification processes.
The aim of our study was to select an organism as a
model to study heavy metal impact on its development and
survival. We have selected the housefly Musca domestica
for this study because of the convenience to rear this species in the laboratory under controlled conditions during a
whole year, and at controlled doses and time of exposition
to heavy metal. The housefly does not live in water or soil
of polluted areas and belong to the endangered species, but
we used it for a complex study of heavy metal toxicity, at
cellular and individual levels and at the level of population.
At the cellular level we examined the fly’s haemocytes
as an element of its immune system. Defence against parasites is costly to maintain and several studies have shown
that resistance to parasites is associated with reduced fecundity, growth and survival [7]. In insects this resistance
is correlated with the densities of haemocytes in the circulating blood, or the haemolymph. Moreover, the production
of haemocytes may indicate the efficiency of immune defence in insects [8]. At individual levels we examined the
accumulation of heavy metals in the body and the pupal
cuticle as well as changes in the larval behaviour. In turn, at
the population level we studied the changes in developmental processes and survival of larvae and pupae. To test the
heavy metals` intoxication we examined four different metals: Cu, Zn, Cd and Pb, each used in three different concentrations: 1) control - existing in commercially available
rabbit pellets used for preparing rearing media, 2) low observed in soil of heavy metal-polluted areas in Poland
[9], and 3) high concentrations - sublethal concentrations of
each metal for the housefly.
MATERIALS AND METHODS
Animals: The housefly, Musca domestica, used for
experiments was obtained from a laboratory culture maintained for many generations under day/night conditions
LD 12:12 (12 hours of light and 12 hours of darkness) at
constant temperature (24 °C ± 1 °C).
Experimental procedure: Flies were reared from eggs until pupation in 1 L-plastic containers on an artificial medium
containing 200 g of rabbit pellets dissolved in 450 ml of
distilled water (control) or the same volume of CuCl2,
ZnCl2, CdCl2 or PbCl2 solutions containing different concentrations of each metal (ppm per dry weight). When the
rabbit pellets were soft after absorbing the solution, the medium was mixed for 2 min using a household mixer. Experimental and control media were freshly prepared before
placing the housefly’s eggs on top of them. The number of
eggs for one population was established in preliminary
experiments and for rearing larvae on contaminated media
we used 1,000 ±200 or 4,000 ± 500 eggs weighting 100 mg
and 400 mg, respectively. To test the effects on the number

of surviving individuals in population, we were rearing flies
in control populations obtained from 1,000 and 4,000 eggs.
The number of eggs for each experiment was estimated by
weight. For the experiments the flies were reared on media
containing Cu (in concentration 0-control, 5 and 800-1,000
ppm), Zn (0, 100 and 2,000 ppm), Cd (0, 3 and 50 ppm)
or Pb (0, 20 and 10,000 ppm). Since the pH of Cu, Zn, Cd
or Pb chloride solutions was lower than that of distilled
water, the pH of all media used was measured. The pHs
of control, low and high metal concentration media for
each metal studied varied from 5.9 to 6.0 and were adjusted to the same value in the case of differences. Therefore,
all flies were reared on the media different only in their
concentration of heavy metals. During exposure to heavy
metals, the behaviour of the larvae was observed, as well
as the duration of larval and pupal periods. In addition,
the numbers of pupae and adults were counted in each
population to estimate the survival rates of larvae and
pupae. The procedure of rearing flies on media contaminated with each of the metals studied, in two concentrations, and control was repeated three times.
Determination of heavy metals: To examine the real
concentration of all heavy metals in control and media
contaminated only with one metal studied, either in low or
high concentration, all four heavy metal contents in the
media were examined by atomic absorption spectrophotometry (AAS). The same method was used to determine
the concentration of Zn, Cu, Pb and Cd in the rearing media, as well as in the body of adult flies and in the cuticle of
pupae after rearing the larvae non- (control) and contaminated with one metal. The media or adult flies were collected, immediately frozen in liquid nitrogen and vacuumdried at 60 °C for 48 h in Pyrex test tubes. Then 0.1-0.15 g
of a medium, one animal or five pupal exocuticles per sample, were treated with 0.5 ml of boiling concentrated (65%)
nitric acid (Suprapur, Merck). When fumes were white and
the solution was completely clear, the samples were cooled
down to room temperature and the tubes filled up to 5 ml
with deionized water. Zn concentration was determined
using flame AAS, and Cd, Cu and Pb concentrations were
measured using graphite furnace AAS technique (model
AAnalyst 800, PERKIN-ELMER). Five samples of nitric
acid, used as blanks, accompanied every run of analyses. In
addition, three samples of the standard reference materials
rye grass, CRM No 281 (media) and bovine liver (animals), BCR No. 185 (PROMOCHEM GmbH, Germany)
containing the following certified concentrations of: Zn =
142 ± 3 mg kg-1, Cd = 0.298 ± 0.035 mg kg –1, Cu = 0.189 ±
4 mg kg-1, Pb = 0.501 ± 0.027 mg kg–1) were used. The
metal concentrations measured in solutions were recalculated per 1 kg of dry mass.
Examination of the immune system: The immune system of the housefly was studied by estimating the density
of haemocytes in the haemolymph, the ratio of living to
the total number of haemocytes, and the adhesion effect to
plastic of the insects exposed to intoxication by each of
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the four heavy metals studied. The total number of haemocytes was examined in the last instar larva, since in this
stage of development the density of haemocytes in the
haemolymph is the highest. Haemolymph was extracted
from the larvae by cutting off their heads. For each experiment, except that of cell adhesion, 10 larvae were used to
obtain 3 µl of haemolymph per larva. The haemocytes were
suspended in 100 µl of Hanks’ Balanced Salt Solution
(HBSS), supplemented with 1mM of EDTA. The total
number of cells and the ratio of living to the total number
of haemocytes were estimated using a Bürker chamber.
The effects on cell viability were assessed by the tryptanblue staining method, and 100 µl of tryptan-blue (Sigma)
was added to the haemocytes suspended in 100 µl of HBSS
and the cells were examined 5 min later. The adhesion of
the cells to plastic was examined by colorimetric estimation of the adherent cell mass. In this method, optical density was measured at 570 nm (UNISCAN II), which is directly proportional to the mass of cells adhering to the bottom of a plastic 96-well plate. The haemolymph collected
from 30 larvae was diluted with 1 ml of HBSS and cells
suspended in 100 µl of solution per well were incubated for
1 h. Then the cells were fixed with 2% para-formaldehyde
and washed with methanol. After drying, 50 µl of crystalviolet per well was added and after 5 min washed out with
distilled water. Before measuring the absorbance degree,
the wells were dried and treated with 100 µl of methanol

per well for 5 min. Cell adhesion was examined in parallel
in control and experimental samples.
Statistics: One way analysis of variance (ANOVA)
was used, followed by the Duncan Test (p≤0.05), to establish statistically significant differences between experimental and control groups of insects.

RESULTS
Accumulation of heavy metals: Heavy metals in rearing
media did not show a significant difference between prepared and measured AAS concentrations (Table 1). Larvae reared on these media accumulated heavy metals and
in the body of adult flies there was a significant increase
of the low and high concentrated metal in medium, while
the concentrations of the other metals were not changed
compared to control. Flies reared on media with 5 ppm and
1,000 ppm of Cu had 0.9 and 4.5 times more, respectively,
of Cu in their bodies than control flies. In case of Zn, the flies
reared on media with 100 ppm and 2,000 ppm, accumulated
0.8 and 1.5 times more than the control flies. In turn, rearing
flies on the media with 20 ppm and 10,000 ppm of Pb increased the Pb level in their bodies by 1.3 and 43.7 times,
respectively. Finally, media with 3 ppm and 50 ppm of Cd
increased its level in tissues by 4.9 and 33.8 times, respectively (Table 2).

TABLE 1 - Concentrations of Cu, Zn, Pb and Cd in control and experimental media measured by AAS method.
Nominal concentration of heavy metals
in rearing medium
(mg/kg dry weight)

Metal

Total content of heavy metals in rearing medium
(mg/kg dry weight)
Copper

Control
0.00
Standard
Rye grass CRM 281
Copper (Cu)
5.00
800.00
Zinc (Zn)
100.00
2000,00
Lead (Pb)
20.00
10,000.00
Cadmium (Cd)
3.00
50.00

Zinc
SD
12.58

Mean
1.72

SD
1.03

Cadmium
Mean
SD
0.40
0.09

29.17

1.10

2.86

0.37

0.23

0.23

63.69
81.08
162.92
1731,80
88.55
87.99
80.69
83.99

28.77
0.66
7.52
92.159
3.99
4.04
1.22
6.12

1.35
2.04
2.58
2.50
32.89
13643,74
1.45
1.74

1.00
0.44
2.34
0.42
3.11
1891,33
0.27
0.33

0.27
0.58
0.29
0.54
0.57
0.48
4.55
53.77

0.01
0.18
0.12
0.12
0.07
0.26
0.13
3.33

Mean
16.18

SD
3.40

Mean
78.40

6.72

1.05

22.44
616.29
24.72
18.81
15.12
11.39
24.02
27.53

4.10
20.35
1.16
1.80
1.76
2.95
0.51
3.78

Lead

TABLE 2 - Concentrations of Cu, Zn, Pb and Cd in the body of flies reared on low and high concentrations of Cu, Zn, Pb or Cd.
Medium

Control
Copper (Cu)
Zinc (Zn)

Concentration of heavy
metals in rearing medium
(mg/kg dry weight)

0.00
5.00
1000,00
100.00
2000,00

Total body content of heavy metals
(mg/kg dry/weight)
Copper
Mean
SD
19.36
10.83
16.48
10.01
86.70
12.85
22.64
14.51
19.87
16.34

Zinc
Mean
286.46
318.93
327.42
240.86
432.62
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Lead
SD
180.77
171.78
58.55
156.46
117.65

Mean
1.30
1.71
2.37
1.16
1.17

SD
0.90
1.57
2.21
1.07
0.76

Cadmium
Mean
SD
0.50
0.20
0.41
0.24
0.69
0.43
0.64
0.30
0.38
0.17
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20.00
10000,00
3.00
50.00
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17.56
18.83
21.25
14.32

7.52
10.96
11.89
9.63

302.06
321.36
400.64
196.91

121.05
163.38
244.52
68.99

1.67
56.78
0.98
1.29

0.67
22.76
0.98
1.87

0.46
0.37
2.44
16.88

0.40
0.16
0.55
6.89

TABLE 3 - Concentrations of Cu, Zn, Pb and Cd in the pupal exoskeleton of flies reared on low and high concentrations of Cu, Zn, Pb or Cd.

Zinc (Zn)
Lead (Pb)
Cadmium (Cd)

0.00
5.00
1000,00
100.00
2000,00
20.00
10000,00
3.00
50.00

Total pupal cuticle content of heavy metals
(mg/kg dry weight)
Copper
Mean
SD
23.14
6.11
27.34
8.3
43.24
31.73
16.18
8.24
26.62
20.50
21.17
12.45
30.67
10.61
31.58
7.56
42.83
21.67

The cuticle of pupae also contained higher concentrations of heavy metals, especially Pb and Cd, when the
larvae were exposed to high concentrations of these metals (Table 3). Pupae from the low Pb medium had only a
2.7-fold Pb concentration in the cuticle than control insects. In flies exposed to low Cd concentration there was
not a statistically significant difference compared to control, while flies from highly Pb- or Cd-contaminated media accumulated 1,193.3 and 64.7 times more of Pb and
Cd, respectively, in the pupal exoskeleton compared with
controls. Pupae had about 1.6 and 17 times more Zn in the
cuticle than control flies, when larvae were reared on low
and high concentrated Zn media. There was also an increase of 18.2% of Cu observed in the pupal exoskeleton
(low Cu medium) and 1.9 times (high Cu medium) of
exposed insects compared with control samples.
Effects of heavy metals on development: Heavy metalexposed larvae showed changes in behaviour, their larval
and pupal development was lengthened and developmental processes including larval molts, pupation and adult
eclosion were desynchronized in experimental populations. All metals used in high concentrations affected a
phototactic reaction of the larvae. In control, larvae
emerged from eggs indicated negative photo-taxis and,
when concentrated at the bottom of the rearing container,
in the first and second instars. In the last/third instar they
were moving to the surface of medium, showing positive
photo-taxis, where they pupated. Heavy metal-exposed
larvae did not show negative photo-taxis at the beginning
of larval development and were present during the whole
development at the surface of medium. Larvae treated with
high concentrations of each metal tried to avoid the contaminated medium and migrated from the rearing container.
These changes in behaviour were not observed, when larvae were exposed to low concentrations of each metal.

Zinc
Mean
73.31
100.27
221.18
117.19
1249,14
43.72
92.67
71.02
94.89

Lead
SD
22.26
33.54
133.98
33.02
410.95
21.21
41.95
34.73
38.07

Mean
1.07
1.93
1.96
3.93
5.79
2.86
1276,79
0.00
3.20

SD
1.3
0.39
1.07
2.17
7.01
3.59
572.67
0.00
5.53

Cadmium
Mean
SD
0.32
0.17
0.64
0.72
0.37
0.35
0.33
0.08
0.32
0.11
0.23
0.21
0.40
0.13
0.35
0.11
20.70
3.63

metal concentrations lengthened both periods by 1 to 2
days (Figs. 1a, b). We have also found seasonal differences in the length of postembryonic development in
control populations. Although flies were maintained under constant laboratory conditions during all seasons, in
fall and winter the development of larvae was 3 days
longer than during spring and summer. In addition to the
prolonged larval and pupal development, the metalexposed fly populations were showing desynchronization
of development. In flies exposed to high metal levels, the
period of pupation of the whole population was longer
than that of control populations. However, these differences were not observed in populations exposed to low
concentrations of Cu, Zn, Cd or Pb.
a)

13,5
±SD
±SE
Mean

*
12,5

Lenght of larval stage

Control
Copper (Cu)

Concentration of heavy
metals in rearing medium
(mg/kg dry weight)

11,5

10,5

9,5

8,5

Zn 2000 ppm

Cd 50 ppm
Cu 1000 ppm

Control 0 ppm
Pb 10000 ppm

b)

There were also no differences, compared with control, in the length of larval and pupal periods in larvae
exposed to low concentrations of metals, whereas high

20

±SD
±SE
Mean

*

19

18
Lenght of pupal stage

Medium

17

16

15

14

1406

Zn 2000 ppm

Cd 50 ppm
Cu 1000 ppm

Control 0 ppm
Pb 10000 ppm
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FIGURE 1 - Duration of larval (a) and pupal (b) stages
in flies reared on high concentrations of heavy metals.
Statistically significant differences between metaltreated and control flies are labelled with asterisks.
Effects of heavy metals on body mass and survival:

The
mean body mass of pupae in populations exposed to low
and high concentrations of metals was not statistically
different to that of control flies, and depended on the
number of individuals in a population. In the control populations obtained from 100 mg and 400 mg of eggs, the
mean body mass of adult flies was 21 ± 1.1 mg and 16.6 ±
1.7 mg, respectively, and this difference was statistically
significant (ANOVA, followed by Duncan test, p = 0.0001).

a)

While low concentrations of heavy metals did not
have any effect on the survival of larvae and pupae, high
concentrations of all metals, except Cu, decreased it significantly (Figs. 2 a, b). In all populations obtained from
100 mg of eggs and exposed to high levels of each metal,
the mortality was 100%. In populations obtained from
400 mg of eggs, Pb and Cd reduced the survival rates of
both larvae and pupae by 50 %, estimated by counting the
number of pupae and adult flies, respectively (Figs. 2.a,
b). Zn decreased survival of larvae and pupae by 60% and
70%, respectively. In contrast to the other metals, Cu had
no effect on survival of larvae and pupae compared with
control. The strongest effects of heavy metal toxicity and,
therefore, mortality of animals were observed in the first
larval instar.

Z inc	
  -‐	
  s urvival	
  o f	
  larvae

C opper	
  -‐	
  s urvival	
  o f	
  larvae
160

120

140

100

120
80

60

60

40

40

b

20

20

0

0

C ontrol	
  0 	
  p pm

C u	
  5 	
  p pm

C ontrol	
  0 	
  p pm

C u	
  1000	
  p pm

Z n	
  100	
  p pm

Z n	
  2 000	
  p pm

C admium	
  -‐	
  s urvival	
  o f	
  larvae

Lead	
  -‐	
  s urvival	
  o f	
  larvae
a

% 140

a

120

100

a
a

100

80

80

b

60

b

60

40

40

20

20
0

0

C ontrol	
  0 	
  p pm	
  

b)

a

80

100

120

a

P b	
  2 0	
  p pm

C ontrol	
  0 	
  p pm

P b	
  10000	
  p pm

C opper	
  -‐	
  s urvival	
  o f	
  pupae

C d	
  3 	
  p pm

C d	
  5 0	
  p pm

Z inc	
  -‐	
  s urvival	
  o f	
  pupae

300

120

250

100

200

80

150

60

100

40

50

20

a
a

b

0

0

C ontrol	
  0 	
  p pm

C u	
  5 	
  p pm

C u	
  1000	
  p pm

C ontrol	
  0 	
  p pm

1407

Z n	
  100	
  p pm

Z n	
  2 000	
  p pm

© by PSP Volume 13 – No 12a. 2004

Fresenius Environmental Bulletin

Lead	
  -‐	
  s urvival	
  o f	
  pupae

C admium	
  -‐	
  s urvival	
  o f	
  pupae

a

120

% 140

a

a

120

100

a

100

80

80

b

60

b

60

40

40

20

20

0

0

C ontrol	
  0 	
  p pm

P b	
  2 0	
  p pm

P b	
  10000	
  p pm

C ontrol	
  0 	
  p pm

C d	
  3 	
  p pm

C d	
  5 0	
  p pm

FIGURE 2 - Survival of larvae (a) and pupae (b) in populations exposed to low and high concentrations of Cu, Zn, Pb or Cd.
Statistically significant differences between control, low and high concentrations of metal-exposed insects are labelled with different letters.
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FIGURE 3 - Number of haemocytes in the last instar larva of flies reared on media with heavy metals. Statistically significant
differences between control, low and high concentrations of metal-exposed insects are labelled with different letters.

