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ABSTRACT

A variety of environmental factors are known to modify the toxicity of heavy metals on algae. This study was
undertaken to examine the impact of some inorganic and organic complexes on the toxicity of copper using the
isolated algal species (Chlorella vulgaris). The data illustrate that the amount of available forms of copper
(copper free ions) gradually decreased with increasing the concentrations of all tested inorganic and organic
complexes (carbonates, EDTA, Glycine and calcium). The toxicity of a metal is controlled by the
concentrations of the available form (s) and not by the total concentration of the metal. In other words, the
availability and the toxicity depend on the concentrations of the different physico-chemical forms (speciation)

of the metals in their natural environments.
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1. INTRODUCTION

The physico-chemical climate of natural waters
controls the metal speciation sometimes resulting in very
low and practically un measurable concentrations of the
most available metal forms. Such low concentrations
may lead to metal-limitation (Fathi and Falkner, 1997).
However, the requirements and sensitivities of essential
and toxic metals of different algal species are not the
same. The dinoflagellateceratiumhirundella e.g., is more
sensitive to copper than the green algae Nannochlorisa
and OQOurococcus sp. (McKnight, 1991). Generally,
diatoms are also more sensitive to toxic metals than
green and blue-green algae (Fathi and El-Shahed, 1998;
Fathi and Zaki, 1999). This species-dependent metal
sensitivity and the ecosystem-dependent metal
availabilities might influence the composition of
phytoplankton communities. Thus, metal availability
might play a selective role in phytoplankton succession.

A variety of environmental factors are known to
modify the toxicity of heavy metals on algae (Fathi,
2002; Janssen et al., 2003; Fathi et al., 2000; Afkar et al.,
2010). One of the most important of these factors
concerns the determination of biological availability and
the metals physiochemical state (Langston, 1990). Metal
adsorption (Sequesterization) on to water borne particles
or complexation with dissolved organics generally will
reduce metal toxicity. However, in the natural
environment it is often difficult or even impossible to
characterize the form in which the metal exists (Lobban
and Harrison, 1996). The objective of this study was to
examine the impact of carbonates, EDTA, Glycine and
calcium on the toxicity of copper using the isolated algal
species (Chlorella vulgaris). Copperis known to be
common in the Saudipolluted waters (Al-Kahtani and
Fathi, 2008; Fathi ef al., 2009; Youssef et al., 2009; Al-
Sheikh and Fathi, 2010) and accordingly was chosen for
experimentation.
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2. MATERIALS AND METHODS

2.1. Organism and Culture Condition

Chlorella vulgaris Beyerinck was isolated from Al-
Asfar Lake, Al-Hassa, Saudi Arabia. Isolation and
purification were made by dilution and plating technique
method. The alga was grown in 250 mL flasks
containing 100 mL Kuhl (1962) and incubated in an
illuminated incubator (Precision, USA) at 22°C and
irradiance at 150 pmol m s, provided by cool white
fluorescent lamps set on 14:10 h photoperiod. All
cultures were shaken twice daily to prevent cells from
clumping. Sterile technique was used at all times.

2.2. Determinations of Chlorophyll a Content

Chlorophyll a content was estimated in acetone
extract according to Jeffrey and Humphery (1975). The
content of the pigment fractions (pg chl/mL algal
suspension) was then calculated under consideration of
the dilution factors, using the following equations:

- Chlorophylla = 11.93 A, —1.93 A,

2.3. Algal Counting

Cell number was determined wusing a
Hematocytometer Chamber. Hemacytometer 0.1 mm
deep, having improved Naubauer ruling was used. One
drop of the algal suspension was pipetted on the slide,
covered and left for 2 min for algal settling. The mean
counts of three replicates were taken into consideration
and the data were given as cell/mL algal suspension.

2.4. Environmental Influence on Metal Toxicity

On these experiments, the effect of carbonates,
EDTA, Glycine and calcium on the toxicity of copper
was carried out in 250 mL Erlenmeyer flasks that
contained 100 mL of Khul’s nutrient medium. Copper
was eliminated as were all known chelators (Ferric
citrate, citric acid and Na,-EDTA) and trace metal levels
were reduced tol/20th of the level in Khul’s medium.
Cultures were grown at 27+1.0°C on a 16 h light: 8 h
dark cycle with a light intensity 70 pmoL ms™.
Modified Khul’s medium was supplied with the sub-
lethal concentrations of copper (10°° M). This
concentration suggested after a previous screening
experiment (data not shown). The addition of the above-
mentioned treatments did not exert a large change on the
pH of the medium. All cultures started with pH 6.8 and
remained unchanged throughout the incubation period.
All assays were conducted using three replicates.
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2.5. Effect of Carbonates on Metal Toxicity

Different concentrations of sodium carbonates (0.5, 1.0,
2.0, 3.0 and 4.0 mgL™") were added to the culture flasks
contains nutrient medium and 10° M copper (Sub-lethal
concentration).A standard initial inoculum of the isolated
alga was inoculated to the culture flasks. At the end of the
incubation period (7 days), a 20-mL aliquot from each
standing culture were filtered through a dried 0.45 pm
membrane filter (Schleicher and Schull, Germany). Chl. a
was estimated in acetone extract according to Jeffrey and
Humphery (1975) and cell number was determined using a
Hematocytometer Chamber.

