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Abstract
We use aquatic plants to analyze the heavy metal pollution of a lake environment; they have a number of
advantages over the standard chemical methods of the analysis of metal presence in lakes. The macrophyta
Chara tomentosa L., sampled from Lake Ohrid in Macedonian part, has been used as a bio-indicator. It can
accumulate metals from water. Bioaccumulation of heavy metals (Cu, Cd, Ni, Fe and Pb) was examined by
atomic absorption spectrophotometer in Ohrid lake samples of two different depths. This is a first experience for
this specie in Ohrid Lake, and I am interested with these results to monitor, at some other sites. The
experimental results clearly shows that Fe and Ni were the metals found in higher concentration followed by Cr
and Cu whilst Pb and Cd were found in low levels. Concentration of all studied metals resulted to be higher in
plant species collected at 5 m depth compared to that sampled at 10 m depth ( = 0.05) except for Pb and Cd,
which contents did not represent significant variation in different depths ( = 0.05). Chara tomentosa can
accumulate heavy metal ions from the sediment as well as from the water were they grow.
Key words: Chara tomentosa, bioaccumulation, heavy metals, Ohrid Lake.

Introduction

longer period and timely action to prevent the
consequences of unfavorable trends can be carried out

The ability of aquatic plants to accumulate

[14].

heavy metals is increasingly being used to monitor

The aquatic macrophyte which was chosen as

changes arising from environmental pollution [9]. The

an indicator plant in this paper is Ch. tomentosa L.

mechanism of metals uptake is not entirely selective,

because it can consistently accumulate metals during

meaning that plants, through roots and other organs,

the growing season [23]; it tolerates large amounts of

take in all the accessible ions from the environment,

metal without adverse impact on its growth and

although all of them are not necessary for plant

development; it is not linked to one specific location,

metabolism [13].

so it is the real representative of the area; it is not

All aquatic macrophytes are in contact with

easily available for collection also it is widely spread

potential pollutants across their whole body. Being

in Ohrid lake it can be collected with ven grab, and

similar to all primary producers, macrophytes react to

the plant specimens are similar in size and age,

changes in the quality of the environment in which

making it easy to select a representative sample. Its

they live (water/sediment), and are good bioindicators

disadvantage is that it does not have a long enough

of surface water condition. The chemical analysis of

lifetimes to fully exhibit the phenomenon of

aquatic plants leads not only to an understanding of

bioaccumulation.

the current situation but also to the evaluation of the

different depth is significant to study the risk of

tendencies of environmental changes in time and

aquatic ecosystem. Bioaccumulation of heavy metals

space. In this way, conditions are created for

(Cu, Cd, Ni, Fe and Pb) was examined by atomic

monitoring the quality of the lake ecosystem over a
75

Therefore,

the

assessment

of
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absorption spectrophotometer in two different depths

gravity and is often toxic or poisonous even at low

on Ohrid Lake.

concentrations.
The concentrations of heavy metals estimated

Material and methods

on Ohrid Lake in two different depths are given in
Figure 1. The concentrations of heavy metals varied.

Field Sampling

Iron (Fe) is essential for plant and animal

The sampling of Chara tomentosa from Ohrid

metabolism. Fe overload in man is not common but

Lake were based on the principles and procedures

may occur due to genetic defect. Such overload results

outlined in standard methods for the examination of

in oxidative degradation of lipids, destruction of

heavy metals in water [2]. Samples were done on

intercellular and extracellular proteins and DNA

September 2016, in two different depths, and this is

damage. Water showed permissible limits for safe

the first experiment for Chara as bioaccumulation.

consumption of humans and aquatic life in freshwater
Chemical treatment of algae samples

and polluted lakes.

Plant samples were first washed thoroughly

Contamination of soil and water by chromium

with deionizer water and dried at 105 ± 5oC. Dried

(Cr) is of recent concern. Toxicity of Cr to plants

samples were grinded using a grinding mill and then

depends on its valence state: Cr
III

VI

is highly toxic and

weighted for further treatments. Wet digestion was

mobile whereas Cr

is less toxic. Since plants lack a

applied in homogenous algae sub-samples. About 1.0

specific transport system for Cr, it is taken up by

g of dried sample was transferred to the half pressure

carriers of essential ions such as sulfate or iron. Toxic

Teflon tubes and 10 ml of nitric acid (9:1) was added.

