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About the 
Conference

01

The conference aims to act as an interdisciplinary forum for 
research scientists and interested people and experts from all 

discuss the current state of the art of material surfaces, including 
natural surfaces.

Previous conferences were held in Rome - Italy (2014), Capri - Italy 
(2016), and Nice - France (2020).

•
• Nanotechnology and Nanomaterials,
• Advanced Manufacturing/Processing and 

Characterizations.
• Natural surfaces 

            as applied in:

• People’s health and well being
• Safe, smart, green transportation
• Energy production and management
• Smart cities: quality of the urban environment 
• Impact on environment and climate

European Association of Material Surfaces Science and Technology



Conference
Overview

02

The program of the conference will include keynote lectures, volun-
tary oral presentations and posters. Keynote lectures 30 minutes, 
voluntary oral presentations 20 minutes plus 5 minutes for que-
stions. All presentations (oral and posters) should be performed in 
English language. Selected posters will be presented in short (5-mi-
nute) oral sessions in full audience. 

PAPERS PUBLICATION AND ABSTRACT SUBMISSION

For contributions, a one-page abstract should be submitted using 
the abstract form present at the end of this circular or visiting the 
website www.emasst.com no later than December 20, 2023 to the 
following address: info@emasst.com with “Abstract for European 
Conference” as subject.

-
tion of their contribution by January 15, 2024. 
All participants interested in the topics of the conference are invi-
ted to register until January 25, 2024. The book of abstracts will be 
distributed on electronic media to all participants upon registration 
at the Symposium. 
Further information about the publication of short papers (4-5 
pages) will be communicated later.

European Association of Material Surfaces Science and Technology



Conference
Details

03

REGISTRATION

Symposium participants may register before or at the Symposium. 

download at the website www.emasst.com 

REGISTRATION FEE
             

EMASST- Member 150

200

100

75

200

250

150

100

Non EMASST- Member

Student

Accompanying person

Early Registration (€)*

EMASST membership 50€ (per year)

*Early registration (until December 20, 2023)
** Late registration (after December 20, 2023) 

-
-

Late Registration(€)**

European Association of Material Surfaces Science and Technology



Conference
Roadmap

04

December 20, 2023 Abstract submission deadline
January 15, 2024 Notice to Authors on the acceptance and 
form of presentation
December 20, 2023 Deadline for payment of early registra-
tion fee

Hotel reservation can be done at the Amalia Hotel (near by 
-

below: 
In order to proceed with reservation, guests should visit our 

-

 
Then choose dates & add BOOKING CODE : EMASST  in 

Alternatively, please book the hotel on your own.
Detailed information on transportation will be given in the 
2nd Circular by the end of January 2024. 

The Amalia Hotel in Athens will be the conference location

European Association of Material Surfaces Science and Technology
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Organizing Committee

Dr. Dimitrios KOTZIAS (Chair)
Dr. Rosanna MABILIA
Dr. Paolo CICCIOLI
Dr. Daniele M. TRUCCHI
Dr. Virginia NOVIELLO

Steering Committee   

Dr. Dimitrios KOTZIAS (Chair)
Dr. Rosanna MABILIA
Dr. Paolo CICCIOLI
Dr. Daniele M. TRUCCHI
Dr. Luca MAZZOLA
Prof. John BARTZIS
Dr. Vassilios BINAS
Dr. Nadja FELDE
Dr.Alessandro BELLUCCI

INFORMATION AND CONTACTS/LINKS
For further information please send an e-mail message to: 
info@emasst.com

Links: www.emasst.com

Conference
Team and Contacts

Prof.MariaPia PEDEFERRI
Prof. Georgios KIRIAKIDIS
Prof. Harun PARLAR
Prof Panos PAPAGIANAKOPOULOS
Prof. Georgios PILIDIS
Prof. Miltiadis KARAYANNIS
Dr. Ettore GUERRIERO
Dr. Benedetto PIZZO

European Association of Material Surfaces Science and Technology





'' The 
days are approaching when the children who are in 
education or internships inside and outside the 
country will grow up and find employment one by 
one. In this regard, we can assume that the time is 
not far when the problems we have suffered due to 
the shortage of labour will subside''

A real university dealing only with 
science, analysing Turkey's geology, natural and 
economic geography, climate, flowers and plants, 
anthropology of land and sea animals, history, 
industry and culture

even foreign geniuses cannot save 
us; it will be we ourselves who save us. We can 
benefit from the views and thoughts of foreigners, 
but we must be very careful in doing so



"-Not three, but thirty scientists"

"German Freedom Association" 



"-did not 
possess a brilliant intellect, but was an agitator"







I. Faculty of Natural Sciences:  





a) Reorganisation of forestry 
organisation; b) Aforestation; c) Protection of 

forests; d) Regulation of forestry work and d) 
Development of forestry education

‘’-The intensive work on the farm 
began to bear fruit after a few years. Pasteurised 
milk, yoghurt, cheese, butter and very high quality, 
healthily grown vegetables and fruits were made 
available to the public. Ankara Municipality opened 
two shops in the city to sell these products and 
started offering them at very reasonable prices. 
Ankara, which was poor in trees, greened up thanks 
to these efforts, and all the population's needs for 
seedlings and seeds were met from here in the 
highest quality. In the past, when we spoke of roses 
in our country, we meant the pink roses grown in the 
regions of Isparta, Burdur and Denizli, which are 
now cultivated only for their oil. Roses of other 
colours were unknown to our people. When Atatürk 
had the forest farm built, he wanted to open a rose 
nursery and have the colourful roses he had seen in 
Europe produced here. After the preparations were 
made, a wagon full of different coloured rose 
seedlings was brought from Germany and Holland. 
We multiplied them and sold them at very reasonable 
prices to embassies, our people, parks and gardens. 
Most of the different coloured roses that we see 
almost everywhere in our country today are 
descended from the products that Atatürk brought at 
that time and which were multiplied and distributed 
by us." Rose 
and Rose Oil
Rosa domesticana



''-he 
emphasised the fact that he served the country with 
his unique individual achievements and stated that 
this was appreciated by the higher authorities.'' 
According to Irmak (1963), the reward for these 
successful achievements was not delayed:  In the 
spring of 1931, he passed the examination he had 
taken to broaden and improve his education and was 
sent to Germany. He spent the first year wrestling 
with the difficult German language, but Abdulgafur 

hoca knew how to overcome it, as he did with every 
obstacle. Thus the doors of German universities 
were opened to him. In 1932, as he walked through 
the remote streets of Tharandt with his bag in hand, 
he entered the threshold of the world-famous 
University of Forestry. As the undergraduate study 
guide shows, he had passed the required exams in all 
courses and paved his way to the finals. Here he 
proved to be a truly brilliant student, and in his 
pocket was the diploma he had received in February 
1936. Prof. Dr. Bruno Huber had his eye on the 



diligent student and encouraged him to do a 
doctorate.  The first studies were started, but the 
General Directorate of Forestry (OGM) was 
impatient: he had completed his studies; what was 
this man still doing there? In great modesty and 
silence, without even daring to mention his work, this 
man worked feverishly on a doctoral thesis that 
would later become very successful.  There was no 
time left to finish it, and in March 1937 he was 
appointed senior assistant at the Faculty of Forestry 
of the Higher Agricultural School. His thesis at 
Tharandt was also of interest: "The Biology of Tree 
Tops", which had not yet been solved, dealt with the 
question of "whether the generations that develop 
from the specific seeds differ at the different heights 
of the trunk".

"Studies on the quantity and quality of seed 
set in various crown parts of native forest trees"

"Engineer-Doctor of Forestry" 

"-I always think and 
remember with pleasure this determination of my 
former student, Mr. Selik's teacher Acatay"



"-Young people, I guess: Why do 
chrysanthemums explode in November"?

-"Chrysanthemum is a short-
day plant; it cannot form flower buds on days longer 
than 12 hours (in summer), and the most favourable 
time for turkey is November. During the flowering 
period, the night temperature must be below +15 oC; 
therefore, the chrysanthemum is a winter plant that 
tolerates cold down to -20 oC".

"Key Book for Forest Insects

Phloeosinus acatayi
Phloeosinus cedri acatayi

Eriophes cedri

Buprestis cupressi, Chrysobothris solieri, Magdalis 
violacea Phloeosinus acatayi

Crypturgus cinereus
Acalla undulana

Barbara osmana

Acantomytillus 
cedricola Megastigmus schimitscheki

Phoracantha 
semipunctata

Dendroctonus 
micans

Liquidambar 
orientalis

Viscum album)

Betula medvedevi



Alnus orientalis

Liquidambar orientalis

suberosa

Populus 
euphratica

Pinus silvestris

Pinus nigra pyramidata

Pinus nigra
Pallasiana pyramidata

Cedrus libani

‘’Textbook on Forest Conservation’’

‘’-Do you know what my 
Turkish students called me during the interview? 

-
"Blitz" and said, yes, they called me " im ek".... I 
still remember that name as a great 
beauty’’

"Honorary 
Doctor"



"Harmful forest insects in the 
Istanbul area and especially in the Belgrade forest, 
their control and impact on management". 

''Ba ö retmen''

Exil und Bildungshilfe

Notgemeinschaft:

Üç Ayl�k Düsünce Dergisi,23, 

stanbul 
Üniversitesi lahiyat Fakültesi Dergisi 13

Atatürk ,Science and 
Universities

BELG .Vol 4,2

Journal of Higher 
Education and Science 2 (1)4,



 B,44, 1-2,

 

 Journal of Higher Education (Turkey), 
11(1):

Turkey and Germany: Turkish-
German Universities. Akademik

Haymatlos.

Turkish Foresters Association

I.U.Faculty of Forestry Journal 
Series

[35]
.. Journal of stanbul University Faculty of 

Forestry Series B, Issue 2:  

Journal of stanbul University 
Faculty of Forestry B, XIII, No. 1:

Journal of Pest Science ngskunde XLVI: 

[38]
Journal of stanbul University 

Faculty of Forestry B: XXIII, 1, 1-2 
 (1994)

Journal of Pest Science 67 

Unpublished memories of 
Atatürk

Rose and rose oil.

Journal of stanbul University 
Faculty of Forestry, B, XV (2) :

Forestry and Hunting,12,4;

Forestry 
and Hunting 6-12, 

.
Seeds in Forestry.

Forest and Hunting,1,

Forest Special Issue, 6 (6): 

Journal of stanbul 
University Faculty of Forestry B, 1 (1)



Journal of 
stanbul University Faculty of Forestry B, 

4(1)

Journal of stanbul University Faculty of 
Forestry B, 8 (2) :

Phloeosinus 
armatus Phloeosinus bicolor 
Anz. für Schädlingskunde XXXI (9)

Istanbul 
University,Forestry Faculty Journal B, 10 (2)

Journal of stanbul University 
Faculty of Forestry B, 12 (2),

Journal of 
stanbul University Faculty of Forestry B, 12 (2)

Pinus nigra 
pyramidata 
Mitteilungen der Deutschen Dendrologischen 
Gesellschaft Nr. 63

Istanbul 
University,Forestry Faculty Journal, A, XVIII 
(1):

Istanbul University,Forestry 
Faculty Journal B, XVI (2)

Forest Protection. 

Journal of Forestry 
Research Institute, Ankara, 16 (2)

Journal of Pest 
Science,, XLIV (11) : 

J. of . U. Faculty of Forestry 
A, XXI (2)

Centralblatt für 
das gesamte Forstwesen, Heft 1, 69. Jahrgang

Eriophyes cedri 
Ankara Journal of the Higher Agricultural 
Institute 1

Forest and Hunting, 7,

Ankara Journal of the Higher 
Agricultural Institute

. Ulus Newspaper, 4.1.1945

Forest and Hunting XVII (3):

Ankara Journal 
of the Higher Agricultural Institute5 (20):

Hazard key for harmful 
forest insects.

.

Försterverband, Ankara pp

, 20 February 1951

. Istanbul 
University,Forestry Faculty Journal, A,1(2)

Betula medwedewi 
Istanbul University,Forestry Faculty 

Journal, A, 1 (1):
Acalla undulana 

J. of . U. Faculty of 
Forestry ,, A, 2 (1)

Waldinsekten und Leben-
sraum in der Türkei. Grundlagen der 
Waldentomologie der Türkei. 

(Thaumetopoen 
pityocampa Th. wilkinsoni  
Istanbul University,Forestry Faculty Journal,, 
A, 3) 1 - 2) :

Kurse in Forstentomologie 
und Forstschutz

J. of . U. Faculty of Forestry, B, 4(2) 



Pappelkrankheiten und 
Pappelschutz. "Pappel-Buch".

(Pinus nigra pyramidata). Istanbul 
University,Forestry Faculty Journal A, 6 (2) : 

 Istanbul 
University,Forestry Faculty Journal B, 6 (2) :

Wald 
und Jagd, Ausgabe 1

J. of . U. 
Faculty of Forestry B, VII (2)

Pinus silvestris IIstanbul 
University,Forestry Faculty Journal, A, VII (1) 

Istanbul 
University,Forestry Faculty Journal, A, 8 (2) :

, J. of . U. Faculty of Forestry  A, 
8(2

Schutz der Wälder. 

 

J. of . U. Faculty of 
Forestry A, XVIII (1):

Practical Forest 
Entomology.

Diagnoseschlüssel für 
schädliche Waldinsekten. 

Chätoptelius vestititus 
Pistacia vera Istanbul 

University,Forestry Faculty Journal, A, XIX (2)

Journal of I.U. Faculty of 
Forestry, B, XVI (2)

Istanbul University,Forestry Faculty 
Journal

 Istanbul 
University,Forestry Faculty Journal, B, XIX (2) 
:

Wald and Jagd, März:
Behandlung von Baum-

wunden.

 162,

Anz. für 
Schädlingskunde und Pflanzenschutz, XLIV (11) 
: 

 J. of . U. Faculty of 
Forestry , A, XXI (2)

Istanbul University,Forestry 
Faculty Journal, B, XX (2)

Thaumetopoea Hbst. 
(

Journal of Forestry Research Institute, 
Ankara 18 (2)

, J. of . U. Faculty 
of Forestry  B, XI (1)

, J. of . U. Faculty of 
Forestry  B, XIV (2): 

, 
15.5.1943

Praktische Forsten-
tomologie. 

94,

Acalla undulana Ninth Int. 
Congr.Ent.,Vol.1



Phoracantha semipunc-
tata (Col. Cerambycidae )in 
Anz. für Schädlingskunde, XXXII (1):

Melanophila 
decastigma picta Gypsonoma(= 
Semasia) dealbana incarnana 

Anz. für Schädlingskunde, XXXII 
(5)

Anz. für Schädlingskunde, XXXII (9):

 J. of . 
U. Faculty of Forestry , A, X (1):

., J. of . U. 
Faculty of Forestry  A, X (2) :

Phorocantha semi-
punctata J. of . U. Faculty of Forestry, B, 
10 (1)

(Liquidamber orientalis suber) 
Liquidamber orientalis 

Istanbul University,Forestry Faculty 
Journal, A, XIII (2)

Dendroctonus micans
Journal of 

Forestry Research Institute, Ankara

Cuscuta - 

J. of . U. Faculty of Forestry A, XI (2)

Populus euphratica
Istanbul University,Forestry Faculty 

Journal, B, XI (2) 

Journal 
of Istanbul University-Faculty of Forestry. B, 12 
(2)

J of 
applied Entomology, 51 (2) :

Pinus nigra 
pyramidata 
Mitteilungen der Deutschen Dendrologischen 
Gesellschaft Nr. 63

, J. of . U. Faculty of 
Forestry B, XI (1) :

Forest Protection Guide. 

Wald und Jagd 5:
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GIS-AHP MULTI CRITERIA NATURE PROTECTION  
VULNERABILITY EVALUATION METHOD: A CASE  

STUDY OF TARA NATIONAL PARK, SERBIA 
 

Darko Lukic1,*, Marija Peric2, Slobodanka Stankov3 

 
1Military Academy, University of Defence, Pavla Jurisića Šturma 33, 11000 Belgrade, Serbia 

2Academy of Applied Technical Studies Belgrade, Katarina Ambrozić 3, 11000 Belgrade, Serbia  
3Western Serbia Academy of Applied Studies, Užice Department, College of Applied Sciences Užice, Trg Svetog Save 34, 31000 Užice, 

Serbia  
 
 

ABSTRACT  
 
The main problem of this research is to 

determine the “vulnerability” of protected areas on 
the example of National Park (NP) “Tara”. For the 
purposes of the research, the GIS˗AHP Multi 
Criteria Nature Protection Vulnerability Evaluation 
Method (GIS˗AHP MPVEM) was developed. By 
applying this method, the obtained results indicate 
factors that mostly influence on “vulnerability” of 
the protection regime degree (first, second and third) 
in the studied area, based on comparisons with the 
current protection of the area. The spatial protection 
function of the Zone I is very small (34.7%) and 
spatial “vulnerability” of the total protection is 
41.5%. The result was influenced by the poor relief 
and communication accessibility of the protected 
zone. Moderate “vulnerability” (20.8%) is 
associated with most illegal landfills. Very high 
(2.5%) and high (0.6%) spatial “vulnerability” refers 
to the area that is outside of the protection of Zone I 
or in contact with protection of Zone II. In the future, 
the obtained parameters should imply new protected 
zones of NP “Tara”, mainly presented in the 
expansion, i.e. variability of existing boundaries. In 
accordance with European Union (EU) regulations, 
recommendations and directives, the Republic of 
Serbia is obliged to expand the protected areas up to 
20% of the total area of its territory. 
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INTRODUCTION 
 
In order to spatial protection, the formation of 

protected areas of nature is increasingly growing into 
an activity of global proportions. Introducing the 
term of nature conservation in the 1980s, scientists 
have warned to mass extinction of species, especially 
in biodiversity rich countries [1]. As nature 
protection is increasingly degraded, humanity is 

looking for modules on how to highlight and 
stimulate the protection of natural resources and 
values [2-3].  

The spatial protection in the Republic of Serbia 
has a long tradition. It is mostly sporadic and 
unplanned. Natural protected assets cover an area of 
6.770 km2 or 7.65% of the total territory of the 
Republic of Serbia (88.361 km2). It is evident that 
the surface under protected areas of nature is below 
the levels of Europe and the world. According to EU 
directives, the Republic of Serbia is obliged to 
expand the protected areas up to 20% of the total area 
of its territory. Consequently, the Spatial Plan of the 
Republic of Serbia (PPRS) 2021-2035 envisages that 
the regimes of the first level of protection include 
5%, the second level of protection 25% and the third 
level of protection 67% of the total protected area 
[4]. The Decree on protection regimes defines 
general regimes of I (strict protection), II (active 
protection) and III (proactive protection) degree of 
spatial protection [5]. According to Maksin, 
protected areas are generally categorized into three 
groups of spatial protection (strict protection, 
selective protection and rehabilitation and 
renovation) [6].  

National parks are the representatives of the 
most complex spatial protection where strict and 
selective protection is applied. Of special importance 
is NP “Tara”, whose natural and created values are 
protected within the most important conservation 
tool in the EU–NATURA 2000 ecological network 
[7]. NP “Tara” with “Zaovine” Landscape of 
outstanding features and Šargan-Mokra Gora Park of 
Nature will become part of the future cross-border 
protected area – “Drina” Biosphere Reserve under 
the UNESCO Man and the Biosphere (MaB) 
programme. The cross-border position as well as 
belonging to “Drina-Tara” Euroregion will include 
the evaluation of protected areas and the 
establishment of new protection regimes or as Xu 
proposed in China – the creation of mixed zoning 
schemes based on the UNESCO MaB programme 
[8-9]. 

The main subject, task and goal of this research 
is to determine the “vulnerability” of the existing 
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protected area of NP “Tara”. Based on the defined 
criteria that mostly endanger protected zones and 
lead to spatial “vulnerability” GIS˗AHP MPVEM 
method was created. By applying this method, the 
obtained research results indicate spatial parts 
endangered by the action of various factors, based on 
the comparison with the current state of spatial 
protection. In the future, the research results should 
imply a new definition of protection zones and a 
possible expansion of NP “Tara” in accordance with 
initiatives, regulations, proposals and laws. 
 

MATERIALS AND METHODS 
 
In modern environmental research, GIS has 

been applied alone or in combination with other 
methods in various aspects of evaluation and zoning 
of protected areas (Table 1). For the purposes of this 
research GIS˗AHP MPVEM model was developed. 

