Online Version ISSN: 1314-412X
Volume 5, Number 2
June 2013

AGRICULTURAL
SCIENCE AND TECHNOLOGY

A
VANV VIV NANANAECS N

1'.-.
&= B\ o
\ i S\
: DETS. A -

An International Journal Published by Faculty of Agriculture,
Trakia University, Stara Zagora, Bulgaria



Editor-in-Chief

Tsanko Yablanski

Faculty of Agriculture

Trakia University, Stara Zagora
Bulgaria

Co-Editor-in- Chief
Radoslav Slavov
Faculty of Agriculture

Trakia University, Stara Zagora
Bulgaria

Editors and Sections

Genetics and Breading

Atanas Atanasov (Bulgaria)
Ihsan Soysal (Turkey)
Max Rothschild (USA)
Stoicho Metodiev (Bulgaria)

Nutrition and Physiology
Nikolai Todorov (Bulgaria)
Peter Surai (UK)

Zervas Georgios (Greece)
Ivan Varlyakov (Bulgaria)
Production Systems
Dimitar Pavlov (Bulgaria)
Dimitar Panaiotov (Bulgaria)
Banko Banev (Bulgaria)
Georgy Zhelyazkov (Bulgaria)
Agriculture and Environment
Georgi Petkov (Bulgaria)
Ramesh Kanwar (USA)
Product Quality and Safety
Marin Kabakchiev (Bulgaria)
Stefan Denev (Bulgaria)

Vasil Atanasov (Bulgaria)

English Editor

Yanka Ivanova (Bulgaria)

Scope and policy of the journal
Agricultural Science and Technology /AST/
— an International Scientific Journal of
Agricultural and Technology Sciences is
published in English in one volume of 4
issues per year, as a printed journal and in
electronic form. The policy of the journal is
to publish original papers, reviews and
short communications covering the
aspects of agriculture related with life
sciences and modern technologies. It will
offer opportunities to address the global
needs relating to food and environment,
health, exploit the technology to provide
innovative products and sustainable
development. Papers will be considered in
aspects of both fundamental and applied
science in the areas of Genetics and
Breeding, Nutrition and Physiology,
Production Systems, Agriculture and
Environment and Product Quality and
Safety. Other categories closely related to
the above topics could be considered by
the editors. The detailed information of the
journal is available at the website.
Proceedings of scientific meetings and
conference reports will be considered for
special issues.

Submission of Manuscripts

All manuscripts written in English should
be submitted as MS-Word file attachments
via e-mail to ascitech@uni-sz.bg.
Manuscripts must be prepared strictly in
accordance with the detailed instructions
forauthors at the website
http://www.uni-sz.bg/ascitech/index.html
and the instructions on the last page of the
journal. For each manuscript the
signatures of all authors are needed
confirming their consent to publish itand to
nominate on author for correspondence.
They have to be presented by a
submission letter signed by all authors.
The form of the submission letter is
available upon from request from the
Technical Assistance or could be
downloaded from the website of the
journal. Manuscripts submitted to this
journal are considered if they have
submitted only to it, they have not been
published already, nor are they under
consideration for publication in press
elsewhere. All manuscripts are subject to
editorial review and the editors reserve the
righttoimprove style and return the paper

for rewriting to the authors, if necessary.
The editorial board reserves rights to reject
manuscripts based on priorities and space
availability in the journal.

The articles appearing in this journal are
indexed and abstracted in: EBSCO
Publishing, Inc.and AGRIS (FAQ).

The journal is accepted to be indexed with
the support of a project Ne BG051PO001-
3.3.05-0001 *“Science and business”
financed by Operational Programme
“Human Resources Development” of EU.
The title has been suggested to be
included in SCOPUS (Elsevier) and
Electronic Journals Submission Form
(Thomson Reuters).

InternetAccess

This journal is included in the Trakia
University Journals online Service which
can be found at www.uni-sz.bg.

