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STRATEGIES FOR SLUDGE MINIMIZATION
IN ACTIVATED SLUDGE PROCESS - A REVIEW
Devikarani M. Ramakrishna and Thiruvenkatachari Viraraghavan
Faculty of Engineering, University of Regina, Regina, SK., S4S 0A2, Canada

SUMMARY
Sludge reduction has become a part of the current
global environmental issues as a result of economics,
environmental and regulatory factors. The problem of
sludge generation and disposal has come to the forefront
because of the following reasons: increased stringency in
environmental regulations, increased public awareness on
the impact of improper sludge handling and disposal, the
cost involved in safe disposal of sludge, the limited disposal options, and considerable impetus created by major
organizations for better environmental management systems and practices. Several strategies have been developed for the purpose of sludge reduction. All these strategies are basically modifications of the conventional activated sludge process for better results. This paper reviews
the strategies, such as lysis-cryptic growth, uncoupling
metabolism, oxic settling anaerobic activated sludge process (OSA), the use of high purity oxygen for sludge
reduction, bacteriovoric metabolism and increased sludge
retention time and biodegradation. Some strategies, such
as ozonation, bacteriovoric metabolism and OSA, have
considerable potential for sludge reduction, but further
research is necessary to develop full-scale systems considering cost implications and environmental impacts.

cess is high sludge production. Daily production of excess
sludge from conventional activated sludge process is
approximately 15-100 L/kg BOD5 removed, in which
over 95% is water [4].
Currently, the production of excess sludge from activated sludge process is one of the serious problems encountered in aerobic wastewater treatment [4]. The treatment
and disposal of sludge from wastewater treatment plants is
estimated to cost about 60% of the total operating cost [1,
3, 5, 6]. Various methods available for sludge disposal,
such as incineration, landfill and sea disposal of sludge, are
found to have negative impact on the environment. Hence,
one of the ideal ways to solve this problem is to reduce
sludge production in the wastewater treatment process
rather than the post-treatment of the sludge generated [4].
Therefore, it is necessary to develop new strategies to minimize the excess sludge production. [7].
LYSIS AND CRYPTIC GROWTH
One of the ways of achieving sludge reduction is by
lysis-cryptic growth of microorganisms, i.e. microbial
growth on cell lysates [2]. The cell lysis releases cell
contents into the medium, providing an autochthonous
substrate that contributes to the organic loading in the
system. This autochthonous substrate is reused in microbial metabolism and a portion of carbon is liberated as a
product of respiration resulting in overall biomass reduction. The biomass growth that occurs on autochthonous
substrate is hard to distinguish from the growth on original organic substrate, and this growth is termed cryptic
growth [1, 8, 9].

KEYWORDS: Activated sludge process, sludge reduction, sludge
minimization strategies.

INTRODUCTION
Biological wastewater treatment involves the transformation of dissolved and suspended organic matters to biomass and gases [1]. The activated sludge process (ASP) is
the most widely used biological wastewater treatment for
both domestic and industrial wastewaters in the world.
More than 90% of the municipal wastewater treatment
plants use the activated sludge process as a core technology
[2]. It is more intensive than the fixed film processes and
can treat up to 10 times more wastewater per unit volume
of the reactor without involving high operating costs [1- 4].
One of the drawbacks of conventional activated sludge pro-

There are two stages in lysis-cryptic growth, lysis and
biodegradation. The rate-limiting step of lysis-cryptic
growth is the lysis stage. Hence, an increase in lysis efficiency can lead to an overall sludge reduction. Several
methods have been adopted so far to bring about cell
disintegration, such as thermal treatment, chemical treatment, advanced oxidation processes such as wet air oxidation using H2O2 and ozone, thermo-chemical treatment,
combination of alkaline and ultrasonic treatment, freezing
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and thawing and biological hydrolysis with enzyme addition. Among all these techniques ozonation has been
successfully applied in practice for sludge reduction [1].

process was developed by Yasui and Shibata [1, 2, 4]. It
contains two stages, an ozonation stage and a biodegradation stage (Figure 1). A fraction of sludge is passed through
the ozonation unit, in which a part of the sludge is solubilized due to disintegration of suspended solids, while the
other part of the sludge is solubilized due to oxidation of
soluble organic matter [10, 11]. The solubilized sludge
recycled into the aeration tank induces cryptic growth.

Ozonation

Ozonation is one of the mechanisms to achieve cell lysis [9]. Ozone is a strong chemical oxidant and widely used
in disinfection processes [2]. Ozonation-activated sludge

Aeration basin

Settling

Ozone contact stage
Returned Activated Sludge
FIGURE 1 - Process flow sheet for the aerobic process with enhanced cell lysis
by contacting excess biomass with ozone to form autochthonous substrate [9, 10].

TABLE 1 - Literature Data of Ozonation.
Experimental Details
Laboratory Scale, Domestic wastewater after primary
sedimentation
Continuous ozonation, ozone dose = 0.05 g O3/g VSS
treated, Yabs =0.28 g VSS/g COD
Laboratory scale, Synthetic sewage with meat extract and
peptone,
Continuous ozonation, ozone dose = 30 mg-O3/g
MLSS/day. Yield coefficient= 0.5
Intermittent ozonation, ozone dose = 11 mg O3/g
MLSS/day
Laboratory scale
Ozone dose = 0.04 g O3/g-SS, Biomass concentration=
4200 mg/ L in the aeration tank, Recirculation rate=
0.3/day, BOD loading = 1.0 Kg-BOD/ m3/d.
Pilot Scale wastewater treatment system at Gwangju
wastewater treatment plant in Gyeonggi-do province,
Korea
Ozone dose= 0.2 gO3/g dissolved solids
Ozone dose= 0.5 gO3/g dissolved solids
Laboratory Scale, Synthetic waste water
Yield coefficient of the control reactor=0.26g SS/g
SCOD, Yield coefficient of test reactor=0.25 g SS/g
SCOD.
Full scale plant operation of pharmaceutical wastewaters
Ozone dose= 20 to 30 g/Nm3 (gas), BOD loading= 550
kg/d, sludge recirculation= 3 times higher than the sludge
withdrawal rate of the control experiment, aeration tank
volume= 1900m3.
a
The biomass residue in the system

Sludge Reduction
(%)

Observations

70

Slight increase in COD in the effluent.
Significant improvements in sludge settling
characteristics

50

Improved sludge settling characteristics

References

[11]

[12]

70

~ 100

Biomass required is 1.2 times the influent
BOD for sludge yield to be zero, Total
organic carbon content were slightly higher
than the conventional activated sludge
process

45a
34a

Total nitrogen removal efficiency increased
about 10% without deteriorating effluent
quality, significant improvement in settleability and dewaterability

40-60

[10]

[13]

[14]

100

Improved SVI, Slight increase of inorganic
solid content in MLSS such as Si, Al and
Fe.
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The mode of ozonation can be intermittent or continuous. Data from literature show that the percentage of
sludge reduced in the case of intermittent ozonation is
high, when compared to continuous ozonation. The results of different studies carried out using ozone are presented in Table 1.

during the entire period of operation, and the reason was
attributed to the volatilization of THMs. However, further
investigation is required to study these VOC emissions
during the chlorination step.

Although a sludge reduction of approximately 100%
is reported, the integration of ozonation into the activated
sludge process involves a high operating cost, thereby
limiting its use.

Microbial cell lysis can be amplified by thermal treatment coupled with chemical treatment (alkaline or acidic)
[17]. Sodium hydroxide was found to be more efficient for
inducing cell lysis in thermal-alkaline hydrolysis [18]. In
this process, the sludge was heated to 60 °C for 20 min and
NaOH was added to bring the pH to 10 in order to solubilize the sludge. It was found that 75% and 90% of the
soluble fraction of the lysates were biodegraded after 48
and 350 h of incubation, respectively, and 37% sludge
reduction was obtained. However, the treatment of sludge
with NaOH was found to be toxic to the microorganisms.

Alkaline-chemical treatment

Chlorination

The idea of chlorination-combined activated sludge
process for cell lysis has evolved from one of the features
of chlorination, i.e., it is a strong oxidizer. The chlorination-combined activated sludge process is similar to the
ozonation-activated sludge process, i.e., excess sludge is
subjected to chlorination and the chlorinated sludge is
returned to the aeration tank. The cost of operation of
chlorination is only 10% of that of ozonation in terms of
disinfection practice. Saby et al. [16] treated the excess
sludge at a chlorine dose of 0.066 g Cl2/g MLSS and the
chlorinated liquor was then returned to the aeration tank.
It was observed that 65% of sludge reduction was
achieved compared to the control process without chlorination (Figure 2).

The combined effect of acid and temperature was
studied and it was found that the quantity of acid required
was larger than the amount of alkali resulting in high
chemical costs for the treatment [18]. The use of chemical-assisted sludge reduction technique is limited in full–
scale wastewater treatment due to reactor corrosion and
process complications [2].
Other cell lysis stratergies

The chlorination treatment resulted in increase of soluble chemical oxygen demand in the effluent as well as
poor sludge settleability. It is expected that the use of
membrane separation units instead of conventional sedimentation tanks can minimize these potential problems.

Camacho et al. [19] studied sludge reduction mechanism by applying mechanical treatment in the activated
sludge process. Continuous experiments showed that the
shear force applied caused a progressive break-up of cells
resulting in 20% reduction in sludge production compared
with the control run under the same loading conditions.
Recycling of mechanically treated sludge to the aeration
tank induced a slight increase in effluent total suspended
solids, but the biological performance was maintained.
Significant improvements in sludge settling were also
observed. It was found that the mechanical lysis of sludge
did not cause any harm to the process operation [20].

Cumulative excess sludge (g)

The principal disadvantage of chlorination-activated
sludge process is the formation of undesirable chlorinated
by-products [16]. Previous research found that when the
raw water is reacted with chlorine, the yield of trihalomethanes (THMs) increased as a function of the amount of
chlorine input [2]. Saby et al. [16] showed that concentrations not higher than 200 ppb of THMs were detected

Time (days)

FIGURE 2 - Sludge reduction rates in the continuous systems without (the reference
system) and with (testing line) the chlorination treatment of excess sludge [16].
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Parmar et al. [21] studied the effect of microbial enzymes in reducing the sludge. A 50% reduction in
wastewater sludge was observed, when a mixture of industrial cellulase, protease, and lipase was added in equal
proportion by weight. It was also reported that enzymes
have a potential for 80% sludge reduction, when the organic matter in the effluent is more than 60%.

The oxidative phosphorylation can be effectively uncoupled by the addition of organic protonophores or metabolic uncouplers, which carry protons through the cell’s
intracellular cytoplasm membrane and dissipate the driving force. Therefore, the excess free energy would be
directed away from anabolism, so that biomass production
is reduced.

Shiota et al. [22] used thermophilic aerobic digesters
to solubilize the sludge. In this process of thermophilic
digestion, a portion of return sludge was injected into a
thermophilic digester, where solubilization of sludge took
place by the action of thermophilic aerobic bacteria. The
solubilized sludge was returned to the aeration tank for
further degradation. As a result, 93% reduction in overall
excess sludge production was achieved with a slight increase in the effluent suspended solids and total organic
carbon compared to the control run. In the case of an
aerated lagoon system, approximately 40% degradation of
sludge solids was observed [23].

The uncoupling metabolism has been observed:
1) in the presence of inhibitory compounds.
2) in the presence of excess energy source [29]
3) at unfavorable temperatures.
4) in minimal media, and
5) during the transition periods, in which the cells adjust to changes in their environment [9].
Metabolic uncouplers include a diverse group of molecules structurally, but they are all lipophilic and weak acids. So far, studies have been conducted using uncouplers
like nitrophenol, clorophenol, 3,3’,4’,5-tetra-choloro-salicylanilide, ortho-chlorophenol, 2,4-di-chloro-phenol, paradinitrophenol, 2,4,5-trichlorophenol, 2,4-dinitro-phenol
and m-chlorophenol [30-36]. Yang et al. [24] suggested
that the dissociation of energy metabolism is proportionally related to the concentration of metabolic uncouplers.
It is also observed that the acidic conditions improve the
uncoupling activity of organic protonophores, and there is
a greater association of protons with protonophoric compounds at lower pH [9].

UNCOUPLING METABOLISM
Metabolism is the sum of biochemical transformations that includes interrelated catabolic and anabolic
transformations [4, 24]. Russell and Cook [25] have defined “uncoupling” as the inability of chemiosmotic oxidative phosphorylation to generate the maximum theoretical amount of metabolic energy in the form of ATP.
Simply stated, uncoupling is such that the catabolism is
allowed to continue unhindered, while the anabolism of
biomass is restricted to achieve biomass yield reduction
[9]. Senez [26] suggested that the bacterial anabolism is
coupled to catabolism of substrate through rate limiting
respiration.

Though considerable percentage reduction is observed in sludge production, the uncoupling metabolism
has the following disadvantages:
1) total substrate removal efficiency is decreased in
most of the cases [1], and

For most of the aerobic bacteria the adenosine-5’triphosphate (ATP) is generated by oxidative phosphorylation, in which process electrons are transported through the
electron transport system (Figure 3) from a source of electrons at elevated energy levels (substrate) to a final electron
acceptor (oxygen). The chemiosmotic theory shows that the
oxidative phosphorylation is driven by proton gradient,
which is built up across the cell membrane. However, tight
coupling of respiration and phosphorylation can be distributed by molecules known as metabolic uncouplers [2].

2) the protonophores used for the dissipation of energy need to be removed from the water prior to discharge, which can turn out to be toxic [9].
3) the application of chemical uncouplers for sludge
reduction may cause reduction of COD, but increases the oxygen consumption and worsens activated sludge properties, such as settling and dewatering [9].

SUBSTRATE

ATP
Anabolism

Catabolism
CO2 + H2O

BIOMASS

ADP+P
ENERGY
FIGURE 3 - Simplified relationship between catabolism and anabolism [27, 28].
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TABLE 2 - Different uncouplers for reducing excess sludge production.
Sludge Reduction
COD removal (%)
(%)

Chemical uncouplers for reducing excess sludge production
Para-nitrophenol (pNP)
30 0C, pH=6.2/7.0, continuous mono-culture of P.putida, continuous addition
of 100mg pNP/L

References

62-77

___

[34]

49

Decreased by 25

[37]

0.30a

Decreased by 3.7

[38]

0.6a

----

[33]

2,4,5-trichlorophenol (TCP)
21 0C, pH = 7, continuous activated sludge culture, continuous addition of 22.5mg TCP/L, VSS/TSS=0.83, SRT=5.0d, HRT=3.5h

50

___

[32]

3,3l, 41, 5-tetrachlorosalicylanilide (TCS)
20 0C, pH = 7, continuous activated sludge culture, addition of 0.8-1.0mg
TCS/L once per day, MLSS=2.0 g/L, SRT=7d, HRT=8h

40

Nearly unaffected

[38, 30]

86.9

Decreased by 13.5

[24]

20 ± 1 0C, pH = 7.7 ± 0.3, continuous activated sludge culture, continuous
addition of 100mg pNP/L, dilution rate=0.29/h, sludge discharging rate=0.02/h,
MLSS=0.71g/L
2,4-dinitrophenol (dNP)
20 0C, pH = 7, continuous activated sludge culture, continuous addition of
35mg dNP/L, MLSS=2.5g/L, SRT=1.5d, HRT=3.5h
20 0C, pH = 7, continuous activated sludge culture, continuous addition of
0.06l/h,HRT= 5.5h, DO= 1 mg/L, SS= 2500 mg/L

m-chlorophenol (mCP)
25 ± 1 0C, pH=7.0, batch activated sludge culture, addition of 20mg mCP/L
a

The average sludge yield, kg SS/kg COD removed

Table 2 gives some information on the various uncouplers used, the percentage of sludge reduction observed, and the percentage of COD removed.

2) toxicity of soluble microbial products (SMPs) to
microbes that may trigger extensive use of energy
to regulate metabolic activity thereby limiting
sludge growth.
3) acceleration of sludge decay in the sludge holding
tank, and
4) The energy uncoupling theory.

Oxic-settling anaerobic process

The conventional activated sludge process can be
converted to an oxic settling anaerobic (OSA) process by
inserting an anaerobic reactor in the recycling bypass of
sludge. It was reported that the insertion of a period of
anaerobiosis in the high-rate activated sludge process
could reduce the rate of excess sludge production by half,
as compared with conventional activated sludge process
without anaerobic reactor. Since then, an alternative fasting/feasting approach based on anaerobic and oxic cycling has been seriously considered as one of the techniques for minimizing excess sludge production in the
activated sludge process [4].

The four possible causes of excess sludge reduction
in an OSA process have been investigated and it was
observed that energy uncoupling, SMP effect and domination by slow growers may not be the causes for sludge
reduction.
Chen et al. [39] reported excess sludge reduction in an
OSA could be achieved under a low oxidation-reduction
potential (ORP) level in the sludge holding tank. Saby et al.
[40] confirmed this by operating the OSA system at different ORP levels using synthetic wastewater for a period of
nine months and found that the sludge reduction efficiency
was high under low ORP levels. When the ORP level was
decreased from +100 mv to –250 mv, the sludge removal
efficiency was increased from 23% to 58%. Figure 4 shows
the impact of different ORP levels on excess sludge production. This reduction was possible due to acceleration
of sludge decay co-efficient in the anaerobic sludge zone
in the OSA system, when the ORP level was maintained
at –100 mv [39]. Chudoba and Capdeville [41] compared
the sludge production in an OSA system with conventional
activated sludge production process and found that in the
OSA process, the specific sludge production was reduced
by 20-65% compared with the conventional process, but
the reason for reduction was attributed to uncoupling
mechanism between catabolism and anabolism. Also,
the effect of anaerobic stabilization of returned activated

The sludge fasting refers to exposure of settled sludge
to an anoxic environment, where food is insufficient. Microorganisms are starved under this stressful condition
leading to the depletion of cell energy in the form of ATP
or food storage. In sludge feasting the fasted microorganisms are returned to an oxic environment with sufficient
food, where they achieve a harvest of cell energy resulting
in ATP storage and, thus, limiting the growth of microorganisms [3].
Though the exact cause of sludge reduction in an
OSA process is not known, many explanations on the
possible cause of excess sludge reduction were proposed.
They were as follows:
1) domination of slow growers over the entire microbial population that may result in low sludge
growth yield.

7
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Time (days)
FIGURE 4 - Impact of the ORP level in the anoxic tank on excess sludge production in OSA system [40].

BACTERIOVORIC METABOLISM

sludge in a continuous system on biomass production at
different S0/X0 ratio was observed and it was found that
the biomass yield decreased with an increase in S0/X0
ratio [42].

Wei et al. [1] and Lee and Welander [43] suggested
that the biological wastewater treatment process can be
considered as an artificial ecosystem, and the activated
sludge is an ideal habitat for several organisms other than
bacteria. One of the ways to reduce sludge production,
when the biological wastewater treatment is considered as
an ecosystem, is to exploit higher organisms, such as
protozoa and metazoa, in the activated sludge processes
that predates on the bacteria without affecting the decomposition of substrate [44]. During the energy transfer from
low to high trophic levels, energy is lost due to inefficient
biomass conversion. Under optimal conditions, the total
loss of energy will be maximal and, thus, the total biomass production will be minimal [1]. The Table 3 presents data on expected biomass reduction by various
predators.

Liu and Tay [4] suggested that the SVI value of the
sludge in the OSA process was much lower than that
observed in conventional process, i.e. the OSA process
could improve the settleability of activated sludge process. In the view of industrial scale application, the OSA
provides a promising technique for efficiently reducing
the sludge production by improving the stability of process operation. Further investigations are required on the
theory of sludge reduction in OSA process to know the
exact cause of low yield rate.

TABLE 3 - Various predators used for excess biomass reduction.
Predator

Prey

Expected Biomass reduction Reference

Tetrahymena pyriformis

Ciliated Pseudomonas fluorescens

12-43%

[45, 46]

Protozoa and Metazoa

Bacteria

60-80%

[47, 48]

Oligochaete worm

Bacteria

25-50%

[49]

Bdelloid Rotifers

See note below

10-25%

[50]

Note: They graze on suspended solids, thereby total biomass gets reduced by ~ 10%, and they form
as facilitators of floc, in turn reducing 10-25 % of the total biomass in suspension.
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Time period (days)
FIGURE 5 - Comparison of biosludge yield of LSP process with conventional activated sludge process [51].