 
 
 

TABLE 1 
The applied multi-criteria analysis methods for nature protection zoning. 
Objective of the evaluation Method Reference 

Synthetic evaluation of eco-environment quality  GIS, AHP [10] 
Evaluation and protection tool for resources of nature GIS [11] 

Protected area for wildlife sanctuary zoning  GIS, AHP, Fuzzy, MOLA  [12] 
Environmental impacts in protected areas GIS [13] 

Prevention of unsuitable land use changes and vegetation 
cover development  

AHP, Delphi, MADM, 
TOPSIS  

[14] 

Conservation of biodiversity GIS, AHP [15] 
Zoning protection of plants for nature conservation  GIS, Fuzzy  [16] 

Delimitation of landscape  GIS, Fuzzy  [17] 
Evaluation potential sites for soil and water conservation 

techniques  
GIS, AHP  [18] 

The suitability of land use GIS, AHP, Fuzzy logic [19] 
Territorial planning of suitable rural areas GIS, OWA, WLC, AHP [20] 

Development of eco-zones in protected areas  GIS, RS, SPCA [21] 
Evaluation of sustainable land-use planning  GIS, MCA  [22] 

Evaluation of the environmental vulnerability GIS, PPM [23] 
Evaluation of ecological habitats vulnerability  GIS, PCA, Fuzzy  [24] 

Zoning for a multiple-use marine protected area  GIS, AHP, SAW  [25] 
Assessment of the soil erosion criterion  GIS, AHP, Fuzzy  [26] 

Environmentally sensitive areas for land use planning  GIS, AHP  [27] 
Analysis of breeding habitats for recolonizing species GIS, AHP [28] 

Zoning eco-environmental vulnerability for environmental 
management and protection  

GIS, AHP  [29] 

Assessment of ecosystems vulnerability to fire in managing 
natural protected areas 

GIS, Fuzzy [30] 

Zoning ecological red line  GIS, AHP  [31] 
Nature conservation GIS, MCDA [32] 

Flood hazard zonation GIS, AHP [33] 
Analysis of natural reserves of biodiversity  GIS, AHP, TOPSIS  [34] 

Ecosystem degradation  GIS, MCA  [35] 
Population and settlement pressure on protected areas  GIS  [36] 
 

TABLE 2 
Saaty's pair-wise comparison scale for AHP 

Intensity of relative importance Definitions 
1 Equal importance 
2 Equal to moderate importance 
3 Moderate importance 
4 Moderate plus 
5 Strong importance 
6 Strong plus 
7 Very strong demonstrated importance 
8 Very, very strong 
9 Extreme importance 
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FIGURE 1 
Steps of GIS-AHP MPVEM model 

 
 (2) 

 
The proposed model consists of several 

logically related steps presented in (Figure 1). The 
multicriteria analysis model is based on integration 
of widely applicable AHP and Weighted Overlay 
tool. Based on a large number of factors that may 
have an impact on the endangermentanalysis of 
existing protected zones in NP “Tara”, AHP 
integrated in GIS can provide appropriate 
manipulation and presentation of data with 
consistent evaluation. 

AHP is procedure for modeling, based on raster 
data in a multi criteria hierarchical configuration 
[37]. The original Saaty´stechnique [38] involves a 
nine-level of assessment (Table 2).  

Based on the opinion of one or more experts, 
the procedure involves assessing the importance of 
each individual factor. Then, the nine-level 
assessment system is applied to a two-dimensional 
n×n reciprocal AHP matrix, where each criterion is 
compared with each of their in order to get relative 
weights expressed in numerical scale values as it 
follows . Normalization of the 
sum of rows is perform by dividing the sum of each 
row by the number of rows. The result of the 
calculation is a priority vector, i.e. a vector of the 
eigenvalues of the matrix. In the standard AHP, the 
eigenvector method (EV) is used to determine the 
weights of the criteria, that is, the main right vector 
of the eigenvalues of the matrix A [31]. This vector 
is obtained by solving a linear system (1): 

                                                   (1) 
where λ is the largest eigenvalue of the matrix 

A, and w is required vector of weight criterion. 
Based on the results of the previous step (1), 

each criterion received an appropriate weight 
coefficient, defining its relative value in relation to 
the desired outcome [32]. The final convenience map 
is obtained by calculating the total benefit of each 
raster cell using equation 2: 

where is the cell value , on the final 
convenience map and is the weight coefficient. 

The consistency of the matrix is controlled by 
consistency parameters (Consistency Index), 

(Random Index), (Consistency Ratio),  
(Eigenvalue – sum of the products between each 
element of the Eigen vector and column totals) and 
n (Number of factor), using equation 3: 

                        (3) 

If  is assumed to be the number of conditional 
factors, then the total number of comparisons that 

one expert should make is  [35]. 

Consequently, this procedure is adequate only in 
cases where no more than ten factors are involved 
(Table 3), but in some cases, such as our work, a 
minor degree of inconsistency is fully acceptable 
[39].  
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TABLE 3 
Average Random Consistency Index with consistency scale rate 

Scale rate High Consistency Average Consistency Low Consistency 
Matrix size   1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

(RI) 0 0 

0.
58

 

0.
9 

1.
12

 

1.
24

 

1.
32

 

1.
41

 

1.
45

 

1.
49

 

1.
51

 

1.
54

 

1.
56

 

1.
57

 

1.
59

 

 
The proposed model is consistent if . 

It can be interpreted that the assessment matrix is 
inconsistent with less than 10%, or it is consistent 
with over 90%. In the following procedure, it is 
recommended the sharpness of the model to be 
tested. 

 
Study area. The first step was to define the 

research area. Than, the problem of the research was 
identified too. Based on geographical characteristics, 
possible ways of solving the observed problem were 
also defined. NP “Tara” is located in the western part 
of the Republic of Serbia, in the bend of the Drina 
River, on the border with Bosnia and 
Herzegovina.With an area of 24.991,82 ha, it covers 
the largest part of  Tara Mountain, as a significant 
resource of the Western SerbiaTourist Region.The 
problem of the paper refers to the “vulnerability” of 
protected zones in NP “Tara”. In accordance with the 
problem, the criteria that mostly endanger protected 
zones and lead to their “vulnerability” have been 
defined. 

 
Criteria modeling and standardization. 

Modeling and standardization of the necessary 
criteria for the spatial analysis was performed in the 
next step. In the previous practice of solving the 
problem of spatial protection evaluation different 
spatial criteria have been applied (Table 4). 

Topographic criteria have an impact on the 
spatial accessibility. Higher altitudes and slopes 
prevent access to human activity. Areas with greater 
percentage of slope аre less frequented than others 
[34]. Altitude has a significant impact on processes 
that can affect environmental vulnerability [29]. 
Lower altitudes and smooth topography are 
accessible for human activity. Higher altitudes are 
less accessible and endangered [16]. 

The quality of vegetation diversity is an 
important criterion in spatial protection [15]. An area 
with large number of endemic species has a higher 
value in spatial protection. So far 1013 plant species 
have been identified on Tara Mountain. Picea 
omorika, the relict and endemic species, indicates 
the importance and potential of Tara Mountain as 
floristic and vegetation diversity of Serbia and 
Balkan Peninsula [71]. In vegetation criterion the 
highest value is assigned to coniferous forests, mixed 
forests and meadows [43]. 

Representation of animal species is 
interdependent with vegetation, water resources and 
topographic criteria [12]. Areas with a large number 
of registered wildlife habitats have the greatest value 
in spatial protection [44]. Over 53 species of 
mammals, 153 species of birds and 37 species of fish 
have been registered on Tara Mountain. 

. 

 
TABLE 4 

The most frequently used criteria for nature protection in previous research 
Criteria Reference Relevant research 

Topography [40], [41], [16], [21], [20], [42], [27], [43], [29],[34], [44] yes 

Vegetation diversity 
[45], [11], [46], [12], [15], [16], [47], [20], [21], [48], [43], [27], 

[29], [49], [34] 
yes 

Wildlife distribution [45], [12], [50], [16], [48], [27], [44] no 
Water bodies [12], [15], [16], [47], [23], [27], [42], [29], [51] no 

Hydro meteorology [52], [42], [43], [29], [44] no 
Road distance [53], [12], [15], [16], [47], [21], [20], [48], [43], [54], [29], [34] yes 

Settlement and infrastructure 
pressure 

[53],[45], [55], [56], [57], [13], [58], [15], [47], [21],   [20], [59], 
[43],[ 54], [34], [60], [61], [62], [36] 

yes 

Agriculture sites [45], [12], [63], [47], [19], [20], [23], [48], [54], [42], [29], [34] yes 
Cultural presence and 

tourism sites 
[12], [64], [65], [20], [27], [66], [67], [68], [60] yes 

Natural risk [45], [23], [27], [42], [47], [33] no 
Pollution risk [55], [27], [34] no 

Natural protected area [69], [70], [15], [47], [67], [34] yes 
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Roads increase human pressure on natural areas 
[12]. The most endangered areas are in the 
immediate vicinity of the roads. The quality of roads 
does not have the same value when it comes to the 
accessibility of spatial protected areas [16]. The 
distance of more than 3000 m from the roads does 
not negatively affect the biodiversity preservation 
[15]. For that reason, roads are evaluated differently 
depending on their importance, traffic frequency etc 

Settlements and different types of 
infrastructure have a negative impact on spatial 
protection. Primarily it refers to hydropower plants, 
tourist infrastructure, rural and weekend settlements. 
Protected sites close to these objects are at a higher 
risk of disturbance by the local residents [53, 16, 34]. 

Agricultural areas disrupt biodiversity through 
human activity and through the risk of soil and 
groundwater pollution [34]. Natural spatial areas at a 
greater distance from agricultural areas have a 
greater protective value. Therefore, areas near crops 

have a greater tendency to be damaged than others 
[34]. 

After defining the criteria, it is necessary to 
assign credit values. On the basis of assigned credit 
values on a five-point scale, an evaluation of the 
spatial endangerment will be performed according to 
the appropriate spatial values (Table 5).  

In the last step, the appropriate cartographic 
material was selected. Then, selected material was 
adapted to the appropriate digital form suitable for 
the application of GIS-AHP MPVEM (Table 6). 

 
Model evaluation processing. In the further 

evaluation step, ArcGIS Desktop 10.6 software was 
used. The first step in evaluating alternatives in AHP 
method is normalization (Table 7). 

Criteria weights were automatically computed 
in decision support tool using AHP Excel Template 
Update Version 2018-09-15, where criterion maps 
were obtained through appropriate standardization 
(Figure 2a). 

 
TABLE 5 

Criteria for assessing the endangerment to protected areas of Tara National Park 

Criteria 
Assigned score 

Very Low Low Moderate High Very High 
C1 Slope  (�) 40< 30-40 20-30 10-20 <10 

C2 Vegetation  type 
Transitional 

woodland/shru
b 

Broad-
leaved 
forest 

Mixed 
forest  

Coniferous 
forest 

Natural 
grasslands 

C3 
Distance to large roads 

(m) 
1000< 750-1000 500-750 250-500 <250 

C4 Distance to trails (m) 200< 150-200 100-150 50-100 <50 

C5 
Distance to vilages and 

settlment (m) 
2000< 1500-2000 1000-1500 500-1000 <500 

C6 
Distance to tourism 
infrastructure (m) 

3000< 2000-3000 1000-2000 500-1000 <500 

C7 
Distance to agriculture  

sites (m) 
2000< 1500-2000 1000-1500 500-1000 500< 

 
TABLE 6 

Materials and used methods of criteria map preparation 
Criteria Data material Scale Geoprocessing method Reference 

Slope Digital Terrain Model (DTM) 25 x 25m 
Reclassify, slope surface 

analyses [72] 
[73] Roads distance Digital topographic map 50 

(TK50) 
1: 50000 

Radial distance, 
Reclassify Trails distance 

Settlement and 
villages distance 

Spatial Plan of the special 
purpose area of the National Park 
“Tara” (Reference map 3 and 4 

Natural resources, environmental 
protection, natural and cultural 

values, tourism, implementation 
of the plan) 

1: 50000 
Radial distance, 

Reclassify 
[74] 

Tourism 
infrastructure 

distance 
Protected zone 

distance 
1: 50000 Clip, Reclassify 

Vegetation 
Corine Land Cover 2018 25 x 25m 

Radial distance, 
Reclassify 

[75] Agriculture 
sites 

 
 



-© by PSP            Volume 32– No. 09/2023 pages 2954-2964                     Fresenius Environmental Bulletin 

2959 

 

TABLE 7 
Materials Criteria Comparison Matrix 

Criteria C1 C2 C3 C4 C5 C6 C7 Weight 
Slope C1 1     8 3 5 5 5 5 0.4200 

Vegetation C2 1/8 1     1/5 1/3 1/7 1/8 1/5 0.0245 
Roads distance C3 1/3 5 1     3 1 1 3 0.1529 
Trails distance C4 1/5 3 1/3 1     1/2 1/3 1 0.0632 

Vilages and settlment C5 1/5 7 1 2 1     1 1 0.1189 
Tourism infrastructure C6 1/5 8 1 3 1 1     1 0.1308 

Agriculture sites C7 1/5 5 1/3 1 1 1     1     0.0898 
 

 
FIGURE 2 

Map of standardized criteria (a). Final spatial vulnerability map (b). Map of spatial vulnerability of 
protected zones (c) 
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TABLE 8 
Endangerment of Tara National Park 

Area Very Low Low Moderate High Very High 
Zone I  (km²) 11.6 13.9 6.9 0.8 0.2 
Zone II (km²) 0.1 13.2 48.6 17.0 0.6 
Total (km²) 11.7 27.1 55.6 17.9 0.8 
 
As the obtained  is 0.05 it can be claim that 

the proposed model has a satisfactory consistence. 
As said before the proposed model is consistent if 

. In the further procedure, the criterion 
maps were integrated into the final map based on the 
obtained weight vectors using the ArcGIS Weighted 
Overlay tool (Figure 2b). The last step is the final 
evaluation of endangered area protection obtained 
model with the existing model of protected areas 
defined in the PPRS 2021-2035 [74]. This step was 
performed by comparing the potentially endangered 
area with the actual protected area of NP “Tara” 
(Figure 2c). 

 
 

RESULTS AND DISCUSSION 
 
In the last step, using the GIS-AHP MPVEM, 

the protected zones were compared with the obtained 
spatial “vulnerability” map. The obtained results are 
shown in Table 8.  

Based on an existing document PPRS 2021-
2035 [74], the function of spatial protection of Zone 
I is very small and amounts 34.7%, while the spatial 
“vulnerability” is 41.5% of the total protection. The 
result was influenced by the poor relief and 
communication accessibility of the protected zone 
confirmed by the results of previous research in this 
area [36]. A small part of the vulnerable area within 
the protected Zone I is topographically accessible 
and is located near the roads in a moderately 
vulnerable area of 20.8%. According to Jordá-Borell 
et al., [76] smooth topography is associated with 
most illegal landfills. Very high (2.5%) and high 
(0.6%) spatial “vulnerability” refers to segments that 
are outside the protection of Zone I or are in contact 
with protection of Zone II (Figure 2c).  

When it comes to the protected area of Zone II 
the results of the evaluation showed a significantly 
higher degree of “vulnerability”. Very high (0.1%), 
high (21.4%) and medium (61.4%) “vulnerability” 
of the mentioned protected area were observed. The 
small (21.4%) and very small percentage (0.7%) of 
protected zones “vulnerabilities” were influenced by 
similar factors as in Zone I. The most important 
factor that influenced the greater “vulnerability” is 
the presence of the local population, in our case 
defined as population. The presence of the 
population has a high impact on the degradation of 
the protected area[35]. Economic activity has a 
significant role in spatial endangering  and the most 
important factor that has been noticed is the 
unplanned, i.e. illegal construction of private 

weekend facilities. According to Caniani et al., [24] 
every human activity affects the reduction of the 
number of plant and animal habitats. Another 
important factor of “vulnerability” that was observed 
is the presence of infrastructure intended for mass 
tourism within or in the immediate vicinity of 
protected areas. Ristić et al., [13] noticed similar 
factors of spatial endangering that arose as a 
consequence of mass tourism development and good 
communication connections in the area of NP 
“Kopaonik”. 

Negative aspects of endangering the protected 
area of  NP “Tara” can be eliminated or partially 
mitigated by taking appropriate activities, laws and 
measures. The first one is to redefine the existing 
protected area and adopt regulatory acts in favor of 
expanding protected Zone I. In that context, the 
current cross-border and European initiatives are 
very important. These initiatives indicate and dictate 
that in coming period more than 20% territory of the 
Republic of Serbia should be protected. This will not 
be possible without the implementation, i.e. the 
application of the concept of sustainable 
development in tourism, where one of the solutions 
is the successful development of ecological tourism. 
Ecotourism is just one of the solutions where it is 
necessary to reconcile the negative aspects of mass 
tourism and economic activities with nature 
protection [77]. As one of the most influential factors 
on the spatial “vulnerability” was the 
communication availability, it is necessary to limit 
access to vehicles as well as the number of visitors 
in certain parts of the protected zones of NP “Tara”. 

 
 

CONCLUSION 
 
The presented method is conceived by AHP 

multi criteria analysis and shows the natural and 
social factors that affect the protection of NP “Tara”. 
The method is characterized by compactness and is 
suitable for adapting and evaluating the 
“vulnerability” of other categorized protected areas 
(natural monument, protected habitat, landscape of 
exceptional features and park of nature). This would 
require some modification and selection of criteria 
for assessing “vulnerability” in line within the 
natural and created features of the new evaluated 
area. In addition to the good sides, the proposed 
method has certain weaknesses and shortcomings. In 
order to maintain a high level of consistency, the 
number of criteria has been reduced. Cultural 
heritage sites that create pressure on the environment 
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based on tourist visits and endangered the protected 
area were not included. Also, the sensitivity analysis 
was not applied in the paper. Elaboration of different 
scenarios through sensitivity analysis would increase 
the percentage of subjectivity in the assessment of 
protected area valuation as presented by Comino et 
al., [47]. In this context, the basic idea of presented 
GIS-AHP MPVEM is a solution for quick 
comparison of the desired and actual state of the 
protected area. Thus, model methodological 
possibilities have not been exhausted, but it is 
necessary to further develop them. 
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ABSTRACT  

 
The aim of the study was to assess the risk of 

soil contamination, as well as the accumulation and 
distribution patterns of heavy metals in each soil pro-
file in Annaba, northeastern Algeria. The study also 
aimed to calculate the ecological risk index and de-
termine the degree of pollution in agricultural 
soils.The results showed that the soil pH was slightly 
neutral to alkaline, and the metal concentrations 
were within safe limits. The four indices used in the 
study, namely (Cf), (Er), (Igeo), and (RI), indicated 
that the mean Er values for the four metals were all 
under 40. This suggests a relatively low danger level 
for these metals in the soil, indicating that the soil in 
the study area is not severely contaminated with 
toxic metals. However, a correlation analysis re-
vealed that some heavy metals had a significant re-
lationship with pH, indicating that the neutral to al-
kaline pH levels in the agricultural soils may have 
contributed to the mobility of heavy metals and their 
availability for uptake by crops.  Overall, the study 
provides valuable information for policymakers and 
researchers interested in assessing the potential risks 
associated with heavy metal accumulation in agricul-
tural soils in Annaba, Algeria. The study's findings 
suggest that ongoing monitoring of soil quality and 
the potential impact of heavy metal accumulation to 
protect soil quality. 

 
 

KEYWORDS: 
Contamination, heavy metals, ecological risk, agricultural 
soils 
 
 
INTRODUCTION 

 
Soils have been identified as major storage sites 

for heavy metals that are released into the environ-
ment. Their concentrations have increased due to hu-
man activities, particularly from the use of pesticides 
and fertilizers [1], as well as from the chemical, min-
ing, and steel industries [2]. Most heavy metals do 
not undergo microbial or chemical degradation, as 
they are non-degradable, and their total concentra-
tions remain in the environment for extended periods 
[3, 4]. Among the heavy metals, elements like Zn 
and Cu are involved in biochemical reactions and are 
therefore essential to living organisms, although they 
can become toxic depending on their concentrations 
[5]. On the other hand, metals like Cd and Pb are ma-
jor soil contaminants and have no known function in 
organisms, representing high toxicity for plants and 
animals even at low concentrations [6]. Moreover, 
the accumulation of heavy metals in agricultural soil 
results in a reduction of crop productivity or even a 
complete loss of yield [7]. 

The direct effects of heavy metals on plants in-
clude inhibition of cytoplasmic enzymes and damage 
to cell structures due to oxidative stress, while the 
indirect effects could involve a reduction in benefi-
cial microorganisms in the soil due to heavy metals 
toxicity, which reduces the enzyme activities neces-
sary for plant development. The availability of met-
als in the soil depends on physical, chemical, or bio-
logical processes [8]. The main factors that govern 
the mobility of an element in the soil are pH, redox 
potential, organic matter content, texture, mineral 
composition, and the chemical form of the element 
[7]. Understanding the mobility and bioavailability 
of these elements in the soil is essential for assessing 
risks [9] and developing a plan for remediation, in-
cluding Mercury (Hg), Cadmium (Cd), Copper (Cu), 
Nickel (Ni), Lead (Pb), Arsenic (As), Chromium 
(Cr), and Zinc (Zn) [10]. Heavy metals have been 
classified as priority control contaminants by the 
United States Environmental Protection Agency 
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(USEPA), and they have attracted increasing atten-
tion throughout many regions of the world due to 
their potentially hazardous, chronic, and irreversible 
features [11, 12]. Although Cu is a necessary trace 
element, excessive amounts can harm health [13]. 
Anthropogenic sources, including industrial pollu-
tion from non-ferrous mining and smelting opera-
tions, are the major causes of heavy metal contami-
nation [14]. Various analyses have been used to eval-
uate the contamination intensity of heavy metals in 
agricultural soils, such as pollution index, enrich-
ment factor, and ecological risk index, although it is 
difficult to determine the most appropriate method 
for evaluating such cases. Furthermore, multivariate 
and geostatistical analyses are commonly performed 
[14]. 