Address of Editorial office:
Agricultural Science and Technology
Faculty of Agriculture, Trakia University
Student's campus, 6000 Stara Zagora
Bulgaria
Telephone.: +35942699330

+35942 699446
http://www.uni-sz.bg/ascitech/index.html

Technical Assistance:
Nely Tsvetanova
Telephone.: +35942 699446

E-mail: ascitech@uni-sz.bg



ISSN 1313 - 8820 Volume 5, Number 2
June 2013

AGRICULTURAL
SCIENCE AND TECHNOLOGY

2013

An International Journal Published by Faculty of Agriculture,
Trakia University, Stara Zagora, Bulgaria






AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 5, No 2, pp 206 - 211, 2013
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Manganese levels in water, sediment and algae from waterbodies with high anthropogenic
impact

V. Atanasov'™, E. Valkova', G. Kostadinova’, G. Petkov’, Ts. Yablanski’, P. Valkova®, D. Dermendjieva’

'Department of Biochemistry, Microbiology and Physics, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
?Department of Applied Ecology and Animal Hygiene, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
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Abstract. Asurvey and assessment of manganese (Mn) levels was carried out on the chain water— sediment - algae from 6 monitoring points, situated at three
rivers and a dam with high anthropogenic impact in Stara Zagora region, South Bulgaria. International references of ISO and BSS for sampling and sample
preparation of water, sediment and algae analysis were used. Manganese concentration in the collected samples was determined by atomic absorption
spectrometry (AAS). It was found that despite the anthropogenic pressures on the studied waterbodies Mn content in water from all investigated waterbodies
does not exceed the maximum permissible concentration, according to national Regulation No 7/1986. Mn accumulates in high levels in sediment and algae
from all surveyed monitored waterbodies. The highest Mn concentrations in sediment were measured in Sazliyska River (714.5 mg/kg) and Bedechka River
(799.6 mg/kg). With the highest levels of Mn were distinguished algae delivered by Yagoda Village (663.8 mg/kg), Jrebchevo Dam (476.0 mg/kg) and Sazliyka
River (411, 5mg/kg). The estimated ratios between Mn concentrations in sediment and water have shown that the accumulation of this metal in the sediment is
from 1407 (Jrebchevo Dam) to 15466 (Tundzha River, Banya Village) times more than in the water. By the sediment/algae ratio it is found that Mn is
accumulated from 0.5 (Jrebchevo Dam) to 2.4 times (Bedechka River) more in sediment compared to algae. The data from algae/water ratio show that Mn is
accumulated from 1301 (Tundzha River at Jrebchevo Dam) to 19565 (Tundzha River at Banya Village) times more in the algae compared to the water. This fact
suggests the mechanism of accumulation of Mn in the sediment and algae, probably different from simple diffusion. The obtained results indicate that sediment

and algae can serve as good indicators of pollution by Mn. They can also be used for purification of water from that metal.

Keywords: water, sediment, algae, manganese, assessment

Abbreviations: BSS - Bulgarian State Standard, MP — Monitoring Point, MPC — Maximum Permissible Concentration, WWTP —waste water treatment plant

Introduction

Environmental pollution is one of the global problems of our
contemporary world. As a result of this changes infringing the natural
development of ecosystems has been registered. One of the main
causes of distortion of the natural equilibrium is heavy metal
pollution. The groups of elements with a mass density greater than
4.5 glcm3 are called heavy metals. They tend to form simple cations
in water solutions and are important contaminants of aquatic
environments worldwide (Sevcikova et al., 2011). Many studies
have already reported that most metals are moderately soluble in
water, depending on their chemical state. One of the key factors
determining the solubility of metals in water is its hardness. The
greater the degree of the hardness, the lower the degree of solubility
of most metals. Salts actually bind metals, making them insoluble.
Most commonly these bound forms of metals end up sinking to the
substrate and cannot be easily absorbed by aquatic organisms from
the water. (Rai et al., 1981; Everall et al., 1989; Rios-Arana et al.,
2004). In small quantity some of them are absolutely necessary for
the life and reproduction of all living organisms, but over certain
levels they make disorders on the ecological balance and diversity of
hydrobionts (Farombi et al., 2007; Vosyliene and Jankaite, 2006;
Ashraj, 2005). Because heavy metals haven't got the ability to
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decompose, they have accumulated in sediment and aquabionts.

The water mass current density creates conditions for
sedimentation (i.e., streambed) of the hauled precipitating
suspended particles. Sedimentation ability depends on the flow
speed and particle size. Suspended sediments adsorb pollutants
such as heavy metals and reduce their concentration in the water
column (Douben and Koeman, 1989). Monitoring water and
sediment quality is one way of assessing waterbody conditions and
the effectiveness of regulatory and management efforts.