Low sludge production process

show that the growth yield can be lowered by up to 54%
compared with conventional air activated sludge system,
even at high sludge loading rates [4]. A sludge reduction
of 25% was observed at a loading of 1.7 mg BOD5/(mg
MLSS d), when the DO was raised from 2 to 6 mg/L [7].

The strategy of bacteriovoric metabolism is applied in
low sludge production process (LSP), an aerobic biological treatment process in which the effluent is treated in
two consecutive stages. The first stage, the bacterial stage,
is designed and operated to favor the growth of dispersed
bacteria, which consume much of the soluble organic
matter in the effluent. The second stage, the predator
stage, is designed and optimized for the growth of filterfeeding micro-animals, which consume the bacteria from
the previous stage [51]. The first basin is operated at a
high food to microorganism (F/M) ratio to ensure the
dispersed bacterial growth and the second basin is operated at a lower F/M. Operating at a low F/M ratio maximizes the endogenous respiration and encourages growth of
higher life forms. These higher life forms consume dispersed bacteria, thereby contributing to the overall sludge
reduction [52].

So far the mechanism of reduced sludge with high
DO operation is not clearly known. Two hypotheses are
proposed. The first hypothesis is that high DO concentration would produce a higher level of active biomass, and,
hence, a lower true sludge loading rate that would be
measured relative to a low DO system. The lower true
sludge loading rate, in turn, results in a relatively lower
sludge production rate at the same apparent measured
value of the sludge-loading rate [4]. The other hypothesis
is that the increase in the oxygen concentration in the bulk
liquid promotes a deep diffusion of oxygen that subsequently leads to an enlargement of the aerobic volume
inside the flocs. As a result, the hydrolysed biomass in the
floc matrix could be aerobically degraded and the sludge
quantity is thus reduced.

It was reported in a study carried out on pulp and paper mill effluent, that the biosludge yield decreased from
approximately 0.2 kg TSS/kg CODremoved to 0.02 TSS/kg
CODremoved and the dewaterability of the excess sludge
from the treatment plant was greatly improved by using
LSP process [51]. The principal disadvantage of this process is an increase in nitrate and phosphate concentrations
in the predator stage [51-53]. Figure 5 shows the comparison of biosludge yields in an activated sludge process and
LSP process of a pulp and paper mill.

In comparison with the conventional air aeration process, the pure oxygen process has the ability to maintain a
higher MLVSS concentration in the aeration tank. It has
the advantages of facilitating better sludge settling and
thickening, lower net sludge production, higher oxygen
transfer efficiency per horsepower and more stable operation, but involves high operational and maintenance costs
[55, 56].

HIGH PURITY OXYGEN
AND SLUDGE REDUCTION

SLUDGE RETENTION TIME
AND BIODEGRADATION OF SLUDGE

Low sludge yield has been observed in pure oxygen
aeration activated sludge processes implying that high DO
concentration can promote sludge reduction [2, 54]. The
results from purified oxygenation activated sludge process

Two major parameters can be regulated in an activated sludge process to achieve a desired effluent quality.
These are the return biomass flow rate to the aeration
basin and the biomass wastage flow rate. Return of bio-
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mass influences biomass concentration in the aeration
tank. Manipulation of the wastage rate is employed in
control strategies providing either a constant food to microorganisms (F/M) ratio or to regulate the mean residence of cells within the process, often referred to as
sludge age or sludge retention time [9].

The above equation shows that the observed growth
yield is inversely dependent on the sludge retention time
and endogenous rate in steady state activated sludge process. This equation provides a theoretical basis to control
the total sludge production by adjusting the SRT during
the wastewater biological treatment [4]. Results from pilot
plant studies carried out by Gurak et al. [58] showed a
decrease in volume of sludge with extended SRT.

In the activated sludge theory, sludge retention time is
defined as the average time a unit of biomass remains in the
treatment system. Many research studies have shown that
SRT is the most important operational parameter in an
activated sludge process [57, 58]. For a steady state system
SRT is inversely proportional to the specific growth rate. It
has been demonstrated that the relationship between sludge
yield (Yabs) and the sludge retention time can be described
by the following equation [55]:
1
Yabs

=

1
Ymax

DISCUSSION
Strategies based on the mechanisms of lysis and cryptic growth, uncoupling metabolism, oxic settling anaerobic process, bacteriovoric metabolism, sludge reduction
by the use of high purity oxygen and sludge reduction by
controlling the sludge retention time were examined.
Table 4 shows a comparison of all the strategies discussed
for reducing excess sludge production.

θ cK d
Ymax

+

where, Ymax is the true growth yield, and Kd the specific endogenous rate.

TABLE 4 - Comparison of different strategies for reducing excess sludge production.

Strategy

Sludge
reduction (%) a

Advantages

Disadvantages and
Environmental Impact

Lysis-cryptic growth
Ozonation

40-100

Highly successful in full scale
experience, Improved SVI and
dewaterability, enhanced nutrient
removal in case of MBR

Increase in TOC in the effluent,
Involve high cost for operation
Increase in inorganic solids content
in MLSS
Poor settleability and increased
soluble COD, Formation of THM's
NaOH can be toxic to Microorganisms

Chlorination

65

Cheaper compared to Ozonation

Alkaline chemical treatment

37

Relatively simpler

Uncoupling metabolism

40-87

Relatively simpler

OSA

20-65

Only addition of anaerobic tank,
improved sludge settleability

Bacteriovoric metabolism

10 to 80

Improved dewaterability, relatively simple

Nutrient release, High costs

High purity oxygen

25-54

Better sludge settling and thickening; lower net sludge production; higher oxygen transfer
efficiency per horsepower and
more stable operation

High operation and maintenance
costs

Sludge retention time
a

Relatively simple

values provided are in a broad range

10

Substrate removal efficiency is
decreased, the protonophores if not
removed prior to discharge can
become toxic, reduced COD removal efficiency and increased
oxygen consumption.
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CONCLUSIONS

[11] Deleris, S., Geaugey, V., Camacho, P., Debellefontaine, H.,
and Paul, E. (2002). Minimization of sludge production in
biological processes: an alternative solution for the problem
of sludge disposal. Water Science and Technology, 46(10),
63-70.

The economical, environmental and regulatory factors for sludge disposal are the driving force to explore
and develop various strategies and technologies for sludge
reduction. Each strategy discussed could reduce the excess sludge production successfully to various levels.
However, these strategies have their own limitations in
terms of operating costs as in the case of ozonation, release of THMs in that of chlorination, reduced process
efficiency in the case of uncoupling metabolism and nutrient removal in that of bacteriovoric metabolism.

[12] Kamiya, T., and Hirotsuji, J. (1998). New combined system
of biological process and intermittent Ozonation for advanced wastewater treatment. Water Science and Technology, 38(8-9), 145-153.
[13] Ahn, K. H., Park, K. Y., Maeng, S. K., Hwang, J. H., Lee, J.
W., Song, K. G., and Choi, S. (2002). Ozonation of
wastewater sludge for reduction and recycling. Water Science
and Technology, 46(10), 71-77.

Ozonation, bacteriovoric metabolism and the oxic
settling anaerobic process seem to be promising techniques in terms of sludge reduction with their limitations.
Further research can develop a novel strategy through a
combination of the existing strategies, which can be more
efficient and cost effective with less impact on the environment.

[14] Egemen, E., Corpening, J., Padilla, J., Brennan, R., and
Nirmalakhandan, N. (1999). Evaluation of Ozonation and
cryptic growth for biosolids management and wastewater
treatment. Water Science and Technology, 39(10-11), 155158.
[15] Yasui, H., Nakamura, K., Sakuma, S., Iwasaki, M., and Sakai, Y. (1996). A full-scale operation of a Novel Activated
sludge process without excess sludge production. Water Science and Technology, 34(3-4), 395-404.
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SUMMARY
Natural zeolitic tuff from the deposit of Nižný
Hrabovec (Slovakia) is capable to protect plants against
toxic effects of heavy metals. This protective effect was
manifested by hydroponical growth of maize in Knop`s
nutrition medium contaminated by copper, mercury or
cadmium chlorides. The use of 6.7 g zeolitic tuff per L of
Knop`s nutrition medium polluted with 30 µmol of Cu,
Cd or Hg resulted in almost 100 % restoration of plant
growth, as far as the plant size and dry matter (DM) are
concerned. It was found that the heavy metals are absorbed and disposed mainly by maize roots. However, a
considerable amount of cadmium has been distributed
into the plant`s shoots and leaves (140 mg Cd per kg DM
of each). This feature of the maize could be utilized for
phytoremediation of Cd-contaminated soils after the verification of this effect at long-term experiments.

contained in the voids of zeolite. Since the Al-tetrahedron
is carrying one negative charge, this must be compensated
for the M cation, which is not bound by a covalent bond
and, therefore, can be very easily replaced by another metal
(e.g. Cu) [1].
Recently, experiments were carried out with zeolites
where their ion-exchange ability was utilized for the slow
release of inorganic nutrients into soils [2], separation of
polychloric dibenzodioxins, dibenzofurans and mercury
compounds from the flue gases [3], or radioactive cesium
[4] from soils. Edwards et al. [5] studied the mechanisms
of reduction of the toxic metal concentration in contaminated soils using synthetic zeolites. Chlopecka and Adriano [6] investigated the natural zeolite with respect to its
ability to immobilize and limit the uptake of a metal by
crops. Lin et al. [7] ascertained that the synthetic zeolite
reduces the cadmium leaching from Cd-contaminated soils.
For this purpose, it is advantageous to apply natural zeolites
that have lower ion exchange capacity than synthetic ones,
but cost less.

KEY WORDS:
Cadmium; Copper; Mercury; Natural zeolite; Plant protection.

The aim of this work was to demonstrate the protecting effect of the natural zeolitic tuff (from Slovak deposit)
against phytotoxicity of heavy metals (Cu, Hg and Cd) on
plants (maize) during their growth period.

INTRODUCTION
It is generally known that heavy metals (copper, lead,
mercury, cadmium, etc.) exhibit toxic effects on living organisms. The heavy metals pollution of the environment due
to mining, metallurgical refining, industrial and agricultural
uses, represents a potential danger for living organisms.
Therefore, it is important to find out ways how to protect the
nature against toxic effects of heavy metals, namely by their
reduction or by decontamination of soil and water.

MATERIAL AND METHODS
The biological experiments were carried out with maize
(Zea mays L.), which had been pregerminated for 4 days in
filter paper soaked with demineralized water in the dark at
25 oC. The germinated plants were placed into 300 ml
plastic vessels with their roots inserted through a perforated
plastic lid. The control plants were cultivated for 10 days in
the Knop`s nutrient medium (0.5 g L-1 Ca(NO3)2, 0.125 g L-1
KNO3, 0.25 g L-1 KH2PO4, 0.125 g L-1 MgSO4.7H2O,
0.06 g L-1 NaCl, 5 drops 10% FeCl3 in H2O) using the
lighting mode of 8 hours in the dark and 16 hours in the
light (12 W m-2 PAR) at 25 oC. The heavy metal treatments
were performed by addition of 10, 30, 60 and 100 µmol of

Zeolites are crystallic aluminosilicates whose lattice is
formed by SiO44- and AlO45- anions tetrahedronically arranged with the typical zeolitic structure of channels and
cages. The chemical composition of zeolites is expressed
by the general formula Mx/n[(Al2O3)x(SiO2)y].w(H2O), where
x and y represent the total number of tetrahedrons in a basic
cell, n is the charge of cation and w represents the water
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each element (copper, mercury and cadmium) to 1 L of
nutrient medium. The water loss during growth experiments
was resupplied by demineralized water. After 10 days the
plants were harvested and the roots rinsed with demineralized water. Root and shoot lengths were measured and their
DM weight determined. All components of the Knop`s medium were of analytical grade of purity (only FeCl3 contained 0.5 wt % of manganese and MgSO4.7H2O 0.00068 wt
% of copper). Twenty maize plants were placed in each
vessel and each experiment was carried out three times.

radionuclide X-ray fluorescence analysis (RFA) according to Havránek et al. [10]. The samples for RFA measurements were prepared by pressing of 200-300 mg dry
powdered material into a pellet with 1 cm radius. The
heavy metal uptake by the natural cliniptilolitic tuff was
performed as follows: 2 g of clinoptilolitic tuff was added
to 300 ml of Knop`s solution with 30 µmol L-1 of heavy
metals. After 24 hours of sorption, the mixtures were filtered and washed with 100 ml of demineralized water.
The excitation of the metals was carried out by the irradiation from the radionuclide γ-radiation sources 238Pu
(for determination of Cu and Hg) and 241Am (for Cd determination). The fluorescence radiation spectrum developed after the interaction of γ-radiation with the samples
was measured using a semiconductor Si/Li detector connected with a multi-channel analyzer ORTEC (EG&G
ORTEC, USA).

The natural zeolitic tuff (grain size 0.1 mm) used in
our laboratory experiments was obtained from the deposit
at Nižný Hrabovec (Slovakia) and had the following composition: active component, i.e. clinoptilolite 40-56 %,
cristobalite 7.8–10.7 %, feldspars 6.3–8.7 %, quartz 2.33.2 %, biotite 1 %, and amorphous phase 22.5–40 % [8].
Its chemical composition (Šamajová and Kraus, [9]) is
presented in Table 1 and the chemical formula of clinoptilolite is (Ca, Mg)1.75-2.0(K, Na)2.0–2.5(Al6Si30O72).24 H2O
[8].

RESULTS AND DISCUSSION
Figure 1 illustrates the effect of the natural clinoptilolitic tuff on the growth of maize in Knop`s nutrient medium. From this figure it is evident that the natural zeolite
exhibits a stimulating effect on the maize growth and, by
adding of zeolitic tuff into nutrient medium, a considerable
growth of plant roots could be registered. The positive
effect on the maize growth is probably caused by the easily
available essential elements (Fe, Ca, Mg, Na and K) present in the natural clinoptilolitic tuff as documented in
Table 1.

TABLE 1 - Chemical composition of the natural
clinoptilolitic tuff [wt. %] at Nižný Hrabovec deposit.
SiO2
Al2O3
K2 O
CaO

67.01
13.56
2.39
4.28

TiO2
Fe2O3
Na2O
MgO

0.15
1.58
0.80
0.78

Data taken from the article of Šamajová and Kraus [9].

The contents of Cu, Hg, and Cd in zeolite samples
and the DM of the cultivated plants were determined by

FIGURE 1
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Effect of the natural clinoptilolitic tuff on the maize growth in Knop`s nutrient medium
(The denoted zeolite amount is added to 300 ml of nutrient medium).

The effects of various concentrations of CuCl2, HgCl2
and CdCl2 in Knop`s nutrient medium on maize growth
are manifested in Table 2. It is evident that a decrease
occurs in the growth of plants treated with higher concentrations of the studied metal chlorides in the nutrient medium. The inhibition of the maize growth in Knop`s solution contaminated with metal chlorides is caused by their
phytotoxic effects. The negative effect on maize growth at
higher metal concentrations (> 30 µmol L-1) was accompanied by the absence of root embranchment relative to
the plants`roots when grown in control medium, or lower
heavy metal concentrations (< 30 µmol L-1).

level in the maize shoots is caused by the higher mobility of
Cd-phytochelatin complexes (in contrast to Cu and Hg
complexes) in the xylem sap of maize enforcing the translocation of Cd from roots to shoots [13]. The cadmium content in the maize shoots is about 10 times lower than in the
roots (Table 3). It is known that such high contents of heavy
metals in plants are very toxic and they would never be able
to survive during a long-term experiment (toxicity ranges in
µg per g DM: Cd 5-10; Cu 15-20; and Hg 0.5-1) [14].
In order to determine the impact of the natural zeolite
on maize growth in contaminated Knop`s solution as
shown in Table 4, various amounts of natural clinoptilolitic tuff were added to the nutrient medium. The heavy
metal concentration was selected to be 30 µmol L-1 to
avoid complete inhibition of maize growth (approx. 25 40 % inhibition of total DM). Obviously, the zeolite has a
positive growth effect and, by the addition of 6.7 g zeolitic tuff per L of contaminated nutrient medium, the total
DM of the treated plants achieved the values of the unpolluted nutrient medium (Table 4, last line). However, the
plant lengths did not reach that of the control plants, but
the plant roots and leaves were wider. Additionally, the
plant roots were more branched as those of the control
group, and, therefore, the total DMs of the treated plants
showed levels similar to that of the control ones.

The metal contents in heavy metal-treated plants are
presented in Table 3. The data show that the metals are
accumulated mainly in the roots of the maize plants. The Cu
content in the maize shoots and leaves is at the same level
as in the control plants, whereas that of mercury is slightly
higher as in control plants (Table 3). However, cadmium is
able to pass into the maize shoots and leaves as documented
by its detection in DM of these plant parts. The higher
heavy metal concentration in nutrient medium induces increased synthesis of phytochelatins in the maize roots,
which results in higher contents of heavy metals in the
plants. The phytochelatins create complexes with the heavy
metals and increase their uptake [11, 12]. The higher Cd

TABLE 2 - Effect of metal chlorides on maize growth in Knop`s nutrient medium (The size of metal effect is
expressed as % of the control maize plant samples cultivated in pure Knop`s nutrient medium representing 100 %).
Monitored
parameters
shoot length
root length
shoot DM
root DM
total DM
shoot length
root length
shoot DM
root DM
total DM
shoot length
root length
shoot DM
root DM
total DM
DM = dry matter

10 µmol L-1
103.6 ± 19.4
92.5 ± 16.4
102.2 ±18.9
101.0 ± 16.9
101.9 ± 17.9
99.6 ± 14.6
94.6 ± 16.4
81.2 ± 15.3
81.8 ± 16.7
81.4 ± 16.1
89.8 ± 10.6
59.6 ± 19.2
85.2 ± 11.2
74.2 ± 18.2
82.2 ± 14.7

Heavy metal concentrations
30 µmol L-1
60 µmol L-1
74.4 ± 16.7
57.6 ± 13.3
43.2 ± 7.5
23.0 ± 6.2
64.6 ± 15.8
58.5 ± 11.5
49.1 ± 8.8
21.4 ± 7.3
60.6 ±12.3
48.9 ± 9.4
72.4 ± 16.2
64.8 ± 27.6
48.4 ± 15.3
32.3 ± 11.9
62.6 ± 15.5
54.2 ± 18.4
65.5 ±15.7
39.8 ± 10.8
63.6 ± 15.6
46.3 ± 14.6
66.9 ± 11.5
44.0 ± 12.6
33.3 ± 6.5
29.6 ± 6.9
80.8 ± 12.1
46.0 ±11.0
62.0 ± 8.5
41.8 ± 7.8
75.7 ± 10.3
44.9 ± 9.2

100 µmol L-1
51.2 ± 13.4
22.9 ± 4.3
50.1 ± 11.3
18.0 ±5.5
41.8 ± 8.4
28.2 ± 12.3
25.4 ± 5.6
31.9 ± 11.2
14.8 ± 4.8
26.4 ±8.0
30.2 ± 15.6
25.5 ± 3.3
39.7 ± 14.1
31.0 ± 4.3
37.4 ± 9.2

Treated
with

CuCl2

HgCl2

CdCl2

TABLE 3 - The contents of heavy metals in maize grown in Knop`s nutrient
medium contaminated with various metal chloride concentrations (µg per 1 g DM).
10 µmol L-1
shoots
roots
11.9
48.8
0.9
497.9

Heavy metal concentrations
30 µmol L-1
60 µmol L-1
shoots
roots
shoots
roots
12.8
260.4
13.1
283.7
2.9
1338.8
7.7
2815.7
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100 µmol L-1
shoots
roots
14.7
383.3
11.0
6703.2

Treated with
CuCl2
HgCl2
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48.9
550.0
172.6
1630.0
391.9
2862.0
411.0
3719.0
CdCl2
The control plants contained 10.4 µg Cu g-1 DM in the shoots and 26.1 µg Cu g-1 DM in the roots (contents of Cd and Hg in control
plants not measurable by RFA method).
TABLE 4
Effect of natural clinoptilolitic tuff on maize growth in Knop`s nutrient medium contaminated with 30 µmol L-1 of the metal
chlorides studied (the size of metal effect is expressed as % of the control maize plant samples cultivated in pure Knop`s nutrient medium representing 100 %; the denoted zeolite amount is added to 300 ml of nutrient medium).
Monitored
parameter
shoot length
root length
shoot DM
root DM
total DM
shoot length
root length
shoot DM
root DM
total DM
shoot length
root length
shoot DM
root DM
total DM