The problem addressed in this study is the im-
pact of heavy metal pollution on agricultural lands 
located near the iron industry. Several methods are 
used to investigate and understand the processes and 
sources of various heavy metals generated and accu-
mulated in agricultural soils. In this study, the objec-
tives were twofold: (i) to assess the accumulation 
and distribution patterns of heavy metals in each soil 
profile, and (ii) to calculate the ecological risk index, 
a diagnostic tool for determining the degree of pol-
lution in agricultural soils. By achieving these objec-
tives, the study aims to provide a better understand-
ing of heavy metal contamination in the study area, 
which can help in developing appropriate remedia-
tion measures. 

MATERIALS AND METHODS 
 
Description of the study area. The study re-

gion, "Annaba," is located in northeastern Algeria, 
as shown in Figure 1. This area is known for its Med-
iterranean climate, which is characterized by mild, 
wet winters and hot, dry summers. The topography 
of the area is generally flat, with the western edge 
rising up to the foothills of the Edough Mountains. 
The soil in this region is mostly made up of recent 
alluvium with a clayey texture. 

 
Sample Collection. Soil sampling was carried 

out in two campaigns: the first campaign occurred 
during the summer season, at the beginning of June, 
while the second campaign was conducted after the 
winter season. During the first sampling campaign, 
we created soil profiles, which were identified by 
GPS. The same sites were sampled during the second 
campaign (Figure 1). The soil profiles were 1.50 m 
wide and varied in depth according to site condi-
tions, with a depth of 140 cm for all profiles.  

The soil samples were taken from the top 0-30 
cm arable layer, as well as from subsoil 1 (30-80 cm) 
and subsoil 2 (80-140 cm), air-dried, sieved to 2 mm, 
and stored at room temperature until analysis. 
	
	
	

 

 
FIGURE 1 

Location of the study and sampling sites on Annaba in Algeria. 
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Sample analysis. All samples were analyzed to 
quantify the concentrations of heavy metals (Cr, Zn, 
Cu, Ni, Pb). The sodium nitrate extraction (NaNO3-
Ex method) was used to measure these concentra-
tions, and appropriate dilutions were made before 
electro-thermal atomic absorption spectrometry with 
background compensation was used for determina-
tion. 

 
Assessment of Soil Contamination Risk. 

Contamination factor (Cf). The contamination fac-
tor (Cf) is a method used to evaluate the level of cer-
tain hazardous metals in soil. Many previous studies 
have used the Cf as a straightforward and useful ap-
proach for identifying contamination by toxic met-
als. The formula for calculating the contamination 
factor (Cf) is as follows (1):  

Cf =    (1) 

Where C metal is the detected metal concentra-
tion in the soil sample and C background represents 
the background reference concentration values for 
the individual metals [15]. The several categories 
into which the contamination factor (Cf) is classified 
are shown in Table 1. 

 

Geoaccumulation Index. Initially defined the 
geoaccumulation index (Igeo), which has been 
widely applied in trace metal investigations of sedi-
ments and soils [16]. Igeo was calculated in accord-
ance with [16] is provided in Eq 2. The data were 
interpreted using the Igeo classifications listed in Ta-
ble 1. 

Igeo = log2 (   (2) 

Where, Cn is the measured concentration of the 
studied metal n in the soil, and Bn is the geochemical 
background concentration of the metal n of average 
shale. 

 
Ecological risk factor (Er). The ecological 

risk factor (Er) is an empirical method for evaluating 
the ecological risk in soil based on metal toxicity and 
environmental response factors. The Er was calcu-
lated utilizing Equation (3) as stated in the study by 
[17] Table 1 details the categorization of soil pollu-
tion based on Er. 

Er = Tr × Cf   (3) 
Where Cf is the contamination factor, which 

was discussed in the previous section, and Tr is the 
toxic response factor values for each particular 
metal, which are given in Table 2. 

 
TABLE 1 

Contamination indices classification for soil. 
Index Description References 

Contamination factor (Cf) 
 

Cf<1  LOW Contamination 
1≤cf<2  LOW To Moderate Contamination 

2≤cf<3 Moderate Contamination 
3≤cf<4   Moderate to High Contamination 

4≤cf<5  High Contamination 
5≤cf<6  High Contamination to very  High Contamination 

Cf≥6 Very  High Contamination 

[17,18]  

Geoaccumulation index 
(Igeo) 

Igeo˃5 very strongly polluted 
4≤Igeo≤5 strongly polluted to very strongly polluted 

3≤Igeo≤4  strongly polluted 
2≤Igeo≤3  moderatly to strongly polluted 

1≤Igeo≤2 moderatly polluted 
0≤Igeo≤1 unpolluted to medratly polluted 

Igeo=0 unpolluted 

[19,20]  
 

Ecological Risk Factor 
(Er) 

Er < 40 Low risk 
40 ≤Er < 80 Moderate risk 

80 ≤Er < 160 Considerable risk 
160 ≤Er < 320 High risk 
Er ≥ 320 Very high risk 

[21,22]  
 

Potential Ecological Risk 
Index (RI) 

RI < 150 Low risk 
150 ≤RI < 300 Moderate risk 

300 ≤RI < 600 Considerable risk 
RI ≥ 600  High Risk 

[23,24]  
 

 
TABLE 2 

Toxic-response factor values of toxic metals [17, 25] 
Metals Cr Pb Ni Cu Zn 

Toxic Response Factor 2 1 5 2 1 
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TABLE 3 
Descriptive Statistics for Heavy Metal in Tested Agricultural Soil Samples (mg/kg), SGV Soil Guideline 

Values of heavy metals in agricultural soil samples. 
 Mean SD Sum Min Max SGV 

pHeau 7,65 0,55 160,68 6,54 7,63 - 
Cu 5,02 0,94 105,41 3,69 4,93 63 
Zn 44,72 14,76 939,21 29,82 43,38 200 
Cr 24,87 3,96 522,26 17,97 24,61 64 
Pb 25,26 19,60 530,56 11,78 22,23 70 
Ni 16,17 2,58 339,47 9,8 16,97 50 

 
Potential Ecological Risk Index (RI). The po-

tential ecological risk index (RI) is a technique for 
evaluating dangers that soil provides to the environ-
ment. It is a thorough evaluation of a contaminated 
site to determine the potential ecological danger. The 
following Equation was used to determine the RI 
[19]. 

RI = Ʃ Er  (4) 
Where Er denotes the ecological risk factor for 

each soil sample component's hazardous metal ele-
ment. Table 1 illustrates the amounts of hazardous 
metals according to their potential ecological impact. 

 
Statistical analysis. Statistical methods were 

used to analyze the effects of two experimental fac-
tors: depth (with three levels: topsoil, subsoil 1, and 
subsoil 2) and sampling campaign (summer season 
and winter season). Basic statistical parameters such 
as minimum, maximum, mean, standard deviation 
(SD), and standard error (SE) were calculated, along 
with correlation analysis, to evaluate the data in 
terms of its distribution and correlation among the 
studied parameters. To determine whether there 
were any differences in the concentrations of heavy 
metals (Cr, Ni, Cu, Pb, and Zn) and to validate the 
results, a two-way analysis of variance (ANOVA) 
was conducted using Origin Statistics Version 18. 
Significant differences were considered to exist at p 
< 0.05. 

 
 

RESULTS AND DISCUSSION 
 
Concentration of heavy metals in the soil 

samples. In this study, the pH of the agricultural 
soils was found to be slightly neutral to alkaline, with 
an average value of 7.87. Both soil pH and sampling 
campaign were relatively homogeneous. The means 
of the metal concentrations in the collected soil sam-
ples were observed and are detailed in Table 1, along 
with a description of the heavy metal concentrations 
at different sampling sites. Figure 2 also shows the 
metal concentrations in the collected soil samples. 

It should be noted that the descriptive statistics 
in Table 1 provide valuable information on the dis-
tribution of heavy metal concentrations in the study 
area. The mean, standard deviation, minimum, max-
imum, and standard error values for each heavy 

metal can help in understanding the extent of varia-
bility and possible sources of contamination. Fur-
thermore, the background or threshold values (soil 
quality guideline values ‘SGV’) for heavy metals 
provided are crucial in assessing the potential envi-
ronmental impact of the heavy metal concentrations 
found in the soil samples. 

Overall, the results of the study suggest that the 
concentrations of heavy metals in the study area are 
within safe limits and do not pose a significant threat 
to the environment or human health. The correlation 
analysis in Table 2 shows that some heavy metals 
have a significant relationship with each other, indi-
cating that they may share common sources or path-
ways of contamination. The negative correlation be-
tween pH and heavy metals indicates that pH may 
play a role in controlling the mobility and availabil-
ity of heavy metals in the soil. 

A correlation matrix was used to investigate 
potential relationships between heavy metals in soil 
samples. Typically, a correlation coefficient close to 
1.0 suggests a strong relationship between the tested 
metals in such statistical analyses. However, a corre-
lation coefficient of 1.0 is only reached when a vari-
able is related to itself. Table 2 shows the correlation 
matrix between pH and the five heavy metals. Sig-
nificant correlation coefficients with values (Table 
1) were observed at a significance level of 0.05. Sig-
nificant correlations were found for the relationships 
between Cu and Zn, Cu and Cr, Zn and Cr, Cu and 
Ni, Zn and Ni, Cr and Ni, Cu and Pb, and Pb and Zn. 
Additionally, negative correlations were observed 
between pH and all heavy metals in the correlation 
matrix. Overall, the correlation matrix helped to 
identify that several pairs of heavy metals share com-
mon natural sources due to the geological structure 
of soil and rocks in the study area. 

The high correlation observed between Cr, Cu, 
Zn, Ni, and Pb in the soils of the study area suggests 
that these heavy metals are primarily derived from 
natural weathering of parent materials or the crust in 
the study area [26]. Conversely, low or no correla-
tions between heavy metals reflect anthropogenic 
sources of these metals. The high degree of correla-
tion and significant relationship between metals in-
dicates their identical behavior during transport in 
the coastal environment [27]. 
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TABLE 4 
Pearson correlation matrix for the heavy metals; pH and CE in agricultural soil samples. 

Annaba pHeau Cu Zn Cr Pb Ni 
pHeau 1,00      

Cu -0,24 1,00     
Zn -0,33 0,84* 1,00    
Cr -0,07 0,45* 0,64* 1,00   
Pb -0,28 0,69* 0,68* 0,03 1,00  
Ni 0,08 0,53* 0,30 0,61* 0,11 1,00

*= correlation is significant at the 0,05 level  
 
The strong positive relationships observed for 

all metals could be due to the similarity in their 
sources, both natural and anthropogenic. Previous 
studies by [28, 29] found that Cu and Zn were posi-
tively correlated, suggesting a common origin of 
these metals in their respective study areas. [30] also 
suggested that this could be due to similar uptake and 
release mechanisms by organisms living in or over-
lying the soils. 

Overall, the results indicate that there may be 
some level of heavy metal contamination in the study 
area, likely from both natural and anthropogenic 
sources. This highlights the importance of regular 
monitoring and management of the coastal environ-
ment to prevent further contamination and ensure its 
sustainability for agricultural practices and human 
health. 

 
Distribution of heavy metals in the soil sam-

ples. In this study, ANOVA was used to test if there 
were significant differences in the concentrations of 
heavy metals between the two sampling campaigns, 
and also to check if there were any significant differ-
ences in the depth of the soil samples. 

The results of the ANOVA showed that all 

tested heavy metals were not significantly different 
between the two sampling campaigns, meaning that 
there were no significant changes in the concentra-
tions of heavy metals in the soil over time. However, 
it is worth noting that there was a slight decrease in 
the concentrations of heavy metals in the second 
sampling campaign compared to the first. This could 
be due to several factors such as changes in environ-
mental conditions, or possibly a reduction in anthro-
pogenic activities in the study area. 

Overall, the concentrations of heavy metals 
found in the soil samples were generally low in rela-
tion to the norms values, indicating that the soil in 
the study area is relatively free from heavy metal 
contamination. 

The impact of pH on the mobility and availa-
bility of heavy metals in soil is well-known in envi-
ronmental research. In this study, the relationship be-
tween pH and heavy metal concentration was inves-
tigated in agricultural soil samples. The statistical 
analysis revealed that the pH levels were not signifi-
cantly different from each other, with a p-value of 
greater than 0.05. Moreover, the neutral pH value 
was found to enhance the mobility of heavy metals 
in the soil samples [31]. 

 

 
FIGURE 2 

Concentrations of heavy metals (mg/Kg) in soils samples (TS: top soil, SS1: sub soil1, SS2: Sub soil 2),  
(1: summer season, 2= winter season) 
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The pH values of the soil samples collected for 
this study were generally neutral to alkaline in the 
subsoil layer. This could be attributed to the exces-
sive use of organic fertilizers and continuous culti-
vation of crops, which might have increased the pH 
values of the agricultural soils over time. This obser-
vation is consistent with the findings of a previous 
study by [32], who reported that the use of organic 
fertilizers led to an increase in soil pH values. It is 
important to note that the neutral to alkaline pH val-
ues in the agricultural soils may have contributed to 
the mobility of heavy metals and their availability for 
uptake by crops, potentially posing a risk to human 
health and the environment. 

The distribution of heavy metals across differ-
ent soil horizons was analyzed, and the results 
showed that the highest concentration of heavy met-
als was found in the topsoil (TS) layer. The concen-
tration of heavy metals decreased in the subsurface 
layer SS1 and then increased again in the SS2 layer. 
The heavy metals were ranked in the order of their 
concentrations in the soil horizons as follows: Zn > 
Pb > Cr > Ni > Cu. It is worth noting that although 
heavy metal concentrations were high in the soil ho-
rizons, they were still within the acceptable limits of 
soil quality guideline values (SQV). 

Among all the heavy metals analyzed, zinc was 
found to have the highest concentration in all soil ho-
rizons. This is likely due to the application of zinc 
fertilizers in agricultural fields, which has been pre-
viously reported to lead to the accumulation of zinc 
in soil [33]. Nonetheless, it is important to note that 
the concentrations of zinc and other heavy metals 
were within acceptable limits, indicating that the ag-
ricultural soils in the study area are not significantly 
contaminated with heavy metals.  

Most of the agricultural soils studied had nickel 
concentrations below the background norms for ag-
ricultural soil. However, one soil sample showed 
lower concentrations of chromium, copper, and lead, 
possibly due to waste dumping by chemical indus-
tries or the use of inorganic fertilizers and sewage in 
agricultural soils. The second soil sample showed a 
reduction in heavy metal concentrations, which 
could be due to factors such as high solubility at low 
pH. However, there was an exception in the second 
soil sample in SS2, where the alkaline pH is believed 
to have reduced the solubility of heavy metals in ag-
ricultural soil. Overall, the results suggest that heavy 
metal contamination in agricultural soils in the study 
area is relatively low and does not pose a significant 
risk to the environment or human health. 

 
Assessment of Contamination and Environ-

mental Risk. The study assessed the presence of 
toxic metals in surface soils using four indices: Con-
tamination factor (Cf), Index of geoaccumulation 
(Igeo), Ecological risk factor (Er), and Potential Eco-
logical Risk Index (RI). These indices were chosen 
because they are based on the soil's hazardous metal 
background reference value, which helps to demon-
strate the level of external contamination. 

The results of the assessment showed that the 
five studied metals (Cr, Cu, Pb, Zn, and Ni) had low 
contamination levels (Cf < 1). The mean Er values 
for the metals were Cu (0.10012), Zn (0.25921), Ni 
(0.36158), Cr (0.53876), and Pb (1.64178), indicat-
ing a relatively low danger level for these metals in 
the soil. All four metals had mean Er values under 
40, indicating that the soil in the study area is not 
severely contaminated with toxic metals. 

 
TABLE 5 

presents the results of the evaluation using these four indices. The table provides information on the con-
tamination factor (Cf), Index of geoaccumulation Ecological risk factor (Er), and Potential Ecological 

Risk Index (RI) for each of the five studied metals (Cr, Cu, Pb, Zn, and Ni). 
  Mean SD Sum Min Max 

Cu 
Cf 0,02 0,00 0,38 0,01 0,03 

I geo 9,68 0,26 183,94 9,26 10,34 
Eri 0,10 0,02 1,90 0,07 0,16 

Zn 
Cf 0,26 0,08 4,93 0,18 0,56 

I geo 12,16 0,34 230,98 11,68 13,30 
Eri 0,26 0,08 4,93 0,18 0,56 

Cr 
Cf 0,27 0,03 5,12 0,20 0,31 

I geo 10,50 0,16 199,47 10,07 10,72 
Eri 0,54 0,06 10,24 0,40 0,62 

Pb 
Cf 0,33 0,25 6,24 0,20 1,37 

I geo 10,29 0,56 195,47 9,74 12,52 
Eri 1,64 1,27 31,19 1,00 6,86 

Ni 

Cf 0,07 0,01 1,37 0,04 0,09 
I geo 11,23 0,26 213,42 10,52 11,54 
Eri 0,36 0,06 6,87 0,22 0,44 
RI 2,90 1,39 55,13 1,88 8,52 
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The Igeo values were used to explain the soil 
quality. The Igeo values of Cr, Cu, Pb, Zn, and Ni 
indicated no pollution in the examined soil samples. 
This means that the soil quality in the study area is 
relatively good and not contaminated by the studied 
metals. 

The Potential Ecological Risk Index (RI) is a 
measure of the distinct biological ecosystems' sensi-
tivity to toxic contaminants. The study found that the 
study area has a low ecological risk level (RI <150), 
indicating that the presence of the studied metals in 
the soil is not likely to pose a significant ecological 
risk. 

 
 

CONCLUSION  
 
Based on the study results, it can be concluded 

that agricultural soils in Annaba, northeastern Alge-
ria, have relatively low levels of heavy metal pollu-
tion, with metal concentrations within safe limits. 
However, the correlation analysis revealed that cer-
tain heavy metals had significant relationships with 
each other and with pH, suggesting a potential risk 
to human health and the environment. The neutral to 
alkaline pH levels in the agricultural soils may have 
contributed to the mobility of heavy metals and their 
availability for uptake by crops. Overall, the study 
provides valuable information on the concentrations 
and distribution of heavy metals in agricultural soils 
in Annaba. These findings can serve as a baseline for 
future studies and can help in developing effective 
strategies for soil management practices and sustain-
able land use in the region. 
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ABSTRACT

Water quality is an important parameter that af-
fects all aspects of ecosystem and human well-being 
such as community health, food production, eco-
nomic activities, ecosystem health and biodiver-
sity.The objective of our work was to study the evo-
lution of physico-chemical parameters of surface 
waters of the two dams of eastern Algeria (Koudiat 
Medouar and Babar), based on analytical results of 
the ANRH during a period from january to december 
2020.

Analyses were carried out on 10 physico-chem-
ical parameters; descriptive analysis of the results 
showed that the physico-chemical qualities of water 
from the Koudiat Medouar and Babar dams comply 
with Algerian standards for raw water.

The results have  been treated statistically by 
using the major issue analysis (PCA). The aim of this 
multivariate modelling is to determine the main fac-
tors controlling the chemistry of these waters and 
possible sources of contamination and pollution.

Our results reveal that the dam waters Koudiat 
Medouar show a strong negative correlation with 
OM, DBO5, NO2-, DR, COD, PO4

-3. This is linked to 
industrial and agricultural effluents and the dis-
charge of domestic wastewater.

KEYWORDS:
Koudiat Medouar dam, Babar dam, physico-chemical pa-
rameters, PCA 

INTRODUCTION

Water is of vital biological and economic im-
portance. The hydrosphere is the foundation of life 
and ecological balance. Water is a foodstuff, possi-
bly a medicine, a raw material for industry, energy 
and agriculture, and a means of transport. Its uses are 
therefore manifold, but when it comes to human 
health, they are dominated by agriculture and aqua-
culture, industry and crafts, aquatic leisure activities 
including swimming, and above all the collective or 
individual supply of drinking water, used for food 

purposes (drinking water, cooking) but also for do-
mestic and hygiene purposes [1].

Surface water resources are of vital importance 
to Algeria's socio-economic development. Since the 
1980s, surface water has been increasingly mobi-
lized by means of hydraulic dams. In total, out of a 
total of 74 dams in operation (situation year 2015), 
25 dams are located in the Northeast and control an 
overall drained area of 25,224 km² [2]. However, the 
availability of water per capita is likely to be increas-
ingly reduced if some of these resources are rendered 
unusable by pollution. For this reason, it is essential 
to monitor water quality, which can be assessed by 
physical, chemical and biological analyses [3].

In Algeria, dams are used for both drinking wa-
ter supply and irrigation. In fact, these freshwater re-
sources are exposed to various types of pollution of 
multiple origins: industrial, urban and agricultural, 
generating damage for man and his environment 
(fauna and flora).

The aim of this study is to assess the physico-
chemical quality of the water in the Babar dam 
(Khenchela wilaya). The latter was built to meet the 
drinking water needs of the towns of Babar, Chechar, 
Ain Djerbaou, Bouhmama and Tamza, and to irri-
gate farmland downstream of the dam, as well as the 
Koudiat Medouar dam in Timgad (Batna wilaya), 
which was built to boost agriculture in the highlands 
of eastern Algeria, and to produce drinking water for 
the city of Batna and its neighbors (Khenchela, Oum 
el Bouaghi and Biskra).