Heavy metals in sediment can pass along through the food
chain, starting with benthic bacteria, algae, and benthic invertebrate
organisms. Metals transferred through aquatic food chains and
webs to fish, humans and other animals are of more environmental
concern to human health (Farkas et al., 2001; Chen et al., 2000a).
Heavy metals have a low threshold for toxicity and a wide range of
disabilities. The metals serving as microelements in living organisms
usually occur in trace amounts that are precisely defined for each
species. Both their deficiency and excess badly affect living
organisms (Szyczewskietal., 2009).

Research by Abo-Rady (1980) and Mortimer (1985) showed
that aquatic macrophytes and certain algae could be used as bio-
indicator organisms to evaluate the presence of selected heavy
metals in aquatic ecosystems. Macroalgae have been used



extensively to measure heavy metal pollution in freshwater and
marine environments throughout the world (Whitton, 1984; Maeda
and Sakaguchi, 1990; Haritonidis and Malea, 1999; Conti and
Cecchetti, 2003; Kamala-Kannan et al., 2008; Stengel et al., 2004).
They are used as bio-indicators to eco-assessment through their
distribution, size, longevity, presence at pollution sites, ability to
accumulate metals to a satisfactory degree and ease of identification
(Whitton, 1984; Conti and Cecchetti, 2003; Stengel, 2004; Kamala-
Kannanetal., 2008).

In this context, the comparative study of the contents of these
elements in water, sediment and algae is of significant importance
for assessing the condition of waterbodies and its impact on aquatic
organisms. The element manganese (Mn) plays an essential role in
the body of hydrobionts. Over certain concentration, however, this
metal has toxic effect on hydroecosystems. Determination of this
heavy metal in water, sediment and algae permits evaluation of the
degree of anthropogenic impact in concrete areas. A suitable object
for the study of this problem are waterbodies of Central Southern
Bulgaria, which are subjected to strong anthropogenic impact. In this
part of the country there are large settlements (Stara Zagora,
Kazanlak) and many industrial enterprises (including for production
of weapons and ammunition). Moreover, the largest energy complex
in the country with 4 thermal power plants is located in this area. The
agriculture and many other environmental activities are very
intensive, too (Christov, 2008; Georgieva, 2012; Mihaylova et al.,
2012).

The aim of this study was to investigate and assess the content
of the element manganese (Mn) in water, sediment and algae from
waterbodies with high anthropogenic pressure.

Material and methods

Study area. Object of the study were four waterbodies from
Stara Zagora region, South Bulgaria — three rivers (Tundzha River -

Figure 1. Map of Stara Zagora region

upper reaches of the river basin, Bedechka River and Sazliyska
River) and a dam — Jrebchevo Dam (Figure 1). Tundzha River is the
second longest river in Bulgaria and itis important for the economy of
the country — agriculture, industry, energy and other activities
(RBMP, 2010). The river is subjected to strong anthropogenic impact
as it passes through big settlements, industrial enterprises, farms
and areas with intensive agriculture of which wastewater is
discharged into it and creates conditions for deterioration of the
water quality. The other two rivers (Bedechka River and Sazliyska
River) have only local significance. In them wastewater from many
anthropogenic activities is discharged and their waters are used
primarily for irrigation of crops. Jrebchevo Dam has capacity of 400
min.m’ water, which is used for irrigation, electricity generation and
pisciculture.

Monitoring points. 6 monitoring points were set for screening
purposes in accordance with Regulation No 5/2007 and Regulation
No 13/2007, as follows:

¢ Monitoring Point 1 (MP1) — Bedechka River, Stara Zagora
Municipality (N42.27049° E25.37937°);

¢ Monitoring Point 2 (MP2) — Sazliyska River, Stara Zagora
Municipality (N42.26914° E25.29015°);

¢ Monitoring Point 3 (MP3) — Tundzha River at Yagoda village,
Maglizh Municipality (N42.32740° E25.3380°);

e Monitoring Point 4 (MP4) — Tundzha River at Jrebchevo
Dam, Nikolaevo Municipality (N42.38333° E25.49350°);

¢ Monitoring Point 5 (MP5) — Jrebchevo Dam, Nova Zagora
Municipality (N42.35346° E25.57020°);

¢ Monitoring Point 6 (MP6) — Tundzha River, Banya Village,
Nova Zagora Municipality (N42.36243° E25.59466°).

Investigated indicators. In water, sediment and alges samples,
collected from the MP of the studied waterbodies, the element Mn
was investigated.