0g
74.4 ± 16.7
43.2 ± 7.5
64.6 ± 15.8
49.1 ± 8.8
60.6 ±12.3
72.4 ± 16.2
48.4 ± 15.3
62.6 ± 15.5
65.5 ±15.7
63.6 ± 15.6
66.9 ± 11.5
33.3 ± 6.5
80.8 ± 12.1
62.0 ± 8.5
75.7 ± 10.3

The added amounts of zeolitic tuff
0.5 g
1g
77.1 ± 21.4
93.5 ± 20.5
45.8 ± 6.3
54.7 ± 5.4
74.3 ± 17.5
93.5 ± 15.9
71.3 ±7.7
121.9 ± 7.3
73.4 ± 12.6
102.5 ± 1.6
76.9 ± 19.8
83.6 ± 26.1
55.8 ± 13.3
56.5 ± 11.5
68.5 ± 16.8
81.3 ± 19.9
78.7 ± 11.4
92.0 ± 12.1
72.1 ±14.1
85.0 ± 16.0
78.2 ± 7.3
80.3 ± 10.5
75.3 ± 16.1
82 ± 14.2
79.5 ± 8.2
83.1 ± 11.7
82.9 ±14.2
88.9 ± 12.1
80.4 ± 11.2
84.7 ± 11.9

This protective effect of the natural clinoptilolitic tuff
can be caused by an ion exchange, whereby the heavy
metal ions can substitute K and Ca ions in the zeolite
channels. To support this, the capture of heavy metals into
the natural clinoptilolitic tuff was measured by RFA method. It was found that 1 g of natural clinoptilolitic tuff captured 65.4 µg Cu, 82.1 µg Cd and 43 µg Hg from 150 ml of
Knop`s solution contaminated by 30 µmol dm-3 of heavy
metals, whereas the content of Ca decreased and that of
K remained unchanged. Recently, the ion exchange of
heavy metals from model wastewater by the zeolitic tuff
from the same deposit [15] was studied and the author observed that the uptake of heavy metals (µg/g) by NaOHtreated natural clinoptilolitic tuff could be ordered as follows: Pb2+> Hg2+ > Cu2+ > Cd2+, Zn2+, Ni2+, Sr2+ > Co2+ >
Mn2+. This sequence is completely different than ours (Cd >
Cu > Hg). This discrepancy can be caused by different
water surroundings. Due to ion exchange the total heavy
metal concentration in the nutrient medium is depressed
and, consequently, their bioavailability in the plants is
reduced as well. This fact is documented in Table 5. The

Treated
with

2g
96.5 ± 15.4
69.4 ± 9.6
107.9 ± 14.4
128.4 ± 10.2
114.4 ± 12.3
90.1 ± 9.8
62.5 ± 12.8
89.8 ± 10.1
116.9 ± 10.7
99.2 ± 10.4
92.4 ± 15.4
89.4 ± 8.6
110.9 ± 12.7
121.0 ± 9.1
113.7 ± 10.9

CuCl2

HgCl2

CdCl2

zeolite present in the contaminated nutrient medium results
in a lower content of heavy metals in the studied plants. It
was found that by adding 6.7 g of natural clinoptilolitic tuff
to 1 L of nutrient medium, contaminated with 30 µmol L-1
of heavy metals, the metal content in plant roots has been
reduced by 43.2 % for Cu, 49.5 % for Hg and 48.3% for
Cd. Moreover, the cadmium content in the maize shoots
and leaves, grown under the conditions above, decreased
by 44.6 %.
If we suppose that the more of heavy metal will be
captured by the zeolite, the less of it will be adsorbed by
the plants, we can expect that the difference between
metal contents in plants grown in a pure nutrient medium
and contaminated by one of the heavy metals in the presence of zeolite will be in the sequence Hg > Cu > Cd.
From the results presented in Table 5 it can be seen that
the metal decrease in the treated plants is following the
order Cd > Hg > Cu, differing from the above-mentioned
assumption and probably caused by various effects, e.g.
plant affinity or resistance against particular heavy metals.

TABLE 5
The content of heavy metals in maize grown in Knop`s nutrient medium contaminated with 30 µmol L-1 of the appropriate
metal chloride after the addition of various amounts of the natural clinoptilolitic tuff (µg g-1 DM). The denoted zeolite
amount is added to 300 ml of the nutrient medium.

0g
shoots
12.4
3.2

roots
262.1
1335.7

The added amounts of zeolitic tuff
0.5 g
1g
shoots
roots
shoots
roots
12.0
215.3
9.6
154.1
1.0
983.6
1.0
815.6
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Treated
with

2g
shoots
9.1
1.0

roots
148.8
674.2

CuCl2
HgCl2
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152.9

1318.6

121.7

-1

1025.3

93.7

847.4

CdCl2

-1

The control plants contained 10.4 µg Cu g DM in shoots and 26.1 µg Cu g DM in roots (contents of Cd and Hg in control plants
not measurable by RFA method).
[6] Chlopecka, A., Adriano, D.C. (1997) Influence of zeolite, apCONCLUSIONS
atite and Fe-oxide on Cd and Pb uptake by crops. Sci. Total.
Environ. 207, 195-206.

It was found that natural clinoptilolitic tuff from the
deposit Nižný Hrabovec (Slovakia) is capable to capture
heavy metal ions and protect the plants against their toxic
impacts. This was demonstrated by the hydroponical
growth of maize in Knop`s nutrient medium, which was
contaminated by Cu, Hg or Cd. The amount of 6.7 g natural clinoptilolitic tuff per L of Knop`s nutrient medium
contaminated with 30 µmol of heavy metals showed an
almost complete protection effect (values related to total
DM). Mainly the maize roots captured the heavy metals
studied, but a relatively higher Cd amount was distributed
into the dry maize shoots and leaves (about 170 mg kg-1).
This property of maize could be exploited for phytoremediation of Cd-contaminated soils after verification of this
effect in long-term experiments. But maize plants would
never be able to survive when exposed to such high Cd
levels, but the shoot mass harvested in these short-time
experiments, shows relatively considerable amounts (0.06 g
DM per maize plant).

[7]

Lin, C.-F., Lo, S.-S., Lin, H.-Y., Lee, Y. (1998) Stabilization
of cadmium contaminated soils using synthesized zeolite. J.
Hazard. Mat. 60, 217-226.

[8]

Kozáč, J.,Očenáš, D., Rusňák, D., Hoppan, J. (1982) Mineralogy, characteristic properties and utilization possibilities of
zeolitic tuffite from Nižný Hrabovec (East Slovakia). Meneralia Slov. 14, 263–275. (in Slovak)

[9]

Šamajová, E., Kraus, I. (1976) Manifestation of zeolitization
in neovolcanics in Slovakia. In: Seventh Conference on Clay
Mineralogy and Petrology in Karlovy Vary, (Ed. Konta, P.),
pp 391-399, Universitas Carolina Pragensis.

[10] Havránek, E., Bumbálová, A, Harangozó M. (1989) A contribution to the sample preparation in radionuclide X-ray fluorescence analysis of hair. J. Radioanal. Nucl. Chem. Lett.
135, 321-331.
[11] Tukendorf, A., Rauser, W.E. (1990) Changes in glutathione
and phytochelatins in roots of maize seedlings exposed to
cadmium. Plant Sci. 70, 155-166.
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EFFECTS OF VARIOUS SODIUM SELENITE CONCENTRATIONS
ON SOME BIOCHEMICAL AND HEMATOLOGICAL PARAMETERS
OF RAINBOW TROUT (Oncorhynchus mykiss)
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SUMMARY
In this study the activity of selenium-dependent glutathione peroxidase (Se-GSH-Px) and the levels of superoxide dismutase (SOD) and malondialdehyde (MDA) of
rainbow trouts exposed to various concentrations of selenium were determined. Furthermore, the hematological parameters from blood tissue were studied. Although, SeGSH-Px activity generally increased in all groups for brain,
heart and spleen tissues with respect to the control group,
the only statistically significant difference (p<0.05) was
found in liver tissues of trouts exposed to 4 and 6 ppm
sodium selenite (SS). The SOD levels of spleen, heart,
liver and brain tissues of 2 and 4 ppm SS-treated fish
were also significantly higher than those of control group
animals (p<0.05). The MDA values, an indicator for oxidative damage in the cell, were lower in all tissues with
regard to control. Furthermore, the erythrocyte number,
hemoglobin amount and hematocrit value of SS-treated
rainbow trouts were significantly lower than that of control
animals (p<0.05). The results show that SS has an important effect on the antioxidative defense at 2 and 4 ppm
levels, whereas a 6 ppm dosage appears to be lethal for
rainbow trouts.

mary antioxidant defense system of the cell [1]. GSH-Px
prevents free radical formation by metabolising peroxides
in the cell. Selenium, however, harms people and animals
exposed to amounts not much higher than needed for the
normal diet. In recent years, there has been a great deal of
studies carried out on selenium metabolism and aquatic
selenium pollution [2, 3].
Selenium enters aquatic environments from agricultural fields, rural and industrial areas, rain water, and
wastewater treatment facilities, and has long-term ecotoxicological effects [4]. These effects appear in population or
ecosystems as physiological and biochemical reactions.
To understand the effect of selenium pollution on the living
organisms, metric, physiological, histological, hematological and biochemical parameters should be examined [5].
One of the most important biochemical parameters
for those toxicological effects is the SOD level of tissues.
SOD is the enzyme metabolising superoxide radicals, and
in this context it is related to GSH-Px activity. In biochemical evaluation of metal toxicity, MDA level was
regarded as a well-suited indicator for the extent of lipid
peroxidation [6]. Lipid peroxidation, a complex, selfpropagating and highly destructive process, increases the
rigidity (decreases the fluidity) of cellular membranes.
Hematological parameters of fishes are determined as an
index of their health status as well [7].

KEYWORDS: Selenium, Oncorhynchus mykiss, superoxide
dismutase, glutathione peroxidase, malondialdehyde, hematological parameters.

In the present study, the effect of different concentrations of SS on biochemical and hematological parameters
of rainbow trouts was investigated. Biochemical parameters including Se-GSH-Px activity, SOD and MDA levels,
hematological parameters, such as total leukocyte number
(WBC), erythrocyte number (RBC), hemoglobin amount
(Hb), hematocrit value (Hct), erythrocyte volume of
erythrocyte index (MCV), average erythrocyte hemoglobin (MCH) and average erythrocyte hemoglobin concentrations (MCHC), were determined.

INTRODUCTION
Selenium is essential for humans and animals, and
used by both in the form of inorganic as well as organic
selenium compounds. Selenium is biologically important
as cofactor for GSH-Px, which has a key role in the pri-
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MATERIALS AND METHODS

tion mixture was prepared by adding 1 ml homogenate to
4 ml reaction solution (15% trichloroacetic acid : 0.375%
thiobarbituric acid : 0.25N NaOH = 1:1:1, w/v). The mixture was heated to 100 °C for 10 min, cooled to room temperature, centrifuged (10,000 xg for 10 min), and the absorbance of the supernatant was recorded at 532 nm. MDA
results are expressed as nmol.mg-1 protein in the supernatant.

Experimental section

The rainbow trouts (Oncorhynchus mykiss), were obtained from Sürgü Trout Cultivating Farm (Malatya, Turkey). Fish were fed for 15 days in an 8 x 5 x 1.5 m stock
pond to provide their acclimatization to the environment.
After adaptation period, 10 fish were put into a 200 L
water tank filled with natural spring water. Fish used in
this study had an average weight of 71.51± 5.22 g and
length of 16.30 ±0.48 cm. Physico-chemical properties of
spring water were as follows: temperature, 12 ± 0.7 °C;
pH, 7.74 ±0.08; dissolved oxygen, 7.56 ±0.51 ppm; and
water hardness, 162.4 ± 4.22 ppm (CaCO3).

Protein content of the supernatants for both enzyme
analysis and MDA assay was determined using a colorimetric method [11], with BSA as the standard. All analyses were carried out in duplicate.
Hematological analysis

Before collecting blood samples no anesthetic was
applied to the fish, as it may affect blood parameters and
hemolysed tissues [12]. Blood samples were put into glass
tubes containing an anticoagulant (EDTA) and immediately analyzed.

Administration of sodium selenite

Three different concentrations (2, 4 and 6 ppm) of
sodium selenite were achieved in the 200 L aquarium by
pumping in certain volumes of SS stock solution. The fish
were metal-stressed for 72 h and not fed for 12 h before
the experiments.

The erythrocyte count (per mm3) in blood sample was
carried out by pipetting and diluting (1/200) the samples
in Hayem solution. One drop of hemolysed blood was
transferred onto a Thoma lamella and examined under a
light microscope (Soif, XZS-107B model) with a magnification of 400x [7].

Preparation of tissues for biochemical analysis

The livers, spleens and hearts were dissected by autopsy technique, deep-freezed and stored. In addition, brain
tissue was obtained by opening the head-mouth axis. The
tissues were rinsed with 0.9 % NaCl and separated into two
parts for determination of enzymatic activity and lipid
peroxidation. The samples for enzyme analysis were homogenized in PBS buffer (pH 7.4) using a PCV Kinematica Status homogenizer. Homogenized samples were then
sonicated for 1.5 min (30 sec sonications interrupted by 30
sec intervals on ice), centrifuged at 17,000 rpm for 15 min
and supernatants, when not used for enzyme assays immediately, kept deep-frozen at -70 °C.

Leukocytes count was performed by transferring the
blood samples (diluted in Turck solution) with a leukocytes` pipette onto the counting lamella and examined as
above [7, 13, 14].
The amount of hemoglobin was determined according
to the cyano-metmyoglobin procedure (Kit 525-A, Sigma
Chemical Co.) [7]. Non-clotted blood (20 µl aliquots) was
diluted with 1 ml Drabkin solution and left to stand for
10 min at room temperature. The absorbance of the mixture was analyzed at 540 nm and the amount of hemoglobin calculated according to the hemoglobin standard [15].

The second part of tissue homogenates was used for
lipid peroxidation analysis. Tissues were washed 3 times
with ice-cold 0.9% NaCl solution and homogenized in
1.15 % KCl. The homogenates were assayed for MDA,
the product of lipid peroxidation.

The microhematocrit method was utilized in hematocrit
determination [16, 17]. Non-clotted blood was pipetted with
a microhematocrit pipette, centrifuged at 12,500 rpm for
5 min and the ratio of blood components in the plasma
was determined.

Enzyme assays

The activities of SOD and GSH-Px were determined
spectrophotometrically. SOD level, determined as ng of
SOD mg-1 protein in the supernatant fraction, was measured
using a standard curve generated by commercially obtained
SOD [8]. GSH-Px activity was determined at 37 °C in a
coupled assay with glutathione reductase and by measuring
the rate of nicotinamide-adenine dinucleotide phosphate
(NADPH) oxidation at 340 nm with hydrogen peroxide as
substrate [9]. Specific activity for this enzyme was given as
µmol NADPH transformed per min and mg protein.

Statistical Analysis

Hematological data were analyzed with SPSS 9.0 for
Windows using the one-way analysis of variance (ANOVA).
Differences between the means were determined using
Duncan’s multiple range test (significance level p<0.05).
RESULTS AND DISCUSSION
Changes in biochemical parameters, such as Se-GSHPx activity, SOD and MDA levels in liver, spleen, heart
and brain tissues of rainbow trouts exposed to different
amounts of SS are shown in Table 1-4. A statistically significant increase in Se-GSH-Px activity was only observed

Lipid peroxidation assay

The analysis of lipid peroxidation was carried out as
described in [10], but with minor modifications. The reac-
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in liver tissues of fish exposed to 4 and 6 ppm SS in comparison with control and 2 ppm groups (Table 1). Although
Se-GSH-Px activity increased in heart, brain and spleen
tissues for all groups with respect to the controls, statistically important increases were observed only in the 6 ppmexposed group with respect to control and 2 ppm administration (Tables 2-4). The enzyme activity linearly increased until 4 ppm level and then started to deviate from
linearity. These results show that GSH-Px is relatively
resistant to selenium toxicity. This tolerance can be explained because selenium acts as cofactor for GSH-Px.

(Tables 1, 3, 4). While the spleen tissue showed a significant increase in SOD level at 4 ppm SS, 6 ppm were
found to be a lethal dose.
As an important indicator for oxidative damage, the
MDA level decreased in all tissues of all groups (Tables 14). These results were in negative corelation with GSH-Px
enzyme activity, in which selenium contributes as cofactor.
According to the biochemical data, SS can contribute to the
antioxidative defense system at 2 ppm and 4 ppm concentrations, while 6 ppm is the lethal dose for rainbow trouts.

A significant increase in SOD level was observed in
heart, brain and liver tissues treated with 2 and 4 ppm SS

TABLE 1
Changes in liver GSH-Px activity, SOD and MDA levels after exposure to different concentrations of sodium selenite (SS).

SS
Control
2ppm
4ppm
6ppm

SOD (ng/mg)
0.38±0.17b
0.43±0.23a
0.58±0.32a
0.41±0.17ab

GSH-Px (µmol/mg)
0.94±0.37b
1.01±0.55b
2.64±0.93a
2.77±0.65a

MDA (nmol/mg)
0.92±0.23
0.82±0.31
0.72±0.20
0.66±0.24

Means of 8 samples ± standard deviations; ab = statistically significant (p < 0.05)

TABLE 2
Changes in spleen GSH-Px activity, SOD and MDA levels after exposure to different concentrations of sodium selenite (SS).

SS
Control
2ppm
4ppm
6ppm

SOD (ng/mg)
0.22±0.16b
0.49±0.24ab
0.60±0.39a
0.39±0.21ab

GSH-Px (µmol/mg)
2.39±0.91b
2.57±1.63b
3.52±1.46ab
4.12±1.36a

MDA (nmol/mg)
7.10±4.77
5.11±2.29
4.80±3.33
4.61±1.69

For further explanations see Table 1.

TABLE 3
Changes in heart GSH-Px activity, SOD and MDA levels after exposure to different concentrations of sodium selenite (SS).

SS
Control
2ppm
4ppm
6ppm

SOD (ng/mg)
1.05±0.78b
4.51±1.77a
4.60±1.73a
1.27±1.09b

GSH-Px (µmol/mg)
1.95±1.10b
2.64±1.05b
3.63±1.83ab
4.76±2.27a

MDA (nmol/mg)
26.19±8.51
25.08±10.07
21.98±3.77
19.80±3.67

For further explanations see Table 1.

TABLE 4
Changes in brain GSH-Px activity, SOD and MDA levels after exposure to different concentrations of sodium selenite (SS).

SS
Control
2ppm
4ppm
6ppm

SOD (ng/mg)
0.47±0.50b
1.59±0.95a
1.63±1.00a
0.72±0.64b

GSH-Px (µmol/mg)
1.34±1.16b
2.20±1.12b
3.33±1.88ab
4.27±3.21a

For further explanations see Table 1.
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MDA (nmol/mg)
15.63±6.01
14.99±9.41
12.45±5.84
11.90±5.25
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TABLE 5
Changes in hematological parameters of rainbow trout (Oncorhynchus mykiss) during prolonged exposure to sodium selenite (SS).