effects of Cr on plant growth and development include

The closed tubes were put at room temperature for 48

alterations in the germination process as well as in the

h. After that samples were digested for three h at 80-

growth of roots, stems and leaves, which may affect

90oC and for 1 h at 200oC, to ensure a complete

total dry matter production and yield. Cr also causes

digestion. After the complete digestion, tubes were

deleterious effects on plant physiological processes

opened and the acid was evaporated till a very small

such as photosynthesis, water relations and mineral

volume. After cooling, the samples were transferred

nutrition. Metabolic alterations by Cr exposure have

quantitatively to 25 ml volumetric flasks with

also been described in plants either by a direct effect

deionizer water and then were centrifuged for 10

on enzymes or other metabolites or by its ability to

minutes at 3500 rpm. Concentration of heavy metals,

generate reactive oxygen species which may cause

such as Ni, Cr, Fe, Cu, Pb and Cd, in the final

oxidative stress.

solutions was determined by Atomic Absorption

Small amount of Ni is needed by human body

Spectroscopy, with electro thermal atomization, using

to produce red blood cells, however, in excessive

a novAA 400 AAS (Analytic Jena AG) instrument.

amounts, it can become mildly toxic. Short term over

Sample analyses were carried out at the scientific

exposure to Ni is not known to cause any health

laboratory of the Chemistry Department of the Faculty

problems, but long term exposure can cause decreased

of Natural Sciences, Tirana.

body weight, heart and liver damage and skin

Results and discussion

irritation. Average concentration of Ni was 2008. 71202. 3 mg/kg this shown that on depth the quantity

Heavy metals are environmental pollutants,

of Ni is decreased. It is essential for human life, but in

and their toxicity is a problem of increasing

high doses it may cause anemia, liver and kidney

significance for ecological, nutricional, evolutionary

damage, stomach and intestinal irritation etc. The

and environmental reasons. The term “heavy metal”

average concentration of Cu observed were, in water

refers to any metallic element with high specific

(0.00 ± 0.00 mg/l, 0.001 ± 0.001 mg/l) which was
76
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within the limits of [28]. Traces of Cu in drinking

humans) although it is eventually excreted. High

water may be due to the lining of copper pipes, as well

exposure leads to obstructive lung disease and can

as from additives used to control algal growth.

even cause lung cancer. Cd produce bone defects in

Lead in the environment arises from both

humans and animals. Cd was below detectable limit

natural and anthropogenic sources. Exposure can

(0.32 mg/kg and 0.29 mg/kg) in water of both depths.

occur through drinking water, food, air, soil and dust

Conclusion

from old paint containing Pb. High levels of exposure
may result in biochemical effects in humans which in

Metal

bioaccumulation

depends

upon

turn cause problems in the synthesis of hemoglobin,

numerous biotic and biotic factors, such as pH,

effects on the kidneys, gastrointestinal tract, joints and

temperature and ions dissolved in water. Content of

reproductive system, and acute or chronic damage to

some heavy metals were determined in algae species

the nervous system.

grown in different depths of Ohrid Lake, 5 m and 10

Cadmium derives its toxicological properties

m deep respectively. Fe and Ni were the metals found

from its chemical similarity to Zn an essential

in higher concentration followed by Cr and Cu whilst

micronutrient for plants, animals and humans. Cd is

Pb and Cd were found in low levels (figure 1).

biopersistent and once absorbed by an organism,
remains resident for many years (over decades for
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Figure 1: Heavy metal content in Chara tomentosa (5m and 10 m)

Concentration of all studied metals resulted to be

their

higher in plant species collected at 5 m depth

macrophytes were obvious and can be correlated with

compared to that sampled at 10 m depth ( = 0.05)

the mineral deposit in the adjacent area, such as the

except for Pb and Cd, which contents did not

existence of Fe-Ni damp due to the former mining

represent significant variation in different depths ( =

activity. The results obtained indicate the important

0.05). Algae can accumulate heavy metal ions from

role of macrophytic vegetation in aquatic ecosystems,

the sediment as well as from the water were they

with respect of bioremediation and bioindication, and

grow. Former studies [23], show that significant

confirm presumption that chemical analysis of test-

variation on heavy metals concentrations exist in

species can give very important data, which can be

different depths of waters of Ohrid Lake, being

used to evaluate the ecological status of the

decreased as the depth increases. The availability of

investigated aquatic ecosystem.

iron and nickel in the surrounding environment and
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