Samples collected. Water: Seventy-two water samples were
collected from MPs of the studied waterbodies each month during
one year (from November 23, 2009 to November 23, 2010) in
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accordance with the requirements of BS EN ISO 5667 - 1/2007. The
water samples were stored in accordance with BS EN ISO 5667 —
3/2006.

Sediment: Six sediment samples, collected from the studied
waterbodies were prepared, archived, stored and analyzed for the
period from May to December 2010.

Algae: A total of six algae samples, collected from the studied
waterbodies were prepared, archived, stored and analyzed for the
period from May to December 2010.

Methods for analysis. Water, sediment and algae samples were
analyzed in the laboratories of the Research Scientific Center for
Environment at the Faculty of Agriculture, Trakia University, Stara
Zagora.

The content of the studied heavy metal Mn in water, sediment
and algae samples was determined on atomic absorption
spectrophotometer (AAS) "A Analyst 800" - Perkin Elmer. Analyses
for manganese in surface water samples were performed in graphite
tube or flame (depending on the concentration of these elements), at
a definite wavelength and water preservation in advance of the
samples with 5cm’k.HNO, of a sample (ISO 8288, BS EN IS0 5667-
3/2006). The contents of Mn in water samples were measured in
mg/L.

The delivered specimens of sediment, algae and aquatic plants
are lyophilized to constant weight. The whole amount of dried
sediment was ground and weeds out repeatedly to fine powder. So
an average representative sample of not less than 20 grams was
received. Decomposition with concentrated hydrochloric and nitric
acids of sediment samples was carried out in accordance with ISO
Standard 11466. It was followed by filtration and dilution of samples
to 50 ml with distilled water.

The test samples of algae were prepared for the analysis by wet
combustion in a microwave oven Perkin Elmer Multiwave 3000. The
extracts were extended up to 25 mL with distilled water. The final
metal concentrations in the acid solutions were amended of AAS in
accordance with BSS ISO 11047. The concentrations of the
investigated elements of sediment and algae were expressed as
mg/kg dry weight.

The instrument was periodically calibrated with standard
chemical solutions prepared from commercially available chemicals

Mn, mg/l
0.35 7
0.3 1 —
0.25 1
0.2 1
0.15
0.1 1

0.05 1

MPC MP1 MP2 MP3 MP4 MP5 MP6
water of different waterbodies

Figure. 2. Mn content in water from different waterbodies
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(Merck, Germany). An air-acetylene flame and hollow cathode lamp
for all samples were used. Calibration curves were prepared using
dilutions of stock solutions. The samples (water, sediment and
algae) were registered three times and the mean values were
calculated.

Assessment of the Mn levels in the investigated components.
Ecological assessment of the quality of surface water from the
studied waterbodies was carried out on the basis of limit value of Mn
concentration, stipulated in Regulation No 7/1986. Quality
assessment of Mn content in sediment and algae samples was not
done, because there are no standards for this element in the
Bulgarian legislation. To this end, a comparative analysis of the data
was made between the manganese content in the sediment and
algae from the studied waterbodies.

Statistical analysis. Statistical processing of the results was
computed by the program STATISTICA using ANOVA test.

Results and discussion

The modern idea of a comprehensive monitoring of the
hydroecosystems includes tracking of certain parameters both in
water and in hydrobionts inhabiting it (Atanasov et al., 2012).
Postponed sediments in freshwater ecosystems adsorb heavy
metals (including Mn) and decrease their concentrations in water. In
this connection itis absolutely necessary to determine the quantity of
the studied heavy metal in water first, and then in sediment and
algae.

The composition of the sediment (mud) is extremely indicative
of the history of a particular waterbody. Postponed in time debris
could illustrate even temporary pollution with short and infrequent
peak concentrations. In this respect the existence and concentration
of a specific pollutant "seal" the past of a water hydro ecosystem.
Moreover, the mud is very suitable for habitation of many organisms,
giving rise to the food chain, which affects higher hydrobionts.

Our results about concentrations of the heavy metal Mn in
water, sediment and algae from the investigated waterbodies are
shownin Figures 2, 3and 4.