Effects of heavy metal on haemocytes: The decrease in
density of haemocytes in the fly's haemolymph was observed in that insects intoxicated by the highest concentrations of Pb, Zn, Cu, and Cd. In these flies the number of
haemocytes dropped by 26.1%, 18.5%, 17.4 and 16.8%,
respectively, compared with controls (Fig. 3). There was
no statistically significant difference in the ratio of living
haemocytes to their total number between heavy metalexposed and control flies. In turn, the cells` adhesion ability
test revealed by the absorbance degree showed that heavy
metals affected the ability of the cells to adher to plastic.
Adhesion decreased after intoxication with all metals,
except for the low concentration of Cu. Adhesion was
especially low, decreased by 56% and 59%, in flies reared
with the highest concentrations of Pb and Cu, respectively
(Table 4).
TABLE 4 - Haemocytes` adhesive ability measured by the absorbance
degree (at 570 nm) proportional to the mass of cells adhering to the
bottom of a plastic 96-well plate. Statistically significant differences
between metal-treated and control insects are labelled with asterisks.
Absorbance ± SD
(570 nm)

Metal
Copper

Control

0.453 ± 0.081

Zinc

Lead

Cadmium

Cu
(5 ppm)
Cu
(800 ppm)
Control
Zn
(100 ppm)
Zn
(2000 ppm)
Control
Pb
(20 ppm)
Pb
(10000 ppm)
Control
Cd
(3 ppm)
Cd
(50 ppm)

0.565 ± 0.069*
0.267 ± 0.025*
0.719 ± 0.080
0.563 ± 0.099*
0.525 ± 0.091*
0.985 ± 0.082
0.721 ± 0.127*
0.554 ± 0.116*
0.712 ± 0.131
0.615 ± 0.068
0.569 ± 0.054*

All differences in the absorbance degree between
metal-treated and control insects, except those exposed to
3 ppm of Cd, were statistically significant (p<0.05).
DISCUSSION
Effects of heavy metals at individual level: The obtained
results showed that insects exposed in rearing media to
higher than normal concentrations of Cu, Zn, Cd and Pb
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accumulate these metals in their body and the degree of
accumulation depends on metal concentration in the rearing
media. However, the accumulation of one metal in a high
dose does not affect the levels of other metals in the body.
Flies are able to survive even in highly contaminated environments (10,000 ppm of Pb, 2,000 ppm of Zn, 1,000 ppm
of Cu, or 50 ppm of Cd), and most toxic for them are Cd
and Cu. All high metal doses studied were sublethal, but
used to examine the insects under extreme heavy metal
contamination. We have not exposed flies to mixtures of
heavy metals in higher than normal concentrations to examine the changes evoked only by one compound.
In the present study we observed that flies accumulate
more xenobiogenetic metals than the biogenetics Cu and
Zn. This indicates that insects have effective physiological
mechanisms, which regulate the levels of Cu and Zn in the
body, but are less able to remove other heavy metals. Moreover, our study showed that Cu, Zn, Cd and Pb in concentrations determined already in soil of heavily polluted areas
in Poland and in short, one-generation exposure to metals,
the insects `cellular, individual and population levels seem
not to be significantly affected, but the increased metal
concentrations in tissues indicate that they cannot be easily
regulated and removed from the body. Since low concentrations of all the metals studied exist in heavy metal-polluted
areas and affect the survival of insects and other species,
this suggests that low concentrations of heavy metals only
affect animals under chronic exposure or when the metals`
effects are combined with other factors, such as temperature, pH changes and/or oxygen depletion [10]. Significant
changes were observed, however, after treating larvae of
the housefly with high doses of Zn, Cd and Pb, and only
individuals from large populations were able to survive in
this highly toxic environment. The same heavy metals have
been found to affect growth and fitness of other vertebrate
and invertebrate species. For example, in snails Zn, Cu, Pb
and Cd decrease growth and fitness [11, 12], and in the
case of growth, the most toxic metal was Cd, followed by
Zn. Cu and Pb have been reported to have the lowest effects and growth inhibition was due to food rejection and
aestivation rather than to the toxicity of both metals [12].
Flies were not affected, however, by high concentrations
of Cu. Compared to the other metals used, the sublethal
concentration of Cu was established to be 800-1,000 ppm,
while Zn and Pb sublethal levels were twice and ten times
higher than that of Cu. On the other hand, mortality of
larvae was not the same in all Cu-treated populations. This
effect may result from the following possibilities: 1) Cu in
tissues is better regulated than the other metals and its concentration range between utility and toxicity is very narrow,
2) its toxicity may vary depending on other not fully controlled factors, and 3) larvae may have better conditions for
survival in Cu-contaminated environment because growth
of bacteria and/or fungi is suppressed by high Cu concentrations. Copper is commonly used to control the growth of
fungi and both Cu and Zn are important for gene expression
and physiological processes in fungi [13]. Their excess,

however, inhibits fungal growth and metabolic processes
[14]. It has been found that entomopathogenic fungi secrete
inhibitory toxins that affect, even in low concentration, the
immune responses in insects and their immune system [15].
Insects exposed to heavy metals accumulate them, but
are also able to excrete toxic metals, and allow some of
them the adaption to polluted environments [16]. Our study
showed that even one-generation exposure to toxic metals
mobilizes processes of metal excretion and detoxification.
Since insects, like other arthropods, grow in stages interrupted by several molts, during which they shed the old
cuticle, and holometabolous insects also shed the pupal
cuticle, a process of heavy metal-binding in the cuticle is
one of the possible detoxification processes. Deposition of
heavy metals in the cuticle of insects and, probably in other
arthropods, seems to be an especially effective process,
since flies are able to deposit even 1,193.3-fold lead
amounts in the cuticle, when exposed to 10,000 ppm of Pb.
The process of binding heavy metals in the cuticle allows
insects not only to remove toxic metals from the body
during larval and pupal stages, but also to immobilize them
in the cuticle of the adult insect.
The body mass of flies was not changed by exposure
to heavy metals, but depended on the number of individuals in a population. Even in highly contaminated environments survivals may have higher body mass than individuals in control-crowded populations.
Effects of heavy metals on population level: The obtained results showed that there is a critical number of
individuals in population that does not affect survival, but
is necessary to survive under stress conditions inducing
high mortality of individuals. This balance between the
number of individuals in population, which does not decrease the survival and allows to survive under stress conditions, may decide about the survival rate of insects in
contaminated areas.
Although we did not find significant changes in the
body mass of individuals from control and metal-exposed
populations, the total body mass of a population exposed to
heavy metals was lower than in control. In addition, heavy
metals induced desynchronization of developmental processes in population. In normal populations, larvae of the
housefly molt synchronously and pupate during 1-2 days.
These processes are controlled by a circadian clock [17]
and depend on ecdysteroids [18]. Desynchronization in
development may result from disturbances of the circadian
system or ecdysteroid levels by heavy metals. It has been
found in the crab, Chasmagnathus granulata, that Cd affected its molting probably by preventing the normal peaking of ecdysteroids needed for molting [19].
Effects of heavy metals on cellular level: The present
study showed that Cu, Zn, Cd and Pb are accumulated in
the body of exposed insects and that this accumulation is
associated with decreases in density and adhesion ability of
circulating haemocytes in the haemolymph, while the ratio
of the living to the total number of haemocytes was not
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statistically different from the control. This indicates that
reduction in growth or/and survival after intoxication with
heavy metals may also result from the decreased efficiency
of the immune system. The largest effect on haemocytes,
estimated by their adhesion ability, was observed for Pb
and Cu, while Zn and Cd had smaller effects. Similar toxic
effects have been found in Cu-exposed earthworms, in
which the celomocytes, their immuno-competent cells,
significantly decreased their adhesion ability (Homa J. and
Płytycz B, personal communication). In contrast, Zn used
in the same concentration, does not affect the adhesion of
celomocytes. The effect of heavy metals and other toxic
substances in the environment on blood cells have been
also found in other invertebrate and vertebrate species
including humans [20]. In the mussel Mytilus galloprovincialis polychlorinated biphenyls (PCBs), accumulated in
tissues, affect the response of haemocytes to bacterial infection [21]. Similar effects have been observed in other
molluscs, even when exposed to low concentrations of
cadmium and copper [22].
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SUMMARY
The present work concerns with the phytotoxicity and
genotoxicity of the substances produced by Tuber aestivum. The Vicia faba micronucleus test was used to compare the sensitivity of different experimental procedures
(paper filter bioassay and hydroponic culture bioassay) in
relation to different truffle and soil extraction methods (H2O
and 5% DMSO as solvents), and directly in the soil where
the truffle was developed; maleic hydrazide was used as
positive control. The data show a significant increase in
micronucleated cells in Vicia faba root tips by both extracts,
but the genotoxic effect is more evident for 5% DMSO
extract. The results obtained revealed that the paper filter
bioassay was more sensitive to detect genotoxic compounds
than hydroponic culture bioassay.

KEYWORDS:
phytotoxicity, genotoxicity, soil, Tuber aestivum, Vicia faba.

INTRODUCTION
Tuber sp. is an ectomycorrhizal fungus producing hypogeous ascocarps (or sporocarps, or carpophores) [1]. The
presence of truffle mycorrhizae (Tuber melanosporum Vitt.
and Tuber aestivum Vitt., in particular) creates around their
symbiotic plants circular areas, where sporocarps are found,
with a very reduced herbaceous cover, compared to the zone
amycorrhized [2]. This burned area, commonly known in
Italy as "pianello", is independent of the presence of sporocarps, but it is more evident when they are produced and
ends when the truffle bed retreats. The time duration of
persistency of the burned area suggests that inhibitory substances were released from the truffle. Tuber aestivum, in
particular, establishes its symbiotic relationship both with

broadleaved plant species (Quercus sp., Fagus sylvatica,
Corylus avellana, Carpinus betulus, Ostrya carpinifolia,
Tilia platyphyllos) and with the coniferous trees (Pinus
sp.), producing the most evident burned area in the case of
the broadleaved symbiosis.
Several studies of phytotoxicity suggest a toxic action
by the substances produced by the truffle and released in
the soil environment [3-7]. These substances are produced
by mycelium and ripe sporocarps and have an attractant
function towards "hydnophagous" animals. The phytotoxic effect of single compounds produced by the truffles,
such as dimethyl sulfide, 2-butanone, 2-butanol, 2-methyl
propanol, 2-methyl butanol, 3-methyl butanol, 2-methyl
propanal, 2-methyl butanal, and 3-methyl butanal is wellknown [2, 8], but their synergistic effect is unknown. Studies on the potential genotoxic synergistic effect of these
compounds are, though, absent.
Environmental mutagens can be detected by higher
plant assay systems. The field bean (Vicia faba var. minor)
is one of the most effective plant species for studying cytogenetic effects [9, 10]. Vicia faba has the advantage of
having six pairs of relatively large chromosomes, that are
excellent for assessing chromosomal aberrations. Besides,
it is a good biomonitor, because it is highly sensitive with
short treatment periods and an inexpensive test system too.
The present work deals with the phytotoxicity (reduction of primary root length) and genotoxicity (induction of
micronucleated cells) of the substances produced by Tuber aestivum. The Vicia faba micronucleus test was used
to compare the sensitivity of different experimental procedures (paper filter bioassay and hydroponic culture
bioassay) in relation to different truffle and soil extraction
methods (H2O and 5% DMSO as solvents) and directly in
the soil where the truffle was developed; maleic hydrazide
was used as positive control.
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MATERIALS AND METHODS

var. minor (field bean) was the plant test system used and
the experiments were carried out on the following samples:

Soil sampling and physico-chemical analyses

The soil environments examined were the following: a)
burned area no.1: Tuber aestivum + Pinus nigra; b) burned
area no.2: Tuber aestivum + Quercus pubescens. In both
burned areas we carried out a pedological profile [11]. The
soil samples were collected from horizons where the truffles
were picked, air-dried at room temperature, sieved at 2 mm,
physico-chemically analysed and classified according to
the Soil Survey Staff [12]. Particle size distribution of
soils was determined by pipette analysis with dispersion by
sodium hexametaphosphate. Soil pH was determined using
a glass electrode at water/soil and KCl/soil ratio 2.5:1 v/w.
Total organic carbon (C) was analyzed using the WalkleyBlack method and organic matter (OM) was calculated by
multiplying total carbon by 1.724. The cation exchange
capacity (CEC) was determined by extraction with BaCl2.
Determination of the total CaCO3 was carried out using De
Astis Calcimeter. Extractable Fe and Mn were revealed
with AA spectro-photometry. The main characteristics are
reported in Table 1.
Truffle and soil extraction

Ripe ascocarps of Tuber aestivum Vitt. were picked
during july and immediately broken into small pieces,
ground in a mortar, and extracted with H2O or 5% dimethylsulphoxide (DMSO) for 72 hours at 0-4 °C under
stirring. Higher concentrations of DMSO more than 5%
could not be used for truffle extraction due to its toxic
effects on the tested plant. The extracts were filtered and
the solution diluted 5 times. The soil extraction method is
the same used for the truffles.
Micronucleus test

The phytotoxicity, a short-term toxicity, was evaluated
by germination test (primary root length) while the genotoxicity, a long-term toxicity, by micronucleus test. Vicia faba

• H2O truffle and soil extracts;
• DMSO truffle and soil extracts;
• maleic hydrazide (MH) 5 x 10-6M e 5 x 10-5M, wellknown clastogenic agent in plant systems, used in
this study as positive control test [13, 14];
• soil samples collected from horizons, where from
the truffles are commonly picked.
The protocols adopted are the following:
i. Paper filter bioassay. Seeds of Vicia faba were allowed to germinate in different Petri dishes (20 seeds
for dish) on paper filters soaked, respectively, with
10 ml of H2O extract, 10 ml of DMSO extract, 10 ml
of 5 x 10-6M MH and 10 ml of 5 x 10-5M MH, and
stored in a climate chamber at 20°C ±1 for 120 hours.
As control experiments we have used H2O and DMSO.
At the end of the experiment the seedlings were removed and their primary root length measured.
ii. Hydroponic culture bioassay. Seeds of Vicia faba were
allowed to germinate in aluminium basins (20 seeds
for basin) containing 480 g of a sandy soil added
with 110 ml of deionized water and stored in a climate chamber at 20 °C ±1. The sandy soil used is
classified as Typic Udifluvent and its characteristics
are reported in Table 1. After 72 hours, the seedlings
were taken out and transferred to Petri dishes containing, respectively, 70 ml of H2O extract, 70 ml of
DMSO extract, 70 ml of 5 x 10-6M MH and 70 ml of
5 x 10-5M MH, for 4h. As controls we have used
H2O and DMSO. After treatment, the seedlings were
transplanted for 48 hours in the sandy soil. At the
end of experiment the seedlings were removed and
their primary root length measured.

TABLE 1
Main characteristics of two habitats studied, compared to the sandy soil.
Physico-chemical characteristics

Sandy soil

USDA Classification
Horizon where the truffles are commonly picked
Sand (%)
Silt (%)
Clay (%)
Clast (%)
pH H2O
pH KCl
Total CaCO3 (g/kg)
C (g/kg)
Organic matter (g/kg)
CEC (cmol/kg)
Extractable Fe (mg/l)
Extractable Mn (mg/l)

Typic Udifluvent
67.1
27.1
5.8
0
8.2
7.7
21
2.2
3.8
6.5
153
85
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Burned area no.1
(P. nigra + T. aestivum)
Typic Haploxerolls
A (0-16 cm)
3.3
23.4
73.3
0
6.7
5.6
10
30.3
52.2
51.3
119
197

Burned area no.2
(Q. pubescens +T. aestivum)
Typic Haploxerolls
Bw1 (8/11-32 cm)
11.1
31.6
57.3
13
7.3
6.5
11
19.1
32.9
43.0
77
228
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iii. Soil bioassay. Seeds of Vicia faba were allowed to
germinate in aluminium basins (20 seeds for basin)
containing, respectively, 480 g of the two soil samples
added with deionized water to obtain the humidity
values corresponding to their available water capacity
(AWC) and stored in a climate chamber at 20 °C ±1
for 120 hours. As control, we have used the sandy
soil used in the preceding experiment. After treatment
the seedlings were removed and their primary root
length measured.
All root tips were fixed in ethyl alcohol and glacial acetic acid 3:1 (v/v), hydrolyzed in 1N HCl at 60°C for 8 min,
then Feulgen stained. Squash preparations were produced
in 45% acetic acid and the slides made permanent according to the dry-ice procedure [15]. The genotoxic effects
were assessed by following the increase of micronucleated
cells (MNC) frequency in 15,000 cells in treatment (20 root
tips, 750 cells for root tip). Micronuclei are extranuclear,
Feulgen positive corpuscles, formed by chromosome or
chromosome fragments not regularly segregating in mitosis. They were taken into consideration only when diameter
did not exceed 1/3 of the main nucleus and when they were
localized within the cell wall in the cytoplasmatic area
surrounding the main nucleus. Total anaphases-telophases
were also counted as mitotic index. The phytotoxic activity was evaluated by measurement of primary root length
(PRL) of V. faba in 20 seedlings.

RESULTS AND DISCUSSION
In Table 2 are reported the data relative to the growth
of primary roots of Vicia faba and the induction of micronucleated cells of truffle extracts in paper filter bioassay
and in hydroponic culture bioassay. The results obtained
show a remarkable phytotoxic effect only in the case of
experiment carried out on paper filter and with DMSOextract (Table 2; PRL DMSO-extract from 13.00 to 5.79).
The treatment with MH to different concentrations leads to
significant differences in both the experiments (Table 2).
With regard to genotoxicity of truffle extracts, in paper
filter bioassay a significant increase of micronucleated cells
in Vicia faba root tips is evident by both extracts, compared
to the control (Table 2; % MNC H2O-extract from 0.38 to
0.97 and % MNC DMSO-extract from 0.28 to 3.92). The
results of hydroponic culture bioassay show a significant
genotoxic effect only when DMSO extraction was used
(Table 2; % MNC DMSO-extract from 0.38 to 0.98). This
fact may be due to the higher solubility in polar organic
solvents as DMSO of substances produced by Tuber aestivum, i.e. low molecular weight aldehydes, ketones and
alcohols, identified as phytotoxic agents by several authors [7, 8].
Furthermore, we have computed the Germination Index [16]:

GI =

Statistical analysis

Each experiment was carried out in duplicate. Data
were analyzed by Student's t and the means were compared using the Fisher's test at p = 0.01 and p = 0.05.

GS * PRLS
*100
GC * PRLC

where,
GS = number of germinated seeds relative to the sample
GC = number of germinated seeds relative to the control
PRLS = primary root length relative to the sample
PRLC = primary root length relative to the control

TABLE 2
Results of the Vicia faba root micronucleus test on the phytotoxicity and genotoxicity of truffle extracts and their relationships.
PRL
(mean ± SD)
Paper filter bioassay
Negative control (H2O)
H2O-extract
Negative control (DMSO)
DMSO-extract
Positive control (MH 5 x 10-6M)
Positive control (MH 5 x 10-5M)

13,67 ± 8,62
12,84 ± 7,36
13,00 ± 4,93
5,79 ± 4,84**
6,10 ± 6,04*
6,09 ± 6,99*

Hydroponic culture biossay
Negative control (H2O)
H2O-extract
Negative control (DMSO)
DMSO-extract
Positive control (MH 5 x 10-6M)
Positive control (MH 5 x 10-5M)

59,53 ± 14,85
57,87± 14,63
59,37 ± 12,63
53,44 ± 11,69
45,53 ± 9,50**
41,69 ± 5,55**

GI

119
42
30
33

81
113
85
62

MNC
(mean ± SD)
0.38 ± 0.003
0.97 ± 0.005**
0.28 ± 0.003
3.92 ± 0.041**
1.06 ± 0.005*
3.16 ± 0.029**
0.06 ± 0.001
0.05 ± 0.00
0.38 ± 0.004
0.98 ± 0.005*
1.10 ± 0.006**
6.48 ± 0.016**

MNI

2.55
14
2.79
8.32

0.83
2.58
18.33
108

* p = 0.05 at the t-test; ** p = 0.01 at the t-test; PRL = primary root length (mm)/20 roots
GI = germination index; MNC = % of micronucleated cells/15,000 cells; MNI = micronuclei index;
SD = standard deviation

1414

Fresenius Environmental Bulletin

GI could be associated with the phytotoxic effect (high
values indicate absence of phytotoxicity); in our experiments, low values of GI are obtained for the DMSO-extract
and for the positive controls (MH) in the experiment in
paper filter, suggesting, therefore, a remarkable phytotoxic
effect (Table 2; 42, 30 and 33%, respectively).
We have also computed the Micronuclei Index:
MNCS
MN I =
MNCC

Soil extracts do not induce micronuclei in root tips of
Vicia faba treated both in paper filter bioassay and in hydroponic cultures (data not show). However, a good correlation (r2 = 0.995) between the reduction of primary root
length and GI (Fig. 2) and a significant increase in micronucleated cells (Fig. 3) was observed in the seeds directly
planted in the soils where the truffle was developed.
PRL

GI

6

where,
MNCs = % of micronucleated cells relative to the sample
MNCc = % of micronucleated cells relative to the control

5

90
80

A

4
PRL (cm)

Several authors [17, 18] have expressed the results obtained with Salmonella/microsome test as mutagenicity
ratio, i.e., frequency of revertants induced by each test
sample divided by the frequency of revertants induced by
the negative control, calculating the mutagenic potency for
values higher 2, a doubling of spontaneous revertants. With
regard to MNI, the mutagenic effect could be considered
positive when the ratio was >2, that means, at least a doubling of spontaneous frequency of MNC. In this study, the
data show a MN Index value <2 only in the case of H2Oextract in hydroponic culture bioassay, therefore, absence
of genotoxic effect (Table 2; 0.83). A genotoxic effect in
the absence of phytotoxicity is underlined for H2O-extract
of the experiment in paper filter (Table 2; GI = 119, MNI =
2.55) and for the DMSO-extract in the experiment in hydroponic culture (Table 2; GI = 113, MNI = 2.58).