2.6. Effect of Calcium on Metal Toxicity

Based on preliminary experiments, four calcium
concentrations (as calcium chloride) were selected (5, 10,
20, 40 and 100 mgL™"), which are representative of Al-
Asfar lake (Fathi et al., 2009). The sub lethal of copper
(107° M) was supplemented by the five test concentrations
of calcium. A standard initial inoculum of the Chlorella
vulgaris was inoculated to the culture flasks. Flasks were
incubated under the same conditions used to culture the
algae for seven days period.

2.7. Effect of EDTA on Metal Toxicity

Prior to the experiment Ethylendiaminetetraacetic
Disodium salt (EDTA-Na) at concentrations (2.0, 4.0,
8.0, 16.0 and 32.0 mgL™") was added the copper cultures
at sub-lethal concentration. All culture flasks were left
for 7 days, the growth parameters (Chl. a and cell
number) were measured.

2.8. Effect of Glycine on Metal Toxicity

An initial inoculum of the tested isolated alga was
inoculated into 100 mL of sterile Kuhl’s nutrient medium
Erlenmeyer flasks of 250 mL capacity. The cultures were
supplied with 10™® M copper and various concentrations
of glycine (0.1, 0.15, 0.2, 0.25 and 0.3 mgL™"). These
concentrations were suggested after some preliminary
experiments. After the incubation period, the growth
parameters were measured according to the previously
mentioned method.

2.9. Speciation Modeling

Metal speciation (The amount of free metal ions) in
used medium was calculated with the chemical
equilibrium software MINEQL" (Version 4.6).

2.10. Statistics

The calculated values are the mean of triplicates, the
standard deviation was less than 5% of these mean values.

AJES



Adel A. Fathi et al. / American Journal of Environmental Science 8 (6) (2012) 633-641

3. RESULTS

It is apparent that metal toxicity can be heavily
influenced by environmental conditions. Binding of
metals to organic materials, precipitation, complexation and
ionic interactions, are important phenomena that must be
considered carefully in laboratory and filed studies. This
study aimed to examine the impact of inorganic complexes
(Carbonate and calcium) and or%anic complexes (EDTA
and glycine) on the toxicity of Cu”" using the isolated algal
species (Chlorella vulgaris).

In this experiments different concentrations of
sodium carbonates (0.1, 0.15, 0.2, 0.25 and 0.3 mgL™)
were added to the culture flasks contains nutrient
medium  and 10° M  copper  (Sub-lethal
concentration).All culture flasks were inoculated by
initial inoculums of Chlorella vulgaris. As illustrated in
Fig. 1 the inhibitory effect of 10° M of copper on the
growth (Cell number and Chl. a content) of Chlorella
vulgaris increased gradually with increasing the
carbonate concentrations up to 0.20 g L™, where the cell
number reached the maximum. By increasing the
carbonate concentration more than 0.20 mg L' the
inhibitory effect appeared again. On the other hand, the
data of Fig. 2 shows that the amounts of copper free ions
calculated by the chemical equilibrium software
(MINEQL+V. 4.6) were decreased by increasing
carbonate concentrations.

Follow the detoxifying role of calcium on copper
toxicity, calcium at five concentrations (5, 10, 20, 40 and
100 mgL™") was added to culture medium supplemented
by 10° M copper (Sub-lethal concentration). The data of
Fig. 3 show that the applications of calcium at all

---¢-- Cell number

concentrations stimulate the cell number and chlorophyll a
contents of the tested alga as compared to the control. The
data of Fig. 4 indicate that, the addition of calcium had a
negative effect on amount of the calculated free copper
ions. This phenomenon was more pronounced at higher
calcium levels. Generally, one can deduce that calcium
treatments alleviate the inhibitory effects of copper.

Figure 5 reveals that the addition of different
concentrations of EDTA (2.0, 4.0, 8.0, 16.0 and 32.0
mgL™) to the Chlorella vulgaris at the sub-lethal
concentration of copper (10°M) promoted the growth of
alga. The maximum cell number and Chla content
appeared at the culture treated by 4.0 mgL™' EDTA. Above
this concentration the growth parameters were decreased.
The data also illustrate that the amount of available forms of
copper (copper free ions) gradually decreased with
increasing the concentrations of EDTA (Fig. 6).