Mn, mg/kg
900.00
800.00
700.00
600.00
500.00 -
400.00 1
300.00
200.00
100.00 1

0.00 -

MP1 MP2 MP3 MP4 MP5 MP6
sediments of different waterbodies

Figure 3. Mn content in sediment from different waterbodies



Mn levels ranged from 0.021 mg/l in water from MP6 to 0.186
mg/lin water from MP4 (Figure 2). The highest concentrations of Mn
in MP4 can be explained by the fact that up to this MP on Tundzha
River wastewater from different sources — WWTP of settlements,
industrial enterprises, agricultural activities and probably by mining
inthe region of Tvarditsa town flow into it. All this leads to anincrease
of the concentration of this element in water up to high values. After it
runs into the dam, the water is diluted and stays for a long time in it.
Because of that, part of the Mn is absorbed by sediment and algae
and thus its concentration in water decreases (MP5). When water
runs out of the dam (MP6) it contains less Mn, as it is largely self-
purified. Jrebchevo Dam serves as a “settler” of heavy metals (and
possibly other pollutants), in this way purifying the Tundzha River.
Intermediate significance had the values of Mn in MP1 (Bedechka
River), MP2 (Sazliyska River) and MP3 (Tundzha River at Ygoda
village). These results give reason to believe that anthropogenic
impacts in these points (1, 2, 3 and 6) are less than in MP4 and MP5.
Ecological assessment showed that water from all MPs meet the
requirements for Mn content for second category water (in that
category are all investigated waterbodies) according to Regulation
No 7/1986. The values established were much lower than the
maximum permissible concentration—0.3 mg/.

Mn content in the sediment varied from 225 mg/kg in Jrebchevo
Dam (MP5) to 800 mg/kg in Bedechka River (MP1) (Figure 3). Data
analysis showed that by this indicator MPs can be divided into two
groups — MPs with high concentrations (MP1 and MP2) and MPs
with low concentrations (MP3, MP4, MP5 and MP6). This suggests
the existence of similar processes of absorption of Mn by sediment,
specific to these two groups of waterbodies. We assume that the
reasons for accumulation of large amounts of Mn in the sediment of
the rivers Bedechka (MP1) and Sazliyska (MP2) are as follows: both
rivers have little water flow, low flow velocity, which referred to the
relatively large area occupied by sediment allows for complete
absorption of Mn by the water. Future research will show whetheritis
reasonably surmised.

Comparing the data of Mn content in the water and sediment in
the monitored points reveals a controversial trend. In MPs where Mn
levels in water are relatively low (MP1, MP2 and MP6) in the
sediment of these points the levels are higher. In two of MPs (MP4
and MP5) the content of Mn in water corresponds to that in the
sediment, i.e. the level of Mn is relatively higher than in the sediment.
In MP3 a clear relationship between the content of Mn in the water
and sediment is not observed. The results do not give reason to draw
sweeping conclusions about the processes of absorption of Mn by
water into the sediment of waterbodies. It is necessary to receive

Mn, mg/kg
700.00

600.00 -
500.00 -
400.00 ]
300.00
200.00 1
100.00

0.00 -

MP1 MP2 MP3 MP4 MP5 MP6
algae of different waterbodies

Figure 4. Manganese content in algae from different
waterbodies

further information in this regard. Ecological assessment of
sediment on Mn content cannot be done because in the world and
the country there is no standard for this indicator. In Bulgarian
standard — Regulation No 3 of 10 August 2008 for limit values of
content of harmful substances in the soils that element also lacks.

The exported data on Figure 4 show the highest value of Mn in
samples of Tundzha River, Yagoda Village (MP3 — 664 mg/kg).
Algae delivered by Tundzha River, Jrebchevo Dam (MP4) contain
the lowest concentrations of this heavy metal (242 mg/kg). The
results reveal significant variation on this indicator between different
waterbodies. This suggests an impact of specific factors for the
deposition of Mn in algae for each water body.

Comparing the results for Mn content in algae and sediment
from the investigated waterbodies revealed different trends of
change. The content of Mn was greater in sediment (mud) compared
to that in algae at MP1, MP2 and MP4 (see Figures 3 and 4). In the
remaining MPs (3, 5, and 6) an inverse relationship was observed —
higher content of Mn in algae compared with that in sediment. These
results give no reason to seek a direct relationship between the
content of Mn in sediment and algae. A research in this direction has
to continue.