Hematological parameters
Total leukocyte count (104/mm3)
Erythrocyte count (106/mm3)
Hemoglobin (g/100 ml)
Hematocrit (%)
Erythrocyte Indexes
MCV (µ3)
MCH (µg)
MCHC (%)

Control (no SS)
4.26±0.71c
1.27±0.05a
8.40±0.35a
30.20±1.31a

2 ppm
4.38±0.64c
1.32±0.06a
8.30±0.28a
29.20±1.16a

SS concentration
4 ppm
5.14±0.51b
1.04±0.04b
7.40±0.48b
26.40±1.66b

6 ppm
6.86±0.43a
0.88±0.02c
6.70±0.45c
23.10±0.41c

237.79±2.41b
66.14±1.29
29.27±0.73

239.34±2.10b
68.03±2.74
28.42±1.22

253.84±6.06a
71.15±3.77
28.03±2.43

262.50±4.50a
76.13±3.50
29.00±1.15

Means of 8 samples ± standard deviations abc = statistically significant (p < 0.05).
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A decrease in erythrocyte, hemoglobin and hematocrit
values can be an indicator of anemia with subsequent result
of inhibition of erythropoesis in the hemopoietic organism
[21]. Furthermore, increase in MCV showed that anemia
was a macrocytic type, because there was no change in
MCH and MHCH values. In addition, high leukocyte values depending on metal stress resulted in stimulatory effects of toxic agents on the immune system [18].
There have been many studies reporting similar
changes in blood parameters depending on different metal
stress effects. For instance, Salmo gairdneri exposed to
0.3 ppm lead indicated a decrease in blood parameters,
such as erythrocyte number, hemoglobin level and hematocrit value, but no change was observed in leukocyte
number [21]. It was also reported that there was an important decrease in hematocrit value of Salmo gairdneri
blood exposed to 0.1 and 10 ppm cadmium [22]. Zinc
applied at 0.5, 0.7 and 1.2 ppm was reported to cause an
important decrease in hemoglobin and hematocrit values of
another trout, Oncorhynchus kisutsh [23]. Our results are in
well accordance with these previously reported results.
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THE EFFECTS OF ESSENTIAL OILS FROM EIGHT PLANT
SPECIES ON TWO PESTS OF STORED PRODUCT INSECTS
Erol Yildirim, Memis Kesdek, İrfan Aslan, Onder Calmasur and Fikrettin Sahin
Atatürk University, Faculty of Agriculture, Plant Protection Department, 25240, Erzurum, Turkey

SUMMARY
Essential oils obtained from eight different plant species including Origanum acutidens (Hand-Mazz), Satureje
hortensis L., Hypericum scabrum L., Thymus vulgaris L.,
Micromere fruticosa (Bertol.), Salvia limbata C. A. Meyer,
S. nemerosa L. and Hyssoppus officinalis L. were tested
against Sitophilus granarius adults and Ephestia kuehniella
larvae. Essential oils of O. acutidens, S. hortensis and H.
scabrum were found to have similar anti-insecticidal effects
on both pests, adults of S. granarius and larvae of E. kuehniella, but not on other ones. The results showed that
there were significant differences between doses and exposure period of the essential oils tested. Mortality rate in
S. granarius adults and E. kuehniella larvae increased
with dose of essential oils and their exposure period. The
average mortality rates with a dose of 10 µl essential oils
of O. acutidens, S. hortensis, H. scabrum, T. vulgaris, M.
fruticulosa, S. limbata, S. nemerosa and H. officinalis
were approximately 74 %, 66 %, 73 %, 4 %, 12 %, 7 %,
10 %, and 14 % for S. granaries, and 79 %, 62 %, 72 %,
24 %, 24 %, 6 %, 0 %, and 14 % for E. kuehniella, respectively. No mortality was observed in the control
group of each species.

vide potential alternatives to currently used insect-control
agents, because they constitute a rich source of bioactive
chemicals [3]. Recent research has focused on natural
product alternatives for pest control in developing countries
to develop new classes of safer insect-control agents. Recently, there has been a growing interest in research concerning the possible use of plant extracts as alternatives to
synthetic insecticides. The toxicity of a large number of
essential oils and their constituents has been evaluated
against a number of stored-product insects. Some essential
oils were found to have potential for the control of storedproduct insect pests [4-9]. The insecticidal activity of many
plant derivates against several stored-product pests has
been demonstrated [10-29] and also their fumigant activity
on greenhouse pests [30].
The larvae of the Mediterranean flour moth, Ephestia
kuehniella (Zeller) (Lepidoptera: Pyralidae) and adults of
the granary weevil, Sitophilus granarius (L.) (Coleoptera:
Curculionidae) were well-known pests causing economically important yield loss in food storages in Turkey and
many other countries. Control of these pests during storage is almost impossible. So far there has been no study
to isolate bioactive compounds from medicinal plant
species and to test them for management of storage-food
pests. Therefore, the aim of the present study was to evaluate the insecticidal effect of hydrodistilled essential oils
of Origanum acutidens, Satureje hortensis, Hypericum
scabrum, Thymus vulgaris, Micromere fruticosa (Bertol.),
Salvia limbata, S. nemerosa and Hyssoppus officinalis
plants on Sitophilus granarius adults and Ephestia kuehniella larvae under in vivo conditions.

KEYWORDS: stored product insects, essential oils, toxicity,
Ephestia kuehniella, Sitophilus granarius.

INTRODUCTION
Fumigants such as methyl bromide and phosphine are
still the most effective for the protection against insect
infestation of stored food, feedstuffs, and other agricultural
commodities. 2005 EPA [1] has proposed elimination of
the production of methyl bromide because of its ozone
depletion potential. Additionally, some stored product
insects are found to have development resistance to methyl
bromide and phosphine [2]. These problems have highlighted the need for the development of new types of selective insect-control alternatives with fumigant action.

MATERIALS AND METHODS
Insects and rearing conditions: Sitophilus granarius
adults were obtained from laboratory cultures maintained
on wheat and Ephestia kuehniella larvae were cultured in
the laboratory on wheat flour mixed with yeast (10:1) at
25 ± 1 °C, 65 ± 5 relative humidity and a photoperiod of
8 h light/16 h dark. The insects were collected from an
eastern Anatolian storage house and the wheat and wheat

Natural compounds of plant origin are biodegradable,
often of low mammalian toxicity, and pose low danger to
the environment if used in small amounts. Plants may pro-
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flours purchased from the local market and maintained in
a freezer at -20 °C. Wheat for S. granarius was washed in
tap water, dried and heated to prevent pre-infestation
before use for the experiments.

ella with wheat flour were placed on Petri dishes, which
were transferred into the desiccators. Each replicate consisted of 10 individual adults of S. granarius and larvae of
E. kuehniella. Tests were carried out under rearing conditions. The essential oils were applied with an automatic
pipette on a blatting paper strip (6 x 3 cm) attached to the
underside of the desiccators. Initial tests were done to
establish the appropriate dose and exposure time ranges.
The amounts of essential oils applied were 0, 2, 4, 8, and
10 µl in each of the desiccators, corresponding to 0, 0.5,
1, 2, 2.5 µl/L air. In control jars only acetone was applied.
Mortality was counted after 24, 48, and 96 h of treatment.
Three replicates were used for each dose and exposure time
combination. Experiments were repeated three times. Each
dose was applied with automatic pipettes as 100 µl acetone
solution. After evaporation of the acetone, the strip was
attached to the underside of the desiccators by an adhesive
tape in order to avoid direct contact of test material. After
exposure, the final mortality was determined after 96 hours.

Determination of the age of the adults and larvae: For
Sitophilus granarius adult tests, 4 days-old adults were
used and to make the tests with adults of the same age,
some more wheat grain including larvae and pupae was
placed separately in Petri dishes. During adults emergence
from the pupae, emergence adults were collected and used
for the same tests.
E. kuehniella of 12-16 days old larvae were used. In
order to guarantee larvae and pupae of the same age, the
following procedure was carried out. Adult insects, males
and females, were collected from stock after emergence
and put together in a plastic vessel. The eggs laid were
then collected and 10 of them were placed with wheat
flour in a series of plastic vessels. The vessels were
checked daily and hatchability was recorded. The sameaged larvae were used in this study.

Data analysis: The differences among the insecticidal
activities of essential oils tested were determined according to analysis of variance (ANOVA) test by using SPSS
10.0 software package. Duncan’s Multiple Range Test
was used for comparison of means. The results showed
significant differences at p<0.01 levels.

Extraction of essential oils: The essential oils tested
were extracted by water steam distillation from the following plants: Origanum acutidens (Hand-Mazz), Satureje
hortensis L., Hypericum scabrum L., Thymus vulgaris L.,
Micromere fruticosa (Bertol.), Salvia limbata C. A. Meyer, S. nemerosa L. and Hyssoppus officinalis L. The plants
were collected in the middle of July 2001 in the region of
Erzurum (Eastern Turkey). Air-dried leaves of each plant
sample were steam-distilled for 8 h using a circulatory
Clevenger-type apparatus. The distilled essential oils were
dried over anhydrous sodium sulphate and stored in a refrigerator at 4 °C.

RESULTS AND DISCUSSION
The toxicity effects of essential oils extracted from
Origanum acutidens (Hand-Mazz), Satureje hortensis L.,
Hypericum scabrum L., Thymus vulgaris L., Micromere
fruticosa (Bertol.), Salvia limbata C. A. Meyer, S. nemerosa L. and Hyssoppus officinalis L. on Sitophilus granarius
adults and Ephestia kuehniella larvae were summarized in
Tables 1 and 2. Only the essentials oils of O. acutidens, S.
hortensis, and H. scabrum evidenced significantly important insecticidal effects on both pests.

Bioassays: To test the toxicity of essential oil vapours
to adult S. granarius and larvae of E. kuehniella, desiccators of 4 L volume were used as exposure chambers. Adults
of Sitophilus granarius with wheat and larvae of E. kuehni-

TABLE 1 - Mortality of eight plant species essential oils to adults of Sitophilus granaries.
Doses
(µl)
Control

2

4

8

10

Exposure
Time (h)
24
48
96
M ± Sx
24
48
96
M ± Sx
24
48
96
M ± Sx
24
48
96
M ± Sx
24
48
96
M ± Sx

O. acutidens
M ± Sx
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000d1±0.000
0.200b±0.010
0.400ab±0.10
0.500a±.0173
0.367a1±0.173
0.300b±0.100
0.600b±0.010
0.633a±0.020
0.511b1c1±0.176
0.567a±0.058
0.700a±0.173
0.700a±0.100
0.656a1b1±0.124
0.700a±0.173
0.767a±0.116
0.767a±0.153
0.744a1±0.133

S. hortensis
M ± Sx
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000c1±0.000
0.200a±0.010
0.300a±0.100
0.300a±0.100
0.267b1±0.100
0.300a±0.265
0.300a±0.100
0.400a±0.265
0.333b1±0.200
0.300a±0.265
0.500a±0.265
0.667a±0.153
0.430a1b1±0.257
0.600a±0.200
0.600a±0.265
0.767a±0.153
0.656a1±0.201

H. scabrum
M ± Sx
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000d1±0.000
0.100b±0.100
0.200ab±0.01
0.333a±0.156
0.211c1±0.136
0.400a±0.200
0.433a±0.153
0.500a±0.010
0.444b1±0.142
0.467a±0.208
0.700a±0.100
0.700a±0.100
0.622a1±0.172
0.700a±0.100
0.700a±0.100
0.800a±0.100
0.733a1±0.100

T. vulgaris
M ± Sx
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000a±0.000
0.067a±0.058
0.067a±0.058
0.044a1±0.052

M. fruticulosa
M ± Sx
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.100a±0.100
0.133a±0.116
0.100a±0.100
0.111a1±0.092
0.133a±0.153
0.100a±0.100
0.133a±0.058
0.122a1±0.097
0.100a±0.100
0.233a±0.153
0.200a±0.100
0.178a1±0.120

S. limbata
M ± Sx
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000b±0.000
0.100a±0.000
0.100a±0.000
0.067a1±0.050
0.000b±0.000
0.100a±0.000
0.100a±0.000
0.067a1±0.050
0.000b±0.000
0.100a±0.000
0.100a±0.000
0.067a1±0.050

a, b, c: in the same column at each dose the exposure times differ (P ‹ 0.01). a1, b1, c1, d1: in the same column the doses differ (P ‹ 0.01).

26

S. nemerosa
M ± Sx
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000c1±0.000
0.000b±0.000
0.000b±0.000
0.100a±0.000
0.033b1±0.05
0.100a±0.000
0.100a±0.000
0.100a±0.000
0.100a1±0.075
0.100a±0.000
0.100a±0.000
0.100a±0.000
0.100a1±0.075
0.100a±0.000
0.100a±0.000
0.100a±0.000
0.100a1±0.075

H. officinalis
M ± Sx
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000c±0.000
0.100b±0.000
0.167a±0.058
0.088a1±0.078
0.000c±0.000
0.100b±0.000
0.167a±0.577
0.088a1±0.078
0.100a±0.000
0.167a±0.058
0.167a±0.058
0.144a1±0.052
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TABLE 2 - Mortality of eight plants essential oils to larvae of Ephestia kuehniella.
Doses
(µl)

Exposure
times (h)
24
48
96
M ± Sx
24
48
96
M ± Sx
24
48
96
M ± Sx
24
48
96
M ± Sx
24
48
96
M ± Sx

Control

2

4

8

10

O. acutidens
M ± Sx

S. hortensis
M ± Sx

H. scabrum
M ± Sx

T. vulgaris
M ± Sx

M. fruticulosa
M ± Sx

S. limbata
M ± Sx

S. nemerosa
M ± Sx

H. officinalis
M ± Sx

0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000c1±0.000
0.300a±0.100
0.400a±0.100
0.400a±0.100
0.367b1±0.100
0.300a±0.173
0.500a±0.265
0.600a±0.200
0.467b1±0.229
0.400a±0.173
0.600a±0.200
0.666a±0.115
0.556b1±0.188
0.733a±0.153
0.766a±0.115
0.866a±0.058
0.789a1±0.117

0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000d1±0.000
0.100a±0.100
0.300a±0.173
0.300a±0.100
0.233c1±0.150
0.200a±0.010
0.400a±0.173
0.400a±0.100
0.333b1c1±0.15
0.400a±0.173
0.400a±0.100
0.533a±0.153
0.444b1±0.142
0.500a±0.010
0.700a±0.100
0.666a±0.153
0.622a1±0.140

0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000d1±0.000
0.300a±0.200
0.300a±0.100
0.400a±0.200
0.333c1±0.158
0.500a±0.010
0.467a±0.115
0.600a±0.010
0.522b1±0.109
0.500a±0.200
0.566a±0.153
0.700a±0.100
0.588a1b1±0.161
0.666a±0.153
0.700a±0.100
0.800a±0.100
0.722a1±0.120

0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000b±0.000
0.200a±0.010
0.200a±0.010
0.133a1b1±0.122
0.000b±0.000
0.200a±0.010
0.200a±0.010
0.133a1b1±0.122
0.133b±0.057
0.200ab±0.010
0.400a±0.200
0.244a1±0.167

0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000c1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000c1±0.000
0.100b±0.100
0.233ab±0.115
0.400a±0.100
0.244a1±0.159
0.233a±0.153
0.200a±0.010
0.366a±0.153
0.267b1±0.141
0.433a±0.208
0.400a±0.200
0.433a±0.115
0.422b1±0.156

0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000b±0.000
0.167a±0.058
0.167a±0.058
0.111a1±0.092
0.000b±0.000
0.167a±0.057
0.167a±0.057
0.111a1±0.092
0.000b±0.000
0.000b±0.000
0.166a±0.057
0.056a1b1±0.08

0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000a1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000a1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000a1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000a1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000a1±0.000

0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000a±0.000
0.000a±0.000
0.000a±0.000
0.000b1±0.000
0.000b±0.000
0.167a±0.058
0.167a±0.058
0.111a1±0.092
0.000b±0.000
0.166a±0.957
0.166a±0.057
0.111a1±0.092
0.100a±0.000
0.166a±0.057
0.166a±0.057
0.144a1±0.053

a, b, c: in the same column at each dose the exposure times differ (P ‹ 0.01). a1, b1, c1, d1: in the same column the doses differ (P ‹ 0.01)

Adults of S. granarius and larvae of E. kuehniella
showed similar susceptibility against essential oils of O.
acutidens, S. hortensis and H. scabrum (Tables 1 and 2),
but significant differences (P < 0.01) between their doses
and exposure periods could also be observed. Higher
doses and longer exposure time resulted in maximum
toxicity on both pests.
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essential oils of O. acutidens, S. hortensis., H. scabrum,
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H. officinalis was determined to be 74 %, 66 %, 73 %, 4 %,
12 %, 7 %, 10 %, and 14 % for of S. granarius and 79 %,
62 %, 72 %, 24 %, 24 %, 6 %, 0 %, and 14 % for E. kuehniella, respectively (Figs. 1 and 2). However, there was no
mortality in control of each species (Tables 1 and 2).
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FIGURE 2 - Percent mortality of Ephestia kuehniella
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It has been well recognized that some plant-derived
insect control agents could be developed into products
suitable for integrated pest management, because they are
selective to pests, have no or little harmful action against
non target organisms and environment, act in many ways
on various types of pest complexes and may be applied to
the plant in the same way as conventional insecticides
[31]. Many plant extracts and essential oils are known to
possess ovicidal, repellent and insecticidal activities against
various stored-product insects [32, 33]. However, plantderived compounds with insecticidal effect against
Sitophilus granarius adults and/or Ephestia kuehniella
larvae have not been examined until now. Three of eight
essential oil types tested in this study have compounds
with insecticidal activity, which may be used as potential
insecticidal agents against adults of Sitophilus granarius
and larvae of Ephestia kuehniella in stored food products.
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GIS MONITORING AND EVALUATION OF NITROGEN
POLLUTION IN THE WATERS OF TROY, TURKEY
Hasan Özcan1 and Yasemin Kavdır1
1

Çanakkale Onsekiz Mart University, Agricultural Faculty, Department of Soil Science, 17020, Çanakkale, Turkey.

SUMMARY

because of its extensive wetlands. In fact, the functions of
these wet-

Troy in Turkey is not only important from an archeological point of view, but also from an ecological perspective as well. The waters of Troy have been used as drinking source for the birds and other animals and are still
used as an irrigation source by farmers. This study was
carried out to monitor and determine the amounts of NO3N, NH3-N and NO2-N ions and their spatial and temporal
changes from December 2002 to September 2003 in the
Troy water resources.

lands are extremely affected by land use. This change has
been accelerated by openings of dried canals, constructions of river levee work and intensive farming.
These land use changes result in changes of surface and
groundwater quality, i.e, increased concentrations of major
anions. Nitrate is the predominantly occurring contaminant
in groundwater [1]. In addition to human health effects of
drinking water with nitrate concentrations greater than
10 mg L-1, nitrate can stimulate excessive growth of algae in
lakes and streams at concentrations as low as 0.3 mg L-1.
Pollution of groundwater by NO3- leaching can lead to the
loss of safe drinking water, since high concentrations of
NO3- in drinking water may cause methemoglobinemia
[2]. Studies have shown that land use types, fertilizers and
agricultural practices can increase nitrate content in
groundwater. Nitrogen loading in the watershed has also
been linked to atmospheric deposition, animal waste and
septic tanks [3]. Numerous studies have documented the
relationship between agricultural activities and NO3leaching in shallow aquifers [1, 4-6].

Water samples were collected from 25 sampling points
at each sampling time. Samples were preserved according
to specific test requirements and immediately analyzed for
NO3-N, NH3-N, and NO2-N ions using a LaMotte smart
colorimeter. Global positioning system (GPS) was used to
determine the coordinates of the sampling points. Producing maps and statistical analyses` results indicate that both
ammonia and nitrate nitrogen concentrations started to increase after May in all water resources. These changes were
attributed to land use types and crop growing periods in the
area. Nitrate concentration ranged from 0 to 45 mg L-1, ammonia from 0 to 118 mg L-1 and nitrite from 0 to 3.5 mg L-1.
One well, two drainage canals, and two river samples have
clearly elevated nitrate levels without elevated chloride,
and this suggests fertilizers as source of nitrate in water.
There are positive and significant linear relationships between nitrate and chloride concentrations in two wells
suggesting that the water is being impacted by domestic
sewage.

GIS is an information management system capable of
providing spatial analysis tools for sorting, retrieving, and
manipulating geo-referenced computerized maps [7, 8].
Application of GIS includes site suitability analysis [9]
and developing risk map [10].
The objective of this study was to monitor the temporal variability of NO3-N, NH3-N, and NO2-N in surface
and groundwater and to use GIS for mapping of analysis
results in Troy, Çanakkale-Turkey.

KEY WORDS: Nitrate, ammonia, GIS (Geographical Information
System), land use, Troy, monitoring.