Follow the beneficial effect of amino acids on heavy
metals toxicity, different concentrations of exogenous
glycine (0.1, 0.15, 0.2, 0.25 and 0.3 mgL™") were supplied
to culture medium supplemented by 10°M copper. The
data of Fig. 7 clearly demonstrated that in the presence of
exogenous glycine, the measured growth parameters of
Chlorella was promoted in a manner dependent on the
amino acid concentration in the medium. It should be
noted that started from the concentrations 0.2 mgL™" of
glycine the values of growth parameters remained
constant. In addition the data of Fig. 8 revealed that the
amounts of copper free ions calculated by the chemical
equilibrium software were decreased by increasing
glycine concentrations.
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Fig. 1. Effect of carbonate on the cell number (No. x10® L") and Chla content (mgL™") of Chlorella vulgaris at copper

concentration 10™M (the sub lethal concentration)
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Fig. 2. The amounts of copper free ions calculated by the chemical equilibrium software (MINEQL+ V.4.6) at various
concentrations of carbonate
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Fig. 3. Effect of calcium on the cell number (No. x10™ L™") and Chl. a content (mgL™") of Chlorella vulgaris at copper concentration
10"°M (the sub lethal concentration)
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Fig. 4. The amounts of copper free ions calculated by the chemical equilibrium software (MINEQL+ V.4.6) at various
concentrations of Calcium
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Fig. 5. Effect of EDTA on the cell number (No. x 10° L™") and Chl. a content (mgL™") of Chlorella vulgaris at copper concentration
107M (the sub lethal concentration)
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Fig. 6. The amounts of copper free ions calculated by the chemical equilibrium software (MINEQL+ V. 4.6) at various
concentrations of EDTA
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Fig. 7. Effect of glycine on the cell number (No. x107° L™") and Chl.a content (mgl™") of Chlorella vulgaris at copper concentration
107°M (the sub lethal concentration)
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Fig. 8. The amounts of copper free ions calculated by the chemical equilibrium software (MINEQL+ V. 4.6) at various

concentrations of Glycine

Generally, the data clearly indicate that the effect of
exogenous glycine on the values of measured growth
parameters and the amount of copper free ions were
found to be less in compare to the other tested factors
(carbonates, EDTA and calcium). Thereby the impact of
glycine on the copper toxicity is weak.

4. DISCUSSION

Aquatic environments are often exposed to various
pollutants like heavy metals that are released from
industrial, agricultural and domestic wastes. Emissions of
heavy metals can then enter all ecosystems and bring
about severe problems in plants, especially algae
depending on the concentrations of a given element
(Muwafq and Bernd, 2006). There are a remarkable
number of investigations demonstrating the toxic effects
of heavy metals on different species of algae (Fathi et al.,
2005; Osman et al., 2004; Akira et al., 2005; Muwafq and
Bernd, 2006; Anne et al., 2006; Afkar et al., 2010).

Natural waters attain their chemical composition
through a variety of chemical reactions and physico-
chemical process. The term speciation refers to the
particular physical and chemical forms in which an
element occurs. Metal speciation in aquatic environment
is determined by several factors (Solubility; Redox
potential (Eh); Acidity (pH); Alkalinity; Salinity; Nature
and concentrations of organic matter; Nature and
concentrations  of  suspended  materials).  This
complication results from the often complex chemical
properties of metals and the chemical composition of
rivers, lakes and seas (Francois, 1983). According to the
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vast majority of studies on metal uptake by aquatic biota,
the free ion activity, (M>"), reflects the metal’s chemical
activity, which in turn determines the importance of the
metal’s reactions with the biologically active surface
binding sites (Francois et al., 2007; Afkar et al., 2010;
Nikiforova and Kozlov, 2011).

In this study, the use of carbonate reduced the
toxicity of copper at sub lethal concentration indicating
role of carbonate in reducing copper toxicity. In aqueous
solution, carbonate, bicarbonate, carbon dioxide and
carbonic acid exist together in a dynamic equilibrium.
The chemical composition of fresh water is directly or
indirectly influenced by the fate of carbon compounds.
Dissolution of carbon dioxide in water leads to the
formation of carbonic acid and carbonates. A further
consequence of carbon dioxide dissolution is a change in
the pH. These two parameters control the amount of the
available metals free ions (Fathi and El-Shahed, 1998).
The inhibitory effect appeared at higher concentration of
carbonate might be attributed to change in pH of the
medium. On the other hand, the decreasing of copper
toxicity (copper free ions) resulting from carbonate
treatments can be attributed to the complexation of
copper and precipitation it on the form of copper
carbonates complex leading to a reduction in metal
bioavailability and toxicity