MATERIALS AND METHODS

Study Area. The field of this study concerns 
two freshwater dams (Babar and Koudiat Medouar), 
distributed over a vast region of eastern Algeria.The 
Babar dam (35°10′32″ N, 7°2′14″ E) is located in the 
wilaya of Khenchla 30 km from the said city and 9 
km south-west of the city of Babar. With a capacity 
of 41 million m3, the Babar dam plays an essential 
role in supplying drinking water to the populations 
of neighboring areas (Ouldja, Khirane, Djellal, 
Chechar) up to 60% of needs, as well as for the irri-
gation of agricultural land [4]. The Koudiet Medouar 
dam (35°30′57″ N, 6°30′48″ E) is situated on the 
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Oued Reboua at 35 kilometers from the chief town 
of Batna. It is part of the Beni-Haroun complex sys-
tem [5]. The reservoir has the capacity of 74 million 
m3, intented for the supply of drinking and industrial 
water to the willaya of Batna, Khenchela and Ain 
Touta, as well as the irrigation of more than 15700 
ha of agricultural land in the plains of Batna, Chem-
ora, Ain Touta and El Kantara [5].

Sampling and physicochemical analyzes. In 
order to have a good knowledge of the water quality 
of Koudiat Medouar and Babar dams, it is important 
to study the variation of several chemical elements 
that are at the origin of a contamination or a pollution 
industrial, urban or agricultural.For this, we used the 
agency’s database of chemical analyses of the Na-
tional Agency of Hydraulic Resources (ANRH) of 
Constantine during the period from january to de-
cember 2020.These are hydrogen potential (pH), dry 
residue (DR), dissolved oxygen (DO), nitrates (NO3

-

), nitrites (NO2
-), ammonium (NH4

+), phosphate 
(PO4

-3), organic matter (OM), chemical oxygen de-
mand (COD) and biological oxygen demand 
(BOD5). 

Physico-chemical characterization (m±ESM), 
principal component analysis (PCA), as well as anal-
ysis of the correlation were obtained with the help of 
the STATISTICA software (StatSoft, version 10) for 
Windows.

RESULTS AND DISCUSSION

Physicochemical characteristics of water.

The values of the global parameters of the water 
quality of the two dams (Babar and Koudiat 
Medouar) shown in Table 1.

Hydrogen potential (pH). Corresponding to 
the concentration of hydrogen ions, pH is used to 
measure the acidity or basicity of water [6]. The 
analysis of the pH results does not present any nota-
ble difference between dams during the four seasons, 
and tend to be basic with a minimum of 7,43 at Babar 
dam and a maximum of 7,81 at Koudiat Medouar 
dam. The physical environment characterized in part 
by limestone would probably be at the origin of this 
alkalinity [6,7].This low alkalinity has been recorded 
also by [8] in the Koudiat Medouar dam and by [9] 
in the Babar dam.

Dry residue (DR). According to [10], dry res-
idue is the amount of solid matter in water, i.e. the 
sum of matter in solution and in suspension. The lat-
ter give the water its brownish color and sometimes 
dark, which conditions the penetration of light in the 
environment and thus influences the aquatic fauna 
and flora. The inter-dam variation in dry residue con-
tent shows that the dams Koudiat Medouar and Ba-
bar are characterized by average values of 
791,33±55,42 ; 699,33±46,08 ; respectively. Thus, 
the waters of these two dams are characterized by a 
water "rich in minerals" (calcium, magnesium and/or 
sodium). These results are consistent with those ob-
tained by [8] in the dam of Koudiat Medouar and by 
[11] in Beni Haroun dam.

TABLE 1
Seasonal variation of physico-chemical parameters in water at Babar and Koudiat Medouar dams during 

the period january to december 2020 (m±SEM, n= 1)
Dams                                       Babar                                                                                K.Medouar

Season Winter Spring Summer Autumn Winter Spring Summer Autumn
pH 7,72±0,52 7,43±0,34 7,75±0,18 7,6±0,17 7,81±0,10 7,54±0,27 7,71±0,13 7,69±0,20
DR

(mg/l)
670±85,51 695,33±43,09 716±17,32 716±8 794±43,86 760,66±30,02 760,66±30,02 868±4,16

DO (%) 93,27±2,76 95,33±11,14 98,56±2,07 94,71±1,59 90,76±3,20 96,48±7,52 101,69±5,51 97,06±0,90
NO3

-

(mg/l)
0,33±0,57 1,66±2,08 0,33±0,57 2,66±2,51 0,66±0, 57 3,66±1,52 2,66±2,30 3±3,60

NO2
-

(mg/l)
0,02±0 0,02±0 0,01±0,01 0,01±0,01 0,09±0,04 0,10±0,01 0,12±0,01 0,08±0,03

NH4
+

(mg/l)
0,04±0,04 0,02±0,01 0,03±0 0,01±0,01 0,02±0,01 0,033±0,01 0,04±0,01 0,02±0,02

PO4
-

3(mg/l)
0,03±0,02 0,03±0,01 0,01±0 0,01±0,01 0,05±0,02 0,02±0,01 0,01±0 0,08±0,03

OM
(mg/l)

5,26±0,65 5±0,52 4,56±0,11 4,4±0,86 7,53±0,11 7,2±0,2 6,76±0,75 7,5±0,86

COD 
(mg/l)

24,66±0,57 22,66±4,04 22,66±2,88 18,66±0,57 26±1 25,33±0,57 28±1,73 23,66±1,15

BOD5

(mg/l)
1±0 1,66±0,57 1,66±0,57 3,33±0,57 1,33±0,57 3±1 3±0 5,33±0,57
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Dissolved oxygen (DO). Dissolved oxygen is 
one of the main factors in the nitrogen cycle. Its pres-
ence or absence is decisive for the transformation 
processes of mineral forms of nitrogen [12]. The 
concentrations of dissolved oxygen, constitute with 
the pH values, one of the most important water qual-
ity parameters for aquatic life [13]. The levels of dis-
solved oxygen levels during our study show a simi-
larity between the two dams. The highest values are 
recorded during the warm season (summer), which 
would be related to the chlorophyll function of 
aquatic plants, which increases the dissolved oxygen 
content of the water and can cause oxygen saturation 
phenomena ([14, 15]. Oxygen saturation levels in the 
four dams are mostly average to good. This is related 
to the large surface area of the dams lakes which al-
lows a better oxygenation of the environment, and 
the high precipitation of these regions.Compared to 
other environments, our dissolved oxygen levels are 
higher than those recorded by [16] at the Foum El 
Khanga dam,and are consistent with those found by 
[11] at the level of Beni Haroun dam waters.

Nitrates (NO3-). They represent the most oxy-
genated form of nitrogen. It's a highly soluble form. 
Its presence is linked to the intensive use of chemical 
fertilizers [17]. Seasonal variations in NO3

- levels 
show a maximum value at Koudiat Medouar dam 
during spring, with an average of 3,66±1,52 mg/l, 
followed by Babar dam during autumn, with an av-
erage of 2,66±2,51 mg/l. The origin of the important 
quantities of nitrates comes mainly from the applica-
tion of chemical fertilizers during fertilization [18]. 
In case of rain, the nitrate ions that are not assimi-
lated by the plants are washed into the dams [10]. 
Nevertheless, its values remain lower than the limit 
value of 50 mg/L set by the Algerian standards [19]. 
Compared to other environments, our nitrate con-
tents are largely inferior to those recorded by [20] at 
the level of the Cheffia and Mexa dam.Some authors 
who have worked on rivers have shown that the NO3

-

content is higher during the wet season than during 
the dry season, as shown by our results [21].

Nitrite (NO2-). Nitrite ions (NO2
-) are present 

in the soil, in natural waters and in plants, but in rel-
atively small quantities [6].The determination of ni-
trites in the waters of the two dams allows to record 
low values not exceeding the standard of the WHO 
(2002) (0,1 mg/L). These low levels of nitrite show 
that these particles come mainly from the metabo-
lism of nitrogen compounds; they are part of the ni-
trogen cycle between ammonia and nitrates. Our ni-
trite contents are close to those obtained by [22] at 
the level of Wadi Fez and by [4] at the level of Babar 
dam.

Ammonium (NH4+). In the case of ammonium 
ion, whose origin is essentially urban [7]. The con-
centrations are all below 0.5 mg∙L-1 (Table 1), the 

limit value recommended by the European Union 
[6].The low levels of ammonia ion show that these 
particles come mainly from the metabolism of nitro-
gen compounds where ammonium is transformed ra-
ther quickly into nitrites and nitrates, by bacterial ox-
idation and do not indicate any pollution of anthropic 
origin . Our results remain comparable with those 
found by [23] at the Sidi Chahed dam.

Phosphate (PO4-3). The dosage of orthophos-
phates in the two dams gives very low values. The 
concentration fluctuated between 0,01 mg/l and 0.03 
mg/l for the waters of the Babar dam, and between 
0,01 mg/l and 0,08 mg/l for the waters of the Koudiat 
Medouar dam. This level of orthophosphates is 
linked to the absence or very low use of phosphate 
fertilizers, as well as inputs of phosphate detergents 
or lyes and detergents or phosphate lyes and human 
dejecta. Our results remain comparable to [24].

Organic matter (OM). Surface waters natu-
rally contain organic matter made up of decomposi-
tion products organic matter consisting of decompo-
sition products of animal or plant origin, elaborated 
under the influence of micro-organisms [25]. The 
contents of the organic matter estimated by the 
KMnO4 are quite low at the level of the Babar dam 
during the whole study period. Such a result could be 
due to phenomena of biodegradation of organic sub-
stances following the conditions of oxygenation 
which allow a perfect decomposition of the organic 
load. Our results are consistent with those of [25] on 
the waters Ain Dalia and Zit El-Anba dams.At the 
level of Koudiat Medouar dam, we recorded im-
portant values during autumn (7,5 mg/l) and winter 
(7,53 mg/l), translating a strong organic load which 
can be due to an enrichment water in organic matter 
following heavy rains or floods. The lowest content 
was reported during the summer season (6,76 mg/l), 
reflecting a return to an initial situation, following a 
good biodegradation of the organic substances dis-
charged at the Koudiat Medouar dam.

The biological oxygen demand (BOD5).
BOD5 values for the observation period, range from 
a maximum of 5,33mg/l (at the Koudiat Medouar 
dam) and a minimum of 1 mg/l (at the Babar dam). 
During this period, the increase in BOD5 levels in the 
waters of the Koudiat Medouar dams, reflecting the 
increase in the pollutant load due to anthropogenic 
action. According to [15], the BOD5 is a measure of 
biodegradable organic carbon, and under certain 
conditions of the reduced nitrogenous forms in 
wastewater. Our results support those of [9] on the 
same study sites

The chemical oxygen demand (COD). At the 
water level of the two dams, the average values of 
COD far exceed those of BOD5. They varied be-
tween 18,66 mg/l (during autumn) and 24,66 mg/l 
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(during winter) for the Babar dam, and between 
23,66mg/l (during autumn) and 28mg/l (during sum-
mer) in the waters of the Koudiat Medouar dam. This 
state of affairs testifies to the predominance of pol-
lution of various  origins (industrial, agricultural, ur-
ban).In fact, these rather high COD contents com-
pared to those of the BOD5, could certainly reflect 
the presence of a low biodegradable load dominated 
by micropollution (heavy metals), possibly masked 
by the organic load [26]. These results are compara-
ble to those of [8].

Principal component analysis of measured 
parameters. The PCA was applied to 10 physico-
chemical parameters measured in the surface waters 
of 2 dams (pH, DR, DO, NO3

-, NO2
-, NH4

+, PO4
-3,

OM, BOD5, COD). The purpose of this multivariate 
modeling is to determine the main factors that con-
trol the chemism of these waters and the possible 
sources of contamination and pollution

Regarding the PCA results, the first two axes of 
the analysis express 54,31% of the total inertia in-
cluded in our hydrochemical data matrix, this means 
that the maximum of the total variability is repre-
sented by the F1νs F2 factorial (Figure 1).

The 1st axis alone explains 37,31% of the inertia 
and is strongly correlated (negatively) with the fol-
lowing variables : OM (r=-0,95), BOD5 (r=-0,85), 
NO2

- (r= - 0,78), DR (r= -0,76), COD (r=-0,59), PO4
-

3 (r= - 0,58) (Table 2).
This cluster therefore includes most of the pa-

rameters that determine the organic and domestic 
pollution indicators. This axis defines an increasing 
gradient of organic pollution, going from its positive 
pole to the other negative pole.However, DO (r= 
+0,09), NH4

+ (r= +0,11) are positively correlated to 
this principal component. This axis then defines a 
gradient of pollution mainly due to the ammonifica-
tion of nitrogenous substances. 

The in-depth analysis of the structuring of the 
PCA factorial plan for the "dam" facteur, clearly 
shows that the 1st axis stipulates the presence of two 

clusters, the first includes the Koudiat Medouar dam 
and the second includes the Babar dam.

In general, the 1st axis shows that the surface 
waters of the Koudiat Medouar dam are character-
ized mainly by high values of the parameters : Hy-
drogen potential, nitrates, nitrites,phosphate ,chemi-
cal oxygen demand, dry residue and lower values for 
organic matter and biological oxygen demand. This 
is linked to industrial and agricultural effluents and 
the discharge of domestic wastewater.

While the Babar dam is characterized by higher 
values of dissolved oxygen and ammonium ion. This 
means that the waters of Babar dam present a gradi-
ent of nitrogenous pollution could derive from indus-
trial and urban wastewater.

CONCLUSION

The present work is part of the evaluation of the 
physico-chemical quality of the waters of two dams 
of Eastern Algeria (Babar and Koudiat Medouar), 
are used both for drinking water supply and for irri-
gation.

In the light of the results obtained, we note that 
almost all the parameters analyzed of the waters of 
the two dams Koudiat Medouar and Babar are in 
conformity with both the national and international 
regulations in terms of water potability, with the ex-
ception of one of the parameters of pollution reflect-
ing an important degree marked by an increase in 
COD contents, which means a water of fair to poor 
quality.

These results were subjected to a Principal 
Component Analysis (PCA).The ultimate aim of 
which is to interpret the results obtained, to highlight 
the correlation between the various parameters and 
the differentiation of the two dams according to their 
physico-chemical characteristics.

TABLE 2
Principal component analysis: relationships between physico-chemical parameters and PCA axes

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
pH -0,186 -0,461 0,357 -0,688 -0,246 0,264 -0,087 0,072 0,042 -0,075
DR -0,766 -0,256 0,426 0,144 -0,297 0,135 0,024 -0,072 -0,109 0,139
DO 0,098 0,749 0,478 0,057 -0,353 -0,140 0,027 0,222 0,035 0,014

NO3
- 0,374 -0,021 -0,637 0,440 -0,347 0,328 -0,100 0,137 -0,010 -0,030

NO2
- 0,782 0,257 -0,177 -0,238 -0,109 -0,369 -0,265 -0,055 -0,095 -0,042

NH4
+ 0,116 0,822 0,086 -0,170 0,218 0,443 -0,114 -0,121 -0,030 0,011

PO4
-3 0,581 0,177 0,348 0,253 0,626 0,054 -0,100 0,194 -0,042 -0,017

OM 0,950 0,090 0,123 -0,053 0,093 -0,027 -0,047 -0,037 0,225 0,074
COD 0,598 0,212 -0,449 -0,531 0,143 0,023 0,265 0,116 -0,074 0,031
BOD5 0,855 0,174 0,263 0,288 -0,067 0,036 0,208 -0,123 0,009 -0,145

Values in bold are different from 0 at significance level alpha=0.05
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The standardized principal component analysis 
allowed us to differentiate between a zonality of wa-
ter quality in the dams studied. In fact, the PCA ena-
bled us to clearly distinguish between the waters of 
the two dams, and also to describe the structure by 
two main characteristics:

The waters of the Koudiat Medouar dam ares 
characterized by organic pollution which results in 
values of hydrogen potential, nitrates, nitrites,phos-
phate ,chemical oxygen demand and dry residue.

The waters of the Babar dam ares characterized 
by nitrogenous pollution, given the values of dis-
solved oxygen and ammonium ion.
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ABSTRACT 

In this paper we look at the impact of the fre-
quency of waste collection in Slovak cities and mu-
nicipalities and its impact on the sorting rate of 
mixed municipal waste. We focused on the occur-
rence of collection bins for sorted waste (paper, plas-
tic, glass, metal) and the frequency of their export in 
22 municipalities and towns in Slovakia. By analys-
ing a sample of mixed municipal waste (11891.6 kg), 
we found the average percentage share of each waste 
component in mixed municipal waste in each munic-
ipality, and we further looked only at the 4 waste 
components mentioned above (paper 7.02%; plastic 
11.32%; glass 5.07%; metal 2.74%). We demon-
strated a statistically significantly lower percentage 
of paper (p= 0.0124) in mixed municipal waste in 
municipalities where the frequency of paper export 
was on a weekly basis, compared to monthly paper 
export. Similar results were obtained for glass (p= 
0.0267) and metal (p= 0.0090). We did not show a 
statistically significantly lower percentage of plastic 
(p= 0.7904). We further looked at the comparison of 
urban (over 5,000 inhabitants) and rural (under 5,000 
inhabitants) and individual housing, and complex 
housing, and did not show a statistically significant 
difference in any of the waste components studied. 
We can conclude that an increase in the frequency of 
export of sorted collection may have a positive im-
pact on the rate of separation of mixed municipal 
waste in Slovakia. Other measures leading to higher 
sorting rates are, for example, education of the pop-
ulation, lower delivery distances, availability of con-
tainers for sorted waste, etc.

KEYWORDS:
Frequency of waste export, mixed municipal waste, anal-
ysis, sorted waste

INTRODUCTION

Waste is a product of human society and its ac-
tivities arise in all spheres of material production. 
Not only does it release greenhouse gases into the 
atmosphere, but its improper management hampers 

efforts to keep places beautiful and clean. Improp-
erly treated municipal solid waste pollutes soil, wa-
ter, and the atmosphere (releasing greenhouse gases 
such as methane, nitrous oxide, and carbon dioxide), 
which can also have adverse effects on public health 
[1]. The authors define waste as an unnecessary 
product or substance that we do not want or for cer-
tain reasons cannot be used anymore [2]. Waste 
threatens all biotic and abiotic components of the en-
vironment (e.g. water, soil or air) [3]. First step in 
dealing with waste is to prevent its generation [4].
Next comes reuse, recycling and composting, incin-
eration (i.e. its energy recovery) and lastly land-
filling. Municipal waste is the waste that is produced 
by households and businesses. This group also in-
cludes bulky waste, urban green waste, and street 
waste if it has a similar composition to household 
waste. Household waste is composed of several com-
ponents, including organic waste, glass, paper, plas-
tics, textiles, metals, packaging materials and mixed 
municipal waste. Mixed municipal waste is the part 
of municipal waste that has not undergone the pro-
cess of re-sorting [5]. All the waste generated needs 
to be handled in an appropriate manner so that the 
environment is minimally polluted.  Waste handling 
is a concept that expresses the operations that start at 
the place where the waste was generated and end at 
the place of treatment or disposal of the waste. These 
operations consist of the collection, assembly and re-
moval of waste. The place where the waste is gener-
ated is the area where material handling activity gen-
erates waste. It can be a household, a health care fa-
cility or even an industry. Due to the exponential in-
crease in the volume of municipal solid waste due to 
rapid population growth in urban areas, municipal 
solid waste management has become a major chal-
lenge in urban planning [6].

With the increasing environmental literacy of 
people and the worsening of global environmental 
problems, there is a growing demand for sustainable 
and conscious waste management and disposal [7].
There are laws, ordinances and selected regulations 
in the territory of the Slovak Republic in the field of 
waste and its disposal. Since the Slovak Republic is 
a member state of the European Union, it has to com-
ply with the legislation issued and in force through-
out the European Union. Act No 223/2001 Coll. on 
waste includes waste management programmes, the 
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competence of state waste management authorities, 
the obligations of legal and natural persons in waste 
management, transboundary shipments of waste, im-
port of waste, export and transit of waste, waste man-
agement, and contributions to the recycling fund.

According to the Waste Management Pro-
gramme of the Slovak Republic for the years 2021 -
2025, the main objective of the waste management 
by 2025 is to divert waste away from disposal by 
landfilling, especially for municipal waste. It is nec-
essary to continue to promote compliance with the 
waste hierarchy, with an emphasis on waste preven-
tion, preparation for re-using and recycling. The pro-
motion of waste prevention, together with reuse and 
preparation for reuse, including through the imple-
mentation of the measures of the Waste Prevention 
Programme for 2019-2025, are an integral key part 
of the long-term efforts of the Slovak Republic to re-
duce the amount of waste generated on the territory 
of the Slovak Republic [8]. According to Act No. 
223/2001 Coll. on waste, the municipality is the orig-
inator of municipal waste generated on its territory. 
Therefore, each municipality must draw up its Waste 
Management Programme [9].