100

y = 24,274x - 8,667
r2 = 0,995

70
60

3

50
40

B

2
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FIGURE 2
Phytotoxicity of soil samples, as evaluated by primary root length
(PRL) and germination index (GI) and their relatioships. The
values are the means ± standard deviation. Means labeled with the
same letters are results not significantly different at p = 0.01 (uppercase letters) as assayed with the t-test.

1
0,9
0,8

Moreover, we have computed the frequency of total
anatelophasic cells (% anaphases + telophases/ 15,000
cells), as index of mitotic activity (Fig. 1). Low values of
such index point out a low mitotic activity of apical meristems. The data gotten subsequently to the treatment in
paper filter show values (Fig. 1; range 1.06-2.20%) meaningfully more low, in respect to those gotten in the experiment in hydroponic culture (Fig.1; range 2.65-3.55%).
4

AT (%)

b

b
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FIGURE 3
Genotoxicity of soil samples, as evaluated by frequency of micronucleated cells (MNC). The values are the means ± standard deviation.
Means labeled with the same letters are results not significantly
different at p = 0.01 (uppercase letters) as assayed with the t-test.
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CONCLUSIONS

1
0,5
0

Paper filter bioassay

Hydroponic culture bioassay

negative control (H2O)

H2O-extract

Negative control (DMSO)

DMSO-extract

MH 5x10-6M

MH 5x10-5M

FIGURE 1
Frequency of total anatelophases cells (% anaphases + telophases/
15,000 cells) as index of mitotic activity. Means labeled with the same
letters are results not significantly different at p = 0.05 (lowercase
letters) and p = 0.01 (uppercase letters) as assayed with the t-test.

The data show a significant increase in micronucleated cells in Vicia faba root tips by both truffle extracts, but
the genotoxic effect is more evident for 5% DMSO extract. The results obtained in this research confirm that the
paper filter bioassay is more sensitive to detect genotoxic
compounds than hydroponic culture bioassay. Finally,
further studies should be performed in order to evaluate
the genotoxicity of substances produced by the truffle and
distributed in the soil environment.
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SUMMARY
Toxic and teratogenic effects of sub-acute exposure to
5 and 50 µg/l flumequine (9-fluoro-6,7-dihydro-5-methyl1-oxo-1H, 5H-benzene), an antibiotic used in aquaculture,
have been investigated on Danio rerio. This model was
chosen while being easy to handle and particularly sensitive to chemical and physical stress during reproductive
processes. The results showed that 35-days treatments (at
both concentrations) cause a significant increase in embryos mortality rate, mainly due to a dramatic toxic effect
in the first four days of treatment. Furthermore, 35-days
treatment (at both concentrations) induced developmental
alterations in trunk and unpaired fins, in particular, trunk
is often thinner on both dorso-ventral and medium lateral
axes, and developmental defects in cartilage, muscular
and neural structures can be found. Muscular tissue was
altered in the tail region, thus, myosepta were irregular or
absent and muscle bundles were discontiguous. In treated
embryos a significant reduction of signal intensity in both
trunk and dorsal branches of metameric spinal nerves was
found by in situ hybridization with a probe for calmodulin
messenger RNA. These results account for the possible
multiple effects on non-target species of antimicrobial
drug environmental contamination.

KEYWORDS: Embryotoxicity, flumequine, Danio rerio, intensive
aquaculture, teratogenic effects.

INTRODUCTION
Flumequine is a quinolone antibiotic, used in intensive aquaculture [1]. It has been found in the wastewater
of a sea bass-intensive aquaculture station, up to levels of
50 µg/l [2] during a fish treatment. Furthermore,
flumequine persists up to six months in sediments [3].

To assess the ecotoxicity of flumequine, Danio rerio
(zebra fish) embryos can be useful. They found large application in early life stage toxicity testing due to several
practical advantages. The fishes are relatively easy to breed
in the laboratory and their eggs available all the year round.
The transparency of eggs and post-hatch larvae permits to
follow development by microscopy observation, including
the check of possible teratogenic effects. Danio rerio was
also chosen because it is a particularly suitable model to
study the effects of chronic and acute exposure to chemicals or physical stress [4] from fertilisation to development,
from gametogenesis to spawning.
Experiments were planned to determine (a) death rate:
daily, at different concentrations; (b) teratogenic effects: in
toto, as histological alterations or calmodulin gene expression modification. Early embryos of D. rerio were exposed
to flumequine solutions at two different concentrations and
the effects on in toto animals were observed by determining
death rate and occurrence of gross morphological anomalies.
Histological samples were also utilized to verify alterations
at tissue and organ levels, and in situ hybridization using a
probe for calmodulin messenger RNA was carried out.
MATERIALS AND METHODS
One hundred fertilized eggs of Danio rerio at blastula
stage, obtained from our laboratory, were exposed to 50 and
5 µg/L flumequine. The tests were semi-static, i.e. solutions
renewed once a week. Toxicity tests were performed at
28±0.5 °C. Embryos gross morphology was observed under
a Leica stereomiscrosope. Larvae histological analyses
were performed on control or treated fishes after 35 days.
The larvae were anaesthetized and fixed in formaldehydeglutaldehyde, then embedded in Epon 812 according to
standard procedures [5]. Semi-thin sections stained with
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toluidine blue were examined under a Nikon E1000 microscope fitted with a Nikon DMX 1200 telecamera. Digitalized images were elaborated by a specific software.
Digoxigenin-labeled probes for in situ hybridization
were synthesized by utilizing SP6 and T7 polymerases and
digoxigenin–UTP (Roche). Fixed embryos (4% paraformaldheyde in PBS; 12-16 hours at 4 °C) were used for in situ
hybridization by the protocol of Schulte-Merker [6] and
calmodulin transcripts were detected according to Thissie
et al. [7]. Whole embryos were observed and photographed
using a Nikon E1000 microscope fitted with a Nikon DMX
1200.

RESULTS
Embryos (less than 2 hrs old) were exposed to 5 and
50 µg/l flumequine for 35 days. Control death rate regularly increased up to the 13th day, reaching 40%, and then
remained constant up to the end of the experiment. Both
treated batches showed 56% death rate after 4 days. The
differences between the two concentrations are evident
only after the 17th day, when death rate was 72% at 5 µg/l
and 81% at 50 µg/l, but no further increase was found up
to the end of the experiment.

FIGURE 1 - Sub-acute toxicity test of flumequine. Data are expressed as mean value ± SD. Asterisks (*) indicate a significant difference between treated and control groups (P< 0.05; One-Way ANOVA followed by Dunnett’s post-hoc test).

Morphological modifications

After 35 days the animals showed several morphological modifications of trunk and unpaired fins. General
slowing of growth rate seems to be responsible of the
smaller dimension. Particularly, the trunk is often thinner
along both axes, while maintaining a correct general organization (Figs. 2A-F).
Dorsal and anal fins are variably reduced, and absent
in almost all samples (Figs. 2C-2D, 2E-2F). Caudal fin
showed only limited dorsal alterations, apparently unrelated to drug concentrations (Figs. 2D-2F). Some samples
show (Fig. 2D) trunk bended up and lack of paired fins.
The cephalic end did not show evident developmental
alterations, but histological analyses showed defects in the
head structures, and pigmentation is often affected due to
misdistribution of melanophores (Figs. 2E-2F).

sustained by cartilaginous spines, forming lepidotrichia,
and between them, in the basal region, some muscular
bundle can be evidenced (Fig. 3A). Some animals showed
highly reduced number of lepidotrichia and only one
cutaneous fold (Fig. 2B), also pectoral and pelvic fins of
treated animals (both concentrations) appeared quite undifferentiated. Anal and pre-anal fins are often undifferentiated, as folds without skeletal spines. In the tail area, in
some animals a double undifferentiated dorsal and ventral
fold can be found, without skeletal elements. The tail
showed high variability, from well-developed to dramatically reduced, without skeletal spines (data not shown).

Histological analyses

Control animals have well-developed gill structures:
cartilaginous gill arches and a double series of distal and
proximal gills` lamellae supported by septa (Fig. 3C).
Treated animals had shorter septa and lamellae, and their
numbers were reduced. The entire area is richly vascularized (Fig. 3D).

Analyses of fins, gills` lamellae and retina in treated
fishes, at both concentrations, showed developmental defects in cartilage, muscular and neural structures. Unpaired
fins of control animals are constituted of cutaneous folds

Flumequine treatment affected also eye development.
Thickness reduction of the retinal cell layers was found,
particularly the bipolar neurons layer (Fig. 3E-3F).
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FIGURE 2 - In vivo observations of control (A, B) and flumequine treated animals (C,D 5 µg/l; E, F 50 µg/l).
After 35 days, the treated animals showed developmental alterations in trunk and unpaired fins (arrowhead).

FIGURE 3 - Histological analysis of control (A, C, E) and flumequine-treated (50 µg/l) fishes. (A) Control animals: unpaired fins are
constituted by cutaneous folds (f) sustained by cartilaginous spines, forming lepidotrichia (l); (B) Treated animals: lepidotrichia (l) number is highly reduced, only one cutaneous fold is visible (f); (C) Control animals: cartilaginous gill arches (a) and a double series of distal
and proximal branchial lamella (l) supported by septa (s); (D) Treated animals: septa (s) and lamella (l) shorter and reduced in number;
(E) Retinal cell layers, bipolar neurons (bn); (F) Treated animals: reduction of retinal cell layers, particularly of bipolar neurons (bn).
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FIGURE 4 - Histological analysis. A) In control organisms the myotomes are separated by myosepta (arrowhead), muscular
fibres inside the myotome were regularly placed to each other in a peculiar striated organization. B) In treated fishes the muscular tissue was altered in the tail region: myosepta (arrowhead) were irregular or absent; muscle bundles were discontiguous.

FIGURE 5 – A) Control calmodulin gene expression in metameric spinal nerves (arrow heads).
B) In treated fishes (50 µg/l) signal intensity in both trunk and dorsal branches is clearly lower.

Control animals had well-developed and symmetrical
muscular masses; myotomes were dorso-ventral and separated by myosepta, originating from perichordal connective
and reach cute. Muscular fibres inside the myotome were
regularly placed near each others in the peculiar striated
organization (Fig. 4A). Treated animals showed muscular
tissue altered in the tail region, that means myosepta were
irregular or absent and muscular bundles were discontiguous (Figs. 4B).
Calmodulin gene expression

In control animals, after the 6th day mRNA for calmodulin was mainly located in the nervous system, particularly along cell bodies and axons. Fig. 5A clearly shows
calmodulin gene expression in metameric spinal nerves, in
both dorsal and ventral branches. In treated animals (Fig. 5B)
a dramatic signal reduction was found, almost completely

absent in the dorsal branch, while some staining can be
found in the anterior somites, at ventral level. In the tail
region staining was almost completely absent, and, if present, limited to the region of spinal column.
DISCUSSION
Sub-acute exposure of Danio rerio embryos to
flumequine causes stronger toxic effects during the first
week of treatment as demonstrated by the significant increase of the death rate. In that period embryos feeds consisted of residual yolk [8], and death can be attributed to
morphological anomalies. In treated animals, a second peak
of death rate can be found around the 15th day, probably
depending on the exogenous feeding that implies good
swimming capability to catch preys. At 50 µg/l flumequine
only 20% animals survive more than 35 days.
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Our data clearly indicate that flumequine induces phenotypic alterations on trunk, fins, gills, muscular and nervous tissues. Target organ and tissues are the same found in
acute toxicity trials [9], but anomalies are less evident, as in
the case of eyes, that seemed not affected, and of curly
tails, not so deformed. As a general rule, sub-acute treatment never causes dramatic alterations, and the three
organization plans are respected although shortening of
trunk and thinnering of tail can be found. More pronounced anomalies can be found in fins, scarcely developed or absent.
Internal structures are also not dramatically affected:
gills, fins and retina, show a normal inner structure although
components are less developed than in control. Myotomes
and related spinal nerves are modified at both flumequine
concentrations.
Fibers and myosepts disorganization, lacking of nervous branches can affect swimming capability and, consequently, feeding (predatory) activity. This suggests that in
flumequine-contaminated environment, in addition to direct
toxicity, as happens with many chemicals [10], also other
aspects can affect population recruitment, as the number
and fitness of the young reaching sexual maturity.
Our data clearly demonstrated that flumequine at low
doses can affect specific targets, as found in acute toxicity
tests, mainly mesodermal derivatives (condrogenesis) and
ectodermal (neurogenesis), by producing alterations able
to modify population fitness.

[4]

Birge W.J., Black J.A. and Westerman A.G. (1985) Shortterm fish and amphibian embryo-larval tests for determining
the effects of toxicant stress on early life stages and estimating chronic values for single compounds and complex effluents. Environ. Toxicol. Chem. 4, 807-821.

[5]
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Cell Biol. 27, 137-147.
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homologue of the mouse T gene is expressed in nuclei of the
germ ring and the notochord of the early embryo. Development 116, 1021-1032.
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Thisse C. Thisse B., Schilling T. F. and Postlethwait J.
(1993) Structure of the Zebra fish snail I gene and its expression in wilde-type, spadetail and no tail embryos Development 119, 1203-1215.

[8]
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Schilling T. (1995). Stages of embryonic development of the
zebrafish. Dev. Dyn. 203, 253-310.
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Lancieri M., Cozzolino S., Filona S., Motta C.M., Tammaro
S., Gaudio L. and Migliore L.,( 2002). Toxicity and teratogenic effects of Flumequine on Danio rerio embryos. Fresenius Environmental Bulletin 11, 642-646.

[10] Wisk J.D. and Cooper K.R.(1990) Comparison of the toxicity
of several polychlorinated dibenzo-p-dioxins and 2,3,7,8tetrachlorodibenzofuran in embryos of the japanese medaka
(Orizias latipes). Chemoshere 20, 361-377.

In conclusion, we can confirm the ecotoxicity of
flumequine, and the results above account for the possible
multiple effects on non-target species of anti-microbial
drug environmental contamination, due to the therapeutic
and prophylactic practices of bacterial disease control in
intensive farming; Flumequine, a possible contaminant of
aquaculture areas, certainly poses environmental concern,
being able to interfere with fish development.
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SUMMARY

INTRODUCTION

In monitoring genotoxicity, it is important to have
sensitive, but non-specific assays to indicate a wide range
of DNA damage mechanisms. In this paper, a new and
flexible approach for the qualitative detection of induced
DNA effects, DNA damages and mutations, accelerated
by exploiting planaria regeneration and using an improved
RAPD assay, is presented.
Planaria flatworms are invertebrates showing bidirectional regeneration. Spontaneous DNA variation before
and after regeneration was evaluated to enable the monitoring of induced DNA effects. Three groups were formed
from a single planarian by cutting a) the planarian’s tail as
regeneration-free control group, b) the rest of the planarian longitudinally into two parts to form the non-exposed
and c) the mutagen-exposed regeneration groups. The
DNA of the control group was extracted immediately, and
that of the second and third group, when regeneration
process was completed. RAPD-PCR was performed for
all three groups at identical conditions, using 3-fold of the
original mix (triplicate master mix) with the same DNA to
assess mosaicism due to spontaneous and induced DNA
changes. The banding patterns were evaluated using “Quantity One” software. The results are promising in assessing
the genotoxic effects for biomonitoring studies.

KEYWORDS: Genotoxicity, biomonitoring, Planaria, model organism, RAPD, DNA damage.

unpublished work: Uzonur, I., PhD thesis continued, expected to be
finished in fall 2004, Genotoxicity Monitoring with Improved RAPD
Assay on Mytilus galloprovincialis as a Model, Istanbul University,
Institute of Marine Sciences and Management, Physical Oceanography
and Marine Biology Department, Istanbul, Turkey
∗

The increasing genotoxic risks in marine environment
call for novel strategies and new biomonitoring tools for
their assays. Genotoxins may interact with genes on a variety of levels by causing DNA damage and mutations, influencing gene expression. As a molecular biomarker for
genetic effects, the detection of DNA damage introduces
a highly specific and very early signal of genotoxicity and
could reflect the level of marine pollution by genotoxicants. The most commonly used and researched techniques
of direct or indirect detection of DNA damage/integrity and
variation determinations in biomonitoring studies are alkaline unwinding, comet assay, the fast micromethod®, chromosomal aberration analysis, fluorescence in situ hybridisation, micronuclei, DNA adducts, sister chromatid exchanges,
hypoxanthine-guanine phosphoribosyltransferase (HPRT)
mutations, and gene mutation assays, such as AMES test,
UMU-test, and transgenic fish assays [1, 2]. Genotoxininduced DNA damage, genome-wide instability and mutations can also be semiquantitatively detected by using
the RAPD assay. Recently various studies confirmed that
RAPD profiles change after genotoxic in vitro treatments,
making this technique a potent genotoxicity monitoring
tool despite its various limitations and unclear potential.
This method was applied to detect physically and chemically induced DNA damage, and genetic alterations in
various organisms or tissues [3-11].
In this study, we tried to determine the presence of
genetic instability due to regeneration, probably causing
DNA damage by exposure to a known mutagen (ethidium
bromide in varying concentrations). Therefore, the exposed and non-exposed parts of the same planarian were
compared, before and after regeneration. To our
knowledge, utilization of a regenerative model organism
both as control and experimental group in the RAPD
assessment of genome-wide toxicity of various chemicals
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is a novel approach, bringing new insight into genotoxicity
biomonitoring. A new methodological step is also to prepare a PCR master mix with the same DNA and distribute
it into n (n=3 in our research) aliquots, amplified simultaneously and run on the same gel. The profile evidences the
genome-wide variation (spontaneously or induced) of the
model.