Despite the large diversity of data for Mn content in water,
sediment and algae it is necessary to determine Mn content ratio
between these three components for a water body (Table 1). The
data shows that Mn is accumulated from 1407 (MP5) to 15466 (MP-
6) times more in the sediment compared to the water. The estimated
ratios between Mn concentrations in algae and water have shown

Table 1. Mn content ratio between sediment/water, sediment/algae and algae/water of investigated waterbodies

o Coefficient of Mn Coefficient of Mn Coefficient of Mn

Mom?ormg concentration concentration concentration

Points (sediment/water) (sediment/algae) (algaelwater)
MP1 7996 2.4 3395
MP2 6495 1.7 3741
MP3 3234 0.6 5531
MP4 2032 1.6 1301
MP5 1407 0.5 2975
MP6 15466 0.8 19565
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that the accumulation of this metal in the algae is from 1301 (MP-4)
to 19565 (MP-6) times more than the water. This fact suggests
available mechanisms, probably different by simple diffusion of Mn
between water-sediment and water-algae. Much different were the
values for the ratio between the Mn content in sediment and algae.
By the sediment/algae ratio it was found that Mn is accumulated from
0.5 (MP-5) to 2.4 (MP-1) times more in sediment compared to algae.

The analysis of results on the chain water — sediment — algae
(Figures 2, 3 and 4) indicates multiple lower levels of Mn in water
samples compared to sediment and algae. Despite the differences
in values between Mn content in sediment and algae, and the two
components Mn values are relatively comparable and of similar
meaning, i.e. both sediment and algae have the ability to accumulate
large amounts of manganese from water. All this gives reason to
indicate that sediment and algae can serve as good indicators of
pollution by Mn, because these two components have similar ability
to accumulate that metal from water. They can also be used for
purification of water from that metal.

In particular, very recent data in many studies have shown that
algae and aquatic plants are autotrophic organisms located at the
base of the food chain in each hydroecosystem (Strezov and
Nonova, 2009). These organisms, extract their necessary organic
and inorganic substances from the sediment of the waterbody,
accumulate them in the body and in this way a relatively accurate
picture of potential pollution for a certain past period of time can be
given. In this aspect after studies of soil content of heavy metals in
the studied points it is reasonable to make such specimens of algae
and aquatic plants. In Europe many studies have been conducted
using algae as bioindicators of heavy metal contamination (Conti
and Cecchetti, 2003). The species of Enteromorpha and
Cladophora are known to grow in freshwaters and marine habitats
(Marsden and De Wreede, 2000; Storelli et al., 2001; Daka, 2005;
Zbikowski et al., 2007; Brodie et al, 2007) and they are used all over
the world as indicators of heavy metal pollution in both habitats
(Whitton, 1984; Sawidis et al., 2001; Villares et al., 2002; Topcuoglu
etal., 2003; Gosavi et al., 2004; Stengel et al., 2004; Al-Homaidan,
2007; Strezov and Nonova, 2009).

Conclusion

The highest levels of heavy metal Mn were found in the water of
hydroecosystems with the highest anthropogenic impact: Tundzha
River; Jrebchevo Dam (MP4); Jrebchevo Dam (MP5) and Tundzha
River, after Jrebchevo Dam (MP6). But in all water samples the
maximum permissible concentration (MPC) for second category
waterbodies was not reached, to which group the investigated
waterbodies belong. The highest Mn concentrations in sediment
were measured in Sazliyska River (MP2) and Bedechka River
(MP1). Deposits accumulated in time could illustrate even temporary
pollution with short and rare peak concentrations, sealing the past of
the water hydro-ecosystem. In this connection, sediment can serve
as a good indicator of pollution of a particular water body. It is clear
that sediment plays a role of a soil topping food chain in aquatic
ecosystems. Algae extract Mn from the sediment of the water body,
accumulate it and thereby is a relatively accurate picture of potential
pollution for a particular past period of time can be given. As a result
of this fact after study of the primer similar ones were made in
samples of algae. With the highest levels of Mn algae delivered by
Tundzha River, Yagoda village (MP3); Jrebchevo Dam (MP5) and
Sazliyka River (MP2) have been distinguished. The accumulation of
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Mn in the sediment is from 1407 (MP5) to 15466 (MP6) times more
than in water. This element is accumulated from 0.5 (MP5) to 2.4
(MP1) times more in sediment compared to algae and from 1301
(MP4) to 19565 (MP6) times more in algae compared to water. The
results indicate that sediment and algae can serve as good
indicators of pollution by Mn, because both components have similar
ability to accumulate that metal from water. They can also be used
for purification of water from that metal.
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