The authors state that households play a key 
role in reducing the environmental impact of munic-
ipal waste, which they influence both by reducing 
production and also by sorting recoverable waste 
components [10]. Understanding their behaviour and 
identifying the factors that influence them is essen-
tial to set up and use municipal or state tools in a way 
that will lead to the desired results. The authors have 
shown that culture has a significant influence on peo-
ples' behaviour even in the context of waste [11]. The 
authors argue that an individual's tendencies to re-
duce waste are unrelated to their tendencies to sort 
waste, i.e., individuals who reduce waste are not au-
tomatically expected to sort waste, and vice versa
[12]. They further note that similar reasons may 
drive people to sort and to reduce waste. Factors in-
fluencing the level of sorting of municipal waste can 
be divided into three categories - external factors 
(demographic and socio-economic factors), internal 
factors (socio-psychological factors), and system 
characteristics [13]. Factors influencing waste reduc-
tion and reuse coincide with those influencing the 
level of sorting. They are mainly environmental val-
ues, general knowledge of the issue, perception of 
waste as a problem threatening human well-being, 
convenience of the system, and belief in the effec-
tiveness of one's actions [14]. Internal factors can be 
worked with to some extent by the municipality, es-
pecially the factor of legal norms, information, and 
knowledge. The municipality can establish a certain
behaviour as a legal norm through its normative in-
strument of a municipally binding ordinance. The 
municipality also has information tools at its dis-
posal through which it can raise awareness of the is-
sue [15]. The municipality has the greatest influence
on the characteristics of the system as it is the creator 

of the waste management system. According to au-
thors, it is the characteristics of the system that is the 
category of factors that influences household behav-
iour the most [13]. The most important factors are 
the subjective perception of the convenience of the 
system, which essentially encompasses all the char-
acteristics of the system (e.g. availability of collec-
tion bins, frequency of waste collection and export, 
etc.) [16-17]. Another factor is how the system is 
charged [13].

The aim of this study was to investigate the im-
pact of the frequency of waste collection in Slovak 
municipalities on the sorting rate of mixed municipal 
waste. We focused on the occurrence of collection 
bins for sorted waste (paper, plastic, glass, metal) 
and the frequency of their export in 22 municipalities 
and towns in Slovakia. This study can contribute in 
the government's efforts to increase the waste sorting 
rate in Slovakia, as an effective waste sorting rate is 
an essential attribute for smart cities. The contribu-
tion of this study has several levels. We address one 
of the main drivers of waste sorting rates, consider-
ing the impact of sorting rates for different waste 
components, thereby identifying waste components 
that may not be subject to the trend. Insufficient fre-
quency of waste collection can lead to accumulation 
of waste outside collection bins, the creation of ille-
gal landfills, and also an increase in the growth of 
mixed municipal waste. Next, we look at the differ-
ence between towns and villages, and individual and 
complex housing developments. The data provided 
and processed by us can be used by cities in setting 
the appropriate frequency of sorted collection ex-
ports as well as in designing solid waste management 
plans.

MATERIALS AND METHODS 

Our analysis of mixed municipal waste was based on 
the legislative guidance of the Ministry of the Envi-
ronment of the Slovak Republic, which according to 
§ 105 (3) (a) of Act No. 79/2015 Coll. on Waste and 
on Amendments and Additions to Certain Acts pro-
vides in § 1 Methodology of Mixed Waste Analysis
[18]. This measure entered into force on 1st July 
2020. Mixed waste analysis is a detailed examination 
of mixed waste in terms of its composition. The sam-
ple size of mixed waste shall be set at between 5 % 
and 10 % of the total number of collection containers 
for mixed waste in use in the area of interest. The 
bins shall not come from a single location in the area 
of interest, for example from a single street, street 
block, housing estate or urban area, the sample shall 
be from as large area of interest as possible, unless 
the aim of the analysis is to analyse the composition 
of mixed waste from only one location. In selecting 
the collection receptacles to be sampled, receptacles
containing sub-standard waste or any of the waste 
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components in sub-standard quantities shall be ex-
cluded. Data on the weight of the separated waste 
fractions shall be entered in a table according to the 
individual waste fractions separated in kilograms.
Our analyses were determined from 5% of the total 
number of collection bins for mixed waste in 22 mu-
nicipalities in the Slovak Republic (Table 1). The 
present work focuses on the influence of the fre-
quency of waste collection in Slovak cities and mu-
nicipalities on the sorting rate of mixed municipal 
waste. We focused on the occurrence of collection 
bins for sorted waste (paper, plastic, glass, metal) 
and the frequency of their export. By analysing a 

sample of mixed municipal waste from 22 towns and
municipalities in Slovakia, we obtained 11891.6 kg 
of waste. Furthermore, we determined the average 
percentage of each waste component in the mixed 
municipal waste in each municipality, and we further
looked only at: paper 7.02%; plastic 11.32%; glass 
5.07% and metal 2.74%. We further looked at the 
comparison of city (over 5,000 inhabitants) and vil-
lage (up to 5,000 inhabitants) and individual housing 
construction (IHC) and complex housing construc-
tion (CHC) (Act No. 369/1990 Coll.) [19].

TABLE 1
Total waste and shares of plastic, paper, glass, and metal in 22 study areas

Municipality IHC/CHC Town/ 
village

Waste in total Share of 
paper

Share of 
plastic

Share of 
glass

Share of 
metal

Pezinok IHC T 223.2 8.47 10.22 4.03 2.28
Pezinok CHC T 138.5 9.46 9.75 2.89 2.24

Rakovice IHC V 221.5 5.42 9.48 2.03 4.06
Rakovice IHC V 143 4.55 12.24 1.75 3.15

Hontianska 
Vrbica

IHC V 147.8 3.99 9.27 4.26 3.38

Veľký Ďur CHC V 39 8.97 12.82 5.13 2.56
Veľký Ďur IHC V 523.5 1.53 7.64 2.48 4.68

Vráble IHC T 648.8 11.99 11.25 4.96 1.59
Topoľčany CHC T 1,166.87 5.85 8.82 4.57 1.77
Topoľčany IHC T 174.31 9.15 9.69 4.88 4.22

Krásno nad Ky-
sucou

IHC T 374 5.35 8.82 8.02 2.67

Bystrička IHC V 179.39 9.35 6.82 7.11 1.42
Poniky IHC V 182.33 6.17 11.24 6.25 4.66

Slovenská Lupča IHC V 263.68 6.51 4.48 3.81 2.40
Slovenská Lupča CHC V 183.7 3.09 5.61 3.18 5.36

Valaská CHC V 201.77 2.17 16.16 4.66 2.18
Valaská IHC V 40.8 2.45 21.32 2.45 2.45
Petrovce IHC V 87.17 7.45 9.01 5.22 2.36
Orovnica IHC V 167.86 16.28 12.33 5.54 1.85
Orovnica CHC V 80.23 11.22 14.53 3.74 1.74

Horná Ves IHC V 242.3 6.48 13.37 5.16 3.63
Ľubica IHC V 218.86 3.82 13.41 2.28 1.37

Spišský štvrtok IHC V 104.3 12.13 4.79 4.60 2.73
Dlhé nad Ciro-

chou
IHC V 324.79 3.74 11.60 7.11 3.88

Dlhé nad Ciro-
chou

IHC V 254.88 12.20 15.11 8.95 2.39

Snina IHC T 682.3 6.39 13.19 5.25 1.88
Snina CHC T 565.6 9.79 13.07 6.42 1.15

Vranov nad 
Topľou

IHC T 984.78 5.98 6.92 6.42 1.14

Vranov nad 
Topľou

CHC T 463.7 9.88 12.66 7.76 2.26

Prakovce IHC V 682 5.59 14.21 11.33 3.20
Trebišov IHC T 279.5 4.83 9.30 6.08 1.18
Trebišov CHC T 629.8 9.54 11.45 5.46 2.29
Sečovce IHC T 372.38 2.97 18.28 3.20 4.51
Sečovce CHC T 827 5.83 16.06 5.34 4.11
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RESULTS 

The data collected were recorded in a spread-
sheet (Microsoft Excel), which serves as the basis for 
this work. Statistically processed data were sub-
jected to analysis in Statistica, version 12. The anal-
ysis of the statistical file was based on the percentage 

composition of the waste. We used the Shapiro-Wilk 
test to determine normality. We further analyzed the 
statistical set using Kruskal-Wallis analysis of vari-
ance. We demonstrated a statistically significant
lower percentage of paper (p= 0.0124) in mixed mu-
nicipal waste in municipalities where the frequency 
of paper export was on a weekly basis, compared to 
monthly paper export (Figure 1).

FIGURE 1
Comparison of municipalities with weekly paper export frequency and monthly paper export frequency

FIGURE 2
Comparison of municipalities with weekly plastic export frequency and monthly plastic export frequency
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FIGURE 3
Comparison of municipalities with weekly glass export frequency and monthly glass export frequency

Further, we did not show a statistically signifi-
cant lower percentage of plastic (p= 0.7904) in 
mixed municipal waste in municipalities where the 
frequency of plastic export was on a weekly basis, 
compared to monthly plastic export (Figure 2).

We demonstrated a statistically significant 
lower percentage of glass (p= 0.0267) in mixed mu-
nicipal waste in municipalities where the frequency 
of glass export was on a weekly basis, compared to 
monthly glass export (Figure 3).

We demonstrated a statistically significant 
lower percentage of metal (p= 0.0090) in mixed mu-
nicipal waste in municipalities where the frequency 

of metal export was on a weekly basis, compared to 
monthly metal export (Figure 4). 

Next, we looked at the difference between indi-
vidual housing developments and complex housing 
developments and town and village. We did not find 
a statistically significant difference between town 
and village in the frequency of waste export and its 
percentage in mixed municipal waste in any of the 
waste components studied: paper (p= 0.4290), plas-
tic (p= 0.2300), glass (p= 0.3587) and metal (p= 
0.1961) (Figure 5).

FIGURE 4
Comparison of municipalities with weekly metal export frequency and monthly metal export frequency
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FIGURE 5
Difference between town and village in the frequency of waste export and its percentage in mixed munici-

pal waste

FIGURE 6
Difference between individual residential construction and complex residential construction in the fre-

quency of waste export and its percentage share in mixed municipal waste

Similarly, we did not find a statistically signif-
icant difference between individual housing devel-
opments and complex housing developments in the 
frequency of waste export and its percentage share in 
mixed municipal waste in any of the waste compo-
nents studied: paper (p= 0.6812), plastic (p= 0.4571), 
glass (p= 0.6404) and metal (p= 0.8731) (Figure 6).

DISCUSSION

Efficient waste management is the basis for im-
proving services to citizens [20-21]. Therefore, this 

study attempted to understand the effect of fre-
quency of sorted waste collection on the sorting rate 
of mixed municipal waste. In our study, we esti-
mated that weekly waste collection frequency has a 
statistically significant effect on the sorting rate of 
mixed municipal waste compared to monthly sorted 
waste collection frequency. We showed statistical 
significance in several waste components paper, 
metal and glass, while for the plastic component of 
mixed waste we did not show a statistically signifi-
cant difference between weekly and monthly collec-
tion frequency. Also authors showed that plastic 
(16.8%) is the most represented component (among 
the waste components we observed) in the mixed 
municipal waste [22]. Further, we did not show any 
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statistically significant difference when comparing 
town and village and individual housing develop-
ment and complex housing development.

In addition to the frequency of waste collection, 
many other factors influence the rate of waste sorting 
and production. Waste generation rates may increase 
with increasing income [23]. The authors state that 
demographic factors have only a negligible impact 
on Czech households [24]. Conversely, for example, 
other research has shown differences in municipal 
waste production and separation between different 
age groups [25]. Technical conditions in the house-
hold, such as sufficient space for sorting in the 
kitchen, is an important factor [26]. It is also im-
portant to inform and reassure citizens that their ef-
forts are worthwhile and that the waste they sort is 
actually used for its declared purpose and does not 
end up in a landfill or incinerator [27]. Social norms 
can be understood, for example, as the dominant pat-
tern of behaviour in a particular group [28]. The au-
thors suggest that the social pressure on an individu-
al's willingness to sort waste is based on a sense of 
belonging or being part of a community [13]. Au-
thors also point to a social norm factor in the system 
of collecting separated components directly from 
households, where the presence of multiple bins at 
the dwelling represents a means of mutual social 
control [29]. It serves as visible evidence to people 
in the nearby community that the individual is be-
having in accordance with the socially accepted 
norm, and thus becomes an incentive factor for sort-
ing. This study indicates that the provision of collec-
tion nests or the collection of segregated waste com-
ponents directly from households has a positive im-
pact on waste sorting rates, as it represents saved 
time and space for people otherwise required to store 
individual components and to take this waste to more 
distant collection yards [30]. The introduction of 
door-to-door collections then has an even more sig-
nificant impact on sorting rates than the provision of 
collection nests. The same conclusion was reached 
in a study in which the authors claim that a door-to-
door collection system increases the level of waste 
separation by up to 40% compared to a nested col-
lection system [31]. The impact of the charging 
method was studied in 2003 and authors showed that 
municipal waste generation is lower in municipali-
ties that have some form of charging than in munic-
ipalities that have a flat fee [26]. Incentive payments 
can double the level of waste sorting [31]. In this 
study authors found through research in Sweden that 
financial incentives influence households but are not 
the only motivation behind waste reduction and sort-
ing [32]. If the infrastructure is available and there is 
a sufficient frequency of export of collection bins to 
allow easy separation, people are willing to invest 
more effort and time in these activities. The authors 
go on to state that the provision of separate collection 
of a large range of material waste components will 
not in itself lead to increased sorting rates unless it is 

also accompanied by a sufficient information cam-
paign to ensure that citizens understand how to par-
ticipate in the system properly. The authors make the 
same point by stating that the introduction of a better 
waste collection system is only one part of the prob-
lem [33].

The public must be informed to treat waste as a 
resource and use the system as such. Awareness of 
how to sort waste properly has also been shown to be 
an important factor [26]. The research shows that 
providing information about the environmental im-
pacts of waste production increases the level of 
awareness of the issue, which in turn increases peo-
ples' belief in the effectiveness of their actions, i.e. 
the belief that their actions contribute to solving the 
problem [34].

The issue of waste can be considered as one of 
the major environmental problems of our time. A 
number of factors contribute to an efficient, long-
lasting and convenient waste sorting system. The 
findings presented by us point more deeply to the fre-
quency of waste collection. On the other hand, it is 
not correct to view this factor in isolation. The indi-
vidual factors we describe in this paper are inherent 
in the overall waste management setup in a city or 
village and subsequently in the state. For effective 
waste collection and segregation rates, it is necessary 
to take into account all the factors that influence the 
rate of waste segregation and production. By effec-
tively introducing the different factors into waste 
policies, we can increase the waste sorting rate and 
reduce the production of mixed municipal waste in 
the Slovak Republic.

CONCLUSION

In our study, we look at how the sorting rate of 
mixed municipal waste can be improved by increas-
ing the frequency of sorted collection exports. In or-
der to handle sorted waste effectively, it is first of all, 
important to increase the sorting rate and to focus on 
reducing the production of mixed waste. Like other 
cities, municipalities in Slovakia face a number of 
challenges in solid waste management. It is im-
portant for municipalities to focus on the participa-
tion of all households in municipal solid waste man-
agement, while addressing complaints from house-
holds already participating in the municipal solid 
waste management program, so as not to reduce their 
involvement and act as a motivating factor for non-
participating residents. The results of our work sug-
gest that the increase in municipal mixed waste can 
be curbed by increasing the frequency of export of 
sorted collection. Residents reduce sorting rates 
when sorted waste bins are full, while creating illegal 
dumping sites or placing waste outside the bins, 
which complicates waste collection, looks unaes-
thetic and can promote the spread of odours, which 
can attract rodents and insects. The trend we have 
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shown has not been demonstrated for salaries, which 
may be related to peoples' reluctance to sort plastic 
waste. Introducing a deposit system for all plastic 
packaging material and educating people may help 
to address the situation. We also see solutions in in-
creasing municipal waste charges or introducing 
door-to-door collection of sorted waste. Further 
study is needed to investigate incentives that would 
motivate residents and waste generators to increase 
waste sorting rates. This could be an effective way 
of building a sustainable waste management system 
in Slovakia.
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ABSTRACT 
 
Atmospheric carbon sequestration in terrestrial 

ecosystems has become an important issue in the 
global framework of reducing greenhouse gas emis-
sions. The main objective of this study is to estimate 
the change in soil organic carbon stock (SCOS) of 
the agricultural workshop of Mazagran at Mostaga-
nem. To do this, we quantified the organic carbon 
according to the main land uses represented by three 
different types of citrus crops: orange cultivation, 
grapefruit cultivation and lemon cultivation in com-
parison with spontaneous vegetation from the same 
study area to a depth of 30 cm. Stored organic carbon 
values varied significantly (p<0.05) between soil un-
der citrus cultivation and soil under spontaneous 
vegetation, with the highest value recorded for soil 
under orange cultivation (51.26 ± 6.26 Mg C ha-1), 
followed by soil under grapefruit cultivation (46.66 
± 4.69 Mg C ha-1) and soil under lemon tree cultiva-
tion (42.76 ± 2.23 Mg C ha-1 ),  the lowest stock is 
recorded for soil under spontaneous vegetation 
(40.52 ± 4.48 Mg C ha-1) , the average stock is 45.3 
± 11.45 Mg C ha-1 for all 12 soil samples in the study 
area. More studies are necessary to comprehend the 
mechanisms of the formation of organic matter with 
several types of arboriculture, namely: citrus cultiva-
tion, viticulture, olive cultivation, etc., in relation to 
the length of the roots and according to several levels 
of soil depth such as: (0-15cm, 15-30cm, 30-45cm, 
45-100cm). 

 
 

KEYWORDS:  
Organic carbon stocks, agricultural soils, citrus, land use, 
Mostaganem 
 
 
INTRODUCTION 

 
Since the pre-industrial era (1880-1899), eco-

nomic and demographic growth has led to an in-
crease in the concentration of greenhouse gas emis-
sions in the atmosphere, particularly carbonaceous 

gases (CO2, CH4) [1-2], this increase represents the 
main cause of the global warming [3-4]. 

From the period 1850-1900 to 2010-2019, the 
temperature of the earth's surface has increased at 
1.07°C [4]. The temperature is not the only factor af-
fected, the level of the oceans has risen, the glaciers 
have melted and extreme climatic events are more 
and more frequent [5]. The increase of greenhouse 
gases in the atmosphere by anthropogenic origin is 
responsible for all these changes, which will not if 
drastic measures are not put in place [6].  

Soils play a key role in our environment 
through their ability to exchange nutrients and regu-
late [6]. Climate change is today the most important 
environmental crisis and soils can play a preponder-
ant role essentially in regulation via the carbon cycle 
by storing organic carbon through photosynthesis in 
higher plants, which is the almost unique mode bio-
logical fixation of atmospheric CO2 in the form of 
organic matter [7, 4].Carbon dioxide (CO2) is the 
largest anthropogenic contributor to the greenhouse 
effect and climate change. In addition, approxi-
mately two-thirds of terrestrial organic carbon is 
found in the soil compartment [1]. In this context, 
soils seem to be a solution to mitigate climate change, 
as they represent the largest terrestrial reservoir of 
organic carbon [8-9]. 

The amount of soil organic carbon (SOC) is 
about twice as much as in the atmosphere and three 
times as much as in terrestrial vegetation, it is esti-
mated at 1.5 trillion tons [10].  

Soil organic matter (SOM), composed mainly 
of carbon, contributes to several ecosystem services 
for example to adapt to the effects of climate change: 
(i) water retention, precious during droughts, (ii) the 
richness nutrients, soil fertility and productivity, (iii) 
soil erosion resistance, (iv) increasing soil biodiver-
sity [6], and (v) could play an essential role in reduc-
ing greenhouse gases emissions in the atmosphere 
and therefore in preventing of climate change. 

International commitments to combat climate 
change have taken into account changes in the SOC 
in recent years [11]. 

According to the "4 by 1000" initiative, 4.3 bil-
lion tons of carbon are released into the atmosphere 



-© by PSP            Volume 32– No. 09/2023 pages 2997-3006                       Fresenius Environmental Bulletin 

2998 

 

each year [12], thus contributing to the greenhouse 
effect and global warming and that 1.2 billion tons 
of carbon could be stored in the agricultural topsoils 
per year, representing an annual storage rate of about 
0.4%, through management practices adapted to lo-
cal conditions. By soil carbon stabilization and de-
stabilization mechanisms, these practices not influ-
ence carbon inputs only but also carbon outputs [4]. 

For semi-arid Mediterranean soils, carbon dy-
namics have received less attention than the other re-
gions of the world [13]. Drylands contain about a 
third-one of the global stock due to the low produc-
tivity of the agro-ecosystems that they support and 
cover 40% of the land surface [14-15]. 

However, it is very clear that studies on the dy-
namics of organic carbon in agricultural soils are still 
insufficient, particularly in Algeria: [16] for a dia-
chronic study (1988-2002) of Ouzéra soils, 90 km 
south of Algiers, [17] for another diachronic survey 
(1993-1998) in Beni-Chougrane, [18] for a compar-
ative study of SOC on the Beni-Chougrane and 
Tlemcen mountains, [19] for another comparative 
study of the SOCS of Annaba and Sétif, in northeast-
ern Algeria, [20] for a four soils study along a 
toposequence in the Zeramna valley at El Hadaiek, 5 
km from Skikda in northeastern Algeria, [21] for the 
SOC estimation of forest soils in the Tessala Moun-
tains of Sidi Bel Abbes, 440 km northwest of Algiers, 
[22] for the SOC improvement of Tiaret soil’s under 
organic amendments, 320 km south-west of Algiers, 
[23] for the estimation of the SCO of agricultural 
soils in the plain of Sidi Bel Abbes. 