MATERIALS AND METHODS
Planaria

Dugesia dorotocephala (Platyhelminthes: Turbellaria,
Planariidae), a brown and quite large (maximum 15 mm),
turbellarian flatworms` pure culture was obtained from
Carolina Biological Supply Company (USA), bred and
maintained according to the instructions of the supplier.
Experimental Design

Five experimental groups were formed. The 1st group
was to check the genetic variation at population level (10
individuals, randomly chosen from the culture, without
any known exposure), and the 2nd group to check innate
variation of the individuals due to intrinsic, spontaneous,
and induced DNA variations (10 individuals without any
known exposure). The 3rd and 4th group were to check
positional DNA effects during regeneration, when the planarians were cut transversely and longitudinally, before and
after regeneration (2 individuals each). The 5th group was
to observe the genotoxin-induced DNA damage on different parts of the same planarian by making subgroups for
the non-exposed and non-regenerated, non-exposed regenerated and exposed-regenerated parts of the same planarian.
Combined data for all groups are presented in Fig. 2.
DNA isolation and RAPD-PCR applications

DNA isolation was carried out using the Macherey &
Nagel Nucleospin tissue DNA isolation kit, according to
the supplier‘s instructions. DNA concentrations and sizes
were estimated by comparing them with a standard sample (GeneRulerTM 100bp DNA Ladder, ready-to-use, MBI
Fermentas) in an agarose gel (fragment, (bp) and DNA
quantity in band, (ng) were given, respectively, for 10
bands in descending order of the fragment sizes 1: 1031169, 2: 900 - 147, 3: 800 - 131, 4: 700 - 115, 5: 600 - 98,
6: 500 – 164, 7: 400 – 65, 8: 300 – 49, 9: 200 – 33, and
10: 100-16).
RAPD amplification was done in a 25 µl PCR mix,
containing 1 x PCR buffer (NH4)2SO4, 0.2 mM from each
dNTP (2 mM dNTP mix), 25 picomoles of primer OPB18 5’CCACAGCAGT 3’ from QIAGEN Operon RAPD®
10mer Kits, 200-400 ng of genomic DNA, and 0.5 units
of Taq DNA polymerase, and filled up with sterile deionized water to the final volume. PCR chemicals were obtained from MBI Fermentas, except when otherwise stat-

ed. Tubes containing all reaction components, except
template DNA, were included as controls.
Amplification was performed in a Techne (Progene)
thermal cycler programmed for 3 min at 95 °C (initial denaturation of template DNA) followed by 45 cycles of 1 min
at 94 °C(denaturation), 1 min at 36 °C (annealing temperature), 2 min at 72 °C (extending), and 5 min at 72 °C (final
extending step) [12, 13].
In our model of improved RAPD-PCR, we proposed
the preparation of a master mix with every component of
the standard RAPD-PCR, including the DNA and subdividing it into several aliquots for amplification at the same
PCR conditions. This novel approach enabled the visualization of the amplification products from the very same organism on the same gel, clearly showing the variation of
the organism’s genome (innate, induced or spontaneous).
The RAPD profiles of the improved assay were evaluated
on the same agarose gel without the need for further reproducibility check of the results (Fig. 1).
Agarose gel electrophoresis and analysis of DNA profiles

Amplification products were analyzed by electrophoresis in 2% agarose gels and visualized by staining with
ethidium bromide under UV-light; documented with both
GelDoc 2000 (BioRAD) and SANYOAZ1 digital camera.
This improved model of the RAPD-PCR amplified
products was run in triplicate, and clearly expressed bands
were scored and used to create the genetic profiles of each
individual.
Data analysis

The RAPD profiles, cluster analysis and dendrogram
processing were elaborated by Quantity One software,
using the Unweighted Pair Group Method (UPGAMA)
with average linkages, as reported in the Quantity One
user`s guide, version 4.2.3 for Windows 2000 (Bio-Rad
Laboratories). The bands were scored by two different observers. Each amplified DNA fragment was considered to
be an independent character (locus), and scored as present
(1) or absent (0), and the band intensities were also considered in dendrogram processing. The magnitude of genetic
variation was determined by using the Dice similarity coefficient. The similarity matrices computed for each pair of
individuals as well as each pair of experimental groups
were subjected to cluster analysis, using UPGAMA with
arithmetic mean (UPGMA), and the dendrograms were
generated using Quantity One software to visualize the
genetic similarity between the individuals, but also dissimilarity between control and experimental groups.

RESULTS
DNA bands ranging from ~200 to ~1000 bp in each
lane were detected. The results indicated:
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1. Dugesia dorotocephala, turbellarian flatworm as a
regenerative species, can be a good model for biomonitoring the genotoxic stress.
2. Our improved RAPD assay should be a preliminary
test analysis, when using RAPD analysis for multicellular organisms, because of its capacity to detect
the genome-wide variation (Fig. 1).
3. Genetic variation of the population was low (less than
10%, data not presented), when assessed with 3 different random 10mer primers).
4. Spontaneous mutation rate and somatic mosaicism
were also very low (~0) in non-exposed, non-regenerating controls.
5. The improved RAPD assay is able to extract considerable information about genome-wide nucleotide variability. Factors, such as variation in gene expression,
steady levels of genetic alterations, and changes in
metabolic processes, could induce some changes in
RAPD patterns and can be speculated from our results.
DNA damage and mutations appear to be the main
factors influencing RAPD patterns. Unexpected variation in control profiles can be mostly due to the mosaic
nature of the organism.

DISCUSSION
The mechanism of mitosis ensures that every cell of
the organisms contains a faithful and complete replica of
the genes present in the original fertilized egg. However,
one of the properties of the genetic material is the ability
to exhibit variation over time, such as DNA damage and
mutations, which may occur during development of an
organism. Genotoxins are known to interact with genomic
DNA, sometimes randomly, but mostly at specific sites,
which lead to hot spot DNA damage and, potentially, hot
spot mutations. Mutation is defined as a failure to store
the genetic information faithfully. The consequences of
mutations depend upon where and when they occur in an
individual. Some mutations happen in regular body cells,
these are so-called somatic mutations. Such post-zygotic
mutations may produce mosaics with two or more genetically distinct cell lines. Some mutations arise as natural
errors in DNA replication, known as spontaneous mutations, or can be caused by xenobiotics in the environment as
induced mutations. In the context of this work mosaicism,
spontaneous and induced DNA variation, DNA damage
and/or mutation have been monitored by exploiting the
regenerative planarian organism as a model and the improved RAPD assay as a genotoxicity biomonitoring tool.

Extracted planarian DNA

Aliquoting

#
$Ÿ
¢®¥§
@æ
Œβф
ЧЖ

DNA extraction

¢

RAPD-PCR at the same
conditions for n aliquots
RAPD-PCR master mix for n samples + n x (DNA)
in the same tube
1 to n different profiles for the same DNA according to

Physical and chemical environmental mutagenesis renders planaria a mosaic of
many different mutations in its DNA.

¢®¥§@æŒβфЧЖ: Spectrum of various mutations accumulated in different tissues of
the planaria.

•the level of genetic variation,
•gene expression under normal circumstances
•mosaicism
•genotoxic stress
•10mer primer sequence

Master mix for n samples + n times extracted planaria DNA (µl).

Aliquoting (master mix + DNA) into n tubes
(master mix + DNA) was divided into n aliquot tubes

FIGURE 1 - Representation of the improved-RAPD assay approach.
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FIGURE 2 - A representative picture of the electrophoretic RAPD profiles obtained during the analysis using the OPB18 primer.
Lanes 1 and 22 are molecular size markers (GeneRulerTM 100bp DNA Ladder, ready-to-use, MBI Fermentas). All the samples are run in
triplicate, except the last two samples, which are in duplicate aimed at the improved RAPD application to show the (innate and/or acquired) level of spontaneous and/or induced variation accordingly. Lanes (2-4), (5-7), (8-10) are for the same planarian (A, B, C), 2-4:
non-exposed regenerated half triplicate (A), 5-7: non-exposed, non-regenerated tail piece triplicate (B), 8-10: exposed, regenerated triplicate(C); lanes 11-13: belong to another complete individual triplicate (D). Both levels, that of intrinsic genomic variation and genetic
variation in the normal population without any exposure can be seen {(lanes (5-7), (11-13) and (14-16)} representing normal population
genetic variation; the lanes (14-16)(E), (17-19)(F) and (20-21)(G) belong to a third planarian’s non-exposed, non-regenerated tail, exposed and regenerated tail in triplicates, and the head parts in duplicate, respectively.

E
F
G
C

A

D

B
FIGURE 3 - Cluster analysis of the planarian experimental subgroups studied, based on the RAPD profiling and Quantity One processing.
The numbers from 2 to 21 in the dendrogram correspond to the RAPD electropherogram lanes in Fig. 2. The similarities and dissimilarities seen
are computed on the basis of differences in both band intensities and band sizes for the appearance of new bands, disappearance of common
bands, and decrease or increase in band intensities.
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Aquatic organisms have long been used as sentinels to
detect changes in the environment. When we learn more of
mechanisms, through which they respond to environmental
genotoxicants, we will better understand how to use this
knowledge most effectively to evaluate human and environmental health risks [1, 2, 14].
Molecular evaluation of genomic variation by RAPD
profiling can be an assessment method capable of identifying environmental threats, such as genotoxicity, mutagenicity and even carcinogenicity earlier than by using the
standard methods.
Regeneration is the regrowth of a tissue or part of an
organ after its destruction or loss. New tissues require new
cells, derived by cell proliferation. Many animals are capable of regeneration of lost parts, to some extent. Regeneration in Dugesia dorotocephala, a common freshwater flatworm (Phylum Platyhelminthes, Class Turbellaria, Order
Seriata, Suborder Tricladida) can be used as a model not
only for detecting DNA effects and genotoxicity, but also
for biomonitoring mutagenesis and carcinogenesis. These
organisms have considerable powers of regeneration, and
their ability of regeneration has been investigated in great
detail. The body is polarized on the anterio-posterior axis.
In other words, if the head is cut off, the head will grow a
new body, and the body will grow a new head.
During regeneration not only mutations are fixed, but
also some normal cellular modifications occur that may
lead to changes in RAPD profiles. Numerous studies have
shown that gene expression correlates with a change in
DNA structure, which, in turn, may induce changes in
RAPD profiles. The fact that D. dorotocephala can regenerate within 2 weeks reflects substantial changes in gene
expression. It is now well-established that the methylation
of specific cytosine residues in eukaryotic DNA controls
the expression of some genes, leading to structural changes
in the genomic DNA [15, 17].
“Detectable DNA effects” are considered under 4 categories: appearance of new bands, disappearance of common bands, decrease in band intensities, and increase in
band intensities (Fig. 2). They were detected in already
regenerated and non-regenerating parts of Dugesia dorotocephala, exposed to intercalating, highly mutagenic chemical ethidium bromide. These effects may include (in regenerating and already regenerated planarians) physiological
processes, which may temporally change and disrupt the
integrity of DNA (e.g. replication, gene expression, posttranslation modification). This is powered by enzymatic
processes that maintain and return the DNA to its original
high-integrity state. Changes in oligonucleotide priming
sites are due to mutations and/or DNA damage, intercalation of the dye (EtBr) molecule, as well as interactions of
the Thermus aquaticus DNA polymerase with intercalated/
damaged DNA during polymerisation. Although the type
of DNA damage was not detected in this study, it is quite
clear that this method and model is reliable to test changes
in DNA, sporadic or acquired and physiologic or pathologic ones [17].

Previous research experience about the limitations
and the potential of RAPD assay helped us a lot in conducting the research experiments and evaluating the results. The lack of standard procedures for RAPD analysis
makes comparison with other studies very difficult, however, RAPD assay presents numerous advantages: no prior
knowledge of the genome under investigation is required,
very little genomic DNA is necessary, the results are generated rapidly, the overall sensitivity of the technique is very
high, it has the potential to detect a wide range of DNA
damage (e.g. DNA adducts, DNA dimers, DNA intercalations, DNA crosslinks, DNA breakages), as well as mutations (point mutations and large rearrangements), and estimates of variation obtained from large numbers of loci are
very accurate, even with small sample sizes [18]. The interpretation of the molecular events responsible for differences
in the RAPD patterns is not an easy task, since different
DNA alterations can induce similar types of changes. RAPD
analysis allows a qualitative to semiquantitative assessment
of the DNA effects, and the nature of the changes in profiles can only be speculated, until amplicons are analyzed
with sequencing, probing etc. Standard PCR methods are
known to be highly sensitive to contamination, and the
anonymous nature of RAPD markers possibly allows that
markers could be generated from any type of DNA contaminant within the sample of DNA. DNA damage and
mutations can be detected by RAPD assay, if they occur in
at least 2% of the cells. Such variations can be observed as
differential RAPD profiles with our impoved RAPD assay
(increasing the chance of detecting damage and mutations,
even when they occur in less than 2% of the cells), when
we increase the number of aliquots in the master mix [19].
The facts below are valid, when our improved RAPD
assay is performed as a prerequisite to check the intraindividual variability, which increases the applicability
and reliability of RAPD analysis:
• Responses due to chemical exposure must be able to
be distinguished from natural sources of variability,
such as ecological and physiological variables, species-specific differences, and intra-individual variability, if the biomarkers are to be useful in evaluating
contamination and biomonitoring of DNA damage.
• Reproducibility is not a real problem in RAPD, but a
problem is the hidden complexity of the genomes of
the multicellular organisms dealt with. The complexity might be temporary, as in the case of DNA
changes during normal physiological processes, or
permanent as in the case of DNA damage and mutations due to pollution impact.
• Attention has to be paid when the RAPD assay is used
to investigate taxonomic identity of populations living
in polluted environments, since some of the changes in
the RAPD profiles can be related more to genotoxic
effects rather than to phylogenetic differences.
Therefore, before starting a RAPD application with
any multicellular organism, not only efficient assessment
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of nucleotide diversity in natural populations, but also
assessment of intra-individual genome variation, as we
proposed in this study, is a research priority, especially
when using RAPD markers,
• Bio-monitoring of DNA damages in marine organisms seems to be very difficult and the concept "environmental monitoring of DNA damages" needs to
be developed further by choosing appropriate model
organisms. Planarians seem to be an excellent model
for further progressive studies [20].
• Planaria, which have the legendary regenerative ability to produce ~300 individuals from one planaria
chopped into 300 pieces, seem to be more advantageous than its multicellular counterparts: no interindividual comparison can be more trustworthy than
(no matter how qualified and/or how numerous) intracellular comparison enabled by this highly regenerative planarian organism. It is clear that Planaria
proves to be useful, reliable, cheap, practical and rapid as a model in biomonitoring genotoxicity [15, 16,
21, 22].
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SUMMARY

INTRODUCTION

This paper illustrates a preliminary toxicological assessment of the produced formation waters (PFW) including analytical determinations and acute toxicity bioassay by
using the European sea bass (Dicentrarchus labrax L.,
1758) fish larvae.
To accomplish this goal, PFW samples were collected
from an off-shore gas platform located in the Central Adriatic Sea (Italy), and characterized by chemical analysis.
The chemical characterization, concerning inorganic
and organic compounds, was carried out using filtered
(0.45 µm Millipore filters) and non-filtered PFW samples,
but also the PFW solid fraction. The inorganic elements (Fe,
Cu, Ni, Mn, Pb, Zn, Cd, Hg) were found to be linked only
to the solid fraction. The aromatic hydrocarbons (C<12)
and phenols, which are petroleum volatile fractions, were
absent in all the matrices analysed.
The toxicological bioassay was performed by using
30 days old fish larvae. The test results, expressed as
PFW LC5024h (lethal dilution percentage), were 18.1 % for
filtered and 17.7 % for unfiltered samples. Nevertheless,
during the first five hours of acute test phase the response
time to PFW toxicity of larvae resulted to be shorter in
unfiltered samples than in filtered ones.
This observed response might be related to chemical
compounds linked to the solid PFW fraction or, more simply, to the ingestion and absorption of particulate matter by
test organisms.
KEYWORDS:
Produced Formation Water, chemical characterisation, acute
toxicity bioassay, Dicentrarchus labrax.

Produced formation water (PFW) is the largest wastewater stream in oil and gas exploration and their production. During production process, the water from the reservoir is pumped to the surface. PFW is separated from the oil
and either injected into a well or discharged to the surface
after treatment [1, 2]. The complex chemical composition of
the discharged water charges includes potential harmful
substances, such as oil, dissolved hydrocarbons, organic
acids, phenols, metals and trace of chemicals added in the
separation and production line. Consequently, the PFW
discharged into the sea could still be toxic to the biota.
Although it is important to assess the contaminants`
concentration in a drainage, the chemical determinations
alone do not provide any information about the possible
impacts upon the biota, and they should be complemented
with biological bioassays [3; 4].
In general, toxicological PFW evaluations associate
chemical analysis and aquatic toxicity tests on bacteria,
algae, crustaceans, bivalves and sea urchin [5-9], while only
few data are available concerning the fish fauna, especially
during sensitive fish stages, such as larvae and juveniles
[10]. Moreover, these publications regard mainly allochthonous species, such as Cyprinodon variegatus [11], Menidia
beryllina [12] and Salmo gairdneri [13]. In this context, the
present paper illustrates the preliminary results of an ecotoxicological assay by using larvae of the Mediterranean autochthonous species, Dicentrarchus labrax (L., 1758) to
evaluate the acute toxicity of the Italian offshore gas platform PFW, previously chemically investigated.
The European sea bass is suitable for toxicity testing
[14-16] and indicated in the Italian legislation [17]. The
authors that have used this species in offshore experiments, although not for PFW studies, are Glamuzina [18]
and Santulli [19].
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MATERIALS AND METHODS
The PFW samples were collected directly from discharge tap on the offshore gas platform. Five liters of filtered (0.45 µm pre-weighed Millipore filters) and unfiltered samples were stored in plastic vessels at 4 °C until
analysis. The filters were kept at 4 °C too.
The test organisms were stabled before bioassay performance, as reported in toxicity assay section.
Chemical characterization

Analysis was carried both on PFW filtered and unfiltered samples. In order to widen the research of inorganic
and organic compounds` distribution, the chemical analysis
was also performed on the solid PFW fraction collected in
the filters.
Inorganic compounds

Metals` determination in filtered and non-filtered PFW
samples was carried out, after acidification, without preliminary treatments.
The solid PFW fraction was totally digested by mineralization with hard acid mixtures to determine the metal
contents, as reported in the official standardized US EPA
method [20].
The samples were moved in Teflon bombs and 10 ml of
ultra-pure (70%) nitric acid were added. The first digestion
cycle was carried out sequentially, adding 4 ml of fluoridric
(hydrofluoric) acid in order to make also the fraction-bound
silica structure soluble. The second digestion cycle was
carried out after cooling, adding a stoichiometric amount of
supersaturated boric acid solution (30 ml).
The metal concentration was determined using atomic
absorption spectrophotometry with flame and graphite furnace atomisation. For mercury determination, the stripping
technique with cool vapour, upon metal reduction with SnCl,
was used.
In order to guarantee the quality assurance and control
(QA/QC) parameters, the determination limits and recovery
rates were estimated.
The accuracy was evaluated using certified reference
materials (MRC-PACS and MESS), produced by the National Institute of Measure (IENM) in Ottawa (Ontario)
and the Institute of Marine Bioscience (IBM) in Halifax
(Nova Scotia).
The recovery values, using these certified reference materials too, were determined to range from 85% to 100%.
The detection limits for quantitative analysis were
estimated for each metal during the analytical procedure
(10 mg/l for Fe; 0.01 mg/l for Cu, Ni, Mn, Pb, and Zn;
0.07 µg/l for Cd; 0.65 µg/l for Hg).

with CH3Cl. An Agilent 6890 GC, equipped with an Agilent
5973 MSD working in SIM (Selected Ion Monitoring)
mode, automatic injection and a J&W DB-624 capillary
column (0.25 mm i.d., 30 m length, 0.41µm film thickness), was used. The carrier gas was helium (1ml/min) and
the temperature programme 4 min at 60 °C, 10 °C/min up
to 260 °C, and, finally, isothermal for 1 min.
Total mineral oil was determined gravimetrically, according to the IRSA (Istituto Ricerca sulle Acque) method
[21].
Total nitrogen (TN), carbon (TC) and organic carbon
(TOC) were determined using the elemental CHNS-O
analyzer EA 1110 (TermoQuest Instruments). The carrier
gas was helium (140 ml/min) and combustion temperature
1000 °C [22].
During the analytical procedure the detection limits
were calculated for phenols (5µg/l), aromatic and aliphatic
hydrocarbon (10 µg/l).
Toxicity assay

To evaluate the PFW toxicity, we performed acute
tests (LC5024h) by using fish larvae (D. labrax), recording
the larval mortality trend.
Hatchery production larvae from the same offspring
were stabled in laboratory for 7 days before toxicity testing.
The 30-days old test organisms (standard length 8.61 ±
0.9 mm and weight 0.003 ± 0.001g) were fed with Artemia
salina nauplii till 24 hours before test performance. The fish
stabling was carried out in two circular 15 L plastic tanks in
conditioned salt (30 g L-1) containing deionized water (Instant Ocean®; 18 Mohms, Milli-Q filtered) at 21 °C. Nitrogenous compounds, such as NO3 (59.84 mg L-1); NO2
(0.020 mg L-1); NH3 (0.015 mg L-1); but also dissolved O2
(96 %) and pH (7.8) values were recorded.
The adopted acute test procedure was in conformity
with the U.S. EPA 600/4-90/027F [23] and OECD 203 [24]
methodologies, modified by Roncarati [25] and Gelli [15].
The reference toxicants (CuSO4 x 5H2O, CdCl2 x 2½
H2O, sodium laurylsulphate) were employed to ensure test
organisms` sensitivity.
The larvae of the fishes (360 specimens) were exposed
in control and 5 different filtered or non-filtered samples.
PFW dilutions (100%, 50.1%, 25.1%, 12.6%, and
6.3%, respectively) were replicated three times each. The
PFW bioassays and control tests were performed simultaneously, monitoring T (temperature, °C), pH, S ‰ and O2
% values. The test conditions, parameters and materials
are summarized in Table 1.