INTRODUCTION

MATERIALS AND METHODS

The Turkish Government has designated Troy as a
historical national park in 1996 and Troy entered the
UNESCO-List of World Heritage in 1998. It is an important part of the international migratory bird system

Study area

The study area is in the Troy National Park and surrounded by dried canals, which are Kokona on the east
and Kırkgoz (Azmak) on the west. Karamenderes regula-
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tor and The Dardanelles are located at the south and north
of the study area (Figure 1).
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FIGURE 1 -Study area and water sampling points.
TABLE 1 - Climatic data of the study area.
YEARS

Temperature
(°C)

Precipitation
(mm)

Evapotranspiration (mm)

Humidity
(%)

MONTHS
6
7

8

9

10

11

12

Total/
Avr.

25.9

25.6

21.2

15.7

13.7

9.5

15.4

22.8

27.4

27.2

22.4

17.5

11.1

3.9

16.2

23.3

26.6

25.7

21.2

16.6

13.3

6.8

15.7

25.6

26.4

20.2
131.1

18.2

30.3

438.9

192.5

239.2

765.1

137.9

78.2

599.8

1

2

3

4

5

2000

4.1

7.0

7.9

14.6

17.8

22.4

2001

8.7

8.6

13

13.3

18

2002

4.9

9.3

6.8

12.1

18.2

2003

8.5

2.2

5.5

9.8

18.5

24

2000

17.5

103.1

86.8

26.5

11.8

8.3

2001

60.1

68.7

7.7

120.2

65.3

2002

58.1

73.6

58.4

33.5

1.5

2003

55.2

103.4

15.9

5.3
0.1

1.8

9.5

8.1

23.9

0.4

54.9

71.3

83.2

14.9

2000

84

151.9

207

235.6

238

22.9
168

2001

111

151.9

231

272.8

254

153

155

99

1427.9

2002

96

170.5

210

201.5

211

141

89.9

66

1185.7

2003

90

189.1

249

260.4

254

165

99.2

1184.4

2000

67

81

84

84

81

71

66

67

74

82

85

83

77.1

2001

86.5

82.1

82.9

83.3

71.6

67.7

70.7

63.7

70.3

69.7

81.1

86.4

76.3

2002

83.6

82.6

81.5

83.1

70.5

70.7

71.1

68.5

76

78.7

85.9

82.3

77.9

2003

87.7

84.4

76.5

77.8

69.2

58.4

61.2

56.2

63.4

from Ida Mountain to the Dardanelles are 1962 km2. Other sources are wells, which have 3 to 10 m depths, two
springs (Düden and Kırkgöz) and drainage canals. Five
different water resources are within the area and all
sources are used for irrigation.

The Mediterranean climate prevails in this area. The
average annual rainfall in Troy is around 600 mm. Table 1
indicates the last three-year climatic data of the region.
During this period minimum and maximum rainfall was
439 mm and 765 mm. The average temperature of three
years was 15.8 oC and evaporation was 1266 mm. The
origin of surface and groundwater in the area is precipitation [11].

The farms range from 0.2 to 7.9 ha in size and primarily produce wheat, cotton, and tomatoes followed by
corn, sunflower, alfalfa, pepper, rice or forages.

The study area consisted of two different physiographical units, the flood plain soils (young and old river
terraces) and delta soils. The studied area is mainly concave and slightly sloped. The top soils belong to different
soil texture classes. 46.08 % of those are course-textured,
27.44% fine-textured and 26.48% medium-textured soils.
Because of the alluvial properties of these soils, sand
deposits laid 2 m below the soil surface. These soils are
formed on the sediments carried by Karamenderes and
Dumrek rivers. Their hydraulic conductivities are high
and soil organic matter contents ranged from 0.1 and 4 %.

Sampling

A survey was conducted from December 2002 to
September 2003 at 25 points in Troy (Kumkale Basin),
Çanakkale, Turkey (Figure 1). Water samples were collected every two months during the winter period and
every month during the irrigation period. Sampling dates
were December 2002, January 2003, March 2003, May
2003, June 2003, July 2003, August 2003, and September
2003. Global positioning system (GPS) was used to determine the coordinates of sampling points. Water samples were collected from the beginning, middle and the
end of the springs and river and a total of 9 samples were
collected for each sampling time. Water samples were
only collected from wells when no other irrigation infrastructures were available. Seven samples were taken from
the drainage canals at each sampling time (Figure 1). The
collected water samples were field-stored in a cooler on
ice and brought to a lab. Samples that cannot be analyzed
in the field or the lab are transferred to a refrigerator and

Geological structures around the Troy consist of two
main units. One is older basement rock that is composed
of crystalline schist, limestone and serpentine. The other
one consists of younger sediment cover [11]. The most
important source of freshwater in Troy is Karamenderes
river that originates from Ida Mountains, collecting surface waters and bringing them to the west of Troy [11].
The catchment area of the river from Ida Mountain to
Bayramic dam is 435 km2 and the total catchment areas
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stored at 4 °C. Samples were preserved according to specific test requirements and immediately analyzed for
NO3-N, NH3-N, NO2-N and Cl- ions. All water samples
were filtered through Whatman No. 42 filter papers before analyzing.

For all above-mentioned analyses, three replicates were
analyzed. Any replicate that deviates more than +/- 10% of
the mean was recorded and reanalyzed. Results of water
analysis and coordinates of sampling points were transferred to Arc View 3.2 geographical information systems
(GIS) software. NO3-N, NH3-N, and NO2-N content maps
were produced using spatial analysis extension component [13]. The coefficient of determination (r2) was used to
determine the relationships between the measured parameters. General linear model with repeated measurements was
used for variance tests between the months. Water samples
were analyzed by using SPSS software [14].

Nitrate-Nitrogen

LaMotte kit code 3649-WS, a cadmium reduction
method, is used with a LaMotte smart colorimeter. The
nitrate test is conducted when the sampled water is between
20 and 25 °C. The colorimeter is calibrated with a reagent
blank to account for any reagent color.
Ammonia-Nitrogen

RESULTS

LaMotte kit code 3642-SC, a Nesslerization method of
detecting, is used with a LaMotte smart colorimeter. The
colorimeter is calibrated with a reagent blank to account for
any reagent color.

Ammonia-N concentrations in water did not exceed
10 mg L-1 in November 2002. Concentrations of NH3-N
changed from 0 to 7 mg L-1 in November 2002. Concentrations of NH3-N were between 0 and 1.98 mg L-1 and 0 and
3.5 mg L-1 in January and March of 2003, respectively.
NH3-N concentrations started to increase after May 2003
and reached a maximum value in July 2003. The results
indicate that ammonia levels in the water started to increase in May as well as heavy use of fertilizers in the
region (Figure 2).

Nitrite-Nitrogen

LaMotte kit code 3650-SC, a Diazotization method, is
used with a LaMotte smart colorimeter. The colorimeter is
calibrated with a reagent blank to account for any reagent
color.
Chloride

Chloride analyses of water samples were performed
according to Soil Survey Staff [12].

(a)

(b)

(c)

(d)

< 1 ppm
1-5 ppm
5-10 ppm
10-30 ppm

(e)

(f)

>30 ppm
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a) November-2002; b) January-2003; c) March-2003; d) May-2003; e) June-2003; f) July-2003; g) August-2003; h) September-2003
FIGURE 2 - Variation of NH3-N.
TABLE 2 - Relationships between NO3--N and Cl- concentrations in
water sampled in November 2002, March, June, July, August 2003.
Sample

Sample Places

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Kokana Spring (1)
Karamenderes River (1)
Kırkgöz Spring (1)
Drainage Canal (T10)
Kırkgöz Dried Canal (2)
Kırkgöz Dried Canal (3)
Karamenderes River (3)
Kokana Dried Canal (3)
Well
Kokana Dried Canal (2)
Karamenderes River (2)
Drainage Canal (Left Levee 1)
Drainage Canal (Left Levee 2)
Drainage Canal
Drainage Canal (Right Levee 2)
Drainage Canal (T1)
Drainage Canal (Right Levee 1)
Well
Well
Well
Well
Well
Well
Well
Well

(a)

Coordinates
x
438284
439475
436470
434395
430366
431425
432139
434375
434435
434322
433025
432714
432291
432496
432880
436928
432298
433277
433389
434039
433607
433115
433669
432774
431847

(b)

r2

y
4419251
4416314
4415571
4418920
4421143
4428049
4427546
4426785
4423882
4422181
4422056
4422340
4424563
4426395
4423180
4418960
4425740
4426640
4425059
4426072
4423203
4423610
4422235
4421085
4422255

-0,75
0,41
0,00
-0,35
0,07
0,85
-0,29
0,06
0,28
0,06
-0,45
0,11
-0,92
0,00
0,27
0,01
0,03
0,57
0,01
0,20
-0,93
0,25
0,24
0,19
0,00

(c)

(d)

< 1 ppm
1-3 ppm
3-5 ppm
5-10 ppm
10-30 ppm

(e)

(f)
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(g)

(h)
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a) November-2002; b) January-2003; c) March-2003; d) May-2003; e) June-2003; f) July-2003; g) August-2003; h) September-2003
FIGURE 3 -Variation of NO3-N.

Ammonia-N concentration of one well reached up to
98 mg L-1 (118 mg L-1 ammonia) in July. A correlation
between increasing nitrate and chloride at sampling point 6
(r2=0.85 and p<0.05) and 18 (r2=0.57 and p<0.05) in
Table 2 suggests that the water is being impacted by domestic sewage. The one well (sample number (SN): 22),
two drainage canal (SN: 4 and 13) and two river (SN: 7 and
11) samples, however, have clearly elevated nitrate without
elevated chloride, thus suggesting a fertilizer source of
nitrate. Negative correlations have been found between
nitrate and chloride concentrations in these water samples.
Elevated NO3-N concentrations, up to 10.25 mg L-1, nitrate
concentrations up to 45 mg L-1 and NH3-N up to 98 mg L-1,
were detected in private wells in the area (Figure 3). Weak
correlations were obtained between NO3–N and dissolved
oxygen and NO3–N and oxidation-reduction potential (data
not presented). NO3-N concentrations were lower in January and March compared to the other sampling times (Figure 3). Maximum NO2-N level was observed in well sample
(SN: 22) in August that was 1.05 mg L-1 (3.5 mg L-1 nitrite). Nitrite concentrations did not follow seasonal trends
(Figure 4).

(a)

1Chloride
p mconcentrations were between 71-1189 ppm
during the study and most of them exceeded the drinking
1 3 standard
p p m (250 ppm).
water
3 -5 p p m
The dried canal (Kirkgoz) originating within agricultur- 1 0 p p mexhibited nitrate-nitrogen (NO3-N) concentraal5watersheds
-1
tions
1 0 -ranging
3 0 p pfrom
m approximately 0.08 to 1.42 mg L . NO3N concentrations were lower at the beginning of the Kirkgoz dried canal than those at the end of the canal (Figure
5).
Variance tests were performed for all parameters and
all sampling times, but no significant differences were
found among them. Actually, when data were investigated
great differences can be observed in the measured nitrogen
concentrations. In this case, the mean of nitrogen concentrations at each sampling time statistically masks the real
differences among the months. Since sample numbers of
water resources were not equal, no statistical significance
(p<0.073) was found among the water resources.

(b)

0 – 0.05 ppm
0.05-0.1 ppm
0.1-0.2 ppm
0.2-0.4 ppm
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(c)

(d)
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(e)

(f)

(g)

(h)

a)November-2002; b) January-2003; c)March-2003; d) May-2003; e)June-2003; f)July-2003; g)August-2003; h)September-2003
FIGURE 4 - Variation of NO2-N.
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FIGURE 5
NO3-N concentrations sampled from the beginning (N:3), middle (N:5) and end (N:6) of Kırkgoz dried canal.

and chloride at sampling point 6 (r2=0.85 and p<0.05) and
18 (r2=0.57 and p<0.05) in Table 2 suggests the water being
impacted by domestic sewage and septic tanks as it was also
observed by DeSimone and Howes [15]. Positive correlations have been found between nitrate and chloride concentrations in these water samples. Elevated NO3-N concentrations up to 10.25 mg L-1and NH3-N up to 98 mg L-1, were
detected in private wells in the area (Figure 3). Concentrations of NO3-N higher than 3 mg L-1 are usually associated
with anthropogenic sources [16]. Approximately half of the
wells produced NO3-N concentrations above 3 mg L-1 in
the study area. However, in some cases the values reduced to zero. Weak correlations were obtained between
NO3–N and dissolved oxygen and NO3–N and oxidationreduction potential (data not presented). These relationships also show possible effects of land use and/or nitrogen fertilization in the area. NO3-N concentrations were
lower in January and March than at the other sampling
times (Figure 3). Most of the NO3–N in water samples
was derived from fertilizers in November. The dark areas
in Figure 3a were planted by wheat at the time of sampling and this resulted in high NO3–N levels in water.
However, the other dark areas in Figure 3 d, e, f and g
were planted by cotton, vegetables and pepper during the
sampling periods. Therefore, NO3-N concentrations in
water resources are varied temporally and these changes
are mainly depending on crop type and fertilization in the
area. Hudak and Sanmanee [17] investigated spatial pat-

DISCUSSION AND CONCLUSION
NH3-N concentrations started to increase after May
2003 and reached a maximum in July 2003. The possible
sources of ammonia in groundwater may include fertilizers,
such as anhydrous and ammonia nitrate, manure, and wastewater, at the northern site of the area in July. If increased
levels of ammonia in groundwater were derived from ammonia-containing fertilizers, then the water data collected
prior to the use of fertilizers should show much less amount
of ammonia. The results indicate that ammonia levels in the
water started to increase in May as well as the heavy use of
fertilizers in the region (Figure 2). However, ammonia
concentrations were smaller than 4 mg L-1 in February and
March. Therefore, most of the sources of ammonia come
from the use of nitrogen fertilizers. Ammonia-N concentration of well number 18 reached 98 mg L-1 in July, but this
well was very close to Kumkale village and probably contaminated by domestic sewage.
The relation between nitrate and chloride concentrations can be a useful indicator of the source of nitrate in
groundwater. A correlation between chloride and nitrate can
indicate a sewage source [15], while elevated nitrate concentrations derived from commercial fertilizers would not
have significantly elevated chloride concentrations. Nitrate
transport is usually considered to be conservative in aerobic groundwater. A correlation between increasing nitrate
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terns of nitrate, chloride, sulfate, and fluoride concentrations in the Woodbine Aquifer by using GIS and they
found that there were no statistically significant associations between solute concentrations and land use.
Producing maps and statistical analysis results indicate that ammonia and nitrate nitrogen concentrations of
all irrigation water resources started to increase after May.
However, no significant differences were observed among
all parameters at the different sampling times according to
variance analysis and the reason for that was the heterogeneity of sample concentrations. These differences were
attributed to land use types and crop growing periods in the
area. One well, two drainage canals, and two river samples
have clearly elevated nitrate without elevated chloride
suggesting fertilizers as source of nitrate. Positive and
significant linear relationships between nitrate and chloride
concentrations indicate that some groundwater samples in
the residential wells in Kumkale were impacted by nitrate
derived from septic systems. Apart from land use and soils,
climate and the geometry of the aquifer can play an important role. Kayan [11] reported that there were few small
faults and these can cause occurrence of different and
mixed waters in the region. This may be another source of
groundwater pollution in Troy. Waters of Troy discharge to
the Dardanelles and can also pollute sea water. This study
urgently recommends that especially polluted well waters
are inconvenient as drinking water by sensitive living organisms in Troy. Because of Troy’s important role on the
bird eastern migratory route, care must be taken not to
discharge domestic sewage and septic water to the canals.
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[11] Kayan, I. (2000) The Water Supply of Troy. Sonderdruck
aus. Studia Troica, Band 10.2000. Verlag Philipp Von Zabern. Mainz Am Rhein.
[12] Soil Survey Staff (1996) Chemical Analysis, Chloride. In:
Soil Survey Laboratory Methods Manual. Report No: 42,
Version 3.0, p: 634-635.
[13] ESRI (1996) Using Arcview GIS. Environmental System Research Institute, Inc., Redlands, CA.
[14] SPSS (1988) SPSS/PC+V.9.0. Base Manuel for the IBM
PC/XT/AT and PS/2, Marija and Moruis. SPSS Inc.

ACKNOWLEDGEMENT

[15] De Simone, L.A. And Howes, B.L. (1998) Nitrogen transport
in shallow aquifer receiving wastewater discharge: A mass
balance approach. Water Resources Research 34, 271 – 285.

This study covers some part of the research project
supported by The Scientific and Technical Research
Council of Turkey (Project number 102Y031).

[16] Madison, R.J. And Brunett, J.O. (1985) Overview of the occurrence of nitrate in ground water of the United States, in
National Water Summary 1984-Hydrologic events, selected
water quality trends, and ground-water resources: U.S. Geological Survey Water-Supply Paper 2275, p. 93-105.

REFERENCES
[1]

Spalding R.F. And Exner M.E. (1993) Occurrence of nitrate
in groundwater: A rewiev. Jour of Env Qual 22, 392-402.

[2]

Robillard, P.D., Sharpe, W.E., And Martin, K.S. (1991) Nitrates in drinking water. Fact Sheet 136. Agric. and Biol.
Eng. Coop. Ext., College of Agric. Sci., The Pennsylvania
State Univ., University Park.

[3]

Cummings, T.R., Gillespie, J.L. And Grannemann, N.G.
(1990) Hydrology and land use in Grand Traverse County,
Michigan. US Geological Survey, Open File Reports Section,
Denver, CO; 90-4122.

[4]

Puckett, L.J., Crowley, T.K., Lorenz, D.L. And Stoner, J.D.
(1999) Estimation of nitrate contamination of an agroecosystem outwash aquifer using a nitrogen mass-balance
approach. J. Environ. Qual. 28, 2015–2025

[17] Hudak P.F. And Sanmanee, S. (2003) Spatial Patterns Of Nitrate, Chloride, Sulfate, And Fluoride Concentrations in the
Woodbine Aquifer of North-Central Texas. Environmental
Monitoring and Assessment 82, 311-320.

Received: April 22, 2004
Revised: September 13, 2004
Accepted: October 15, 2004

37

© by PSP Volume 14 – No 1. 2005

Fresenius Environmental Bulletin

CORRESPONDING AUTHOR
Hasan Özcan
Çanakkale Onsekiz Mart University
Agricultural Faculty
Department of Soil Science
17020 Çanakkale - TURKEY
Phone: +90 286 2180018/1313
Fax: +90 286 2180545
e-mail: hozcan@comu.edu.tr
FEB/ Vol 14/ No 1/ 2005 – pages 28 - 35

38

© by PSP Volume 14 – No 1. 2005

Fresenius Environmental Bulletin

EFFECTS OF HEAVY METALS (Cd, Cu, Pb, Hg)
ON POLLEN GERMINATION AND TUBE GROWTH OF
QUINCE (Cydonia oblonga M.) AND PLUM (Prunus domestica L.)
Nazmi Gür and Aykut Topdemir
Firat University, Department of Biology, Elazig, 23169, Turkey

SUMMARY
Pollen germination and tube elongation rate have frequently been used as indicators for air pollution with heavy
metals. The tubes of quince and plum pollen were germinated in a culture medium containing the heavy metals Cd,
Cu, Hg and Pb. According to the results obtained, these
heavy metals led to a significant decrease in pollen germination and tube growth. It was found that there was a parallelism between the concentration of heavy metal salts, and
pollen germination and tube growth. While Cd had the
most inhibiting effect on pollen germination and tube
growth of plums, Cu had the least. Mercury showed the
highest toxicity, whereas pollen germination and tube
growth rate was less affected by copper in quince plants.
As a result, all heavy metals examined negatively affected
pollen germination and tube growth in quince and plum
plants, but their toxicity levels varied.

affect animals and plants [2]. Heavy metals have received
the attention of researchers all over the world, mainly due
to their harmful effects on plants, especially those on
vegetative and generative parts of the plants [3-10]. There
are also findings indicating that they cause cytogenic
anomalies in plants, such as inhibition of mitosis division,
decrease in the mitotic index (cell division frequency),
and chromosomal anomalies [11]. The generative plant
parts can be affected by heavy metals [12]. It has recently
been shown that trace amounts of various air pollutants
inhibited pollen germination and tube elongation [13].
Pollen germination and tube growth was reduced by SO2
[14, 15] and tube elongation was decreased by inorganic
components in acid rain [16-18]. Pollen germination and
tube elongation have been prevented or reduced, when
treated with insecticides, pesticides [13, 19-22], and
heavy metals [9, 10, 23-26]. Therefore, the effects of Cd,
Cu, Hg and Pb on pollen germination and tube length of
quince (Cydonia oblonga M.) and plum (Prunus domestica L.) plants were investigated in this study.