Calcium is known to be a good inhibitor of divalent
metal uptake in algae (Hauck ef al., 2002; Slaveykova
and Wilkinson, 2002; Mosulen et al., 2003; Kola and
Wilkinson, 2005; Afkar et al., 2010). The data of this
investigation clearly shows that calcium alleviated the
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toxic effects of copper. Some studies suggested that
calcium affects heavy metal toxicity to microbiota and
it is playing an important role in ameliorating metal
toxicity to algae (Zaki, 1999; Zaki and Fathi, 2004).
This protective role is confirmed by cytological
investigations (Pellegrini et al., 1993). It has been
suggested that an antagonistic interaction between
copper and calcium which could be explained by a
competition phenomenon due to their very similar
ionic (Fernandez-Pinas et al., 1995). Other Studies
(Charels et al., 2007) have generally indicated that
metal toxicity is reduced by Ca and/or Mg, due to either
competition for cell surface binding sites or solution
speciation changes resulting from metal complexation
and/or coprecipitation. From our point of view, the
reduction of copper toxicity by calcium could be due to
the formation of calcium-metal complex compound
(metal speciation). Therefore the calcium can have
considerable effects on the availabilities and the
bioaccumulation and thus the toxicity of copper.

The data of this study revealed that the addition of
EDTA at different concentrations promoted the growth
of Chlorella vulgaris. However, the amount of copper
free ions gradually decreased with increasing the
concentrations of EDTA. EDTA is known to protect
algae, fungi and other microbes against toxicity of metals
by precipitation, co-precipitation, complex formation and
reduction of metal uptake (Khalil, 1991). This amino
acid is widely used to sequester di and trivalent
metalions. EDTA binds to metals via four carboxylate
and two amine groups. Organic and inorganic chelators
significantly decrease the copper toxicity and also affect
its uptake (Diny et al., 1994; Fathi and El-Shahed, 1998).
According to Irving-Williams series (Francois, 1983)
copper is one of the metals expected to be most
complexed by EDTA. Therefore, EDTA reduces the
toxicity of copper due to the reduction of the available
forms of ions by the formation of strong copper-EDTA
complex. On the other hand, the higher concentrations of
EDTA (more than 4 mgL™") decreased the growth of
Chlorella vulgaris. Tubbing et al. (1994) reported that
copper-EDTA complexes and un-ioinized salts (CuCOs3)
were dominant copper species in synthetic solutions
inhibiting photosynthesis. Generally, it can conclude that
EDTA, up to certain concentrations can reduce copper
toxicity, while at higher concentrations it was toxic to algae.

Of the organic compounds identified in natural
waters, amino acids are the major class with sizeable
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complexation affinities for metals. On this investigation,
the effect of glycine on the toxicity of copper was
studied. The data shows that the growth of Chlorella was
found to be promoted in compared to the control, which
in turn confirming the detoxification role of glycine on
metal toxicity. The presence of both a carboxyl and an
amino group gives all amino acids the ability to
coordinate metals at two positions and they are among
the simplest chelating agents. On the other hand, the
calculated amount of copper free ions was found to be
decreased by glycine treatments. Stumm and Morgan
(1981) reported that the most reactive elements in
complex-formation with amino acids are mercury, iron
and copper. Accordingly, the reduction of copper
toxicity could be attributed to the formation of copper-
glycine complex (unavailable forms), thereby decreasing
the concentrations of free copper ions (available forms)
in the external medium. This may be partly attributable
to the reduction in copper toxicity. The protective role
of amino acids against heavy metal toxicity was studied
by some authors (Fathi and Zaki, 2003; Osman et al.,
2004). Fathi and Zaki (2003) showed a positive
relationship between copper toxicity and proline
accumulation in Chlorella vulgaris. Osman et al.
(2004) reported that Ni*'stimulated the biosynthesis of
glycine, alanine and histidine and highly stimulated
valine and sulphur containing amino acids (cystine and
methionine) in N. perminuta.

S. CONCLUSION

Very low concentrations of metals may limit algal
growth, however, higher concentrations of available
forms of metal become optimal and maximum growth
rate can be reached. At still higher concentrations
inhibition of the growth occurs and the metal becomes
toxic or even lethal. Thus the toxicity of a metal is
controlled by the concentrations of the available form (s)
and not by the total concentration of the metal. In other
words, the availability and the toxicity depend on the
concentrations of the different physico-chemical forms
(speciation) of the metals in their natural environments.
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