Organic compounds

During the first five hours of the acute test (every 15 min
for the first 90 min, then every 30 min), the larval mortality trend was monitored in 100% and 50.1% dilutions of
both PFW samples.

Benzene, toluene, xylene, aliphatic hydrocarbons (C7 –
C30), phenols and total mineral oils analyses were conducted by gas chromatography, after ultrasonic extraction

All facilities concerning the tests were soaked in 10%
HNO3 (v/v) for 2 days, and rinsed three times with distilled
water.
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Materials

Parameters

Conditions

TABLE 1
Filtered and unfiltered PFW acute toxicity tests: conditions, parameters and materials.

Test type

Static-non renewal

Test duration

24 h

Effects measured

mortality rate

acceptable test condition

mortality in control ≤ 10%

Temperature

20°C ± 1

PH

7,5 ± 0,5

Salinity

30 ‰ ± 1

Intensity light

500-800 lux

Photoperiod

16 h light : 8 h dark

O2 dissolved

75% ± 3

Test chamber size

500 ml

Test solution volume

300 ml

Age of test organisms

30 days after hatching

Organisms in chamber( test and control)

n°10

Replicate

n° 3

Water dilution *and control*

Conditioned water (Instant Ocean® )

Source of food

no feeding

Aeration

Absent

(*for parameters see text)

RESULTS

Data processing
24h

The LC50 data were computed with ToxStat software package (TSK-Trimmed Spearman-Karber method;
Probit analysis) and results were expressed as sample
dilution percentage.

Chemical characterization

The inorganic components measured in filtered, unfiltered and particulate PFW samples are reported in Table 2.

TABLE 2
Concentrations of inorganic components in unfiltered, filtered, and particulate PFW samples

Unfiltered PFW

Filtered PFW

Unit

°C

21

21

°C

Particulate
PFW
-

‰

30

30

‰

-

7-8

7-8

Parameters

Unit

Temperature
Salinity
pH

-

Components
Total suspended solids

mg/l

-

-

mg

170,70

Fe

mg/l

16.592

0.314

µg/g

30169.95

Cu

mg/l

0.065

0.074

µg/g

37.25

Ni

mg/l

0.022

0.001

µg/g

27.2

Mn

mg/l

1.130

0.998

µg/g

3.11

Pb

mg/l

0.011

0.007

µg/g

12.29

Zn

mg/l

0.095

0.002

µg/g

944.7

Cd

µg/l

d.l.

d.l.

µg/kg

d.l.

Hg

µg/l

d.l.

d.l.

µg/kg

d.l.

(d.l. indicate values below quantification limits
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The results indicate that the analyzed metals were detected in the PFW particulate form, while very low concentrations of them were measured both in filtered and unfiltered solutions. Cd and Hg concentrations were lower than
the quantification limits (0.07 and 0.65 µg/l, respectively).
Zn concentration reached approximately 1000 µg/g in particulate matter. Fe content was associated particularly to
the solid fraction (30%) and several magnitudes higher
than that of the other metals.

In Table 3 the TN, TC and TOC values, obtained in
the PFW particulate phase, are listed.
The GC results permitted us to observe that hydrocarbon fraction was characterized by aliphatic compounds,
C12-C21, with one further peak corresponding to C30. The
volatile aliphatic compounds (C <12) were absent and the
total mineral oil content coincided with C>12 fraction.
Aromatic hydrocarbons were not found in the samples
analyzed (d.l. 10 µg/l). In addition, the concentrations of
phenols were below the quantification limits (5 µg/l).

TABLE 3
Particulate PFW characterization.

Toxicity assay

Components

Unit

Particulate
PFW

Total carbon
Total organic carbon
Total nitrogen
Total oils
Hydrocarbons >C12
Hydrocarbons <C12
Phenols

%
%
%
µg/g
µg/g
µg/g
µg/g

84
60
3
60.00
60.00
d.l.
d.l.

The average values of PFW lethal dilution percentage
(LC5024h, 95% confidence limits) were 18.1% (17.2918.96) for the filtered sample (TSK method) and 17.7%
(12.6-25.1) for the unfiltered one (Graphic method).
The differences of the test values were due to only one
larval fish mortality case.
According to the acceptable test conditions` statement
reported in Table 1 (control mortality ≤ 10%; in our tests
with 3 organisms), we did not analyse the obtained bioassay
results statistically.

(d.l. indicate values below quantification limits)

100

100

95

95

100

80

unfiltered PFW (100%)

larval mortality (%)

80

filtered PFW (100%)
1 /2

st

55

h

60

50
35

40

20

10
0
15

30

45

60

st

1 h

75

90

120

150

180

210

240

270

300

Time ( minute )

30 ‘
100

100

80

unfiltered PFW (50.1%)
80

larval mortality (%)

filtered PFW (50.1%)

70
60

60

60

55
50
45
40

40

30
25
20

25

15
10
5

10

5

0
15

30

45

60

75

90

th

2 h

120

150

th

3 h

180

210

th

4 h

240

270

300

Time ( minute )

th

5 h

FIGURE 1 - Mortality kinetic trend of fish larvae exposed to 100% and 50.1% PFW filtered
and unfiltered
first
five testtohours.
Figure 1.dilutions
Mortality percentage,
kinetic trend during
of fish the
larvae
exposed
100% and 50.1% PFW filtered and
unfiltered dilutions percentage, during the first five test hours.

1432

© by PSP Volume 13 – No 12a. 2004

Fresenius Environmental Bulletin

Figure 1 displays the kinetic trend of total larval mortality, monitored during the first five hours of acute tests.
The PFW lethal effect was recorded in both, 100% and
50.1% dilutions of unfiltered and filtered samples. In
particular, the response time with regard to PFW toxicity
of larvae was shorter in the unfiltered sample. Details are
reported in Table 4.
TABLE 4
Response time of total fish larvae exposed to PFW
unfiltered and filtered dilutions (100% and 50.1%).

PFW unfiltered
PFW filtered

100%
45 minutes
1.5 hours

50.1%
5 hours
> 5 hours

body surface and gills, or the oral ingestion/ digestion are
the likely mechanic processes observed by Stromgren [29].
Meanwhile, the compounds associated to particulate matter could be responsible for the induced chemical effects.
Some authors have formulated hypotheses about the
compounds contributing most likely to the PFW toxicity,
when using fish for their experiments. Smith [12] considered PAHs and phenols, but Somerville [13] generally
organic compounds as major toxic substances. In our study,
the lack of these volatile compounds in PFW allows to
consider other elements, such as mineral oils and metals, to
be responsible for harmful effects recordable in fish larvae.
In conclusion, this work is a first attempt to assess the
PFW toxic effects. For further PFW characterization and
toxicity studies other taxa than that of fish should be included.

DISCUSSION AND CONCLUSIONS
The results of PFW chemical composition in filtered
and unfiltered samples were not very different with respect to those of other platforms located in the Adriatic
Sea [26]. Information about chemical characterization of
the particulate fraction are poorly reported in the literature. Therefore, in this paper an attempt to characterise
the PFW solid suspended matter is realised too.
The results in Table 2 showed that the inorganic elements are linked to the particulate matter. It is wellknown that the geochemical behaviour of the fine fraction
favours the adsorption of chemical substances, mainly because of particulate superficial extension. Metals, such as
Cu, Pb, Ni and Zn have major affinity to the particulate
fraction [27]. Cd and Hg were recorded in low concentrations in this fraction, but really they are not constituents
of petroleum [28]. The Fe concentration is several magnitudes higher than that of the other metals in the solid
fraction. This is according to Utvik [1], who found that Fe
is dominant in PFW North Sea platforms. The organics
analyzed on particulates revealed that the total mineral oil
content was equivalent to the C>12 hydrocarbon fraction.
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Stromgren [29] postulated that one question is important for the evaluation of PFW toxicity. Is it toxic and,
if so, which components in the discharge could be responsible for this toxicity.
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SUMMARY

INTRODUCTION

The objective of this study was to assess the impact
of different pollution scenarios in the teleost sand-smelt,
Atherina presbyter, collected in a contaminated coastal
lagoon - Ria de Aveiro (Portugal). The fish were caught
bimonthly for one year, at six stations, and liver ethoxyresorufin-O-deethylase (EROD) activity and erythrocytic
nuclear abnormalities` (ENA) frequency were determined
as biomarkers of phase I biotransformation and genotoxicity, respectively. The adopted biomarkers showed to be
able to detect significant inter-site differences. Thus, elevated liver EROD activity was detected at Gafanha site (a
harbour area) in May and November, as well as at Laranjo
site (an industrial effluents` receptor area) in September.
Increased ENA frequency was observed at Carregal and
Laranjo sites in May and September, respectively. The
analysis of polycyclic aromatic hydrocarbons (PAHs) in
the water did not explain the fish responses, suggesting the
occurrence of different patterns of contamination involving
other chemicals besides PAHs. The current findings clearly
confirm the difficulty to correlate chemical data and biological responses in field studies. Nevertheless, the adopted biomarkers applied to A. presbyter revealed to be a
promising approach to the assessment of aquatic pollution
impact in Atlantic and Mediterranean coastal waters.

KEYWORDS: EROD, Genotoxicity, ENA, PAHs, Atherina, Ria de
Aveiro (Portugal).

Ria de Aveiro is a coastal lagoon located in the northern region of Portugal, receiving a considerable influx of
anthropogenic pollutants from unidentified and well-known
sources including industrial discharges, namely chlor-alkali
and paper plants, harbour activities and domestic effluents.
A few studies pointed out some critical areas in the lagoon
based on water and sediment measurements of heavy metals [1] and organometallics [2], as well as mercury accumulation in fish tissues [3, 4]. However, a biomonitoring programme extensive to the whole lagoon, adopting suitable
bioindicators complemented by chemical analyses, is still
necessary.
Cytochrome P450 (CYP) enzymes are a large and
ubiquitous family of heme-containing proteins that catalyze
the oxidative biotransformation of endogenous compounds
and lipophilic xenobiotics [5]. CYP1A activities, such as
ethoxyresorufin-O-deethylation (EROD), have been widely
used as biomarkers of wildlife exposure to dioxins, polychlorinated biphenyls (PCBs) [6], and polycyclic aromatic
hydrocarbons (PAHs) [7]. Some of these contaminants, or
its reactive metabolites, interact with DNA producing
structural changes that, if non-repaired, may cause lesions
at higher biological levels. The genotoxicity of aquatic
contaminants have been assessed using different molecular
and cytogenetic techniques. Recent studies have demonstrated the suitability of the erythrocytic nuclear abnormalities (ENA) assay, based on the detection of micronuclei
and other nuclear anomalies in mature erythrocytes. This
ENA assay has been successfully adopted in different fish
species [8-12], due to its simplicity, rapidity, sensitivity,
and low costs.
Sand-smelt (Atherina presbyter) is a small pelagic fish,
common in estuaries and coastal areas from eastern Atlantic to western Mediterranean Sea, feeding on zooplankton,
small crustaceans, fish larvae, and, sometimes, benthic
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organisms in the sediment. In the present study, due to its
large abundance, distribution and easy capture, this species was proposed as a bioindicator for the assessment of
aquatic pollution impact.
The main objective of this study was the measurement
and comparison of liver EROD activity and ENA frequency in A. presbyter at six different sites in the Portuguese lagoon - Ria de Aveiro. The previous fish responses,
representing two different levels of biological organisation, were evaluated in a field situation in order to be
adopted as biomarkers for the Atlantic and Mediterranean
coastal waters` pollution. The decision to measure PAHs in
the current study resulted from the absence of data concerning the Ria de Aveiro contamination by this class of contaminants, as well as from its importance in the context of
the measured biomarkers.

thetical reference points, located at the beginning and intermediate region of the S. Jacinto-Ovar channel, far from
the main pollution sources; 2 - Gafanha (GAF) - close to a
deep-sea fishing port and dry-docks; 3 - Barra (BAR) - at
the Mira channel mouth, subjected to a considerable naval
traffic; 4 - Laranjo (LAR) - a chlor-alkali plant-contaminated
area, namely by HgCl2; 5 - Carregal (CAR) - at the north
far end of the S. Jacinto-Ovar channel, receiving municipal
and domestic wastewaters.
Groups of five fish were captured and sampled bimonthly at each station, between May 2000 and March 2001,
at the end of low tide using a traditional beach-seine net
named "chincha". Immediately after capture, the fish were
sacrificed and blood smears were prepared. Fish’s livers
were then removed, frozen in liquid nitrogen, and later
stored at -80 ºC until EROD analysis. Water temperature
and salinity were measured (Table 1). Biometrical measurements were carried out in the laboratory. The sampled
fish presented an average weight of 7.2 ± 2.7 g and length
of 9.5 ± 2.3 cm.
TABLE 1 - Water temperature and salinity
from the Ria de Aveiro sampling points.
Month

May

July

Sept.

Nov.

FIGURE 1 - Map of the study area in the Ria de
Aveiro with the six sampling stations ().

Station

Temp. (ºC)

Salin. (‰)

SJA
TOR
GAF
BAR
LAR
CAR
SJA
TOR
GAF
BAR
LAR
CAR
SJA
TOR
GAF
BAR
LAR
CAR
SJA
TOR
GAF
BAR
LAR
CAR

17.5
17.5
17.3
18.0
18.7
20.6
23.0
23.0
22.0
21.5
23.5
25.0
19.0
19.5
19.0
19.3
21.0
21.0
9.5
12.0
12.0
10.5
12.0
12.5

25
6
19
20
5
7
35
33
34
35
32
27
35
36
35
34
34
35
28
20
25
23
12
20

Scoring Genotoxic Damage

MATERIALS AND METHODS
Sampling

Sand-smelt (Atherina presbyter) specimens were collected in the Ria de Aveiro (Portugal) at six sites, selected
on a geographical distribution basis, including the most
polluted areas versus hypothetical reference points (Fig. 1).
The sampling site characterisation was as follows: 1 - S.
Jacinto (SJA) and Torreira (TOR) - considered as hypo-

The erythrocytic nuclear abnormalities (ENA) assay
was carried out in mature erythrocytes according to the
procedures adapted by Pacheco and Santos [13], considering the following nuclear lesion categories: micronuclei
(M), lobed nuclei (L), dumbbell shaped or segmented nuclei (S), and kidney shaped nuclei (K). In addition, notched
nuclei (N) were also scored as suggested by Ayllón and
Garcia-Vasquez [11]. Data were expressed as the mean
value (‰) of the sums (M+L+S+K+N) for all the individual lesions observed, and scored in 1000 cells per fish blood
smear.
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EROD Assay

Microsomes were obtained according to the methods
of Lange et al. [14] and Monod and Vindimian [15],
adapted by Pacheco and Santos [16]. Liver EROD activity
was measured as described by Burke and Mayer [17]. Microsomal protein concentration was determined according
to the Biuret method [18].
Analysis of PAHs in the Water

Analyses were carried out in the Navy Hydrographic
Institute Laboratory (Ministry of National Defence) by Gas
Chromatography/Mass Spectrometry (GC/MS) in 10-L
concentrated samples. Eight PAHs, included in the US
EPA's priority pollutant list [19], were measured: phenanthrene (Ph), fluoranthene (Fl), pyrene (Py), benzo(a)anthracene (B(a)A), chrysene+triphenylene (Ch+Tri),
benzo(a)-pyrene (B(a)Py), benzo(ghi)perylene (B(ghi)Pe),
and naphthalene (N).
Statistical Analysis

Statistica software (StatSoft, Inc., Tulsa, OK) was used
for statistical analyses. All the data were first tested for
normality and homogeneity of variance to meet the statistical demands. Variance analysis was used to compare the
results between the sites, followed by Tukey multiple com-

parison test [20]. Differences between means were considered to be significant, when P <0.05. The correlations
between the measured parameters were statistically analysed using the Pearson Product-Moment correlation test.

RESULTS
In January and March, sand-smelts were captured only at one sampling site (S. Jacinto and Barra, respectively), preventing data comparison. Thus, liver EROD activity and ENA frequency concerning these two months were
not included in Fig. 2, though the correspondent PAH
water levels were included in Table 2.
PAH levels were regularly elevated at Barra site, corresponding to the highest total (Σ 8 compounds) PAH
value in May, September and November. However, the
highest total PAH level throughout the survey was found
at Torreira site in July, mainly due to an unusually high
concentration of Ch+Tri. In general, B(a)Py followed by N
were the most abundant chemicals, markedly affecting the
total PAH levels. A temporal analysis reveals that the highest PAH concentrations were detected during the spring/
summer period (from May to September) (Table 2).

TABLE 2 - PAHs concentrations in water (ng/ml) from the Ria de Aveiro sampling points.
Month
May

July

Sept.

Nov.

Jan.