According to [24, 22], the dynamics and the 
stabilization of organic matter are influenced signif-
icantly by land use and the land use system. The 
knowledge of the potential offered by agricultural 
soils is crucial according to land uses and practices 
[25].  

This is why we contribute through this study to 
better understand the behavior of agricultural soils 
according to its occupation in semi-arid Mediterra-
nean conditions in order to quantify the storage of 
organic carbon, taking into account the importance 
of the area occupied by the cultivation of citrus in 
Algeria, about 45,000 Hectares (11% of the surface 
occupied by fruit trees) and that it is one of the major 
Mediterranean citrus-producing countries, given that 
it has a varietal collection made up of 178 varieties 
of citrus fruits constituting an invaluable genetic her-
itage [26]. A quantity of 1.507 million quintals of 
different citrus fruits varieties was produced in the 
wilaya of Mostaganem during the 2021/2022 cam-
paign with a yield of 305 q per hectare according to 
the Local Directorate of Agricultural Service. 

The main objective of this study is to estimate 
the variation of soil organic carbon stock in the agri-
cultural workshop of Mazgran at Mostaganem ac-
cording to their occupations. To do this, we quanti-
fied the organic carbon according to the main land 

uses represented by citrus cultivation, namely: or-
ange cultivation, grapefruit cultivation and lemon 
cultivation and spontaneous vegetation from the top-
soil (0 - 30 cm) of the same study area. 

 
 

MATERIALS AND METHODS  
 
Study area. The soils were collected on an ex-

perimental site (AW: Agricultural Workshop), lo-
cated in the municipality of Mazagran, 4 km south of 
Mostaganem in the north-west of Algeria, its geo-
graphical coordinates are:  35°55′52″ N latitude and 
0°05′21″ E longitude. The altitude varies between 
125 and 151 m. The topography is relatively flat and 
limited to the north by the Mostaganem city, to the 
south by Hassi Mameche and Stidia, to the east by 
Ain Sidi Cherif and Mesra, and the west by the Med-
iterranean Sea reliefs. The AW occupies an area of 
62.74 hectares, the area cultivated with citrus fruits 
since 1950 represents 2.80 hectares, or 4.6% of the 
total area occupied by citrus crop with 360 lemon 
trees, 135 orange trees and 10 grapefruit trees. The 
climate is semi-arid Mediterranean with a mean an-
nual temperature is around 18, 3°C and mean annual 
rainfall of 425 mm (Figure 1) [26]. 

 
Soil analysis. Soil samples (0-30 cm) were col-

lected from each point of the experimental site with 
three replicates according to the main land uses (cit-
rus cultivations: (OC) orange cultivation, (GC) 
grapefruit cultivation, (LC) lemon cultivation and 
(SV) spontaneous vegetation) in Mars 2023. Finally, 
a total of 12 [3(OC) +3(GC) +3(LC) +3(SV)] soil 
samples were collected for the SOCS estimation. 

It was interesting to determine other parameters 
(Table 1) to better understand the dynamics of soil 
organic carbon stock that could directly or indirectly 
influence it variation, such as: bulk density, total and 
active limestone, electrical conductivity, hydrogen 
potential, organic carbon content, and coarse ele-
ment load. 

The soil samples were dried at room tempera-
ture and passed through a 2 mm diameter sieve. 

According to [36], the SOC stock was calcu-
lated as:  

SOC stocks (Mg C ha-1) = 0.1* C * BD * t*(1-
CP)  

Where SOC stock is a soil organic carbon stock 
(Mg C ha-1), C is the carbon content (g C kg-1 soil); 
BD is the bulk density (g cm-3), t is the thickness of 
the soil horizon (cm) and CP is the coarse element 
load (g g-1 of soil).  

The C stocks were calculated for each soil sam-
ple for 0-30 cm depth where the organic matter con-
centrations and the microbial densities are the high-
est [5].  

Data analysis. Correlation analysis was used to 
demonstrate the relationship between the SOCS and 
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the different physic-chemical parameters, this analy-
sis was conducted by R Software [37]. 

 

 

 
FIGURE 1 

Geographical location of the study area (AW Mazagran, Mostaganem). 
 

TABLE 1 
Different parameters influencing the SCOS. 

Parameter  Method  Reference 
Mineral fractions in % Robinson pipette method, considered fractions being sand (50-

2000 µm), silt (2-50 µm), and clay (0-2 µm). 
[27-28]. 

Total carbonate (Total CaCO3 content) in % Bernard calcimeter method using HCl acid. [28]. 
Active carbonate (Active CaCO3 content) in % Drouineau-Galet method by using ammonium oxalate. [29]. 

pH Electrometric method 2:5 (m/v) by using pH meter (Starter 200, 
Ohaus).  

[30-31]. 

Salinity in µS cm-1 Electrical conductivity (EC) method 1:5 (m/v) by using a conduc-
tivity meter (Consort). 

[32]. 

Soil organic carbon (SOC) in % The modified Walkley and Black method, based on the oxidation 
of OC by potassium dichromate K2Cr2O7 in sulfuric acid. 

[33]. 

Bulk density (BD) in g cm-3 and coarse element load 
(CP) in g g-1 

The bulk density (BD) was determined by the direct sampling 
method, using a steel cylinder with a volume of 252.2 cm3. The 

replicates of each soil sample were oven-dried for 24 h at 105 °C 
and sieved at 2 mm to remove coarse element load. 

[34-35]. 

 
 
 

	
2000m 

Study area 

Google Earth  
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TABLE 2 
Mineral fractions of studied soils. 

Soil samples  
Particles (%) 

SV 
 

OC GC LC 

Sands (S) 74 71 69 66 
Fine silts (FS) 10 7 5 12 

Coarse silts (CS) 7 10 12 15 
Clays (C)  9 12 14 7 

Texture Class  Loamy-sandy Loamy-sandy Loamy-sandy Loamy-sandy 

RESULTS AND DICUSSION 
 
Variation of the studied parameters accord-

ing to the soil occupations. Mineral fractions. The 
analytical results (Table 2) showed that the four soils 
studied have very high proportions of sands (66% - 
74%), but the difference is observed for the silt and 
the clay fractions, since the soil under GC has the 
highest rate of clays (14%) compared to the other 
three soil samples, while the soils under SV, OC and 
GC have almost the same percentages of silts (17%) 
and lower than that of the soil under LC (27%). Ac-
cording to triangle of textures [38], the four soils 
studied had the same textural class: loamy-sandy but 
with precise proportions for each fraction. In addi-
tion, they all had equal proportions of fine silts + 
clays (about 19%), therefore, the soil in the study 
area had a balanced texture. 

 
Soil bulk density. Soil bulk density globally 

reflects the state of soil compaction and indirectly, 
the total porosity [39]. It is one of the most important 
parameters of soil structure [40]. The results showed 
that all the studied soils (Figure 2a) have an ideal 
bulk density for plant growth since they are less than 
1.60 g cm-3, around of 1.1 ± 0.065 g cm-3, 1.22 ± 
0.078 g cm-3, 1 ± 0.058 g cm-3 and 1.13 ± 0.061 g cm-

3 respectively for soils under SV, OC, GC and LC 
(Figure 2a). In addition, they had a favorable struc-
ture to root development since they had bulk densi-
ties less than 1.80 g cm-3. According to [41], a high 
value of bulk density means that the voids are re-
duced and that the particles are strongly compacted, 
this means that our studied soils are light. 

 
Total and active limestone. The result ob-

tained indicated (Figure 2b) that all studied soils 
were slightly rich in total CaCO3 (7.81 ± 0.140%, 
7.63 ± 0.08%, 7.3 ± 0.025% and 9.23 ± 0.185%) and 
active CaCO3 (1.5 ± 0.77%, 1.5 ± 0.62%, 1 ± 0.22% 
and 1 ± 0.07%) respectively for soils under SV, OC, 
GC and LC, so these were weakly calcareous soils in 
their entirety [42]. The fact of having found lime-
stone in our soils was probably due to the presence 
of a limestone slab at depth, because according to 
[28], soils formed on limestone rocks are rich, even 
very rich in calcium. According to [43], it is gener-
ally considered that serious problems can begin to 

appear from active limestone contents close to 50% 
such as ferric chlorosis, this is the case for horticul-
ture, arboriculture or viticulture, therefore, we can 
deduce that our soils are in the norm, and there is no 
risk of having problems linked to active limestone. 

 
Electrical conductivity. According to the Fig-

ure 2 (c), the electrical conductivity results of the 
four soils studied varied between 119 ± 1.619 μS cm-

1 and 205 ± 2.971 μS cm-1. The saline concentration 
of the nutrient solution plays a major role in the wa-
ter supply of the plant. It determines the osmotic 
pressure of the solution. This must be lower than the 
osmotic pressure of the cell juice, so that the water 
can diffuse from the solution to the plant. The most 
immediate consequence of excessive salt concentra-
tion is root injury followed by plant wilting [44]. 

According to [45], a soil with an EC ≤ 500 μS 
cm-1, is an unsaline soil, and the effect of the latter 
on the yield is negligible, which is completely con-
sistent with the results we obtained. 

 
pH. The results obtained (Figure 2d) indicated 

that all the soil samples were basic [46], with slight 
variations: between 7.81 ± 0.064 and 8.09 ± 0.006 
for the soils under GC and LC respectively, and max-
imum (between 8.26 ± 0.017 and 8.24 ± 0.029) for 
the soils under SV and OC respectively. The pH, 
close to 8, is imposed by the presence of calcium and 
magnesium carbonates and cannot be modified by 
agricultural practices. In the absence of carbonates, 
the soil pH is neutral or acidic [47], but apparently 
our soils were basic and slightly calcareous, so this 
may be due to the quality of irrigation water which 
may be high in sodium. pH is one of the strong pre-
dictors of bacterial community composition and di-
versity [48]. 

 
Soil organic carbon. Soil organic matter, espe-

cially SOC promotes a wide variety of habitats for 
microorganisms in soil [11]; which, through its ac-
tivities, produce humus without which a soil be-
comes dead, unsuitable for plants growth [49], or de-
grades and then transforms it into a mineral form that 
can be absorbed by plants [50]. However, SOC is a 
cost-effective and informative indicator of soil qual-
ity and agriculture sustainability as it affects soil 
physical, biological and chemical properties 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

FIGURE 2 
Variation of (a) bulk density (g cm-1), (b) limestone (%), (c) EC (µS cm-1), (d) pH, (e) SOC (g kg-1) accord-

ing to the soil occupations. 

0

0,5

1

1,5

SV OC GC LC

So
il 

bu
lk

 d
en

si
ty

(g
 c

m
-3

)

0

2

4

6

8

10

SV OC GC LC

L
im

es
to

ne
 (%

)

Total
limestone (%)

Active
limestone (%)

0

50

100

150

200

250

300

SVS SCO SCP SCC

E
C

 (µ
S 

cm
-1

)

SV                                  OC                           GC                            LC

0

2

4

6

8

10

SVS SCO SCP SCC

pH

SV                              OC                              GC                               LC

0

5

10

15

20

SVS SCO SCP SCC

SO
C

 (g
 k

g-1
)

SV                                OC                              GC                               LC



-© by PSP            Volume 32– No. 09/2023 pages 2997-3006                       Fresenius Environmental Bulletin 

3002 

 

According to Figure 2 (e), the results obtained 
showed that our four soils have organic matter rates 
greater than 2% and less than 4%, so the soils studied 
are average in organic matter [42]. Moreover, it is 
found that the soils under OC, GC and LC had a 
higher stock of CO than that of the soil under SV, 
with values between 13 ± 0.7 g kg-1, 13.8 ± 1.21 g 
kg-1 and 13.93 ± 0.81 g kg-1 respectively, and the 
minimum value observed in the soil under SV (12.23 
± 1.21 g kg-1). The presence of the crop in the soil 
has a stimulatory effect for the microbial biomass be-
cause the exudation or the root production provides 
easily usable compounds which are at the origin of 
the stimulation of the microbial density, which ac-
cording to [51] are constituted by an easily biode-
gradable labile material. However, it has been found 
that the presence of living roots in soils under citrus 
crop, leading to root exudation and rhizodeposition, 
is the source of microbial stimulation and its activity, 
which is manifested by an increase in biodegradation 
and mineralization [52-53]. 

 
Variation of SOCS. No previous studies on 

soil organic carbon sequestration under citrus crop 
were found. According to [22], SCOS is influenced 
by agricultural land use, cultivation practices, soil 
depths and soil physico-chemical parameters. 

 
Variation of the SCOS according to the soil 

occupations. According to [54], the type of vegeta-
tion influences the organic matter content of agricul-
tural soils. Figure 3 showed the effect of the presence 
of the crop on the SCOS, the average stock is 45.3 ± 
11.45 Mg C ha-1 for all 12 soil samples in the study 
area, characterized by the loamy-sandy texture, 
taken at 30 cm depth with 40.52 ± 4.48 Mg C ha-1, 
51.26 ± 6.26 Mg C ha-1, 46.66 ± 4.69 Mg C ha-1 and 
42.76 ± 2.23 Mg C ha-1 for soils under SV, OC, GC 
and LC respectively. 

 
The SOCS varied significantly (p<0.05) be-

tween the different soils under citrus cultivation and 
the soil under spontaneous vegetation , with the 
highest value recorded for the soil under orange cul-
tivation (51.26 ± 6.26 Mg C ha-1), followed by the 
soil under grapefruit cultivation and the soil under 
lemon cultivation, the lowest stock recorded for the 
soil under spontaneous vegetation (40.52 ± 4.48 Mg 
C ha-1), therefore the roots of the plants essential 
contributor to the formation of soil organic matter 
[55], according to [56], this variation could also 
come from the difference in plant inputs, which dif-
fer in quantity and quality between species [57-58], 
as well as from the composition of aboveground and 
belowground plant tissues between species [59]. 

 
Variation of SCOS according to physico-

chemical parameters. The result of the correlation 
analysis indicated that SOC stock has: positive cor-
relations with (i) bulk density, with (ii) soil organic 

carbon, with (iii) clays and with (iv) calcium car-
bonates (active). 

Organic matter improves soil structure because 
the resulting humus prevents compaction into a solid 
mass and promotes the granulation of particles, mak-
ing soils lighter, more porous and better aerated [60-
61] and promotes the storage of organic carbon in the 
soil [62]. 

The positive correlation between clay and 
SOCS could be explained by the characteristics of 
clay, which acts as an aggregation factor, binding 
particles together and influencing OC decomposition 
and turnover [28]. 

[63], who discussed the positive correlation be-
tween calcium carbonates (total and active) and 
SCOS. Contrary to the results of several authors, no-
tably [64-66] who found a negative correlation for 
soils under grassland. 

 
Variation of SOCS with depth. The highest 

stock (0-30 cm) recorded for the soil under OC 
(51.26 ± 6.26 Mg C ha-1), this value was not far from 
that found for Spanish soils under the same climatic 
conditions with 50.8 ± 33.7 Mg C ha-1 [67] and for 
French arable land with 51.6 Mg C ha-1 [25,68]. 
Moreover, this value was higher than the value rec-
orded by: (i) [69] for all Tunisian soils with an aver-
age of 26.12 Mg C ha-1, (ii) to those found by [70] 
for soils under arboriculture in Morocco with an av-
erage of 38 Mg C. ha-1 and (iii) to those recorded by 
[23] Benslimane et al. (2023) for the soils of the plain 
of Sidi Bel Abbes (44.10 Mg C ha-1 for olive culti-
vation, 32.46 Mg C ha-1 for cereal cultivation  and 
36.18 Mg C ha-1 for viticulture), and still above the 
global average value for shrubby areas 46.57 Mg C 
ha-1 but below the global average value for wooded 
areas with 66.84 Mg C ha-1  [71]. 

 
 

CONCLUSION 
 
The present study focused on the estimation of 

carbon sequestration in agricultural soils according 
to their occupations under semi-arid Mediterranean 
conditions at the Mazagran Agricultural Workshop 
in Mostaganem in the topsoil (0 - 30 cm). The results 
showed that SOCS would vary significantly 
(p<0.05) between the different modes of land use, 
with an average of 45.3 ± 11.45 Mg C ha-1 for all 12 
samples taken, with 51.26 ± 6.26 Mg C ha-1 under 
orange cultivation, 46.66 ± 4.69 Mg C ha-1 under 
grapefruit cultivation and 42.76 ± 2.23 Mg C ha-1 un-
der lemon cultivation, compared with 40.52 ± 4.48 
Mg C ha-1 under spontaneous vegetation. 

Vegetation mainly conditions the input of or-
ganic matter to the soil over time and space, particu-
larly arboriculture, in order to improve soil fertility, 
soil erosion resistance and preserve soil biodiversity 
through the root system, root exudation and rhizo-
deposition. 
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FIGURE 3 

Variation of SOCS according to soil occupations. 
 

The data generated by this study will be useful 
and contribute to the design of land management 
strategies to better conserve existing organic capital 
and increase carbon sequestration in agricultural 
soils in arid and semi-arid areas. 

It is recommended that a comparative study be 
carried out with several types of arboriculture, such 
as: citrus cultivation, viticulture, olive cultivation, 
etc., in order to highlight the mechanisms of organic 
matter formation in relation to the length of living 
roots and according to different depths (0-15cm, 15-
30cm, 30-45cm, 45-100cm). 
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ABSTRACT 
 
Diabetes stands as a profoundly critical public 

health concern. In light of this, the primary objec-
tives of the present study were twofold: firstly, to 
identify the plants employed in the treatment of dia-
betes, and secondly, to characterize the therapeutic 
applications of these plants based on the ethnobotan-
ical data collected at the population level within the 
Sidi Bel Abbes region.  

This ethnobotanical survey was conducted us-
ing questionnaire sheets, ensuring the inclusion of a 
representative sample from the population, consist-
ing of 511 respondents of both genders. The findings 
of the ethnobotanical study indicated that female ex-
hibit a substantially higher usage of medicinal plants 
compared to male, particularly among brides. Addi-
tionally, it was observed that older female, specifi-
cally those aged   over 60 years, who often have lim-
ited literacy, were the most frequent users of tradi-
tional medicine. 

A total of fifty plants were identified for their 
use in diabetes treatment. Among these, leaves, 
seeds, and stems emerge as the most commonly em-
ployed plants parts. Regarding the methods of prep-
aration, decoction and infusion were the predomi-
nant modes of use. The floristic investigation re-
vealed that the recorded species belong to 29 distinct 
botanical families. The   Lauraceae, Asteraceae, Fa-
baceae and Rosaceae families were the most fre-
quently utilized for medicinal purposes in the treat-
ment of diabetes.  

 
 

KEYWORDS: 
Diabetes, Ethnobotanical survey, Traditional medicine, 
Medicinal plants, Questionnaires, Sidi Bel Abbes 

 
 

INTRODUCTION  
 
Throughout history, humans have relied on the 

resources present in their environment to alleviate, 

treat, and cure numerous diseases. The practice of 
employing natural resources for medicinal purposes 
has been an integral part human existence for a con-
siderable period [1]. 

In traditional medicine, medicinal plants are es-
teemed for their unique properties that offer signifi-
cant benefits to human health. The prevalent meth-
ods of using these plants include decoction, macera-
tion, and infusion. Various parts of plants, such as 
roots, leaves, and flowers, are harnessed either indi-
vidually or in combination to achieve therapeutic ef-
fects. [2] 

Nowadays, the knowledge possessed by tradi-
tional healers is gradually diminishing, leading to its 
potential extinction. To address this concern, ethno-
botany and ethnopharmacology are actively engaged 
in the global pursuit of identifying plants believed to 
possess medicinal properties. As a result, it becomes 
the responsibility of modern scientific research to 
further investigate and validate the therapeutic uses 
of these plants [3]. 

Diabetes has become a major global public 
health issue in recent years. In Algeria, the preva-
lence of diabetes is increasing, impacting both urban 
and rural populations [4]. Additionally, diabetes-as-
sociated macro-angiopathic complications are exac-
erbated when hypertension coexists with the condi-
tion [5].  

Given these facts, we performed an ethnobo-
tanical survey in the Sidi Bel Abbes region with the 
aim to identify medicinal plants used to treat diabetes 
and hypertension. This survey aims to meticulously 
document all pertinent information concerning the 
diverse therapeutic practices employed by the local 
population in addressing these two health conditions. 
The gathered data will contribute to advancing our 
understanding of traditional medicinal practices and 
potentially uncover valuable resources for the treat-
ment and management of diabetes and hypertension 
in the region. 
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MATERIALS AND METHODS  
 
A systematic inventory was conducted to iden-

tify the different plant species that constitute a me-
dicinal floristic heritage in order to recognize the po-
tential of medicinal plants used to treat diabetes in 
the region of Sidi Bel Abbes. 

 
Study area. The wilaya (province) of Sidi Bel 

Abbes is situated in the southwestern region of the 
Algerian tell. Positioned in the north –western part 
of the country, it holds a strategically central location 
and encompasses approximately 15% of the regional 
territory, making it a substantial area that spans a ca-
dastral surface of 915,063 km2 [6].   

 
Ethnobotanical study. The data for the present 

study were collected through interviews with indi-
viduals who were either born into or have lived 
within conservative families that have a long-stand-
ing tradition of using medicinal plants to treat vari-
ous diseases.   