KEYWORDS: pollen germination, pollen tube growth, heavy
metals, quince, plum.

MATERIALS AND METHODS
Pollens of quince and plum flowers were obtained
from Koparusagı village of Elazıg in the eastern part of
Turkey. The flowers were placed in polyethylene containers and the experiments were carried out without any
delay. Flowers from the same tree were used in every
sequence of the experiments. Standard solutions of each
metal (30, 60, 90,120 and 240 µM) were prepared with
distilled water using CuCl2, PbCl2, HgCl2 and CdCl2

INTRODUCTION
The term ‘heavy metal‘ is often used to cover a diverse
range of elements, which constitute an important class of
pollutants. With the industrial development, the production
and emission of heavy metals have increased. Some metals,
e.g., Mn, Cu, Zn, Mo and Ni, are essential or beneficial
micronutrients for microorganisms, plants, and animals, but
at high concentrations all these metals have strong toxic
effects and pose an environmental threat [1].

The pollen samples were germinated in Brewbaker
and Kwack [27] culture solution. Sterile 3 micro-slides
were prepared for each heavy metal solution (2 for experimental group, 1 for control group). A 50 µl culture solution aliquot was dripped to 2 various areas on each slide.
Then 50 µl heavy metal solutions (experimental groups)

Heavy metal pollution can be defined as an undesirable change in the physical, chemical or biological characteristics of land, water and air that may or will harmfully
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and 50 µl deionized water (control group, CG) were added
onto the slides. Pollens on anther were homogeneously
cultivated in the culture medium using a sterile syringe
under a stereomicroscope [27]. Petri dishes (15 cm diameter) with a moist filter paper lining the lower plate served
as an improvised humidity chamber. Two glass rods were
placed parallel, about 4 cm apart, on the moist filter paper
to facilitate the handling of the pollen cultures. Then, the
petri dishes were settled in the incubator at 22 ± 2 oC.
Each germination medium was fixed with 10 % ethanol
after 3 hours [27] to close the lamella. Germination percentages and tube lengths of the pollens were determined
under the light microscope by the method of Shivanna
and Rangaswamy [27].

Mean and standard deviations were calculated for
pollen germination and tube length in each treatment and
control of each species. Multiple range tests (Duncan)
were used to determine significant differences among the
means (P<0.05) in either pollen germination or pollen
tube length.
RESULTS
The effects of Cu, Pb, Hg and Cd chlorides on pollen
germination and tube lengths of quince and plum plants
are given in Tables 1 and 2.

TABLE 1
The effects of Cd, Pb, Hg and Cu, respectively, on pollen germination and pollen tube lenght in quince (Cydonia oblonga M.).

Treatment
Control
30
60
90
120
240
Treatment
Control
30
60
90
120
240

CdCl2.H2O
Pollen germ. (%)
94.7a
73.1b
54.4c
32.2d
23.7e
13.4f
HgCl2
Pollen germ. (%)
94.7a
63.5b
40.3c
34.0d
22.3e
10.6f

Tube length (µ)
281.9a
157.5b
59.9c
44.6cd
27.2de
10.4e
Tube length (µ)
281.9a
155.8b
123.0c
107.6c
72.7d
26.7e

Treatment
Control
30
60
90
120
240

PbCl2
Pollen germ. (%)
94.7a
76.0b
62.8c
47.6d
39.7e
16.6f

Tube length (µ)
281.9a
199.3b
137.5c
127.6c
80.2d
29.8e

Treatment
Control
30
60
90
120
240

CuCl2
Pollen germ. (%)
94.7a
82.8b
59.6c
43.2d
37.0e
28.5f

Tube length (µ)
281.9a
218.8b
141.9c
117.4d
102.7d
59.9e

Note. Significant differences (P<0.05) are indicated by different letters according to multiple range test (Duncan).

TABLE 2
The effects of Cd, Pb, Hg and Cu, respectively, on pollen germination and polen tube lenght in plum (Prunus domestica L.).

Treatment
Control
30
60
90
120
240

Treatment
Control
30
60
90
120
240

HgCl2
Polen germ. (%)
94.3a
47.2b
27.7c
20.3d
11.6e
7.7f

Tube lenght (µ)
151.9a
68.9b
31.3c
25.2cd
14.7de
9.3e

Treatment
Control
30
60
90
120
240

CdCl2.H2O
Polen germ. (%)
94.3a
13.4b
8.6c
6.1d
4.7e
2.1f

Tube lenght (µ)
151.9a
16.5b
11.8b
9.6b
6.7b
5.3b

Treatment
Control
30
60
90
120
240

CuCl2
Pollen germ. (%)
94.3a
53.5b
45.4c
32.2d
24.5e
19.2f
PbCl2
Pollen germ. (%)
94.3a
43.4b
24.9c
23.9d
14.2e
9.1f

Note. Significant differences (P<0.05) are indicated by different letters according to multiple range test (Duncan)
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Tube lenght (µ)
151.9a
84.9b
64.3c
59.20c
35.0d
16.9e

Tube lenght (µ)
151.9a
81.45b
36.7c
29.9c
13.7d
12.7d
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As can be seen, germination rate and tube elongation
of pollen decreased with the application of heavy metal
solutions. Quince pollen germination was mostly inhibited
by Hg, but only weakly by Cu. Significant differences
(P<0.05) are observed between all heavy metal concentrations on quince pollen germination. Pollen germination of
plum plants is significantly different (P<0.05) at all heavy
metal concentrations. Also pollen germination of plum
plants was weakly affected by Cu, but mostly by Cd.

growth of the economically important Cydonia oblonga M.
and Prunus domestica L. plants. However, the damage to
pollen varies with the dose. Heavy metals are generally
considered to be readily available by the plants from both
air and soil sources. Soils and plants are usually subjected to
heavy metal contamination from traffic [26]. This will be
realized better, when the information that dust and gas particles reach a distance of 20 to 100 km and contain heavy
metals at different rates are taken into consideration [33].

Pollen tube lengths of both plants were increasingly
affected with the concentrations of the heavy metals applied. Significant differences (P<0.05) on plum pollen
tube length are not observed between the treatments with
Cu or Pb at 60 and 90 µM. In addition, no statistically
significant differences were found between all concentrations of Cd on pollen tube length of plum plants. In contrast, the pollen tube length of quince is not statistically
different at 120 and 240 µM Cd concentration. Pollen
tube growth in quince (Cydonia oblonga M.) and plum
(Prunus domestica L) was mostly inhibited by Cd.
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LICHENS AS INDICATORS OF AIR POLLUTION
IN THE CITY OF RIJEKA, CROATIA
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SUMMARY
During the eighties the city of Rijeka was one of the
most polluted in the country regarding sulphur dioxide. To
estimate the harmful effects of air pollution on plants, lichen specimens collected within the city area in 1985/ 1986
were tested on cell membrane integrity. The highest cell
membrane damage, e.g. specific conductivity per mass of
lichens, was observed in those collected at sites with highest winter SO2 levels. As the levels of SO2 declined (5070%) in the mid-nineties, the test was repeated in winter
1995/96. Lower specific conductivity, prevailing of the
relatively sensitive P. caperata strain among the randomly
collected specimens, as well as reappearing of lichens in
the city center indicate recovering of their natural habitat
due to decline of SO2 levels.

tent and degradation, cell membrane integrity of lichen
thallus, as well as determination of sulphur and heavy
metals accumulated [1, 2].
Due to elevated atmospheric pollution, city centers
were found to be “lichen deserts”, followed by the “struggle zone” with lower level of pollution, where some kind
of lichens can survive, though with some morphological
alternations. Adjacent to this is the so-called “normal
zone”, either with low level of pollution or unpolluted
clear area. The first classification of the Rijeka urban area
according to lichens population was done only in 1985
[3]. Except the very center of the city, two small lichen
deserts were found at the higher urban zones: the westerly, above the old paper mill factory, and the easterly due
to the plume impacts deriving from the eastern industrial
zone and affecting these areas under unfavorable meteorological conditions (Fig 1).

KEYWORDS:
bioindicators, lichens, atmospheric pollution, sulphur dioxide.

INTRODUCTION
Atmospheric pollution can cause anomalous and reduced nitrogen fixation in plants, can affect amino acids
synthesis and cause damages to cell membranes. Lichens
are plant organisms derived from the symbiosis between
algae and mushrooms. Their metabolism depends primarily
on water and nutrient deposition from the atmosphere. The
absence of a cuticulum at the surface enables accumulation
of various pollutants, e.g. metals or pesticides, in lichens.

FIGURE 1 - Lichen zones determined in 1985 (from 5) within the
urban area of Rijeka: lichen desert (white), struggle zone (light
gray) and normal zone (gray).

There are generally two different ways of using lichens
as bioindicators: a) by mapping all the species present in
the given area, and b) through individual sampling of lichen species and measuring the pollutants accumulated in
their thallus or transplanting lichens from an uncontaminated to a contaminated area and measuring the morphological and/or physiological changes by various methods.
These methods comprise determination of chlorophyll con-

Elevated concentrations of sulphur dioxide can cause
damages to plasmatic membranes in lichens. The cell
membrane integrity test [4] was applied for the first time on
the specimens of lichen thallus collected within the Rijeka
city area during 1985 and 1986 [5]. The same experiment
was repeated after ten years - in 1995. These two sets of
results are presented, evaluated and discussed in this work.
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MATERIALS AND METHODS

simple test show that the major damage to cellular membranes were observed for specimens of P. tiliacea collected at sites 3, 4 and 5 (Krnjevo, Turnić, Mlaka-park area),
known to be the most polluted with SO2 within the city
[6]. Thus, the winter mean concentrations of SO2 (Fig. 3)
in the period 1982-87 were 76-105 µg/m3 at site 4
(Turnić) and 86-128 µg/m3 at site 3 (Krnjevo). The values
of winter mean concentrations above 70 µg/m3, that some
Parmelia species can tolerate [7], may explain the observed cellular damages. The same test applied to specimens of the more sensitive species P. testacea, collected
at sites 2, 6 and 10 (Zamet, Škurinje and Trsat-park area)
within the lichens normal zone also led to increased specific conductivity, indicating winter mean concentrations
above 30 µg/m3 (The membrane integrity test applied to
specimens of P. tiliacea from these sites gave the lowest
values). We do not have data on airborne SO2 concentrations for these sites, since they are considered to be unpolluted. Somewhat unexpected result was obtained with
species collected at site 7 (Brašćine), located at the border
between struggle and normal lichen zone, but in the proximity of the small lichen desert. This small lichen desert
was the result of the impact of the plume from the paper
mill, a reason that could explain the obtained result.

Experimental details are given previously: subsequent to
preconditioning in a humidity chamber (2 h) and rinsing, a
piece of lichen thallus (20-60 mg) was immersed in doubledistilled water (conductivity: < 2 µS cm-1) for 5 min. Due to
electrolyte leakage (mainly potassium) from the tissue, the
increased conductivity of the solution (50 ml) was measured. The lichens were desiccated for 48 h and weighted,
and conductivity per mass of lichen and volume of solution was calculated [5]. Due to the different design of
electrodes used for conductivity measurements, in the
latter campaign the lichen thalli were immersed in 50 ml
demineralised water, instead of 20 ml as previously.
Therefore, the previous results were recalculated to approximate the values in 50 ml leachate. All the measurements were done in duplicate.
RESULTS AND DISCUSSION
The specimens of the lichens Parmelia tiliacea
(Hoffm.) Ach and Pannaria testacea Jørg collected in the
wider city area during winter 1985/86 were used to test
their cell membrane integrity (Fig. 2). The results of this

a. winter 1985/86

b. winter 1995/96
Parmelia tiliacea(Hoffm.)Ach

Parmelia caperata (L.) Ach.

35
30
25
20
15
10
5
0

10. Trsat
10. Trsat

13.Pecine

14.D.Vežica
14.D.Vežica

12.Delta
12.Delta

15.Kozala

16.Drenova

Site

FIGURE 2 - The results of the cell membrane integrity test on
urban lichen specimens: (a) winter 1986/86 and (b) winter 1995/96.
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FIGURE 3 - Winter average concentrations of SO2 within the Rijeka urban area.

Four specimens of lichens collected in the coastal remote site (Jadranovo), 25 km easterly from Rijeka, gave
different specific conductivity. Parmelia pertala, a strain
most sensitive to air pollution, showed the greatest damage
to the cell membrane, while the tolerant P. saxatilis seemed
to be healthy (Fig. 4a). The obtained result suggested the
winter means of SO2 to be between 30 and 70 µg/m3. This
is in agreement with the winter mean concentrations obtained at the nearest sampling site (Kraljevica), where
these values varied from 15 to 55 µg/m3 [5].

area after ten years, in winter 1995/96 (Fig. 2b). In the
meantime, the sulphur dioxide emission within the wider
city area was reduced by 70%, due to the switch to lower
sulphur content oil, reduced production and/or cessation
of activity of some industrial plants, e.g. coke plants.
Nevertheless, the industrial facilities remained the major
sources of sulphur dioxide within the area with contribution of approx. 95% of the total emission. Consequently,
the ambient levels of SO2 were diminished by 50-70%. As
a result, the annual means of SO2 at the most polluted city
center dropped from 100-110 to less than 50 µg/m3 [8],
while the winter means decreased from approx. 80-140 to
30-60 µg/m3 (Fig. 3).

The test on membrane integrity was repeated with
specimens of lichens collected randomly within the city

FIGURE 4: Specific conductivity of leachate obtained in lichen samples from remote sites in 1985/86 (a)
and 1995/96 (b); the highest results from 1995/96. campaign (c )
b.
c.
Site 5
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FIGURE 4 - Specific conductivity of leachate obtained in lichen samples from remote
sites in 1985/86 (a) and 1995/96 (b); the highest results from 1995/96. campaign (c ).

45

Parmelia
conspensa

P.
saxatilis

Cetraria
sp.

Parmelia
sp.

P.
perlata

1995/96.

1995/96.

uS/g ml

uS/g ml

P. caperata (L.) Ach

Physcia
sp.

1985/86.

35
30
25
20
15
10
5
0

uS/g ml

a.

© by PSP Volume 14 – No 1. 2005

Fresenius Environmental Bulletin

The lichens collected during this second campaign
were Parmelia spp., Parmelia caperata (L.) Ach., Parmelia conspensa and Physcia sp. Generally, the values of
specific conductivity are 2-4 times lower compared to
those obtained in the first campaign (Fig. 2a). The largest
specific conductivity was obtained in specimens of P.
conspensa collected at site 14 (Donja Vežica), situated
close to the former small lichen desert. Another species
that gave high specific conductivity was Physcia spp.
collected within the park area at site 5 (Mlaka), but close
to the petroleum refinery (Fig. 4c).
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CONCLUSIONS
The lower specific conductivity, the predominance of
the more sensitive P. caperata among the collected samples and reappearing of lichens in the areas classified
earlier as lichen desert (city center and a small lichen
desert zone in the upper part of the city) indicate recovering of their natural habitat due to decrease of SO2 in the
past decade. A similar situation with new lichen species
found and disappearance of “lichen desert” subsequent to
reduction in SO2 emission was observed in central Italy
during the mid-nineties. Even earlier, during the eighties,
the decrease of SO2 levels in Paris caused the reappearance of lichen species from the previous century in the
Luxemburg Gardens [1].
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GENOTOXIC EFFECTS AND OXIDATIVE STRESS RESPONSES
INDUCED BY RETENE IN MARINE MUSSELS
(Mytilus galloprovincialis)
Carlos Gravato, Miguel Oliveira and Maria A. Santos
Department of Biology, University of Aveiro, 3810-193 Aveiro, Portugal

SUMMARY
Mediterranean mussels (Mytilus galloprovincialis
Lmk.) were exposed to 0 (control) and 2.7 µM 7-isopropyl-1-methylphenanthrene (Retene) for 6, 12, 18
and 24 hours. Reduced glutathione (GSH), glutathione S-transferase (GST) activity, glutathione peroxidase (GPx)
activity, catalase (CAT) activity, lipid peroxidation (LPO)
and DNA strand-breaks were measured in mussel gills
and hepatopancreas.

previous research work, the genotoxic potential of a
bleached kraft pulp and paper mill effluent (BKPPME) in
sea bass may be partly due to retene presence [5, 6].
However, it was observed that retene genotoxicity is not
directly associated with significant biotransformation
induction [6], suggesting that other bioactivation processes may be involved. Reactive oxygen species (ROS) production, stimulated by pollution, and resulting oxidative
damage might be a toxicity mechanism in aquatic organisms. Therefore, enzymatic antioxidants have been proposed as biomarkers of oxidative stress in a variety of
marine organisms, including mussels [7-11].

Retene induced a significant inhibition of gill GST
and GPx activities at 18 hours, whereas GSH was significantly increased at 18 hours. Gill CAT activity was also
inhibited at 24 hours exposure. Gill LPO was slightly
increased at 24 hours, whereas DNA integrity was not
altered during retene exposure. Mussel hepatopancreas
GPx activity was significantly inhibited at 6 hours exposure
to retene, whereas GSH significantly increased at 12 hours
and DNA integrity decreased at 12 and 24 hours.

A BKPPME has been discharged through a sewage
outlet into the Aveiro Lagoon system over the past 50 years
contaminating the recipient waters and sediments, despite
its secondary treatment. This BKPPME is presently discharged, together with other industrial and urban effluents, into the Aveiro coastal area. Therefore, the pollution
impact of BKPPME or its constituents in marine environments needs to be assessed. The use of mussels as
marine monitoring species close to pulp mill effluent
discharges and determination of its toxic effects is of
great importance [12, 13]. However, retene effects, as one
of the pulp mill constituents, on mussels and other bivalve
molluscs are unknown.

The hepatopancreas DNA integrity decrease proves
that retene is genotoxic to mussels. It also seems that
retene may induce oxidative stress in mussel gills, since
GST, GPx and CAT activities were inhibited and LPO
was slightly increased after short-term exposure to retene.
This research represents a preliminary approach in order
to evaluate retene effects in mussels. Therefore, further
experiments should be performed using several retene
concentrations and more prolonged exposure lengths.

The aim of this preliminary research work was to investigate the Mediterranean mussel (Mytilus galloprovincialis Lmk.) gills and hepatopancreas responses to 2.7 µM
retene exposure, measured as reduced glutathione (GSH),
gluthathione S-transferase (GST), glutathione peroxidase
(GPx) and catalase (CAT) activities, lipid peroxidation
(LPO) and DNA integrity.

KEYWORDS: Retene; Lipid Peroxidation; Antioxidant Defence;
DNA Integrity; Mytilus galloprovincialis.

INTRODUCTION
MATERIAL AND METHODS

High concentrations of 7-isopropyl-1-methylphenantrene (retene), a substituted polycyclic aromatic hydrocarbon, were found in wastewater stabilisation basin
sludge of pulp and paper mills and in the sediments
downstream of pulp and paper industry [1-4]. According to

Mediterranean mussel (Mytilus galloprovincialis
Lmk.) specimens caught in Vagueira Beach (Aveiro, Portugal), with 3.5 cm shell length, were transported to the
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laboratory and allowed to recover for two weeks in 15 Lglass tanks. Mussels were kept in aerated and filtered
artificial saltwater (35 g/L; Sera Meersalz, Heinsberg,
Germany) at 17 ºC, without being fed. Mussels were
exposed to 0 or 2.7 µM retene (7-isopropyl-1-methylphenantrene; Sigma Chemical Co., USA). The final dimethyl
sulfoxide (DMSO) dilution (0.0067%) used in tanks as a
solvent had no detectable effect on mussel responses. Five
mussels per condition were dissected and their gills and
hepatopancreas were divided in two parts.

nm [19]. The protein concentration was determined according to the Biuret method [20]. The other half of each
hepatopancreas and gill were removed from refrigeration
(-80 ºC) and submitted to a DNA isolation procedure (Genomic DNA Purification Kit, Fermentas). DNA integrity
was performed according to Rao and co-workers [21], as
previously adapted [22, 23].
SIGMASTAT 2.03 software was used for statistical
analysis. All data were first tested for normality and homogeneity of variance to meet statistical demands. Variance analysis was used to compare results between experimental conditions, followed by the Tukey test [24]. Differences between means were considered significant when
p<0.05.