March

Site
SJA
TOR
GAF
BAR
LAR
CAR
SJA
TOR
GAF
BAR
LAR
CAR
SJA
TOR
GAF
BAR
LAR
CAR
SJA
TOR
GAF
BAR
LAR
CAR
SJA
TOR
GAF
BAR
LAR
CAR
SJA
TOR
GAF
BAR
LAR
CAR

N
0.0080
0.0080
0.0080
0.0060
0.0060
0.0050
0.0060
0.0100
0.0050
0.0060
0.0020
0.0100
0.0090
0.0060
0.0070
0.0060
0.0080
0.0060
0.0060
0.0060
0.0070
0.0060
0.0070
0.0040
0.0050
0.0050
0.0050
0.0050
0.0050
0.0060
<0.0001
0.0080
<0.0001
0.0080
0.0000
0.0080

Ph
0.0009
0.0008
0.0008
0.0010
0.0009
0.0008
0.0030
0.0010
0.0010
0.0010
0.0010
0.0020
0.0020
0.0009
0.0008
0.0010
0.0010
0.0009
0.0007
0.0007
0.0005
0.0008
0.0010
0.0008
0.0007
0.0010
0.0008
0.0009
0.0009
0.0007
0.0008
0.0005
0.0008
0.0020
0.0010
0.0010

Fl
0.0005
0.0006
0.0004
0.0005
0.0005
0.0005
0.0020
0.0009
0.0008
0.0007
0.0008
0.0020
0.0005
0.0003
0.0003
0.0005
0.0003
0.0003
0.0003
0.0003
0.0002
0.0002
0.0003
0.0005
0.0002
0.0007
<0.0001
0.0002
0.0002
0.0003
0.0002
0.0003
0.0000
0.0002
0.0002
0.0003

Py
0.0004
0.0004
0.0005
0.0006
0.0004
0.0003
0.0008
0.0006
0.0007
0.0006
0.0006
0.0008
0.0003
0.0003
0.0002
0.0006
0.0003
0.0002
0.0008
0.0006
0.0003
0.0003
0.0004
0.0005
0.0003
0.0010
<0.0001
0.0003
0.0003
0.0005
0.0002
0.0004
0.0002
0.0003
0.0003
0.0005

1437

B(a)A
0.0003
0.0006
0.0004
0.0002
0.0005
<0.0001
0.0003
<0.0001
0.0003
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0002
0.0003
<0.0001
<0.0001
0.0004
<0.0001
<0.0001
<0.0001
<0.0001
0.0003
0.0003
0.0010
0.0003
0.0003
0.0003
0.0003
<0.0001
0.0002
<0.0001
<0.0001
<0.0001
<0.0001

Ch+Tri
0.0007
0.0009
0.0010
0.0003
0.0007
<0.0001
0.0006
0.5100
0.0003
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0001
0.0002
<0.0001
<0.0001
0.0003
<0.0001
<0.0001
<0.0001
<0.0001
0.0002
<0.0001
0.0007
0.0001
0.0001
0.0002
0.0003
<0.0001
0.0002
<0.0001
<0.0001
<0.0001
0.0003

B(a)Py
0.0010
0.0006
0.0010
0.1800
0.0010
0.0060
0.0020
<0.0001
0.0030
0.1100
0.0020
<0.0001
<0.0001
0.0003
0.0005
0.2500
0.1700
0.0003
0.0020
0.0002
<0.0001
0.0060
<0.0001
<0.0001
<0.0001
0.0008
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0200
<0.0001

B(ghi)Pe
0.0006
0.0009
0.0003
0.0003
0.0008
0.0002
0.0003
0.0003
0.0004
0.0005
0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0003
<0.0001

Σ
0.0124
0.0128
0.0124
0.1889
0.0108
0.0128
0.0150
0.5228
0.0115
0.1188
0.0065
0.0148
0.0118
0.0078
0.0091
0.2586
0.1796
0.0077
0.0105
0.0078
0.0080
0.0133
0.0087
0.0063
0.0065
0.0103
0.0062
0.0068
0.0069
0.0081
0.0012
0.0096
0.0010
0.0105
0.0218
0.0101
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FIGURE 2 - Liver ethoxyresorufin O-deethylase (EROD) activity and erythrocytic nuclear abnormalities (ENA) frequency in
Atherina presbyter collected at different sites in the Ria de Aveiro. Values represent the means (± SD). Statistically significant differences (P<0.05) between sampling stations are: a vs SJA; b vs TOR; c vs GAF; d vs BAR; e vs LAR; f vs CAR. nc = not collected.

A significant liver EROD activity increase was detected at Gafanha site in May, compared to all other sites
including the reference points, as well as in November
Torreira, Laranjo and Carregal sites. Additionally, liver
EROD activity was found to be elevated in September at
Laranjo site, compared to Gafanha, Barra and Carregal
sites, since no fish were captured at the reference points.
In terms of genotoxicity, a significant ENA frequency
increase was detected in May at Carregal compared to the

reference site S. Jacinto. In September, a significant ENA
increment was observed at Laranjo site, compared to all
the other sites studied.
The maximum values of liver EROD activity and ENA
frequency were both observed in September at Laranjo site.
No significant correlations were detected between
ENA frequency and EROD activity concerning all sites at
the same time. Additionally, no correlations were observed
between the previous fish responses and PAH water levels.
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DISCUSSION
To the author’s knowledge, this is the first time that
the current biological responses – EROD activity and ENA
frequency – were measured in Atherina presbyter. These
biomarkers revealed to be responsive parameters in this
particular species, since they were both able to exhibit
significant inter-site differences, indicating the existence of
three critical areas – Gafanha, Laranjo and Carregal. However, considering water chemical analyses, a fourth concerning site – Barra – was also denoted.
The measured fish biological responses and PAH water levels are not statistically correlated, suggesting different patterns of contamination involving other chemicals
besides PAHs. Furthermore, the highest PAH levels were
frequently found at Barra site (area with a considerable
naval traffic), without concomitant fish significant responses. This fact may be related to the complexity of field
conditions and mixture of contaminants. According to
Petrulis et al. [21], mixtures can induce lower EROD
activity than each individual compound, and much less
than would be expected on the basis of additivity. The
ENA expression is also susceptible to inhibitory processes, which may be dependent on the balance between an
increased splenic erythrocytic catabolism and reduced
erythropoiesis rate, as stated by Pacheco and Santos [22].
Despite the low PAH levels, liver EROD increase
found at Gafanha in May and November, seems to be expected since it is a harbour area. Hence, this induction
could be associated to other chemicals, namely BTEX
compounds (benzene, toluene, ethyl benzene and xylene
isomers) and/or aliphatic hydrocarbons. These chemicals
are likely to be present in those waters due to their abundance in fuel of the offward-fishing ships and their water
solubility [23, 24].
The genotoxicity determined in May at Carregal may
have been related to a bottom dragging process, which happened between April and October 2000, and the consequent
sediment washing and resuspension. Nevertheless, this
genotoxic effect did not persist in the following months.

liver EROD induction was not directly related with blood
DNA damage measured as single-strand breaks (cometassay). Furthermore, Pacheco and Santos [22] also suggested that ENA is not directly associated with a previous
or simultaneous significant EROD activity increase.
Torreira, one of the presumed reference sites, revealed
a poorer water quality than previously expected, enhancing
the difficulty of the selection of pristine reference sites in
the field studies. The occurrence of an elevated Ch+Tri
concentration at this site, in July, also coincides with the
absence of fish captured and is thus suggesting some causal
relationship.
Finally, fish resources and biodiversity loss in this
ecosystem, previously reported by Pombo and Rebelo
[29], may be related to the chemical pollution and the
biological responses detected during the current study.
CONCLUSIONS
The adopted biomarkers, applied to Atherina presbyter, proved to be an encouraging approach for assessing
pollution impact on coastal environments. However, misinterpretations should be avoided by water, sediment and fish
tissues` chemical analyses. A. presbyter can be successfully
employed as a sentinel fish for anthropogenic contamination in both Atlantic and Mediterranean coastal waters. The
current results revealed that serious risks to fish populations
are predictable at Gafanha, Laranjo and Carregal areas.
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Despite the general absence of statistical correlations
between biological responses and water PAHs, the results
obtained in September at Laranjo site can be directly
associated with an elevated B(a)Py level measured at this
particular point. Laranjo area is recognized to be highly
contaminated by heavy metals, namely mercury from
chlor-alkali plant discharges [1, 4]. Thus, considering that
heavy metals are recognised as potent cytochrome P-450
inhibitors in fish [25], resulting in the EROD activity
impairment [26, 27], its inhibition should be expected at
that location. Nevertheless, the detected liver EROD activity elevation, in the presence of CYP1A inducers, did
not reflect any inhibition by heavy metals.
The current results demonstrated that sand-smelt
ENA frequency does not follow the liver EROD activity
pattern. Accordingly, Flammarion et al. [28] found that fish
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SUMMARY
The potential of two species from the genus Brassica
was examined to determine if these plants show sufficient
tolerance and metal accumulation to be used for phytoremediation of the polluted soils in the Aznalcóllar area (southern
Spain). Brassica carinata (accession BC850) and Brassica
juncea (accession Z-1) were seeded directly into the field.
Experiments were carried out on the same plots during the
years 1999 and 2000. In both years, B. juncea plants accumulated higher amounts of Pb and Zn than B. carinata.
No significant differences were found for Cu concentrations in both species at polluted and unpolluted sites. Differences in heavy metal accumulation in leaf, stem, root,
pod and seed were observed between the data obtained in
1999 and 2000. The implications of these results for phytoremediation are discussed.

KEYWORDS: Brassica carinata, Brassica juncea, phytoremediation, Aznalcóllar mine, heavy metal uptake.

INTRODUCTION
Failures of mine tailings dams are often catastrophic
events, which severely impact water and soil, as well as life
in these systems [1, 2]. One of the largest, accidental discharges of contaminant metals occurring in recent years
was the breaching of the Aznalcóllar tailings dam at Boliden Apirsa mine (Seville, Spain). On April 25, 1998,
approximately 4,600 hectares of land along the Agrio and
Guadiamar rivers were flooded with an estimated volume
of 5.5·106 m3 of acidic water and 1.3 106 m3 of heavy metalbearing tailings [3]. A zone, approximately 400 m wide on
each side of these rivers and extending 40 km downstream
of the dam, was covered with an approximately 1.7 m thick
layer of tailings [4]. Acidic water from the spìll continued
to flow 20 km downstream, where it was prevented from
contaminating Doñana National Park, the largest reserve
of bird species in Europe [4]. The main phase of clean-up

work by the regional authorities was initiated immediately
after the spill and continued until January 1999. After physically removing the sediments, the affected zone continued
to have a consistent pollution of trace metals with a fairly
irregular distribution [5].
A large-scale restoration plan - The Green Corridorwas
initiated by the Regional Government in the affected lands.
This corridor has been planted with native trees and shrubs
to serve as an ecological belt [6], connecting nature reserves
in the lowlands (Doñana National Park) and the mountains
(Sierra Norte Natural Park). Within the corridor, several
controlled experimental plots have been devoted to the
growth of plants for potential use in phytoremediation. The
remediation of large volumes of contaminated soil by conventional technologies results to be very expensive. Phytoremediation has emerged recently as an alternative to the
engineering-based methods. The success of any phytoremediation technique depends upon the identification of suitable
plant species that hyperaccumulate heavy metals and produce large amounts of biomass using established crop production and management practices.
Some of the most likely plant species for phytoremediation are members of the Brassicaceae family. Thlaspi
caerulescens, for instance, is a known Zn-hyperaccumulator and some ecotypes can tolerate as much as 40,000 ppm
Zn fry weight in the shoots [7]. Despite this ability to hyperaccumulate and tolerate Zn, the suitability for use of T.
caerulescens in the field is often limited, because the individual plants are extremely small and slow-growing [8].
Some members of the mustard family from the genus Brassica, though, may show promise for use in remediation of
metal-contaminated sites. Brassica juncea (Indian mustard),
for example, has been shown to accumulate moderate levels of Se [9, 10], Pb, Cr, Cd, Ni, Zn and Cu [11]. Other
Brassica spp., namely B. napus and B. rapa, have shown a
similar tendency to accumulate moderate levels of heavy
metals [11, 12]. Since these Brassica crop species produce
a relatively high biomass, they may be suitable for use in
phytoremediation at the Aznalcollar area.
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The objective of this work was to determine the potential of Brassica carinata and Brassica juncea accessions to clean up the polluted soils by studying the heavy
metal uptake of these accessions growing in the affected
soils at Aznalcóllar for a 2-years period.

El Vicario

MATERIALS AND METHODS
Plant material and sowing

Two Brassica accessions from the germplasm collection held in the Department of Agronomy and Plant
Breeding (IAS-CSIC, Córdoba, Spain) were selected for
the study: accession BC850 of Brassica carinata A.
Braun, and accession Z-1 of Brassica juncea L. Czern. +
Coss. These accessions were seeded directly into the field
during the years 1999 and 2000. In both years, the sowing
sites were chosen in the experimental area "El Vicario",
close to the pyrite mine of Aznalcóllar (Fig. 1). Site 1 was
located at 6º 13´ 10''W, 37º 26' 17''N and used in 1999
whereas site 2 was located at 6º 13´00´´W, 37º 26´21´´ N
and used in 2000. These two sites were on the area affected by the spill, where clean-up of sludge and remediation
of polluted soil took place. The soils were classified according to the Soil Survey Staff [13].
Fertilizer (N:P:K, 8:15:15) was added during both
years (750 kg ha-1) and during the dry periods the cultures
were not irrigated.
During both years, field trials covered a size of 50 m
x 20 m, divided into two plots with a size of 500 m2 for
each Brassica species. In each plot the distance between
the rows was 50 cm with 50 seeds/linear meter.
The sowings were made on March 15, 1999 and February 25, 2000. In addition, B. carinata and B. juncea were
also cultivated on an unpolluted soil as control.
During the field trial in 1999, the plants were harvested
in June, when reaching the top of the vegetative period
after flowering. The plants had low biomass due to the late
sowing and a hydric stress along the time of plant growing.
In the second year trial, the plants were harvested again in
June as described above. In this case, the plants had higher
biomass than in 1999, due to the greater duration of the
growing period and higher rainfall.
Sample preparation and chemical analysis

From each plot, 5 soil samples (1-30 cm deep) were
taken at random in both years. Soil samples were ovendried at 50 ºC for 2 days, sieved to <2 mm, and then
ground to <60 µm. For heavy metal (Pb, Zn, Cu and Cd)
and As analysis, the soil samples (<60 µm) were digested
with concentrated nitric and hydrochloric acids to dryness, and re-dissolved in 4% nitric acid [5]. For the determination of plant-available heavy metal fractions, diethylenetriaminepentaacetate (DTPA) was used as extracting agent [14].

FIGURE 1 - Area of the spill-affected zone and location of
the field trials in "El Vicario" (adapted from Santos et al. [15]).

Chemical analyses of the soil solutions were performed
using an inductively coupled plasma (ICP) spectrometer,
Perkin Elmer Model SCIEX-Elan-5000A [5]. Total and
available concentrations of trace elements are given on dry
weight basis.
Soil samples (<2 mm) were analysed potentiometrically for pHs in a 1:2:5 soil-water suspension.
In each of the two plots, ten rows were selected at random and three plants in each row were collected for laboratory analysis. All plants were divided into leaves, stems,
roots, pods and seeds. Plant samples (leaves, stems, roots,
pods and seeds) were thoroughly washed with tap water and
finally rinsed with deionized water (0.2% non-phosphate
detergent solution), then oven-dried at 80 ºC for 2 days [16],
and the biomass (dry weight) was determined. The dried
samples were ground, digested with concentrated nitric and
perchloric acid to dryness, and re-dissolved in deionized
water. Heavy metal contents were determined using flame
atomic absorption spectroscopy (Perkin Elmer 1100B).
The concentration of each heavy metal in plant samples, cultivated at polluted and unpolluted soils, was compared separately for the Brassica species. Analyses of
comparison were also carried out between the two Brassica
species cultivated on the polluted soil to determine the
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concentration of each heavy metal. Comparison of means
was done by Student t-test and a significance level of P<
0.05 used throughout the study. The phytoextraction coefficient or ratio of the pollutant concentration in plant to that
in soil was used as an estimation of the ability of the plants
to extract the toxic elements from the contaminated soil.
RESULTS AND DISCUSSION

the topsoil), thus increasing the concentration of metals
[17]. The result was a patchy and irregular distribution of
metal pollution along the Guadiamar and Agrio valleys.
Plant-available metal values were very low (2.5, 8.9
and 11.3% for Pb, Zn and Cu, respectively), due to the
previous chemical treatments (soil amendments with
calcium carbonate and ferric oxides) used by the regional
authorities to fix the metals in the soil (Table 1).
Plants

Soil pollution

The soil was classified according to the Soil Survey
Staff [13] as “Typic Haploxeralf”, and had a pH ranging
from 6.7 to 7.3.
Total and soluble mean concentrations of heavy metals
(Pb, Zn, Cu and Cd) before sowing are shown in Table 1.
The results obtained evidence that the soil contained low
Cd amounts, but high concentrations of Pb, Zn and Cu. The
levels of heavy metals in the sampled soils from two field
trials exhibited different grades of pollution. This was due
to the fact that in many cases the cleaning machinery operations buried a part of the sludge (previously confined to

Fig. 2 shows the heavy metal concentrations in B. carinata and B. juncea plants collected on the polluted and
unpolluted soils in 1999 and 2000. Pb and Zn concentrations in plants harvested on polluted soils were significantly
higher than those of the same species collected on unpolluted soil. For Cu concentrations, B. juncea and B. carinata
plants showed no significant differences from both soils
during the two-years experiment. This could be explained
by multiple interactions among the metals in the soil, which
can affect the capacity of the plant for metal uptake, as has
been observed in B. juncea [12] and barley [18].

TABLE 1 - Concentrations (means ± standard deviation) of total and soluble heavy
metals in the field trials on "El Vicario" area (0-30 cm in depth) during 1999 and 2000.

Site

year
1999

2

2000

Element concentration (mg kg-1) in plant

1

total
soluble
total
soluble

Pb
6

b

4

90

30
a

a
B c

b

Pb

a

a
B c

0

B j

150

Zn

a
B c

BC850

B j

Z-1

0

a

B c

B j

9

Cu
a

6

50
a

a

4

b

10

Cu

a

a

8

100

b

20

16
12

b

0

B j

30

Cd
1.5±0.2
0.9±0.4
3.0±1.2
0.6±0.3

b

2

0

Zn

60

b

0

Element (mgkg-1 dry weight)
Zn
Cu
461±48.3
127±14.6
109.1±7.9
45.7±18.7
748±60.5
138±32.3
66.7±44.1
15.6±5.4

Pb
309±96.2
14.1±0.4
263±129
6.7±2.5

a

a

a
3

b
a

a
B c

B j

BC850

Z-1

0

B c

BC850

B j

Z-1

FIGURE 2 - Heavy metal concentrations (mean values on dry matter and S.E. bars) in BC 850 (B. carinata) and
Z-1 (B. juncea) accessions growing in unpolluted (white) and polluted (grey) soils in 1999 (A) and 2000 (B). For
each accession, bars with the same letters do not differ significantly (P<0.05).
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TABLE 2 - Concentrations of Pb, Zn and Cu (mg kg-1 dry weight) in BC 850 (Brassica carinata)
and Z-1 (Brassica juncea) accessions growing at polluted soils during 1999 and 2000. Data are
expressed as means ± standard deviation and results are means of 5 replicates for each species.

Pb
Zn
Cu

BC850
mgkg-1
4.4±0.7
81.1±21.3
6.7±1.0

Z-1
mgkg-1
6.2*2±1.3
94.1*2±17.3
5.8ns2±3.3

Pb
Zn
Cu

23.5±4.8
67.8±23.0
7.5±1.1

28.6*2±4.2
132*2±79.8
7.5ns2±0.2

Site

year

Element

1

1999

2

2000

1

Comparisons between heavy metal concentrations in plants of BC 850 and Z-1 growing on polluted soils.
ns = not significant; *; **, and *** = significantly different at P<0.05, P<0.01 and P<0.001, respectively.