 
Survey sites. the ethnobotanical survey was 

conducted in the year 2021 across eight municipali-
ties (as illustrated in figure 1 and summarized in ta-
ble 1). The survey targeted communities with indi-
viduals who possess not only knowledge of medici-
nal plants but also insights into their practical use. 
The data collection process involved direct individ-
ual interviews, which was dialectal Arabic, or in 
French, depending on the educational background of 

each respondent. The respondents provided compre-
hensive responses to the questions, contributing to a 
detailed understanding of the traditional medicinal 
practices.  

To ensure a high degree of objectivity of the 
data collected, the survey was performed using ques-
tionnaire sheets adapted to the objective of the cur-
rent study. They are designed to collect as much in-
formation as possible about the age, gender, intellec-
tual level and family situation of each respondent. 
Additionally, data concerning applications, parts 
used and preparation techniques were also collected. 

 
Population surveyed. The surveyed popula-

tion consisted of 511 individuals, with 364 identified 
as female and 147 as male. These individuals have 
been categorized into the following groups: 

A random sample of 446 Individuals who uti-
lize medicinal plants has been selected, comprising 
individuals from various occupation such as farmers, 
civil servants, traders, etc;  

Additionally, 60 herbalists and 5 healers have 
been purposefully selected according to their es-
teemed reputation and extensive experience in the 
domain of utilizing plants in traditional medicine.  

 
Identification of species. Upon the completion 

of these surveys, a comprehensive summary table 
was compiled, encompassing all the data collected. 
The identification of species, including both botani-
cal names and vernacular names, was achieved 
through the use of several reference sources [7, 8, 9, 
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23]. 

 

 
FIGURE 1 

Survey sites in Sidi Bel Abbes region 
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TABLE 1  
Distribution of surveys among different  

municipalities. 
municipalities Survey number 

Zaroula 31 
Sidi Bel Abbes city 197 

Tanira 39 
Sidi Ali Benyoub 51 

Tassala 53 
Sidi Ali Boussidi 61 

Boukanefis 38 
Tabia 41 

Total surveys 511 
 
Data processing. Following the conclusion of 

the ethnobotanical survey and the analysis of the 
questionnaires, the collected data was entered, pro-
cessed, and subjected to analysis using Microsoft 
Excel. A descriptive analysis was performed to cate-
gorize the various users of medicinal plants identi-
fied based on the information gathered on the pro-
files of informants. This analysis involves examining 
factors such as:  age, sex, and intellectual level and 
family situation of the individuals participating in 
the survey. Subsequently, the results obtained from 
both quantitative and qualitative data were described 
in terms of numbers and percentage. Excel was used 
to create graphical representations of the data. Fur-
thermore, the phytotherapeutic citation index (PCI) 
was calculated to emphasize the plants that are used 
frequently than the others. The PCI was determined 
using the following formula: PCI = (n/N)*100 
(where n: number of citations of the species and N: 
total number of citations of all species recorded in 
the survey). 

 
 

RESULTS AND DISCUSSION  
 
Ethnobotanical analysis. Gender of users. 

The results of the survey indicate that among the 511 
respondents, female were the primary users of me-
dicinal plants, accounting for 71.23% of the total, 
while male constituted 28.77% (as depicted in figure 
02). These findings suggest that female play a signif-
icant role in preserving traditional phytotherapeutic 

knowledge and are more inclined to benefits from 
the medicinal properties of plants within the family, 
female often served as the first line of assistance in 
providing medicinal treatments to their children. 
Their position within the family structure enables 
them to maintain continuous interactions experi-
enced individuals, particularly seniors, who possess 
valuable knowledge in this field. Our results align 
with and corroborate findings from previous studies 
conducted in Algeria [24] and Morocco [25, 26] 

 
Family situation. the survey revealed that the 

employment of medicinal plants was notably higher 
among married individuals, constituting 90.41% of 
all responders, while single individuals accounted 
for only 9.59% (as illustrated in figure 03). This dis-
parity can be attributed to the fact that married fe-
male often turn to medicinal plants to alleviate vari-
ous ailments and prevent the onset of infections of 
diverse origins. Through these practices, they can 
mitigate the expenses associated with doctor consul-
tations and the purchase of pharmaceutical drugs. 
Moreover, younger individuals showed more reluc-
tance towards the use of medicinal plants, due to var-
ious factors such as increasing reliance on modern 
healthcare practices and a lack of exposure to tradi-
tional medicinal knowledge.  

 
Age groups. Our investigation revealed that el-

derly population holds the majority of traditional 
medicinal knowledge, which has been passed down 
to them orally through generations. Among the dif-
ferent age groups, oldest participants (> 60 years) 
were the most frequent users of medicinal plants, 
with a rate of 34.24% (as depicted in figure 4). The 
usage rates for the other age groups were as follows: 
26.03% for individuals aged 51 to 60, 20.55% for 
ages 41 to 50, 15.07% for ages 31 to 40, 2.74% for 
ages 20 to 30, and 1.37% for those under 20. The 
lower usage rate among the youngest age group can 
be attributed to their relative lack of chronic pathol-
ogies, such as diabetes. The significant experience of 
older individuals in employing medicinal plants is 
evident, highlighting the vital role of intergenera-
tional knowledge transfer in preserving traditional 
medical practices. 

 
 

 
FIGURE 2 

Distribution of users by gender 



-© by PSP            Volume 32– No. 09/2023 pages 3007-3018                       Fresenius Environmental Bulletin 

3010 

 

 

 
FIGURE 3 

Distribution of users by family situation 
 

 
FIGURE 4 

Distribution of users by age group 
 
Intellectual level. The survey results demon-

strate that the primary users of medicinal plants were 
individuals with limited education, as 41.49% of il-
literate respondents reported using medicinal plants 
(figure 5). Furthermore, a considerable percentage of 
users with primary (24.66%) and middle school 
(19.18%) education also employ phytotherapy. 

However, the propotion of users with higher 
education levels (secondary and university) was rel-
atively lower, with the rate of 9.59% and 5.08% re-
spectively. This results can be attributed to their per-
ception that plants might pose risks and lead to mul-
tiple complications, particularly in cases of chronic 
pathologies whether used irritationally. Hence, they 
tend to be more cautious and sceptical about tradi-
tional medicinal practices involving plants. Our find-
ings were consistent with previous research, [27, 25, 
28, 26, 24] which similarly reported that illiterate in-
dividuals were the predominant users of medicinal 
plants. 

 
Floristic analysis. Analysis of botanical fam-

ilies. The analysis of botanical families based on the 

identified plant species revealed a total of 29 botani-
cal families, comprising 46 genera and 50 species of 
medicinal plants used in Sidi Bel Abbes region for 
treating diabetes (figure 6). Lauraceae family domi-
nated, consisting of 8 species, which accounts for 
16% of the total medicinal plant species identified. 
Following closely, Asteraceae represented 10% with 
5 species, while Fabaceae and Rosaceae each con-
tributed 6% with 3 species in each family. 

Besides, the following botanical families: Am-
aranthaceae, Apiaceae, Cucurbitaceae, Myrtaceae, 
Oleaceae, and Zingiberaceae, each possessed 2 spe-
cies, amounting to 4% of the identified medicinal 
plants. The remaining botanical families, including 
Amaryllidaceae, Anacardiaceae, Apocynaceae, Ara-
liaceae, Asphodelaceae, Berberidaceae, Bursera-
ceae, Cupressaceae, Ephedraceae, Gentianaceae, 
Moraceae, Plantaginaceae, Poaceae, Punicaceae, Ra-
nunculaceae, Rutaceae, Sapindaceae, Urticaceae, 
and Zygophylaceae, were sparsely represented, each 
having a single species, accounting for 2% of the 
identified medicinal plants in the region.  
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Ethnobotanical analysis. Parts used. The 
analysis of the collected information highlighted that 
the leaf was the most frequently utilized plant part in 
the preparation of various medicinal remedies, ac-
counting for 49.26% of all plant parts used (figure 
7). It was evident that the leaf represented nearly half 
of the plant material used for therapeutic purposes.  
Following the leaf, other plant parts used in descend-
ing order were the stem (13.43%), seeds and flowers 
(7.46%), fruits (5.97%), bark (4.48%) and roots and 
rhizomes (2.99%). Collectively, these parts account 
for a significant portion of the plant material em-
ployed in conventional medicine. 

In contrast, other plants organs such Pulp, bulb, 
resin and clove, were less commonly utilized, con-
stituting only 1.49% of the overall usage. 

The observed results were consistent with find-
ings from several other studies [27, 25, 29, 30, 28, 
26, 31], all of which concurred that leaves were the 
most widely used plant organs in traditional medici-
nal practices. This further validates the prominence 
of leaves in traditional remedies and the relevance of 

the study’s findings within the broader context of 
ethnobotanical research. 

The preference for using leaves in traditional 
medicine can be attributed to several factors. Firstly, 
leaves are readily accessible, and their harvesting is 
relatively straightforward and quick.  Secondly, 
leaves are essential sites for photosynthesis, biosyn-
thesis, and the accumulation of numerous secondary 
metabolites known for their pharmacological prop-
erties. As a result, leaves often contain a rich concen-
tration of medical compounds, making them valua-
ble resources for therapeutic use.  

 
Methods of preparation. Our analysis reveals 

that decoction was the most commonly used method 
of preparation, accounting for 49.21% of the cases 
(figure 8). It was followed, in descending order, by 
infusion (30.16%), powder (9.52%), consumption in 
the raw state (4.62%), uncooking and poultice 
(4.76%), and lastly, the use of oil (1.59%), which is 
the least frequent mode. 

 

 
FIGURE 5 

Distribution of users by intellectual level 
 

 
FIGURE 6 

Contribution of botanical families in the inventory 
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FIGURE 7 
Used parts 

 

 
FIGURE 8 

Methods of preparation 
 
The preference for decoction can be attributed 

to its ability to quickly extract and assimilate the ac-
tive ingredients from the medicinal plants, as it has a 
warming impact on the body. However, it is worth 
noting that this method may result in the destruction 
of certain compounds that are sensitive to high tem-
peratures. 

On the other hand, infusion was favored by us-
ers due to its ability to preserve the therapeutic prop-
erties of the plants, making it a popular choice for 
preparation. 

These findings were consistent with other re-
search studies [25, 30, 26, 24], which similarly 
showed that decoction is the most recommended 
method of preparation in traditional medicinal prac-
tices. 

 
Citation index. The phytotherapeutic citation 

index (PCI) is a valuable metric used to analyze and 
compare the frequency of citation or usage of differ-
ent plant species in the collected data [30]. By calcu-
lating the PCI for each plant, it becomes evident that 
certain species were cited or used more frequently 
than others in traditional medicinal practices. 

According to the citation index, which indi-
cates the frequency of use of each plants, the most 
used species were: 

Olea europeae var. sativa L. (olive tree) 
(PCI=5.89%) enhances the release of insulin trig-
gered by glucose peak during meals, thus enabling 
better cellular absorption of glucose. It induced an 
increase in glucose utilisation, leading to a secondary 
decrease in blood glucose levels [33]. 

Trigonella foenum-graecum L. (Fenugreek) 
(PCI=5.01%) leads to an increase in hepatic glyco-
gen, stimulates glucose transport into adipocytes, 
and reduces carbohydrate digestion [34]. The com-
pound 4-hydroxyisoleucine indues insulin release by 
directly affecting isolated langerhans islets in both 
rats and humans. It also inhibits intestinal glucose 
absorption by inhibiting alpha-glucosidase enzymes 
[35].  

The extract of Teucrium polium L. (PCI =4.37 
%) also has an effect on the regeneration of β-cells, 
which normalizes insulin release and peripheral me-
tabolism, leading to a reduction in blood glucose lev-
els. Several studies have demonstrated that extracts 
from this plants possess anti- α-amylase efficacy 
[36]. 
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FIGURE 9 

Phytotherapeutic citation index 
 
The extract of Ajuga iva (L.) Schreb. 

(PCI=4.37%) has a strong hypoglycemic effect. The 
administration of the extract causes a reduction in 
blood glucose levels after 6 hours in diabetic rats. It 
significantely decrease glucose levels without any 
modification of plasma insulin concentration [37]. 

The extract Centaurea erythraea Rafn. 
(ICP=3.93 %) inhibits the enzymatic activity of α-
amylase and α-glucosidase. This effect can delay the 
degradation of starch and oligosaccharides, which 
may lead to a decrease in glucose absorption and an 
elevation in postprandial blood glucose levels [38]. 

Berberis vulgaris L. (ICP=3.93 %) exhibits re-
markable antidiabetic activity [39, 40]. 

Through its hypoglycemic effect, Rosmarnus 
officinalis L. (PCI=3.50 %) leads to an endogenous 
inhibition of glucose production [41]. It also inhibits 
intestinal glucose absorption [42] and α-glucosidase 
[43]. 

Artemisia herba-alba Asso. (PCI=3.50 %) 
plays significant role in the prevention of insulin re-
sistance [44, 45]. 

Nigella sativa L. (PCI=3.06 %) inhibits neoglu-
cogenesis. It further improves the cellular and sub-
cellular structure of pancreatic β-cells [46]. 
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Trigonella foenum-graecum L.
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Marrubium vulgare L. (PCI=3.06 %) exhibits 
antidiabetic activity due to the abundance of its aque-
ous extract in compounds known for their antidia-
betic activities (flavonoids and verbascosides). The 
mechanism of action could involve the stimulation 
of insulin secretion by beta cells in the islets and/or 
the inhibition of insulin degradation process [47]. 

The powder of Citrullus colocynthis (L.) 
Schrad. (PCI=3.06 %) has an antidiabetic effect on 
type 2 diabetic patients, and the ß-(Pyrazol-1-yl)-L-
alanine present in the seeds has an insulin-stimulat-
ing activity [48]. This plant exhibits insulinotropic 
activity and stimulates its secretion [49]. 

 
 

CONCLUSION 
 
Diabetes remains a highly prevalent and alarm-

ingly increasing systemic disease, thus representing 
a serious public health issue. The state bears enor-
mous expenses for the management of diabetic pa-
tients, particularly in developing countries. 

The use of medicinal plants is strongly preva-
lent among diabetic patients, serving as a comple-
ment and an alternative to synthetic medications. 
The diversity of plants employed to treat diabetes, as 
well as their frequency of mention, reaffirms the sig-
nificant role of medicinal plants in the health care 
system of the indigenous population of Sidi Bel Ab-
bes. The conducted ethnobotanical study demon-

strated that traditional medicine remains a wide-
spread practice and enjoyed extensive utilization 
among the local population of Sidi Bel Abbes region. 

Indeed, 50 species known for their hypoglyce-
mic properties and used in the preparation of tradi-
tional remedies have been identified. These species 
belong to 29 different families, with Lauraceae and 
Asteraceae being the most commonly used ones. 

The most frequently used species, listed in de-
scending order of their phytotherapeutic citation in-
dex, were Olea europeae var. sativa L., Trigonella 
foenum-graecum L., Teucrium polium L., Ajuga iva 
(L.) Schreb., Centaurea erythraea Rafn., Berberis 
vulgaris L., Artemisia herba-alba Asso., Nigella sa-
tiva L., Marrubium vulgare L., Citrullus colocynthis 
(L.) Schrad. 

The frequency of using hypoglycemic plants in 
the studied region was strongly linked to the profile 
of the surveyed individuals. Therefore, both female 
and male share medicinal knowledge, however there 
was a clear dominance of female (71,23 %). Married 
individuals hold the traditional therapeutic infor-
mation, primarily due to their role as mothers (90,41 
%). Illiterate individuals show a higher attraction to-
wards herbal medicine.  

From an ethnobotanical perspective, leaves 
were the main plant part used (48,33 %) due to their 
richness in secondary metabolites, and the most 
common form of preparation was decoction, as it 
provides warmth and allows for rapid extraction of 
active principles.  

 
TABLE 2 

Classification of plants used for diabetes (vernacular names, citation index, utilized parts, and preparation 
methods) 

No Scientific name 
Common 

name 
Used parts  Method of prep-

aration 
PCI 

1 Luffa aegyptiaca Mill. 
Hebayelt el 
hammam 

Fruits Poultice  0,44% 

2 Aesculus hippocastanum L. Kastal hindi Seeds Uncooked  0,87% 

3 Aloe vera (L.)Burm. Sabar Leaves  
Infusion 

Decoction  
0,87% 

4 Atriplex halimus L. Gatfa Leaves Decoction  0,87% 

5 Cynara cardunculus L. Khorchef 
Leaves 
Stem  

Decoction  0,87% 

6 Eucaliptus globulus Labill.  Kalitus Leaves Decoction  0,87% 
7 Eugenia caryophyllata Thunb. Qronfel Cloves  Decoction  0,87% 
8 Haplophyllum vermiculare Hand. El fijel Leaves Decoction 0,87% 
9 Lavandula angustifolia. (Mill). Khezama Flowers  Infusion  0,87% 

10 Origanum vulgare L.  Zaatar Aerial parts  
Infusion 

Decoction  
0,87% 

11 Panax ginseng C.A.Meyer. ginsingh Roots Decoction  0,87% 
12 Punica granatum L. Romman Fruit peel Decoction 0,87% 
13 Ammodaucus leucotrichus Coss. et DR. Kamoun essofi Fruits Decoction 1,31% 
14 Avena  sativa L. khortane Seeds Decoction  1,31% 
15 Commiphora myrrha Mr. E. M. Holmes. El morra Resin Decoction  1,31% 

16 Coriandrum sativum L. Qezbor 
Aerial parts 

Seeds 

Uncooked 
Infusion 
Powder  

1,31% 
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17 Crataegus oxyacantha L. 
Zaȃrour, Baba 

adjina 
Leaves  Infusion 1,31% 

18 Ephedra alata DC Ssp alenda Stapf.  Alenda Adam Stem Decoction  1,31% 

19 Globularia alypum L. 
Tasselgha, Aïn 

larnab 
Leaves Infusion 1,31% 

20 Nerium oleander L. ddeflâ Leaves 
Decoction 
Poultice 

1,31% 

21 Olea europeae var. oleastrer L. Zebbouj Leaves Decoction 1,31% 
22 Retama raetam (Forssk.) Webb et Berth. Remth lahmar Leaves Decoction  1,31% 

23 Zygophyllum album L. Aggaya 
Leaves 
Stem 

Infusion 
Decoction 

1,31% 

24 Allium cepa L. Elbasla Bulb 
Uncooked 
Infusion 

1,75% 

25 Anvillea radiata Coss et Dur Negd Leaves Decoction 1,75% 

26 Artemisia absinthium L. Chehiba 
Stem 

Leaves 
Infusion 1,75% 

27 Ficus carica L. Karmouss 
Leaves 
Fruits 

Decoction 
Uncooked 

1,75% 

28 Lupinus albus L. Termas mur Seeds 
Infusion 
Powder  

1,75% 

29 Pistacia lentiscus L. Daroue Leaves  Decoction  1,75% 
30 Prunus persica (L.) Batsch. Khoukhe Leaves Decoction  1,75% 

31 Salvia officinalis L. 
Miramiya, 

salmiya 
Leaves Infusion 1,75% 

32 Tetraclinis articulata (Vahl) Mast. Araâr Aerial parts Infusion 1,75% 

33 Zingiber officinale Roscoe. 
Skin jebiir, 

Zenjabil 
Rhizome  Decoction  1,75% 

34 Cinnamomum  zeylanicum Nees. Karfa Stem bark Decoction 2,18% 

35 Hammada scoparia (pomel) Iljin. Remth 
Leaves 
Stem  

Decoction  2,18% 

36 Prunus dulcis  (Mil). Lûz mûr 
Leaves 
Seeds  

Decoction 
Infusion 
Powder  

2,18% 

37 Artemisia campestris L. Allal Leaves  Infusion  2,62% 
38 Curcuma domestica Vahl.  Curcum Rhizome Decoction  2,62% 
39 Urtica dioica L. Horaig Leaves  Infusion 2,62% 

40 Citrullus colocynthis (L.) Schrad. Lhdej Pulp 
Decoction 
Poultice  

3,06% 

41 Marrubium vulgare L. Marriwa Leaves Infusion 3,06% 

42 Nigella sativa L. Haba sawda Seeds 
Decoction 

Powder  
3,06% 

43 Artemisia herba-alba Asso. Chih Aerial parts Infusion 3,50% 
44 Rosmarnus officinalis L. Halhal, yazir Leaves Infusion 3,50% 

45 Berberis vulgaris L. Ghris 
Root bark 

Leaves  
Decoction 

Powder 
3,93% 

46 Centaurea erythraea Rafn.    Merrâret 
lehnech 

Leaves Infusion 3,93% 

47 Ajuga iva (L.) Schreb. Chendgoura Leaves Infusion 4,37% 
48 Teucrium polium L. Eljaeda Leaves  Infusion 4,37% 

49 Trigonella foenum-graecum L. Helba 
Seeds 

Leaves 

Decoction 
Powder 
Infusion 

5,01% 

50 Olea europeae var. sativa L. Zitoune 
Leaves 
Fruits 

Decoction 
Oil 

5,89% 
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ABSTRACT 
 
The aim of this endeavor was to make prepara-

tions for an ointment from aqueous extract from 
Hammada scoparia. two formulations with different 
percentages of Hammada scoparia: 10% and 3% 
were prepared. The antioxidant activity of lyophilis-
ate was established in vitro and assessed in vivo by 
observing the process of wound healing. Data re-
vealed that Hammada scoparia formulation showed 
the most substantial antioxidant potency in vitro and 
after twelve days of therapy, dramatically acceler-
ated wound healing, as evidenced by a greater 
wound percentage of areas closure (98%) confirmed 
by histological analysis, in comparison to the con-
trol, Mebo, and pure vaseline groups. In general, 
these results showed that the 10% Hammada sco-
paria formulation had a greater capacity for wound 
healing, which was confirmed by its significant in 
vitro antioxidant activity. 