One half of each hepatopancreas and gill were removed from refrigeration (-80ºC) and homogenised (1:10)
in 0.1 M phosphate buffer (pH 7.4). Part of the tissue homogenate was used to determine the extent of lipid peroxidation (LPO) by measuring the thiobarbituric acid reactive substances (TBARS) as previously suggested [11, 14,
15]. The remaining tissue homogenate was centrifuged at
12000 rpm at 4 ºC for 20 min to obtain the postmitochondrial supernatant (PMS). Glutathione-S-transferase (GST)
activity was determined in PMS by following the conjugation of reduced glutathione (GSH) with 1-chloro-2,4dinitrobenzene (CDNB) at 340 nm [16]. Glutathione peroxidase (GPx) activity was determined in PMS by measuring the decrease in NADPH at 340 nm and using H2O2
as substrate [17]. Catalase (CAT) activity was determined
in PMS by measuring the consumption of the substrate
H2O2 at 240 nm [18]. Following PMS protein acid precipitation and centrifugation, GSH was assessed using 5,5´dithio-bis(2-nitrobenzoic acid) (DTNB) as substrate and
measuring 5-thio-nitrobenzoic (TNB) absorbance at 412
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GSH content in mussel gill increased significantly between 12 and 18 hours exposure to retene, followed by a
significant decrease beyond 18 hours (Figure 1). GST activity was significantly inhibited in mussel gills at 18 hours
exposure to retene (Figure 1). Moreover, this conjugation
activity in gills was always lower in exposed mussels than
in controls (Figure 1). A significant GPx activity inhibition
was observed in mussel gills at 18 hours exposure to retene
(Figure 1). Mussel gill CAT activity was significantly inhibited at 24 hours exposure to retene, despite the slight
increase observed at 12 hours (Figure 1).
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FIGURE 1 - Reduced glutathione (GSH) content, glutathione-S-transferase (GST), glutathione peroxidase (GPx) and catalase (CAT) activities in mussel gills after 6, 12, 18 and
24 hours exposure to 0 and 2.7 µM retene. Significant differences from control: * p<0.05.
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GSH content in mussel hepatopancreas increased significantly between 6 and 12 hours exposure to retene,
followed by a significant decrease beyond 12 hours exposure (Figure 2). Hepatopancreas GST activity was not
significantly different in mussels exposed to retene, despite its slight tendency to increase between 6 and 12
hours (Figure 2). A significant GPx activity inhibition
was observed in mussel hepatopancreas at 6 hours exposure to retene (Figure 2). Hepatopancreas CAT activity in
mussels exposed to retene was not significantly different
from that of the control (Figure 2).

90
GSH Content
(nmol/mg protein)

DNA integrity in mussel gills was not significantly
different from the control (Figure 4), but was significantly
decreased in the hepatopancreas at 12 and 24 hours exposure to retene (Figure 4).
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Lipid peroxidation was not significantly different in
mussel gills and hepatopancreas after 6, 12, 18 and 24 hours
exposure to retene, compared to controls (Figure 3). However, a slight LPO increase was observed beyond 18 hours
of exposure to retene in gills, but not in mussel hepatopancreas (Figure 3).
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FIGURE 2 - Reduced glutathione (GSH) content, glutathione-S-transferase (GST), gltathione
peroxidase (GPx) and catalase (CAT) activities in mussel hepatopancreas after 6, 12, 18 and
24 hours exposure to 0 and 2.7 µM retene. Significant differences from control: * p<0.05.
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FIGURE 3 - Lipid peroxidation in mussel gills and hepatopancreas
after 6, 12, 18 and 24 hours exposure to 0 and 2.7 µ M retene.
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FIGURE 4 – DNA integrity in mussel gills and hepatopancreas after 6, 12, 18 and
24 hours exposure to 0 and 2.7 µM retene. Significant differences from control: * p<0.05.

DISCUSSION AND CONCLUSIONS

are also found in certain vertebrate cell types [38, 39].
Retene proved to be genotoxic to mussels, since hepatopancreas DNA integrity was significantly decreased. The

Current results showed that retene induced a deficiency in mussel gill antioxidant enzymes concomitant
with a significant increase in gill GSH. Previous research
work performed with mussels demonstrated that inhibition of antioxidant enzymes usually occurs after short
exposures to xenobiotics [25, 26].

hepatopancreas DNA integrity decrease, observed after
mussel exposure to retene, was not compromised by high
background levels, as mentioned above. This can be due
to mussel hepatopancreas lower GST activity and GSH
content compared to gill, suggesting that the hepatopancreas is more susceptible to DNA damage than gill. Lower GSH and GST activity in the hepatopancreas compared
to gill were also reported in the mussel Perna viridis [40].
However, mussel hepatopancreas presented higher GPx
and CAT activities compared to gills, preventing an increase in hepatopancreas LPO, even when GPx activity
was inhibited after 6 hours exposure to retene. Furthermore, the LPO 2-fold increase in mussel gills compared to
its absence in the hepatopancreas demonstrates its susceptibility to oxidative damage upon retene exposure. This
may be due to lower CAT and GPx activities in gills
compared to the hepatopancreas, since these antioxidant
enzymes prevent the formation of radical intermediates by
the respective reduction of hydrogen peroxide and organic
hydroperoxides, thereby playing a crucial role in maintaining cell homeostasis. Previous studies with the freshwater bivalve Unio tumidus also demonstrated that gill
appeared to be more susceptible to oxidative stress than
the hepatopancreas [41]. According to Cossu and coworkers [41], a relationship seems to exist between the
degree of deficiency of antioxidant defences and lipid
peroxidation, as current results demonstrate. Furthermore,
the higher gill sensitivity was also indicated by a pronounced inhibition of gill antioxidant enzymes. Cheung
and co-workers [40] also observed lower CAT and GPx in
gill than hepatopancreas from the mussel Perna viridis.

Gill inhibition of GPx activity at 18 hours and CAT activity at 24 hours exposure to retene may cause H2O2 and
radical metabolite increases, which are cell oxidative factors that may damage membranes, enzymes and DNA [27,
28]. Therefore, the slight gill LPO increase at 24 hours
exposure to retene is due to the previous failure in antioxidant enzymes system, despite the significant GSH content increase at 18 hours. A relationship between LPO and
a deficiency in the antioxidant defences of aquatic species
had already been reported by several authors [29-32].
Thus, decreased gills antioxidant enzymatic defences,
observed in the current study, suggests a precarious state
characterized by a higher susceptibility to retene adverse
effects that may result in oxidative stress. However, LPO
was not significantly different after exposure to retene,
despite its 2-fold increase, which may suggest that further
research should be performed using more prolonged exposure.
Gill DNA integrity was not significantly different after
mussel short-term exposure to retene. Retene genotoxic
effects in mussel gills could not be detected, probably due
to the high background levels of DNA strand-breaks observed in the current study. High background levels of
DNA strand-breaks observed in Mytilus galloprovincialis
were previously demonstrated in mussels [33-36]. Invertebrate cells analysed by the comet assay have also been
found to possess large DNA damage variations [37]. Interestingly, these high background levels of strand-breaks
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This preliminary study proved that retene is genotoxic to mussels, since hepatopancreas DNA integrity was
significantly decreased. It also seems that gill LPO 2-fold
increase is due to GST, GPx and CAT inhibition, suggesting that retene may induce oxidative stress in mussels.
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SUMMARY
Surface sediment samples collected from five stations
along the east coast of the Adriatic Sea were analyzed for
Cd, Pb, Cu, Zn, Cr, organic matter, carbonate and granulometric composition. Trace metal concentrations in the
sediments depend on pollution sources, local environmental characteristics, as well as geology of the surrounding terrestrial environment. Factor loadings of PCA indicated that chromium is mostly natural, lead and zinc are
probably anthropogenic, while cadmium and copper are
of both natural and anthropogenic origin. The obtained
trace metal concentrations indicate that the investigated
areas are not considerably polluted.

Sediment characteristics, such as granulometric
composition, organic matter and carbonate contents,
directly control trace metal distribution in marine sediments [1-6].
In this paper, the distribution of Cd, Pb, Cu, Zn, Cr,
organic matter, carbonate contents and granulometric
composition of the surface sediments from five stations
along the east coast of the Adriatic Sea are presented. The
aim of the study was to evaluate the possible contamination of the sediments by the studied trace metals.

STUDY AREA
KEYWORDS: Adriatic Sea, carbonate, organic matter, PCA
analysis, sediment, trace metals.

The Adriatic Sea is a semi-enclosed sea, located in
the central-north part of the Mediterranean Sea. Carbonates and flysch are the predominant source rocks in
the hinterland of the eastern coast of the Adriatic Sea.
Five sampling stations along the eastern coast were selected to cover different environments (Figure 1). The
northwest station is located in the middle part of the Lim
channel, on the west side of Istria peninsula. Lim channel
is a small semi-enclosed bay, which is under strong influence of ground water. Due to high biological productivity,
the bay has been used for a long time for shellfish farming. Station Martinska is located in the highly stratified
Krka river estuary, in front of the town of Šibenik. The
estuary is known as the area with the highest organic
productivity at the central Adriatic [7]. Inavinil station is
located in the semi-enclosed Kaštela bay, in front of the
former chlor-alkaline plant. For a long time, the bay was
under strong impact of discharges of untreated urban and
industrial wastewater. As a consequence, a red-tide phenomenon occurs every year in the eastern part of the bay.
Station Neretva is located near the mouth of the river
Neretva, which drains urban and agricultural wastes. The
most southern station Gruž is located near the harbour of
the town of Dubrovnik. Apart from the influence of the
harbour and urban wastewaters, this area is also under the
open sea water influence.

INTRODUCTION
Sediments are important carriers of trace metals in the
hydrological cycle, reflecting the quality of an aquatic
system. Particle-associated trace metals deposited at the
sediment constantly buried rates ranging from one to several cm per years in river deltaic regions, mm per years in
lakes and estuaries and cm per thousand years in the deep
sea. As result of the resuspension, coastal and estuarine
areas are important sinks for trace metals. The trace metals
are present at very low levels in dissolved state (ng/kg), but
in organisms their concentrations increase (µg/kg) and are
highest (mg/kg) in sediments. Trace metals are introduced
into seawater by natural processes (weathering of lithosphere) and anthropogenic activities (e.g. industrial and
domestic effluents, rivers, deposition from the atmosphere).
The relative influence of natural and anthropogenic sources
on the geochemistry of coastal sediments is not always
clear. Increased trace metal contamination endangers shallow coastal areas of marginal seas in the catchments areas
of densely populated and highly industrialized regions.

52

© by PSP Volume 14 – No 1. 2005

Fresenius Environmental Bulletin

FIGURE 1 - Investigated area with sampling stations.

MATERIALS AND METHODS

using a mixture of concentrated HF, HNO3 and0 HClO4
acids [12]. An atomic absorption spectrometer (PerkinElmer Model 1100 B, equipped with HGA 700 graphite
furnace and AS 60/70 autosampler system) was used for
trace metal analysis. Trace metal concentrations are expressed in mg kg-1 dry weight. The BCSS-1 and MESS-1
marine sediment standards were treated and analyzed for
each trace metal in the same way as the sediment samples,
in order to evaluate the accuracy of the applied analytical
procedure.

The sediment samples were collected in March 2002
by a SCUBA diver, except at station Lim, where a plastic
gravity corer was used. The samples (up to 5 cm long)
were sliced into 1 cm long sub-samples, except for station
Inavinil, where only 2 cm long sediment parts were sampled. The sub-samples were frozen and freeze-dried.
The granulometric composition of the sediment samples was determined by sieving (> 63 µm), and hydrometric method according to Casagrande (< 63 µm) in the
whole sediment samples. Sediment type was determined
according to the Shepard classification [8]. Granulometric
parameters were calculated according to Folk and Ward
[9]. The carbonate content pronounced as CaCO3, was
determined as weight loss after treatment with 4M HCl
[10]. The organic matter content was determined by H2O2
treatment of the samples at 450 °C for 6 hours. The loss
of weight after this treatment was assumed to be due to
the organic matter content [11].

RESULTS AND DISCUSSION
Granulometric characteristics of the sediment are given
in Table 1, while sediment types are shown in Figure 2.
Mean sizes of the sediment particles were in the range from
very fine silt (4.23 µm) to coarse sand (322.34 µm). At
deeper stations (Inavinil and Lim) fine-grained particles
(silt and clay) prevailed, while at the other stations sand
particles predominated (Table 1, Figure 2), which was the
result of the different wave energy of the sites. The highest sand content was found at Neretva station.

For the determination of trace metal (Cd, Pb, Cu, Zn
and Cr) concentrations, the sediment samples were digested
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TABLE 1 - Depth of the investigated stations and granulometric parameters.
Definition and characterization of granulometric parameters according to Folk and Ward [9].
Stations

Depth (m)

Lim

24

Martinska

3

Inavinil

10

Neretva

2

Gruž

2

Sorting

Skewness

Kurtosis

2.72
0.47
very poorly sorted
very positive-skewed
1.69
0.02
poorly sorted
nearly symmetrical
4.02
0.01
extremely poorly sorted nearly symmetrical
0.89
0.28
moderately sorted
positive-skewed
4.85
0.44
extremely poorly sorted very positive-skewed

0.88
platykurtic
0.83
platykurtic
1.43
leptokurtic
1.48
leptokurtic
0.70
platykurtic

Mean size <32 µm
(µm)
(%)

Gravel
(%)

Sand
(%)

Mud
(%)

4.23

92.5

0

1.2

98.8

322.34

2.5

11.5

85.2

3.3

12.98

71

1.8

21.4

76.8

290.51

4

0.9

94.6

4.5

28.82

40.5

5.6

51.9

42.5

FIGURE 2
Sediment types investigated at the sampling stations according to Shepard classification [8].

The organic matter content was in the range from 2.2
to 12.2% (Figure 3). Organic matter could be of allochtonous (originated from the land) and of autochthonous
(generated in the sea, particularly in coastal regions with a
high primary production) origin [13]. The lowest organic
matter content was found at Neretva station, where
coarse-grained particles prevailed. A river stream washed
out fine-grained particles together with organic particles.
The widest range of organic matter content (8-12 %) was
determined at the station Gruž protected from wave impacts, where contents of fine and coarse-grained particles
were almost equal. The wide range of organic matter
content at this station can be attributed to the alternate
influence of the inner bay, which is a very productive
area, and the open waters characterized by a low biological productivity. The highest organic content was determined at Lim station, which was the deepest one, where
fine-grained particles prevailed. Lim bay is an area with a
high biological productivity, and the high organic matter
content in the sediment is the result of the activities of
plankton organisms. The obtained relation between organ-

ic matter and fine-grained particle contents is in compliance with the well-known fact that organic matter is the
staple component of fine-grained sediments [14-18].
Carbonate contents ranged from 36 to 90 % (Figure 3).
Carbonates were most abundant in a coarse-grained fraction, primarily as skeletal parts or fragments of organisms.
However, they could also be of allochtonous origin, as the
result of weathering of the surrounding limestone rocks.
The highest content was found at Martinska station, as the
result of granulometric composition. The lowest carbonate content was found at Inavinil station, where the
majority of sediment material was of anthropogenic origin
with high organic matter content.
As could be expected, higher trace metal contents
were associated with higher contents of organic matter
and fine-grained particles. The highest values were determined at Gruž station, characterized with a high organic content, while lower values were obtained at Neretva
station, characterized by the lowest organic matter content
(Figure 4). The obtained values along with trace
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FIGURE 3
Organic matter and carbonate content in 1 cm long sediment sub-samples.
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FIGURE 4
Trace metal concentrations in 1 cm long sediment sub-samples.
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metal concentrations in rocks and sediments from different parts of the Adriatic Sea are shown in Table 2.

by area [19], respectively. Since for both stations the source
rocks are of the calcite type, which usually contains a high
cadmium content, cadmium at these stations is most probably of both natural and anthropogenic origin.

Cadmium concentrations were in the range from 0.099
to 0.612 mg kg-1. Very low concentrations were found at
Lim (in the range of earlier published values [19]) and
Martinska (lower than previously published values [19,
26]) stations. Concentrations at the other 3 stations were
approximately four times higher in comparison to Lim
and Martinska stations. Major anthropogenic sources of
cadmium are various industrial activities and agriculture.
However, cadmium can also be of natural origin, since it
is usually incorporated in calcite lattice. When a calcite is
present, cadmium precipitates at trace levels. This process
is strongly pH-dependent [30, 31]. Therefore, in most cases
it is impossible to distinct between anthropogenic and natural origins of cadmium. The low cadmium concentrations
at Lim and Martinska stations may lead to the conclusion
that cadmium there was of natural origin. At Inavinil station the value was within the range of those published for
Kaštela Bay [12], but higher than the values for a station
located in a nearby channel [25]. The bay receives untreated industrial and urban wastewater of the largest urban
population at the Croatian coast. Both facts lead to the
conclusion that cadmium is of partially anthropogenic
origin. At Neretva and Gruž stations the values were similar to those published for nearby small lakes [27] and near-

Lead concentration was found to be in the range of
12.2-78.47 mg kg-1. The highest values were determined
at stations Gruž and Martinska. Dominant pollution
sources of lead are vehicles, which use leaded gasoline
[32, 33]. The obtained values for Lim Channel are higher
than that previously published [19]. At station Martinska
the values were similar or higher than in Krka estuary, but
lower than in Šibenik harbour [19, 26]. The average Pb
value at Inavinil station was similar to the average value
for the Kaštela bay [12]. At Neretva station, the values
were lower than for a nearby station [25], but similar to
the values for the nearby small lakes [27]. At Gruž station
the values were lower than the highest determined value
for this region [19, 28]. Elevated levels of lead at Lim and
Gruž stations may be related to the intensive traffic in the
area, together with the high contents of organic matter and
fine grained particles in the sediments. However, the values
at Martinska station, characterized by the low organic
matter and high coarse-grained particles contents, indicate
their anthropogenic origin. Lead is an anthropogenic metal
and decreasing contents in sediments are the result of its
decreasing use.

TABLE 2
Trace metals concentration (mg/kg) in rocks and sediments from the selected places.

Shales rocks [4]
Carbonates rocks [4]
Limski kanal [19]
North Adriatic sea [19]
Northern Adriatic [20]
Northern Adriatic [21]
Gulf of Venice [22]
Venice Lagoon [23]
Middle Adriatic [24]
Middle Adriatic
(0-1cm) [25]
Krka estuary [19]
Šibenik Harbour [19]
Industrial waste
outflow Ražine [19]
Krka river estuary [26]
Kaštela Bay [12]
Central Adriatic [20]
Baćina lakes [27]
Coastal area of
Dubrovnik [19]
Daksa Dubrovnik [19]
Gruž Bay [28]
Southern Adriatic [20]
Southern Adriatic Sea [29]
This study

Cd

Pb

Cu

Zn

Cr

0.3
0.035
0.08-0.29
0.13-0.35

45
4
22-54
10-21
4.1-33.4/18.6
2.28-52.1
2.5-45
19-23/21

95
20
54-112
76-140
29-167/75
1.68-870
2-450
101-8295
76-100/88

90
11

0.05-5.6
0.5-4
0.2-70
0.23-0.26/0.245

20
9
14-41
25-44
7-51/18
5.3-96
10-68
21-929
20-27/23.5

0.155-0.489/0.273

20.56-89.03/47.89

8.85-47.73/25.93

43.19-184.16/105.76

0.4-0.8
1.25-2.36

14-60
96-130

8-26
41-45

77-120
218-299

0.71-2.12

29-164

16-85

69-353

0.156-0.399

17.3-118.6

19.1-52.1

66.2-168.1

0.359-0.827/0.515

23.21-71.83/40.98

20.58-75.28/40.41

59.38-205.18/108.35

7-14/11
2.3-30.2/16.7

9.8-32.7/24.7

38-95/73

0.21-1.37/0.74
0.25-0.34

33-83

17-46

116-146

0.81
0.02-3.43

88
6.98-357.42
5-18/11
3.91-6.69/4.43
12.2-78.47

45

160

21.8-44.9/34.7
13.39-20.18/16.98
3.89-228.89

58-101/76
51.6-151.2/95.8
113.94-320.33

0.13-0.24/0.2
0.099-0.612
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40-129/74
3.72-273
3.5-120

46.94143.88/109.11
39-165/115

95.14-273.99
53-246/110
11.71-90.99
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Copper concentration ranged from 3.89 to 228.89 mg
kg-1. The obtained values at four stations (Lim, Martinska,
Inavinil, Neretva) were low, particularly at Neretva station, and they were similar to the previously published
values [12, 19, 25, 26]. In contrary, the values at Gruž
station were much higher and also higher than the earlier
reported value [19]. Bogner et al. [25] suggested that this
might be the result of the geological structure of the nearby rocks. Fine grain particles, which were produced by the
flysch weathering, usually contain a high level of copper
and other trace metals. Important anthropogenic sources of
copper are copper-based antifouling paints. Estuarine
areas, including marinas and harbours, thus act as sinks or
traps for copper [34]. Lower values, especially that at the
four stations (Lim, Martinska, Inavinil, Neretva) are similar to those for shales rocks [4] indicating their natural
origin, while at station Gruž the increased copper levels
partially indicate anthropogenic origin.