TABLE 3 - Percentages of Pb, Zn and Cu in leaf, stem, root, pod and seed of
Brassica carinata and Brassica juncea growing on polluted soil during 1999 and 2000.

leaf
root
stem
pod and seed

Pb
46.1
18.6
32.5
2.8

year 1999
Zn
31.2
26.5
38.9
3.4

Cu
39.8
28.3
28.1
3.8

Pb
41.1
8.5
50.3

year 2000
Zn
38.7
15.1
46.1

Cu
33.3
19.6
47.0

leaf
root
stem
pod
seed

55.2
3.2
22.9
17.0
3.2

26.9
4.8
48.6
12.7
4.8

34.5
3.6
26.5
21.9
3.6

38.7
12.9
48.4

31.7
10.5
58.0

20.8
16.6
62.5

Species

part

B. carinata

B. juncea

Table 2 compares the ability of both Brassica species
to accumulate heavy metals in shoots during the two years.
Significant concentrations of Cd were not detected. In
both years, Z-1 accession (B. juncea) accumulated significant higher amounts of Pb and Zn than BC850 accession
(B. carinata). The concentrations of Zn in B. juncea and
B. carinata were higher in comparison with those reported
by Ebbs et al. [19], taking into account that Brassica spp.
(B. juncea, Brassica rapa and Brassica napus) in their
study were grown in polluted soils with 11,700 mg kg-1 of
Zn. The phytoextraction coefficients in our work were 0.17
and 0.08 for B. juncea and B. carinata (year 2000), respectively, whereas the plants in the study of Ebbs et al. [19]
had phytoextraction coefficients of 0.05 for all species.
The metal accumulation by the plants was low because
of the low bioavailability of metals in the soils. Before
sowing, the Autonomous Council of Andalucia performed
chemical treatments (soil amendments with calcium carbonate and ferric oxides) to fix the metals in the soil, which
decreased the uptake of heavy metals by the plants.
Although others studies have shown the genetical capacity of Brassica spp. to accumulate heavy metals [11, 12,
20] in hydroponic and pot cultures, it is common to find
cases of low accumulation by field-grown Brassica plants
[21]. This is due to the fact that under different circumstances in the soil (pH, solid soil constituents, metals, etc)

the bioavailability of metals is limited, preventing the remediation process [11, 22].
Table 3 shows the percentages of Pb, Zn and Cu in
the different parts of B. carinata and B. juncea plants in
1999 and 2000. In the first year, the levels of Pb and Cu
in B. juncea were in the order leaves>stem>pods>seeds>
roots. The exception was Zn, which had concentrations in
stem>leaves>pods>seeds>roots order. B. carinata showed
the same pattern for all the metals, but pods and seeds had
the lowest levels. In the second year, the levels of all the
elements were in the order stem>leaves>roots in both species. This is attributed to the fact that the agronomic conditions were more favourable in 2000 than the previous year.
For this reason, B. carinata and B. juncea plants produced
more than 5 and 6-fold biomass compared to the first year.

CONCLUSIONS
Based on the accumulation data obtained in this study,
these species are more effective in removing Zn and Pb than
Cu from the fields. The contents of heavy metals found in
Brassica plants could be higher, if the metal availability in
these soils was increased by maintaining a moderately
acidic pH in the soil using ammonium-containing fertilizers
or soil acidifiers, or applying certain chelates [23].
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On the other hand, improvement of agronomical practices in order to optimize plant growth and shoot biomass
production also needs to be developed to maximize the
effectiveness of Brassica species phytoremediation.

The authors thank the Ministerio de Ciencia y
Tecnología (CICYT-Feder) and Consejería de Medio
Ambiente (Junta de Andalucía) for supporting this research, and Gloria Fernández Marín (Instituto de Agricultura Sostenible, CSIC, Córdoba) for her help in performing the chemical analyses of soils and plants.
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SUMMARY
In this study, the toxicity of municipal wastewater
samples, taken from the second industrial zone and the
general sewerage outlet were investigated by bioassays
using garden cress (Lepidium sativum) and freshwater fish
(Lepistes reticulatus) as test organisms.
The LC50 (72-h) values of the fish in both Konya city
wastewater samples, the general effluent and that of the
second industrial zone, were calculated to be 41 and 47%,
whereas the highest seedling percentages of garden cress
were calculated to be 83 and 79%, respectively.
The toxicity dilution factors of the wastewaters were
found to be within the acceptable range for industrial
discharge into sewerage systems and according to the
industrial wastewater discharge rules of the Turkish water
pollution control regulations.

KEYWORDS: acute toxicity, wastewater, bioassay, phytotoxicity,
fish test, garden cress, Lepistes reticulatus, Lepidium sativum.

INTRODUCTION
Water pollution is very complex problem caused by
various chemicals [1, 2]. Chemical, physical, and biochemical analyses are not sufficient to determine the extent of
their pollution, because of the complex nature of the pollutants themselves. Toxic effects of unknown chemicals in
the complex mixtures or synergistic effects of these compounds in wastewaters can only be determined by toxicity
tests [3]. In some situations, the wastewaters quality measured by adequate parameters may comply with the discharge requirements, also the wastewater may be toxic.
Therefore, toxicity tests are necessary for assessing the
toxic effects of the different wastewaters.
Normally, the toxicity dilution factor (TDF) is used
for evaluation of wastewaters` toxicity in Turkey. TDF is
described as this level of dilution without showing fish
mortality in the toxicity tests.

Toxicity tests are used only for industrial wastewaters
in order to determine and check the TDF values for compliance with the water pollution prevention regulation in
Turkey [4].
Toxicity tests are carried out by using various test organisms, such as algae, protozoae, water insects, bacteria,
fish and some plants. In fish toxicity tests, the sample to
be tested is added in increasing concentrations to tanks
containing the test fish in known numbers. 48-96 hours
after the start of the test, the surviving numbers of fish are
counted. The investigated samples may be contaminated
by one or more specific toxic compounds, or even complex mixtures, as to be found in domestic or industrial
wastewaters.
The fish mortality ratio is an indication of the toxicity
and it is possible to evaluate toxicity of various types of
media, when using identical test principles [5].
Test samples may be added at the beginning of the
experiments (static test) or continuously during the test.
The concentrations in test medium are expressed as mg/L
for specific chemicals. In wastewaters containing unspecified numbers of different toxic substances, concentrations
are expressed as percent dilution ratios.
Phytotoxicity tests are used widely to determine the
toxicity, since they are simple, cheap and easy to carry out
compared to fish toxicity tests [6]. These tests depending
on root elongation and germination values are used for
both wastewater and sediment samples [7].
In this work, toxicity tests were carried out with
wastewater samples taken from the general outlet of Konya`s sewerage system and that of the second industrial
zone using fish (Lepistes reticulatus) and a terrestrial
plant (Lepidium sativum) as test organisms).
MATERIAL AND METHODS
Two-hours composite wastewater samples were collected and analyzed for pH, electrical conductivity (EC),
suspended solids (SS), chemical oxygen demand (COD),
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TABLE 1 - Sub-solutions used to prepare the final stock solution.

Amount (g/l)
in stock solution

Chemicals
A) Nutrient stock solution
(250 ml used from 1 L)
1.
Ca(NO3 ).4H2O
2.
NH4 NO3
3.
MgSO4 .7H2O
4.
H3BO3
5.
Na2MoO4.2H2O
B) Ferric Salt Solution
(2 ml used from 1 L)
EDTA-Na II salt
FeCl3.6H2O
1 N KOH

0.63
0.32
0.8
0.04
0.004
10.46
6.46
8

Chemicals

Amount (g/l)
in stock solution

C) Trace elements
(0.5 ml used from 1 L)
1.
EDTA-Na-II salt
2.
ZnSO4 .7 H2O
3.
Cu SO4 .5 H2O
4.
CoSO4 .7 H2O
5.
MnSO4.H2
6.
1N KOH
D) Phosphate buffer
(5 ml used from 1 L)

40.4
26.4
1.56
0.76
6.16
*

KH2PO4
Na2 HPO4.2H2O

59.24
41.20

* Added until precipitate was formed by the previously dissolved chemical.

ammonia-nitrogen (NH4-N), nitrite-nitrogen (NO2-N), and
nitrate-nitrogen (NO3-N). These parameters were measured
with a Dr. Lange CADAS 200 spectrophotometer and the
ready-to-use kits of the supplier.
Fish Toxicity Tests with Lepistes reticulatus

Tanks were disinfected with 200 mg/L NaOCl and remaining chlorine was cleaned with sodium thiosulphate
before the tests. The dilution water was prepared mixing
176 ml and 40 ml of 0.5 mol/L CaCl2 and MgSO4 solutions,
finally made up to 40 L by adding distilled water. The
dilution water charges were aerated until obtaining constant
pH values.
The pH was adjusted to 7 with 40 g/L NaOH and 1 mol/
L HCl. Test tank temperature was kept constant at 20 oC
using a heat exchanger. Dissolved oxygen levels were maintained with aquarium aerators at about 5 mg/L during the
test. Glass aquariums (24 cm high, 22 cm wide and 32 cm
long) were used as test tanks. The tests were carried out at
5 different dilution levels (50%, 33%, 25%, 20%, and 17%).
Five test fish (Lepistes reticulatus) were used for each
dilution rate. The 260 fish needed for the experimental
series. Test fish were not fed during the 48-hours test
period.
Phytotoxicity Tests with Lepidium sativum

Garden cress (Lepidium sativum) seeds were used in
72-hours phytotoxicity tests at 5 different dilution rates
(wastewater/ dilution water: 1/1, 1/2, 1/3, 1/4, 1/5).

Plant nutrient aqueous solution was prepared using the
constituents given in Table 1. Four stock solutions were
prepared mixing specified volumes with distilled water to
make them upto 1 L. Finally, this solution was diluted 1:1
with distilled water and used for plants nutrition [8].
All the tests were repeated twice for accuracy and for
each set blank controls were carried out. Washed filter papers were placed in 90 mm glass Petri-dishes, then 20 seeds
were evenly placed on each filter paper and 5 mL test solution was pippeted in each Petri-dish. Finally, they were
stored in darkness for 72 hours and 15 seedlings` root
lengths were measured in each culture.
Wastewater samples were taken 5 times per month
from both sewerage outlets and Toxicity tests were carried
out in duplicate for each sample.

RESULTS AND DISCUSSION
The wastewater samples were analyzed in terms of pH,
electrical conductivity (EC), suspended solids (SS), chemical oxygen demand (COD), ammonia-nitrogen (NH4-N),
nitrite-nitrogen (NO2-N), and nitrate-nitrogen (NO3-N).
The results are given in Tables 2 and 3.
The phytotoxicity test results at the general outlet of
city wastewater are shown in Figure 1, and those of industrial zone wastewater samples in Figure 2.

TABLE 2 - Results of physical and chemical analyses of Konya`s general sewerage outlet samples (n=5).

pH
7.37
7.30
7.11
7.22
7.36

EC
(µmho/cm)
1430
1900
2370
1740
1650

SS
(mg/l)
12
15
20
18
12

COD
(mg/l)
336
470
670
830
700

TOC
(mg/l)
42.3
45.7
49.7
30.5
45.5
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NH4-N
(mg/l)
10.4
25.0
10.4
12.0
15.2

NO2 -N
(mg/l)
0.030
0.010
0.020
0.012
0.020

NO3 -N
(mg/l)
3
2
5
3
4
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TABLE 3 - Results of physical and chemical analyses of the industrial zone sewerage outlet samples (n=5).

SS
(mg/l)
32
35
30
36
32

COD
(mg/l)
4000
1200
1800
1560
1200

TOC
(mg/l)
23.1
33.5
28.7
22.0
23.2

Te st 2
60

1.set
2.set

L.Sativum's Root Lengths (mm)

90
80
70
60
50
40
30
20
10
0

1.Set
2.Set

50
40
30
20
10
0

1/1 1/2 1/3 1/4 1/5 Blank

1/1

Sample /Dilution Wate r Rate s

1/2

1/4

1/5 Blank

Te st 4

1.Set
2.Set

L.Sativum's Root Lengths
(mm)

50

1/3

Sample /Dilution Wate r Rate s

Te st 3
60

NO2 -N
(mg/l)
0.05
0.06
0.05
0.03
0.02

NH4-N
(mg/l)
4.0
8.5
5.8
8.0
7.4

Te st 1

L.Sativum's Root Lengths
(mm)

7.90
7.87
8.19
8.12
8.22

EC
(µmho/cm)
12400
13200
24000
16000
17000

L.Sativum's Root Lengths
(mm)

pH

40
30
20
10
0

70

1.Set

60

2.Set

50
40
30
20
10
0

1/1 1/2 1/3 1/4 1/5 Blank

1/1 1/2 1/3 1/4 1/5 Blank

Sample /Dilution Wate r Rate s

Sample /Dilution Wate r Rate s
Te st 5
70

1.Set

60

2.Set

50
40
30
20
10
0
1/1

1/2

1/3

1/4

1/5

B lank

S a m p l e / D i l u t i o n 	
  Wa t e r 	
  R a t e s

FIGURE 1 - Root growth length of samples taken from the general outlet of Konya sewerage system.
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NO3 -N
(mg/l)
13
10
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8
12
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Te st 2

T e s t 	
   1

70

70

L.Sativum's Root Lengths
(mm)

1.set

60

2.set

50
40
30
20
10
0

2.Set

50
40
30
20
10
0

1/1 1/2 1/3 1/4 1/5 Blank

1/1 1/2 1/3 1/4 1/5 Blank

Sample /Dilution Wate r Rate s

Sample /Dilution Wate r Rate s
Te st 3

80

L.Sativum's Root Lengths
(mm)

1.Set

60

70

Te st 4

1.Set

80

2.Set

70

60

1.Set
2.Set

60

50

50

40

40

30

30

20

20

10

10
0

0
1/1

1/2

1/3

1/4

1/1

1/5 B lank

1/2

1/3

1/4

1/5

B lank

Sample /Dilution Wate r Rate s

Sample /Dilution Wate r Rate s
T e s t 	
  5

L.Sativum's Root Lengths
(mm)

70
60
50

1.Set
2.Set

40
30
20
10
0
1/1 1/2 1/3 1/4 1/5 Blank
Sample /Dilution Wate r Rate s

FIGURE 2 - Root growth length of samples taken from the industrial zone sewerage outlet.

TABLE 4 - LC50 and TDF values of fish toxicity tests (n=5).

LC50
General sewerage
outlet wastewater
samples)

%47
%47
%41
%47
%46

TDF
(Toxicity Dilution Factor)
3
3
4
3
4

LC50
Industrial Zone
sewerage outlet
wastewater samples
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%46
%46
%41
%41
%47

TDF
(Toxicity Dilution Factor)
4
4
4
4
3
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Phytotoxicity results of the first and second test set
followed similar patterns. With increasing dilution ratios,
the root lengths of seedlings also increased. In general, it
can be seen that there are discernible differences between
the seedling root lengths of lower dilution experiments
and control tests.
The germination percentage of the general sewerage
outlet samples was determined to be 83% at 1/1 dilution
level, while it was only 79% at the same dilution level in
industrial zone sewerage outlet samples. Thus, both can
be classified as medium toxic class samples. The mean
root lengths were measured to be 25.7 mm for the general
outlet and 16.4 mm for industrial zone sewerage samples
at 1/1 dilution level. With 1/2 dilution they increased to
30.0 mm and 23.9 mm, respectively. The mean root growth
length for the blanks, however, was 53 mm. The reduced
growth rates compared to the controls can be obviously
attributed to the toxicity of the samples.

However, the Turkish Water Pollution Prevention
Regulation accepts only fish toxicity test carried out with
Lepistes reticulatus for industrial wastewaters.
Phytotoxicity tests using terrestrial plants, including
Lepidium sativum or aquatic plants, as well as other toxicity test series using various test organisms, could be
utilized in the evaluation of wastewater toxicity. Especially, phytotoxicity tests are more practical and easy to carry
out compared to those employing fish as test organisms

For the dilution levels 1/3 and,1/4 the mean growth values were 34.6 mm and 39.8 mm, respectively, for general
wastewater, but 32.5 mm and 37.6 mm, respectively, for
industrial wastewater samples. The means of root growth
were similar for both wastewaters at 1/5 dilution levels.
Generally, the means of root growth for industrial
zone samples were smaller than those of general sewer
samples at the dilution levels 1/1, 1/2, 1/3 and 1/4. Therefore, it could be suggested that industrial zone wastewater
samples were slightly more toxic.
48-hours fish (Lepistes reticulatus) toxicity tests were
repeated 5 times with the 5 different dilutions for both
wastewater outlets including blank tests. Fish deaths observed 24 hours after start showed the highest death ratios
with the highest wastewater concentration levels. LC50
and toxicity dilution factor (TDF) values were calculated
from the toxicity tests and summarized in Table 4.
As can be seen, the lethal concentrations calculated
varied between 41% and 47% for all wastewater samples.
The mean TDF value for the wastewater samples taken
from the general outlet of the sewer is about 3, and about 4
for the wastewater samples of the second industrial zone.
These results underline that industrial zone wastewaters are
slightly more toxic than that the samples taken from the
general outlet.
Each phytotoxicity test with the different wastewater
samples was carried out in duplicate. In Figs. 1 and 2, it can
be seen that they are quite similar and confirm each other.
The differences observed are due to the slight changes in
wastewater sample characteristics taken at different times.
CONCLUSION
Both toxicity tests revealed similar results. Toxicity
dilution factors (TDF) were found to be within the acceptable range for industrial wastewater discharge into
sewerage systems in Turkey.
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SUMMARY
Many researches have been conducted on various parameters related to the pollution in the Black Sea, the Sea
of Marmara and the Strait of Istanbul. However, there is
no report on the mutagenicity tested by evaluating the
mutagenic effects of the total pollution, dissolving water
samples in acetone, and using a salmonella/ microsome
test system.
It is known that the increasing pollutant load of the
Black Sea, the Sea of Marmara, and the Strait of İstanbul,
are especially due to sea-traffic and out-regional factors
drifted.
It is important to assess the mutagenic effect of pollution on DNA reflecting the changes in functional and structural proteins of the organisms exposed.
Water samples were collected at 20 stations of the Strait
of Istanbul, evaporated, dissolved in acetone and evaluated
by AMES test using two different test strains, Salmonella
typhimurium TA98 and TA100. Mutagenic effects have
been detected for the stations Eminönü, Kasımpaşa, Balat,
and Eyüp. Only weak mutagenicity has been observed for
the stations Beşiktaş, Üsküdar, Paşabahçe, Çayırbaşı, Sahilyolu and Kadıköy.

of Marmara and the Strait of Istanbul are mostly due to
out-regional factors and the increasing sea traffic.
Assessment of the mutagenic effects of pollution on
DNA is important, because they reflect the changes in
functional and structural proteins of the organisms exposed.
However, the observation of mutations is not an easy task,
because most of them are silent, which means without
effects on phenotypes, because they do not affect the activity of the product of the gene. There are much more mutations occurring than observable. This has been an initiative
for researchers to develop many short-term and cheap mutagenicity and/or carcinogenicity test systems [1-3]. These
tests are especially designed to prove the mutagenicity of
chemicals.
In this study, the mutagenicity of total pollution and
the risk of inheritance to future generations have been
evaluated for the first time in the Strait of İstanbul, although similar studies are common and even routinely
done for world-wide polluted aquatic environments [4, 5].
MATERIAL AND METHODS
AMES method was applied according to the original
paper unless otherwise stated [1].

KEYWORDS:
Genotoxicity, AMES, TA98, TA100, acetone, mutagenicity.