Cd

Cu
Pb

Zn

CaCO3

Cr
OM

Zinc concentrations ranged between 113.94 and
320.33 mg kg-1 with the highest values at Gruž and Martinska stations, while the lowest one was obtained at Inavinil station. The values at Lim, Neretva and Gruž stations
are higher than those previously reported [19], while at
Inavinil station they are in the range of values reported for
the Kaštela bay [12], and higher than at a station in the
nearby Split channel [25]. High zinc concentrations are
determined in sediment samples with high carbonate content and higher coarse grained particles. Pollution by zinc
may be related to road traffic. Namely, in many countries
road barriers and fences are made of zinc-coated steel. Zinc
contains cadmium and by corrosion both metals reach the
environment [33].

FIGURE 4 - PCA results: plot of loading of the
first three components obtained in the analysis.

1) The first group comprised chromium and organic
matter, which had similar distribution along the sediment’s depth and stations. In addition, a strong linear
correlation between Cr and organic matter contents
was determined (Table 3). Usually, Cr concentrations
increase with increasing finest grain size proportion
[6, 38], which is in accordance with the current data.
The only exception was Gruž station, where the mud
content was 42.5% and chromium content was the
highest. Juretić et al. [28] presumed that Cr in this area
is of the terrigeneous origin. It could be supposed that
chromium and organic matter in sediments from the
investigated area are mostly natural.
2) The second group consisted of Pb, Zn and carbonate. It
is well known that lead is of anthropogenic origin and
mainly transported through the atmosphere [39, 40]. Pb
and Zn are good tracers of sewage particulate matter
in the marine environment [41]. In addition, Comber
et al [41] found that concentration of zinc may be elevated in marinas and harbours. The positive correlations between Pb and Zn; Pb and carbonates; and Zn
and carbonates (Table 3) indicated their partially similar origin. Zn is a biologically reactive element. It is
taken up by phytoplankton and transported to the bottom in the form of biogenic detritus. Pb has not a
known biological function, but tends to adhere strongly
to the surface of particles [43]. Carbonates in sediments
can be of both terrigenous and biogenous origin. Despite the fact that carbonates are not known as trace
metal collectors, a wide range of divalent metallic cations, such as Zn and Pb, can substitute calcium ions in
calcite structure and reach the sea bottom.
3) The third principal component separated Cd from the
other metals. Results of PCA for Cu were not statistically significant, but the third component showed the
highest value, as it was for cadmium. In addition, the

Cr was determined to range from 11.71 to 90.99 mg
kg-1 and its concentration was lower in coarse-grained
sediments, except at station Gruž. Chromium concentration at station Lim was uniform along the core and lower
than the average value for the Northern Adriatic [20]. At
Neretva and Martinska stations the values were slightly
higher than in carbonate rocks [4], but lower than the
earlier reported values for the Adriatic [20]. Chromium
concentrations at Inavinil were in the range of those of
Kaštela bay [12], but lower than the average value for the
Central Adriatic [20]. Juretić et al. [28] suggested that Cr
in Dubrovnik area is terrigeneous in origin. According to
their results, Cr content in the central part of the Gruž
harbour was higher than at a station located nearby a
wastewater outfall. In this area Mesozoic carbonate rocks
trust onto a thick Eocene flysch bed. The heavy mineral
fraction of the flysch series often contains chromite and
chromium-bearing spinels. These minerals could be thr
main sources of Cr in the samples [35]. Lower values at all
stations probably indicate natural origin of chromium.
Statistical analysis of the obtained data was carried out
using the principal component analysis [36, 37]. The results
of the principal component analysis are shown in Figure 4.
The proportion of variance was statistically important (90 %)
and components were divided into three groups:
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TABLE 3
Linear correlation coefficient between trace metals, organic matter and carbonate contents, (n=21).

Pb
Cu
Zn
Cr
Organic matter
Carbonate

Cd

Pb

Cu

Zn

Cr

-0.068
P=0.766
0.500*
P=0.021
-0.019
P=0.934
0.274
P=0.229
-0.18
P=0.435
-0.212
P=0.356

0.657*
P=0.001
0.551*
P=0.010
0.427*
P=0.053
0.423
P=0.055
0.467*
P=0.032

0.344
P=0.126
0.594*
P=0.005
0.333
P=0.139
0.059
P=0.798

0.033
P=0.886
0.048
P=0.836
0.443*
P=0.044

0.876*
P=0.000
-0.558*
P=0.009

Organic
matter

-0.508*
P=0.019

*Statistically important correlation
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SUMMARY
An European eel (Anguilla anguilla L.) weighing 500 g
was intraperitoneally injected (i.p.) with 4 mg/Kg β-naphthoflavone (BNF) and after 24 hours the liver was excised
and its microsomes were isolated. Liver microsomal EROD
activity was assessed immediately after exposure to Cu2+,
Zn2+ and Cr(VI) ions in a cuvette. The heavy metal concentrations ranged from100 pM to 1 mM. The cysteine (Cys),
N-acetyl-L-cysteine (NAC), and reduced glutathione (GSH)
0.5 mM protective potential was also studied either under
control or heavy metals exposure. The inhibitory effect on
liver microsomal EROD activity of the heavy metals
tested was ordered as follows: Cu2+ > Zn2+ > Cr(VI). Cys,
NAC and GSH (0.5 mM) evidenced a protective potential
against Cu2+ (2.5, 5 µM) and Zn2+ (2.5, 10 µM) liver microsomal EROD activity inhibition. However, the absence of
thiol compounds` protection after liver microsomal EROD
activity Cr(VI) exposure was also observed.

The fish mixed function oxidase system has been suggested as a useful tool for monitoring organic compounds
in polluted aquatic environments [5, 6]. The measurement
of ethoxyresorufin-O-deethylase (EROD) activity in fish
is a well-established effect biomarker of several contaminants, such as certain planar halogenated and polycyclic
aromatic hydrocarbons (PHHs and PAHs) or other structurally similar compounds [7, 8]. However, sea bass liver
microsomal EROD activity is very sensitive to in vitro
heavy metal exposure [9, 10]. Gravato and Santos [11] also
demonstrated that sea bass exposure to harbour waters,
highly contaminated by PAHs, had no significant liver
EROD activity induction, despite liver P-450 content significant increased. Gravato and Santos [12] sea bass liver
microsomal EROD activity in vitro studies have demonstrated that PAHs (BaP and NAP) and PAH-like compounds (BNF) have an inhibitory potential.
The activation of antioxidant systems in response to
pollutant exposure is reported in various fish species [1315]. Glutathione, an ubiquitous non-protein thiol, mainly
present in cells, in its reduced form (GSH) acts as an intracellular reductant and nucleophile. GSH intervenes directly
or indirectly in many important physiological functions,
such as thiol disulfide status maintenance, free radical scavenging, essential co-factor of several enzymes, cysteine
non-toxic storage form, defense against oxidant molecules
and potentially harmful xenobiotics [16-19].

KEYWORDS:
Eel; EROD inhibition; copper; zinc, chromium; thiol protection.

INTRODUCTION
Heavy metals are introduced into the environment by a
wide spectrum of natural and anthropogenic sources. Some
heavy metals are essential for normal physiological processes, however, abnormally high concentrations can be
toxic to aquatic organisms. Though, heavy metal ions usually occur in low concentrations in the aquatic environment, their bioconcentration in fish tissues through metabolic and biosorption processes is important [1-3]. Moreover, subtle physiological effects, due to their bioconcentration, go unnoticed until gross chronic reactions (e.g.
changes in populations’ structure, altered reproduction, etc.)
become notorious [4].

NAC, a thiol compound with a potential to stimulate
liver GSH synthesis [20], also directly reduces the reactive oxygen species level [21]. GSH has demonstrated a
protective potential against EROD inhibition in sea bass
liver microsomes, caused by in vitro Hg2+, Cu2+, and Zn2+
exposure [9, 10]. However, GSH showed no protective
effect against sea bass liver microsomes, when in vitroexposed to Cr(VI) ions [10].
The European eel (Anguilla anguilla) belongs to an
ubiquitous family, being present from fresh to coastal
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water habitats [22]. Previous studies [23-26] have demonstrated that eel is a good biological model for aquatic pollution monitoring. Its use as a bioindicator for water pollution
has also been proposed by other authors [27, 28]. Despite
fish liver EROD activity as a useful effect biomarker to
organic xenobiotic contaminant exposure, some problems
arised by its inhibition, when exposed to highly polluted
waters. Therefore, the liver microsomal EROD activity, in
vitro response, either to xenobiotic organic compounds or
heavy metals and their mixtures became relevant as an
important contribution to clarify liver EROD activity in
vivo inhibition.

toneally (i.p.) injected with 4 mg/kg β-naphthoflavone
(BNF) and killed 24 hours later. The fish was neither fed
during recovery nor during the experimental period.
Protein concentration measurement

Microsomal protein content was determined according to the Biuret method [29], using bovine serum albumin as standard.
Liver microsomal fraction preparation

The eel was killed by decapitation and its liver was
removed, frozen in liquid nitrogen and stored at – 80 ºC
until homogenization. Liver microsomes were prepared
according to the methods of Lange and co-workers [30]
and Monod and Vindimian [31], as adapted by Pacheco
and Santos [32].

Our previous findings concerning Dicentrarchus labrax
L. led us to the study of heavy metal (Cu2+, Zn2+ and Cr(VI))
in vitro effects on Anguilla anguilla liver microsomal
EROD activity. Moreover, the 0.5 mM in vitro protective
potential of three different thiol compounds (L-cysteine
(Cys), N-acetyl-L-cysteine (NAC) and reduced glutathione
(GSH)) on eel’s liver microsomal EROD activity was also
assessed.

EROD activity assay

Ethoxyresorufin O-deethylase activity was measured
as described by Burke and Mayer [33].
The EROD activity was assessed in a cuvette under
different experimental conditions as listed in Table 1. Liver
microsomes (5 µl) were exposed to a buffered ethoxyresorufin solution containing different concentrations of
heavy metals [Cu2+, Zn2+, Cr(VI)] and its EROD activity
was immediately measured. In order to evaluate the thiols
(Cys, NAC and GSH) protective effects, after adding the
buffer-substrate reaction solution with a heavy metal inhibitory concentration, 5 µl of thiol’s stock were added to
reach a final 0.5 mM concentration in the cuvette. The
reaction was carried out at 25 ºC with constant agitation
and initiated by adding 10 µl of NADPH (10 mM). The
progressive increase in fluorescence, resulting from resorufin formation, was measured during 3 min (excitation
wavelength 530 nm, emission wavelength 585 nm) with a
Jasco FP 750 spectrofluorometer.

MATERIALS AND METHODS
Chemicals

β-Naphthoflavone, reduced glutathione (GSH) and
resorufin were purchased from Sigma Chemical Co., 7ethoxy-resorufin and NADPH from Roche, Cu2+ (CuCl2),
Zn2+ (ZnSO4.7H2O) and Cr(VI) (K2Cr2O7) from E. Merck
Darm-stadt (Germany), and L-cysteine (Cys) and Nacetyl-L-cysteine (NAC) from BDH Ltd. (England).
Animals

One adult eel (500 g) caught at the Aveiro lagoon was
acclimatized to laboratory conditions in a 50 L aquarium
containing aerated and filtered freshwater at 20 ºC ± 1 ºC
during 7 days. After acclimatization, the eel was intraperi-

TABLE 1 - Solutions Used During the Experimental Setup.
In vitro Conditions

Solutions

Control (B-ER)
- Buffered ethoxyresorufin solution

0.5 µM ethoxyresorufin in 0.1 M Tris-HCl (pH 7.4 containing 0.15 M KCl
and 20% glycerol)

Metal

B-ER + Cr(VI) (100 pM – 1 mM )
B-ER + Cu2+ (100 pM – 1 mM )
B-ER + Zn2+ (100 pM – 1 mM )

Thiol

B-ER + Cys
B-ER + GSH
B-ER + NAC

Metal + Thiol

B-ER + Cr(VI) (2.5; 5; 100 µM ) + Thiol
B-ER + Cu2+ (2.5; 10; 100 µM ) + Thiol
B-ER + Zn2+ (2.5; 10; 100 µM ) + Thiol

B-ER = buffered ethoxyresorufin; Cys = L-cysteine; NAC = N-acetyl-L-cysteine; GSH = reduced glutathione.
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Experiments were carried out using five replicates
(n= 5).

This protective effect was ordered as follows: Cys> GSH>
NAC. Thus, addition of Cys, GSH and NAC (0.5 mM) after
liver microsomal exposure to 2.5 µM Cu2+ resulted in a 110,
63 and 43 % EROD activity increase. After Cu2+ (5 µM)
exposure, the addition of Cys, GSH and NAC (0.5 mM)
also increased liver microsomal EROD activity by 102, 60,
and 31 %. However, at 100 µM Cu2+ level none of the thiol
compounds had a protective effect on liver microsomal
EROD activity.

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 experimental conditions,
followed by LSD test [34]. Differences between means
were considered to be significant at p < 0.05.

EROD Activity (% of Control)

120

RESULTS
A significant EROD activity inhibition was found after
in vitro exposure of Anguilla anguilla liver microsomes to
1 nM (16%), 2.5 µM (58%), 5 µM (73%), 10 µM (90%),
100 µM and 1mM (100%) of Cu2+ (Fig. 1A). In the absence of heavy metals, in vitro liver microsomal EROD
activity was significantly increased by the presence of the
thiol compounds Cys (66%), NAC (27%) and GSH (19%)
at 0.5 mM level, when compared to control (Figure 1B).
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B) 0.5 mM thiol protective effect against Zn2+ (2.5, 10 and 100 µM)
in vitro EROD activity inhibition. Values represent means ± SE.
* p<0.05 difference from control; # p<0.05 difference from 2.5 µM
Zn2+; ♦ p<0.05 difference from 10 µM Zn2+.

A significant liver microsomal EROD activity inhibition was observed after its exposure to 1 µM (19%), 2.5 µM
(25%), 10 µM (66%), 100 µM and 1 mM (100%) of Zn2+,
compared to the control (Fig. 2A). Cys, GSH and NAC
(0.5 mM) addition after 2.5 µM Zn2+ exposure demonstrated
a significant protective effect, observed by a correspondent liver microsomal EROD activity increase of 32, 18
and 19 %. Thiols` addition, after liver microsomal 10 µM
Zn2+ exposure, significantly decreased EROD activity inhibition by 64, 32, and 32 % (Figure 2B).
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A) In vitro effects of Cu (100 pM - 1 mM) on Anguilla anguilla
liver microsomal EROD activity, previously in vivo induced by
BNF (4 mg/kg);
B) 0.5 mM thiol protective effect against Cu2+ (2.5, 5 and 100 µM)
in vitro EROD activity inhibition. The values represent means ± SE.
* p<0.05 difference from control; # p<0.05 difference from 2.5 µM
Cu2+; ♦ p<0.05 difference from 5 µM Cu2+.

A significant liver microsomal EROD activity inhibition was observed after exposure to 100 µM Cr(VI) (40%)
and 1 mM (75%) (Fig. 3A). None of the tested thiol compounds reverted the microsomal EROD activity inhibition
due to any of the previous in vitro Cr(VI) exposure concentrations (Fig. 3B).

Liver microsomal EROD activity inhibition by Cu2+
(2.5 and 5 µM) significantly decreased, whenever any of the
selected thiol compounds (0.5 mM) was added to the assay.
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120

and 10 µM Cu2+, respectively) inhibited its EROD activity by 70% and 100%, whereas, in the present study, the
eel EROD activity suffered a 15 and 90% inhibition for
the same Cu2+ exposure concentrations. However, eel
liver microsomal EROD activity seems to be more sensitive to Zn2+ exposure than that of the sea bass, since eel
EROD activity was 66%-inhibited after Zn2+ (10 µM)
exposure, compared to a 30% EROD inhibition observed
in sea bass. The previous statement also applies to eel’s
microsomal sensitivity after a 100 µM Cr(VI) exposure,
where a 40% EROD activity inhibition was observed,
whereas no inhibition was found in sea bass for the same
exposure concentration.
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The data concerning the present and the previous [9,
10, 36] in vitro studies demonstrate sea bass and eel liver
microsomal EROD sensitivity to heavy metal exposure.
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Heavy metal-induced toxicity is attributed to the reactivity of free metal, often observed in organs, such as intestine, liver, kidney and tissues, respectively, involved in
their transport [37]. Toxic metals, or an excess of trace
metals can cause injury by binding to and perturbing the
functions of cellular ligands. Cu2+ and Zn2+ like Hg2+ may
bind avidly to reduced sulfhydryl groups on cysteine moieties and interfere in the function of all sulfhydryl-dependent
proteins. Studies have shown that Cu2+ has greater affinity
to SH residues than Zn2+ [38, 39]. The stronger affinities of
Cu and Zn towards -SH groups, compared to Cr, may also
explain the thiol compounds` protective effect concerning
Cu and Zn EROD inhibition reversion. The thiols used in
this study are, therefore, important cellular components,
which may help to control excessive heavy metal concentrations within cells. During tissue homogenization, additional binding sites may be exposed or eliminated, altering the metal distribution. Therefore, the presence of
cellular thiols seems crucial as a first line of EROD activity protection.
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FIGURE 3
A) In vitro effects of Cr(VI) (100 pM - 1 mM) on Anguilla anguilla
liver microsomal EROD activity, previously in vivo induced by BNF
(4 mg/kg);
B) 0.5 mM thiol effect against Cr(VI) (2.5, 100 and 100 µM) in vitro
EROD activity inhibition. Values represent means ± SE. * p<0.05
difference from control.

DISCUSSION
In highly contaminated waters, biomonitoring misinterpretations may rise from low fish liver P450 1Amediated catalytic activity. Low fish liver EROD activity
may result either from high organic xenobiotics or/and high
heavy metal tissue concentrations [9, 10, 12, 35]. According to Viarengo and co-workers [9], heavy metals inhibit
many enzymatic activities including liver EROD activity.
In the present study, a high liver microsomal EROD
activity was induced in Anguilla anguilla after 24-hours
exposure to β-naphthoflavone, and used as the initial in
vitro control enzyme activity, prior to any inhibition induced by the tested heavy metals. Anguilla anguilla liver
microsomal EROD activity was negatively affected by in
vitro exposure to Cu2+, Zn2+ and Cr(VI) ions. Cu2+ has
demonstrated to have a higher EROD activity inhibiting
effect than Zn2+ and Cr(VI). Liver microsomal exposure
to Cu2+ and Zn2+ (2.5 µM), respectively, induced a 58%
and 25% EROD activity inhibition. Cu2+ and Zn2+ (100 µM)
completely inhibited EROD activity, whereas the same
Cr(VI) concentration only exerted a 40% inhibition.

CONCLUSIONS
Anguilla anguilla liver microsomal EROD activity is
very sensitive to Cu2+, Zn2+ and Cr(VI). Cys, GSH and
NAC have an important protective role against Cu2+ and
Zn2+ liver microsomal EROD activity inhibition. However, the thiols` protective effect was only observed for Cu2+
and Zn2+ concentrations lower than 100 µM.

ACKNOWLEDGEMENTS
The authors express appreciation to the Aveiro University Research Institute - CESAM.

Nevertheless, sea bass liver microsomal EROD activity seems more sensitive to Cu2+ in vitro exposure than
that of the eel. Thus, Oliveira and co-workers [10] observed
that sea bass microsomal in vitro exposure to Cu2+ (1µM
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