Test Strains

INTRODUCTION
Generally marine pollution problems take their roots
from population`s explosion and/or increase in budget incomes, the basic instinct that initiates consumption, waste
production and industrial development. In parallel with these
initiatives, the increasing pollution of the Black Sea, the Sea

The strains Salmonella typhimurium TA98 and TA100,
originally from Dr. Bruce Ames, Biochemistry Department, University of California, Berkeley, CA, U.S.A, have
been provided by Hacettepe University, Biology Department. Research was carried out at the Fatih Education
Institution Research Laboratories.
Water Samples and Stations

Water sampling has been done from the following
20 stations of the Strait of Istanbul: 1. Eminönü, 2.
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Kasımpaşa, 3. Balat, 4. Eyüp, 5. Beşiktaş, 6. Üsküdar, 7.
Ortaköy, 8. Kandilli, 9. Tarabya, 10. Boğaz Ortası, 11.
Paşabahçe, 12. Çayırbaşı, 13. Rumeli Kavağı, 14. Anadolu
Kavağı, 15. Rumeli Feneri, 16. Sahilyolu (Zeytinburnu),
17. Kadıköy, 18. Küçükçekmece, 19. Avcılar, and 20.
Yalıköy.
Sample Preparation

Samples were kept at +4 oC in sterile test tubes, until
experimentation within a day. 100 ml water sample aliquots
were evaporated at 30 °C [6]. Then, each sample was dissolved in 10 ml acetone [1, 7]. Finally, the samples were rediluted to their initial concentration in the sea using sterile
distilled water and kept at -20 °C until experimentation.
Statistical Analyses

The values are reported as means plus standard deviations (SDs) of colony numbers. The unpaired Student's t
test was used for the comparison of control with the treated
groups, and P < 0.05 was considered to be significant.
RESULTS
TA98 and TA100 Salmonella typhimurium strain genotypes were confirmed for their original mutations. Sixty
water samples were evaporated, dissolved in acetone and
tested for their cytotoxicity. For each sample, 2 different
histidine-lacking MGA plaques were used and each experi-

ment was repeated 3 times. Mutagenicity testing was carried out after confirming these priorities. For each mutagenicity experiment positive tests were included by using
standard mutagenic and carcinogenic chemicals to check
the revertant colonies for each test strain. The results were
in compromise with previous research data, and sodium
azide (1.5 µg/ plaque) standardization was confirmed to be
239±48 for TA98 and 1154±187 for TA100 [1].
The mutagenicity results for acetone-dissolved test
samples of both strains are given in Table 1, all evaluated
for arithmetic means, standard deviations and median values. The t-values were calculated after comparison of each
station with the control groups.
The results in Table 1 were obtained according to the
AMES test system criteria. Fig. 1 shows the graphical
presentation of the back-to-histidine revertant colonies due
to mutagenicity for each station and strain. For TA98, the
highest number of back-revertants were observed at the
stations Kasımpaşa (63.3 colonies), Balat (62.8 colonies),
and Eyüp (60.5 colonies), whereas the lowest numbers
were determined for Anadolu Kavağı (34.3 colonies), Tarabya (39.7 colonies), and Boğaz Ortası (39.8 colonies). For
TA100, the highest numbers of revertants were observed
for the stations Kasımpaşa (431 colonies), Eminönü (399
colonies), Balat (394 colonies), and Kadıköy (394 colonies), and the lowest for Rumeli Feneri (179 colonies),
Küçükçekmece (196 colonies), Rumeli Kavağı (211 colonies), and Anadolu Kavağı (211 colonies).

TABLE 1
Student t-test results of samples from different stations at the Strait of Istanbul with TA98 and TA100, respectively.

TA 98
Station
Eminönü
Kasımpaşa
Balat
Eyüp
Beşiktaş
Üsküdar
Ortaköy
Kandilli
Tarabya
Boğaz Ortası
Paşabahçe
Çayırbaşı
R.Kavağı
A.Kavağı
R.Feneri
Sahilyolu
Kadıköy
K.ÇeSMece
Avcılar
Yalıköy
Control

Aver.
51,5
63,3
62,8
60,5
42,0
41,3
41,5
40,2
38,7
39,8
39,7
48,0
40,3
34,3
33,0
47,7
53,3
39,0
43,2
40,5
28,2

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

StDev
9,7
10,0
13,1
13,0
13,1
7,8
10,2
6,0
4,2
4,9
6,9
4,0
7,3
9,1
7,2
8,6
8,9
6,9
10,3
8,2
5,4

P value
4,3E-04
1,9E-05
1,4E-04
2,2E-04
3,7E-02
6,7E-03
1,8E-02
4,6E-03
3,7E-03
2,9E-03
9,5E-03
3,0E-05
8,4E-03
1,8E-01
2,2E-01
8,6E-04
1,5E-04
1,3E-02
1,0E-02
1,2E-02

A-Cr
WM
M
M
M
NM
NM
NM
NM
NM
NM
NM
WM
NM
NM
NM
WM
WM
NM
NM
NM

Aver.
399,2
431,7
394,0
324,5
254,3
262,7
251,5
232,5
220,5
214,8
325,8
318,8
210,7
210,8
179,0
320,7
393,8
196,2
222,7
216,3
186,3

±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±
±

TA 100
StDev
37,5
20,7
19,2
54,5
126,3
27,4
32,8
35,4
38,3
21,7
47,8
24,7
19,9
22,5
35,5
27,3
51,0
43,4
27,3
29,5
32,2

P value
9,7E-07
2,3E-08
9,2E-08
3,2E-04
2,3E-01
1,3E-03
6,0E-03
4,0E-02
1,3E-01
1,0E-01
1,5E-04
1,2E-05
1,5E-01
1,6E-01
3,7E-01
1,5E-05
7,5E-06
9,3E-01
6,1E-02
1,2E-01

A-Cr
M
M
M
WM
NM
NM
NM
NM
NM
NM
WM
WM
NM
NM
NM
WM
M
NM
NM
NM

Aver.: Average of colony numbers in plates for each group (sample number (N) for each group was 6); StDev: Standard Deviation; P value:
probability value; A-Cr: Ames criteria, SM: strong mutagen; M: moderate mutagen; WM: weak mutagen; NM: no mutagen
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FIGURE 1
Graphical presentation of the tabular data presented in Table 1 to show the mutagenicity of samples from each station in
the Strait of Istanbul tested with Salmonella typhimurium TA98 and TA100 strains, respectively. The mutagenicity has
been evaluated by comparison with a positive mutagenic control (sodium azide) and according to the AMES criteria denoted as SM: strong mutagen, MM: moderate mutagen, WM: weak mutagen, and NM: not mutagenic.
Em.:Eminönü; KP:Kasımpaşa; Beş.:Beşiktaş; Üsk.:Üsküdar; OK:Ortaköy; Kan.:Kandilli; Tar.:Tarabya; BO:Boğaz Ortası;
Paşa.:Paşabahçe; ÇB:Çayırbaşı; RK:Rumeli Kavağı; AK: Anadolu Kavağı; RF:Rumeli Feneri; SY:Sahilyolu; Kadı.:Kadıköy;
KÇ:Küçükçekmece; Avcı.:Avcılar; YK:Yalıköy

DISCUSSION

According to the AMES test system criteria, a sample
can be considered to be mutagenic under two circumstances:
1. When the back-revertant number of histidine prototrophs is at least two-fold increased over the spontaneous revertants,
2. When the number of back-revertant colonies is less
than the two-fold amount of spontaneous revertants,
but the number should show a dose-dependent increase [1].
The evaluation according to the above criteria renders
the confirmation of low numbers for mutagenicity:
1. For Salmonella typhimurium TA98,
[28 ± 5.5 (22.5-33.5)] x 2 = 56 ± 11 (45-67)
2. For Salmonella typhimurium TA100,
[186.5 ± 32 (154-218.5)] x 2 = 373 ± 64 (308-437).

In this research the aim was to evaluate the mutagenic
effect of total water pollution from different sources. The
authors acknowledged the fact that no analysis of biological and/or chemical agents is responsible for this total
effect. Therefore, acetone has been used as described in
many previous researches [1, 8-10]. Acetone is an organic
solvent, which dissolves the lipid-soluble parts of the total
pollution pool and enables their passage through bacterial
cell membranes, precondition for the application of the
AMES test. According to AMES criteria, Eminönü,
Kasımpaşa, Balat, and Eyüp station samples were found to
be mutagenic, whereas Beşiktaş, Üsküdar, Paşabahçe,
Çayırbaşı, Sahilyolu and Kadıköy stations were found to
have only a weak mutagenicity. Yalıköy, Avcılar,
Küçükçekmece, Rumeli Feneri, Anadolu Kavağı, Rumeli
Kavağı, Boğaz Ortası, Tarabya, Kandilli and Ortaköy stations did not indicate mutagenic effects at all.
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The results are in compromise with previous ones,
especially on Black Sea pollution assessment, which has a
high impact on the Strait of Istanbul. Thepollution pool
consisted of heavy metals, detergents, PCBs, and other
toxicants accumulating in the various benthic and demersal organisms [11].
To our knowledge, this research is the first mutagenicity and genotoxicity evaluation in the Strait of Istanbul
using the AMES test system and Salmonella typhimurium
as test strains. Further work has to be done to adapt this
method as a routine biomonitoring tool in parallel with
many of the promising applications, indicating its applicability and importance [8, 12-14].
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SUMMARY
Genetic changes, genotoxicity and even target organ
genotoxicity can be monitored by using RAPD assays that
have a great potential in detecting DNA effects as well as
pathologic and/or physiologic ones, when as little as 2-5%
of the cells have the same affected genotype.
In this study, a comparative analysis was carried using
RAPD assay to assess the genotypic differences among the
same fish’s various organs/ tissues. Furthermore, inter and
intra-tissue variations were assessed together by an improved RAPD approach proposed in this work and denaturing gel electrophoresis was followed by silver staining as
basis for target organ genotoxicity biomonitoring. The combination of these methodologies enabled the detection of
very small changes in the DNA as a mosaicism of tissues/
organs extracted separately, when the RAPD-PCR mastermix with the same DNA was aliquoted into n (n=4 in
this work) tubes and thoroughly assayed together under
identical conditions.
KEYWORDS: Genotoxicity, fish, target organ toxicity, RAPD,
DNA damage, DNA effect

INTRODUCTION
Traditional approaches to the assessment of the impact of pollution on aquatic communities have generally
been based on ecological criteria, such as changes in biomass, diversity and in species composition, whereas genetic
unpublished work: Uzonur, I., PhD thesis continued, expected to be
finished in fall 2004, Genotoxicity Monitoring with Improved RAPD
Assay on Mytilus galloprovincialis as a Model, Istanbul University,
Institute of Marine Sciences and Management, Physical Oceanography
and Marine Biology Department, Istanbul, Turkey.
∗

changes occur in natural populations of marine organisms
exposed to pollution. Many of the pollutants found in
aquatic environments are known to be genotoxic and carcinogenic, and may interact, directly or after metabolic
activation, with DNA or DNA-processing machinery inducing DNA effects. Genotoxicity is an organism-specific
and quantitative measure of the potential of a particular
environment that causes damage to a cell's DNA. Target
organ genotoxicity in this context can be defined as how
target organs’ DNA responds to genotoxicants. Genotoxicity, especially target organ genotoxicity, monitoring is a
new approach in the assessment of impact of pollution.
Genotoxicity tests can be designed in vitro or in vivo to
detect the compounds that induce genetic damage directly
or indirectly by various mechanisms. Genotoxicity is usually measured in order to make an assessment of the potential
for that same environment to increase the likelihood of
cancer in mammals. Animal-based tests, though not capable of detecting all relevant genotoxic potential, are used for
genotoxicity and target organ genotoxicity detection [1-5].
RAPD assays have a great potential for the detection
of DNA effects, alterations and damages including DNA
adduct formations, breaks, point mutations, large rearrangements, and other changes, such as structural distortion induced by chemical or physical agents following the
direct and/or indirect interaction with the genomic DNA.
It has proven to be an efficient molecular tool for the identification of differences among natural populations, when
provided with reliable reference samples [6-13]. Molecular evaluation of DNA effects by RAPD profiling can be a
method capable of identifying environmental threats earlier than the used standard methods. These assays are also
highly efficient to assess the DNA variation for different
tissues of the same organisms as in the cases of tumor and
non-involved tissues [12, 14-17].
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In this preliminary study the objective is to determine
whether the proposed “improved RAPD assay” could detect organ-specific DNA effects in fish for the further evaluations of target organ genotoxicity. The results show that
this new assay can detect differences in the DNA fingerprints of the same animal’s different tissues, and even detect
RAPD profile differences in the same tissue, thus offering to
be a useful biomarker for the detection of the genotoxic
effects of environmental pollutants at a very early stage.

MATERIAL AND METHODS
DNA Extraction

DNA isolation was performed from dissected tissues of
fish (various fish and dissected organs were evaluated
throughout the study, data not presented) using the Macherey & Nagel Nucleospin tissue DNA isolation kit, according to the supplier‘s instructions. DNA concentrations
and sizes were estimated in comparison to a standard
sample (GeneRulerTM 100bp DNA Ladder, ready-to-use,
MBI Fermentas) in an agarose gel (fragment, (bp) and DNA
quantity in band, (ng) were given, respectively, for 10 bands
in descending order of fragment sizes, 1: 1031-169, 2: 900147, 3: 800-131, 4: 700-115, 5: 600-98, 6: 500-164, 7: 40065, 8: 300-49, 9:200-33, and 10: 100-16).
Improved RAPD assay

RAPD amplification was carried out in a 25 µl PCR
mix, containing 1 x PCR buffer with (NH4)2SO4, 0.2 mM
from each dNTP (2 mM dNTP mix), 25 picomoles of
primer OPA-8 (5'-GTGACGTAGG-3') and OPB-18
(5’CCACAGCAGT 3’) from QIAGEN Operon RAPD®
10mer Kits, 200-400 ng of genomic DNA, and 0.5 units
of Taq DNA Polymerase, and sterile deionized water to
fill upto the final volume. PCR chemicals were obtained
from MBI Fermentas, except when otherwise stated. Amplification is performed in a Techne (Progene) thermal
cycler programmed for 3 min at 95 °C (initial denaturation of template DNA), followed by 45 cycles of 1 min at
94 °C (denaturation), 1 min at 36 °C (annealing temperature), and 2 min at 72 °C (extending) and 5 min at 72 °C
(final extending step).

Agarose gel electrophoresis: Amplification products
were analyzed by electrophoresis in 2% agarose gels and
visualized by staining with ethidium bromide under UVlight, documented with both GelDoc 2000 (BioRAD) and
SANYOAZ1 digital camera (Fig. 1).
Denaturing polyacrylamide gel electrophoresis: Gel
electrophoresis was performed on 8% denaturing polyacrylamide gels (8% Instagel solution, acrylamide/bisacrylamide (19:1), and 8M urea, 1 x TBE buffer) with very
high resolving power to detect even a base-pair difference
between the samples of sizes in the range of 5-1000 bp.
Five µl of amplified products were mixed with 5 µl of sample loading buffer (95% formamide, 20 mM EDTA, 0.05%
xylene cyanol, 0.05% bromophenol blue), and 10 µl of the
mixture was loaded into the slots opened with a shark tooth
comb. Electrophoresis was performed for 4 h at 40 W.
“Improved RAPD-PCR” amplified products were run in
quadruplicates, side by side in the lanes enabling the best
comparability. The gels were stained with a modified and
simplified silver staining procedure, at first, soaking them
in 0.1%AgNO2 under white fluorescent light for 10 min
and rinsing them with water, secondly, soaking them in
15 g/L NaOH, 0.1g/L NaBH4, and 4 ml/L formaldehyde
(37%) for colour development until the bands appear, and,
lastly, soaking them in 7.2 g/L Na2CO3 buffer for 10 min to
stop the reaction. The gels were sealed and kept under pressure in dark, thus enabling their preservation for years. The
documentation was done with both GelDoc 2000 (BioRAD)
and SANYOAZ1 digital camera (Fig. 2).

RESULTS AND DISCUSSION
The primers, OPA8 and OPB18, were selected among
40 tested, because they allowed satisfactory RAPD profiles to be obtained for different species, especially those
belonging to vertebrates and various fish species. Figs. 1
and 2 represent the preliminary qualitative results of a
target organ genotoxicity monitoring system by using the
improved RAPD assay proposed (Fig. 2).

In our model of “improved RAPD-PCR”, we propose
the preparation of a master-mix with every component of
the standard RAPD-PCR including the DNA, and subdividing it into several aliquots for amplification at the same
PCR conditions. This novel approach enables the visualization of the amplification products from the very same organism, organ or tissue on the same gel, clearly showing
the variation of the genome under consideration (innate,
induced or spontaneous). RAPD profiles of the improved
assay were evaluated on the same agarose or polyacrylamide (native or denaturing) gel without the need for further
checking the reproducibility of the results.
Gel electrophoresis
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FIGURE 1
RAPD-PCR results with OPB18 primer, run on 2% agarose gel
for 20 min at 100 volt for 8 different tissues of the same fish.
Each lane from 1-8 represents one organ’s DNA extracted separately, the profile changes are indicated by arrows and thickness of them indicating the intensity changes.
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with a limited number of fish collected randomly from the
Sea of Marmara without the prior knowledge of their exposure history or stress conditions. Physiologic, ecologic,
molecular and evolutionary backgrounds were not considered in the context of this work. But the genotoxic effect of
total sea pollution on various fish organ/tissue DNA extracts and, furthermore, the intra-tissue genotoxicity have
been evaluated using our “improved RAPD assay” (see
Figs. 1 and 2). The qualitative detection of the intra-tissue
RAPD profile variations among various organs/tissues of
the same fish might be an early indication for the cumulative genotoxic effect of the marine pollution. Some recent
researches demonstrated that RAPD analysis is able to
detect mutations, even if they occur in at least 2-5% of the
cells [7]. Although further studies are required to confirm
the nature of the changes in profiles, RAPD analysis allows
a qualitative assessment of the DNA effects as band intensity variations as well as gain or loss of bands.

9 10 11 12 13 14 15 16

FIGURE 2
Improved RAPD assay results with OPA8 primer. Samples were
run on 8% denaturing polyacrylamide gel for 4 hours at 40 watt.
Four different tissues of the same fish were compared for their
improved RAPD profiles; a 4x mastermix was prepared for each
tissue DNA aliquoted into four tubes, amplified at the same conditions and run side by side to show changes by running on a denaturing gel with very high resolving power. The arrows show inter and
intra-tissue DNA alterations

Marine organisms are particularly sensitive to DNA
alterations from xenobiotics, eventually due to their usually high level of exposure and relatively inefficient DNA
repair. As a result there exist many well-documented findings about different exposure types and their end points.
However, exposures of different species to the same xenobiotics generate different final results. DNA adducts are
used primarily as biomarkers of exposure to genotoxic
agents. Most human carcinogens are genotoxic and DNA
adducts have been characterized for many of them. Most of
the DNA adduct measurements are global measures of
specific DNA alterations or changes in genomic DNA, and
often the DNA is extracted from heterogeneous cell populations. There is also experimental evidence that levels of
DNA adducts in a particular tissue correlate in general with
exposure, but the relative quantity of adducts per tissue or
organ type is not necessarily predictive of subsequent tumour formation in that tissue [2, 18]. As in the case of
carcinogenic DNA adducts, that are being regarded as
biomarkers of potential mutagenic events and of cancer
risk, the “improved RAPD assay” profile variations can be
regarded as a biomarker of target organ genotoxicity. Genomic variations among various plant and animal tissues at
different developmental stages or stress conditions can be
revealed via RAPD markers [19]. The authors
acknowledge the fact that this work was only performed

The RAPD profile changes might be used to be indicative for genotype-dependent survival and/or early signs of
carcinogenesis, functional, structural and developmental
anomalies in target organs and tissues, when further
matched with corresponding genotoxicants as “contaminant-indicative” bands [6]. This method produces tissuespecific profiles by amplifying anonymous fragments from
the sites scattered throughout the genome, allowing enormous amounts of information to be obtained with minimal
effort. Appearance or disappearance of RAPD bands and
the band intensity changes could be due to those in primer
binding sites, structural changes due to DNA damage,
induced mutations, or other DNA alterations as a result of
continuous exposure to various genotoxicants found in
marine environment.
This work will provide the framework necessary to
perform the biomonitoring of organ toxicants as end points.
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