 
 

KEYWORDS:  
Ointment, Aqueous extract, Antioxidant activity, Wound 
healing  

 
 

INTRODUCTION 
 
The complex organ known as the skin covers 

the whole surface of the body. It is the biggest organ 
in the body and makes up around 15% of the weight 
of an adult[1]. The primary role of the skin is to pro-
tect the homeostasis of the internal environment by 
separating it from the external environment, prevent-
ing water loss, and creating an essential barrier [2]. 
The term "wound" refers to any disruption of the an-
atomic continuity of a tissue or rupture in the cellular 
integrity of a tissue that is mostly caused by a chem-
ical, microbiological, physical, or thermal insult [3-

5]. Hemostasis is the first step in a complicated bio-
logical process known as wound healing, which is 
then followed by inflammation, proliferation, and re-
modeling[5, 6] 

In most societies, the fundamental sources of 
medicines utilized for treating a variety of ailments 
are widely considered to be plants[7]. This has en-
couraged numerous scientists and pharmaceutical 
companies to focus on plant-based therapies., 

In recent years, wounds have developed into a 
very difficult pathological problem [3], [4], [5]. Due 
to their high occurrence and the high expense of 
managing chronic wound situations, wounds have a 
significant socioeconomic impact.  

Hammada scoparia is a promising source of bi-
oactive substances. Moreover, its potential has been 
showcased in manifesting antioxidant[8],[9], antimi-
crobial [9], and anti-inflammatory characteris-
tics[10], [9] that play a substantial role in enhancing 
the wound healing process. 

A medicinal plant called Hammada scoparia is 
a member of the Chenopodiaceae family, which 
comprises more than 1300 species and 120 gen-
era[11], It is a tiny, densely branching shrub found 
in North Africa, Syria, Iraq, and portions of Iran, 
Turkey, and southeastern Spain [12]. This well-
known plant is frequently employed to treat a variety 
of illnesses as decoction, infusion, or cataplasm.  

Given this context, we undertook this study to 
evaluate a new formulation's potential for wound 
healing utilizing an in vivo method.  
 
 
MATERIALS AND METHODS 

 
Plant material. The botanical material consists 

of the aerial part of Hammada scoparia collected on 
May 2022 from Cellala city (south-western Algeria) 
located 80 km from Aïn Sefra city (N 33° 01′ 59″, E 
0° 03′ 20″ ) . The botanical identification was carried 
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out by the botanist professor “Hasnaoui O”, in the 
Faculty of Science. 

 
Extract preparation method. The constitu-

ents of Hammada scoparia aerial parts were 
cleansed, dried for seven days under room tempera-
ture in a shaded environment, then crushed into a 
fine powder, and preserved in sterile and humid-free 
conditions. After extracting the powdered aerial por-
tions of HS (100 g) for 20 minutes with 1000 ml of 
boiling water, the cooked decoction was filtered 
through Whatman filter paper and lyophilized.  

 
Ointment preparation. Vaseline served as the 

principle excipient because it was stable and compat-
ible with the majority of the active principles; the ly-
ophilisated material was then reconstituted with dis-
tillate water before being incorporated. Two oint-
ments 3% and 10% in Vaseline were produced from 
the dry aqueous extract powder (lyophilisate) of the 
aerial part of Hammada scoparia. As a reference pre-
servative, sodium benzoate was utilized at a rate of 
1.5 g per 1000 g of ointment. In a mortar using a pes-
tle, lyophilisate and sodium benzoate were triturated. 
The mixture was then reconstituted with distilled 
water before being incorporated into Vaseline with 
gentle stirring until homogenization. The ointments 
were stored in hermetically sealed jars and main-
tained at room temperature out of direct sunlight. 

 
Experimental study. Animals. Twenty-five 

adult  Wistar rats weighing between 190 and 210 g,  
obtained from the Pasteur Institute  of Algeria. All 
rats were maintained in standard conditions with a 
temperature of  23°C ± 2°C and 12 h light-dark cy-
cle, and they were allowed to free access of water 
and food. The animals were kept in individual cages. 

The rats were weighed, put under anesthesia, 
and then excisions were performed on the rats' necks 
after shaving the animal and disinfecting the skin 
with alcohol. Using forceps and scissors, a 1 cm-di-
ameter circle of skin was sliced (Figure 2). Ketamine 
hydrochloride 50 mg/ml was injected at a dose of 2 
ml / kg of body weight, along with 5 mg/kg of diaz-
epam, to provide anesthesia. 

 
Experimental Design. 25 females were sepa-

rated into five lots of five animals after the skin ex-
cision: 

control group: rats received treatment with a 
physiological saline solution. 

Mebo group: rats received treatment with a 
standard medication “Mebo” cream. 

3% formulation group: rats received treat-
ment with 3% Hammada scoparia plant. 

10%  formulation group: rats received treat-
ment with 10% Hammada scoparia plant. 

Blank group: rats received treatment with pure 
vaseline. 

 
Measurement of wound area. All wounds 

were photographed digitally during the period of the 
healing process, and the wound area was manually 
traced. In order to design and draft, Autodesk Auto 
CAD was used to measure the wound surface areas. 
The following equation was used to determine the 
wound contraction rate: (Eq. 1) 

 
Histological examination. Following rat sacri-

fice, tissue samples were extracted from the wound 
site from all rat groups. These samples were then im-
mediately fixed in a solution of neutral-buffered for-
malin (10%), embedded in paraffin wax, sectioned 
to a thickness of 5 µm, and subjected to hematoxy-
lin-eosin staining. A light microscope was then uti-
lized to analyze and take photographs of these sam-
ples. 

 
Antioxidant activity. Two techniques were 

employed to evaluate the antioxidant activity of 
Hammada scoparia aqueous extract. The first in-
volves evaluating the extract's ability to inhibit the 
DPPH radical. The second test, called FRAP, evalu-
ates the extract's capacity to reduce ferric ions 
(Fe3+). 

 
DPPH free radical scavenging test. This test 

was carried out in accordance with the protocol pro-
vided by [13], the absorbance was assessed at 517 
nm using a spectrophotometer, and the percent inhi-
bition of the DPPH radical was calculated using the 
formula below: (Eq. 2) 

 
Ferric antioxidant reducing power (FRAP). 

Utilizing an aqueous extract from Haloxylon sco-
parium, the reducing power of ferric ions (Fe3+) is 
determined using the method provided by Goncalves 
[14]. At 700 nm, the absorbance was spectrophoto-
metrically measured. The reaction mixture's in-
creased absorbance was interpreted as an increase in 
the extract's reducing activity, and the result was 
compared to ascorbic acid, which served as a posi-
tive control. 

 

 

 Eq. 1  

 
  Eq. 2   
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Statistical Analysis. To identify differences 
within groups, a one-way analysis of variance 
(ANOVA) was utilized. All results are shown as 
mean ± S.E.M. If p<0.05, values were considered 
statistically significant. For the statistical analysis, 
the SPSS/PC program (Version 15.0; SPSS, Chi-
cago, IL) was used. 

 
 

RESULTS 
 
Plant extract yield. The quantity of the pulver-

ized plant material used for the extraction was ex-
pressed as a percentage yield of the aqueous extract 
(HS), which was 12.64%. 

 

Antioxidant activities. Figure 1 presents the 
results of this study as two straight lines, with the in-
itial one illustrating the variation in DPPH percent-
age inhibition relative to ascorbic acid concentration. 
The process through which ferric ions (Fe3+) are re-
duced to ferrous ions (Fe2+) in the FRAP test is de-
picted by the second straight line as a function of 
ascorbic acid concentration. 

 
Morphological evaluation. Following the use 

of a circular excision wound model, fourteen days of 
continuous observation were used to examine the 
wound healing processes in rats.  

Daily applications of the ointment were made, 
and the colorimetric evaluation was used to measure 
how well the wounds were healing. The typical pho-
tographs captured on day 0, 6, 9, 12, and 14 are 
shown in Figure 2. 

 

 
FIGURE 1 

Linear straight representing alterations in percent inhibition (A) and absorbance (B) in relation to differ-
ent concentrations of ascorbic acid for the DPPH and FRAP reduction tests of Hammada Scoparia. 
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FIGURE 2 

Representative images of wound healing effects at days 0, 6, 9, 12, and 14 of the group treated with physio-
logical serum, pure vaseline, Mebo, 10%, and 3% HS formulation. 

 
Assessment of wound closure. Every third day 

during the experimental period, the size of the re-
gions was measured in order to assess the wound 
contraction. as depicted in Figure 3, the groups re-
ceived 10% ointment plus the drug "Mebo" had su-
perior rates of contraction than the control group, 
which received physiological serum as a treatment, 
and the group given pure vaseline. Beginning on the 
seventh day, rats given 10% ointment showed a 
much higher potential for healing than the other 
groups. The wound in the untreated group remained 
unhealed on the final day of the experiment. 

 

Histopathological examination. Figure 4 
shows histopathological micrographs of rats treated 
different formulations. 

 
 

DISCUSSION 
 
Two tests were used to assess the lyophilized 

extract of the Hammada scoparia antioxidant capac-
ities: DPPH free radical scavenging study, and ferric 
antioxidant reducing power (FRAP),  As seen in Fig-
ure 3, the aqueous extract has significant antioxida 
activity (p < 0.05), with almost 59,2% ± 4.31 for 
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DPPH free radical scavenging activity, DO = 0.375± 
0.079 for reducing power,  and DO = 1,893±0,625 
for iron (Fe2+) chelating activity, Several research 
has indicated a correlation between the outcomes of 
the two antioxidant activity assessments (DPPH and 
FRAP) in the literature.[15] These results agree with 
those achieved by Bouaziz and associates utilizing 
the Tunisian aqueous leaf extract of H. scoparia.[9] 
and those obtained by Lachkar from Morocco. [16] 

These results highlight Hammada scoparia 
abundance in natural antioxidants, which might help 
to explain why traditional medicine practitioners are 
interested in using it. These chemicals' redox charac-
teristics, which enable them to function as reducing 
agents and occasionally as hydrogen donors, are pri-
marily responsible for their antioxidant effect. [17] 

All wounds displayed a same brilliant red color 
on the day of zero. The untreated wound showed an 
increased inflammatory border surrounding the im-
paired skin starting on the SIXTH day of treatment. 
However, the treated groups (P10% and "Mebo") 
had a brown color as a result of the development of 
the crust, which indicated the beginning of the heal-
ing process via the creation of a blood clot. 

After nine days, the wound area reduced and 
exposed tissue that was pinkish in color. This was 
seen in the treated groups. Additionally, untreated 
rats still exhibit an expanded inflammation with a 
dark red color (physiological serum and pure vase-
line). The group that received our 10% ointment on 
day 12 observed that the sores had completely 
healed. However, the untreated and pure vaseline-
treated groups still had open wound and scabs. These 
results highlighted 10% HS formulation healing 
powers and demonstrated how HS could potentially 
be used to quicken wound healing. These observa-
tions align with outcomes obtained by [18] and [1]. 

The 10% ointment-treated rats had complete 
size reduction in the wound site compared to the con-
trol group, and full restoration of the initial skin 
structures. Similar to this, the percentage of wound 
contraction promotes epithelization and cell prolifer-
ation, while simultaneously reducing the incidence 
of infections[19]. In contrast, the group treated with 
physiological serum displayed a slower healing pro-
cess for an open wound compared to the other 
groups. According to these results, HS at 10% accel-
erates the repair of wounds, an essential phase in the 
healing process. 

Almost completely complete wound contrac-
tion (98%),(91%) was seen in groups treated with 
formulations of 10% and Mebo on day 12 of the ex-
amination, contrary to the control, blank, and 3% 
treated groups. It is suggested that formulations cre-
ated a microorganism-free environment for the skin 
to heal quickly after treatment as a result of their an-
tioxidant and antibacterial properties [8],[9]. 

As previously mentioned, the process of cuta-
neous tissue healing is intricate and multifaceted. 
The histological assessment is a convincing method 
to support and evaluate wound healing, which can 
reveal information about the contents of collagen 
and fibroblasts, re-epithelization and neovasculari-
zation, and the deposition of inflammatory cells, col-
lagen.[20] 

Large numbers of macrophages, inflammatory 
cells, and dilated blood vessels were present in the 
control and blank groups [21]. In addition to excel-
lent healing, wounds treated with Mebo also had a 
formed dermis and epidermis, which can be seen in 
the presence of neutrophils, dense fibrillar collagen 
matrix, and granulomatous inflammation, as well as 
rapid epithelialization [22]. 

 

 
FIGURE 3 

Percentage of wound areas contraction of different group of rats 
(n=5, p-value < 0.05). 
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FIGURE 4 

Effects of the physiological serum, Mebo, 10% and 3% formulation, and control group on the histological 
evolution. The following is indicated by arrows. 

(A) control group: rats treated with a physiological saline solution. (B) rats treated with pure vaseline. (C) 
rats treated with Mebo cream (D) rats treated with 10% Hs formulation.. (E) rats treated with 3% Hs for-

mulation. 

: inflammatory infiltrate.                   : Collagen formation. 

: multinucleated giant cells.             : Granulomatous inflammation.  

: FBR. 
 
We failed to observe any hair follicles, though. 
The histogram for the 10% formulation-treated 

group revealed a  Re-epithelialization with lining 
thick epithelium, the existence of hair follicles, along 
with a broad dispersion of recently developed blood 
vessels with a negligible amount of inflammatory in-
filtrate [23], [24]. 

Light microscopy is used to look at the micro-
graph sections and evaluate the inflammatory char-
acteristics, including tissue congestion, inflamma-
tory cell infiltrates, and the formation of new blood 
vessels.[25] 

The histological analysis of the epidermis re-
vealed that both the Mebo group and the group re-

: Co

: mu : Gr

: FB



-© by PSP            Volume 32– No. 09/2023 pages 3019-3027                       Fresenius Environmental Bulletin 

3025 

 

ceiving the 10% formulation (treated groups) outper-
formed other groups in terms of healing rates and di-
mension, demonstrating their combined efficacy and 
potential for accelerated wound healing. The dual 
groups displayed a well-developed epidermis with 
thick epithelium, along with freshly created, well-or-
ganized blood vessels and wound healing that was 
nearly complete [22], [26], and the presence of con-
nective tissue associated with significant enhance-
ments in collagen fiber arrangement and deposition 
as shown in Figure 4, which supports tissue regener-
ation by promoting and accelerating the wound heal-
ing process.[27] 

H. scoparia aqueous extract contains complex 
chemicals such phenolic substances which possess 
anti-inflammatory, antioxidant, and protective prop-
erties against infectious agents. These chemicals also 
play a significant part in mast cell activation, which 
aids in epithelial contraction and, consequently, 
quick healing. Rapid, intensive epithelialization and 
capillary proliferation are produced by this formula-
tion of an aqueous extract of H. scoparia combined 
with an antibacterial medication [28], [29]. 

 
 

CONCLUSION 
 
In order to establish a conducive environment 

that accelerates wound closure, we evaluated our for-
mulation of H. scoparia aqueous extract in vivo on 
Wistars rats. According to this study, the anterior 
part of H. scoparia aqueous extract exhibited antiox-
idant activity in vitro. Application of an ointment 
based on its aqueous extract accelerated wound heal-
ing and re-epithelialization and significantly in-
creased hydroxyproline rate at the wound site. The 
mentioned effects might be explained by their bioac-
tive compounds and antioxidant properties. It's inter-
esting that these characteristics imply that an oint-
ment based on H scoparia could serve as a new med-
icine for treatments in wound healing applications. 

 
 

ABBREVIATIONS 
 
Hs: Hammada scoparia 
FRAP: Ferric reducing antioxidant power as-

say 
DPPH: 1,1-diphenyl-2-picrylhydrazyl scav-

enging activity 
ANOVA: Analysis of variance 
FBR: foreign body reaction  
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ABSTRACT 
 
Saharan soils continue to be a considerable 

source of microorganisms producing secondary me-
tabolites and enzymes of great importance. The pre-
sent study aimed to screen-out the soil samples of 
unexplored Saharan site of Algeria to isolate Actino-
bacteria species possessing antibacterial and antifun-
gal activities. Twenty-three Actinobacteria strains 
were isolated from sand samples collected from Sa-
haran fields in Algeria. The isolates were screened 
for antimicrobial activity. After the initial screening, 
79% of the isolates showed antimicrobial activity. 
Strain KSA18 was selected for its potent activity. 
The bioactive metabolite was extracted with ethyl 
acetate and tested against pathogenic microorgan-
isms by disk diffusion method. The crude extract 
was partially purified by column chromatography 
and assayed for its antimicrobial activity. Fraction 
A1 showed good activity against Staphylococcus au-
reus (3.25 mg/mL) and Listeria monocytogenes (4 
mg/mL). This strain was identified as Streptomyces 
lasiicapitis by 16S rRNA sequencing. GC-MS  anal-
ysis of the crude extract revealed the presence of 
about 17 different volatile compounds). Some of 
them could be directly responsible for the antibacte-
rial or antifungal activity. The most important com-
pounds are phenol, 2,4-bis(1,1-dimethylethyl), 3-
isobutylhexahydropyrrolo[1,2-A]pyrazine-1,4-di-
one, 2-methyloctacosane, and dibutyl phthalate. 
Streptomyces lasiicapitis KSA 18 was effective 
against most of the pathogens tested. Due to its rich-
ness in various bioactive compounds, this Actino-
bacteria could find wide application in the biotech-
nology industry. However, this study requires other 
approaches to identify these bioactive molecules. 

 
 

KEYWORDS: 
Streptomyces, Saharian soil, antibacterial activity, antifun-
gal activity, bioactive compounds 

 
 

INTRODUCTION 
 
In 1945, Abraham and Chain discovered a sub-

stance produced by a Colibacillus that completely 
stopped the effect of penicillin, and named it penicil-
linase. Fleming cautioned the public in a June 26, 
1945, New York Times article that overuse of peni-
cillin could result in the development and dissemina-
tion of resistant bacteria. After five years, in Paris 
and London, half of the Staphylococcus strains were 
penicillin-resistant [1]. 

The issue of antibiotic resistance quickly 
spread beyond its initial outbreak, becoming a global 
concern. In fact, during the World Health Day event 
held on April 7, 2011, the WHO director-general 
Margaret Chan declared a warning: "...if we do not 
take immediate action to address this issue and safe-
guard our progress, we will be entering a post-anti-
biotic era in which many common infections will be-
come untreatable and lethal once again." Given the 
gravity of the situation, the ultimate solution to com-
bat microbial resistance is to research and develop 
new antimicrobial molecules. This can be achieved 
through the synthesis of new molecules or hemi-syn-
thesis of known structures. Additionally, non-cul-
turable microbial populations can be harnessed 
through metagenomics, which involves extracting 
DNA from environmental samples (the meta-
genome) and cloning it into vectors that are trans-
formed into host cells. The next step involves ana-
lyzing the environmental DNA libraries for their bi-
ological activities [2]. Additionally, new bacterial or 
fungal species are isolated from ecosystems that 
have been either inadequately or not at all explored. 
These newly discovered species are then subjected 
to analysis of their fermentation products. 

In their 1984 review of actinomycete isolation, 
Goodfellow and Haynes [3] found that only 10% of 
these organisms occur naturally. Nevertheless, the 
vast majority of antibiotics used today are derived 
from the natural products generated by actinomy-
cetes and fungi [4, 5]. Actinomycetes have been 
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sourced from both marine sediment and soil. Despite 
a half-century of soil analysis by the pharmaceutical 
industry, only a minuscule fraction of the planet's 
surface has been examined. 

Only a small portion of all actinomycete spe-
cies have been uncovered in past research [6, 7]. Our 
current focus lies in studying actinomycetes, as they 
possess the greatest potential for generating antimi-
crobial metabolic products. 

 
 

MATERIALS AND METHODS  
 
Isolation of Actinobacteria. Barren soil sam-

ples were collected at Kasdir (33° 42′ 35”, 1° 21′ 
32”) in Naama, Algeria. Remove the top 5 cm of dirt 
with a sterile spatula. Then pick up 100-150 g of dirt 
with a sterile spatula at a depth of 5-15 cm and place 
on sterile aluminum paper; 50 g were shipped to the 
laboratory as described by Pochon and Tardieux [8] 
. Soil samples were air-dried at room temperature for 
one week. 9 mL of double distilled sterile water con-
tains 1 g of dirt. Diluted 10-5. 10-2, 10-3, 10-4 and 10-5 

were spread on starch-casein agar. Added Nalidixic 
Acid and Actidion to inhibit bacterial and fungal 
growth. Incubate at 28-30°C for 10 days. Actinobac-
terial colonies were purified on ISP2 medium ac-
cording to their morphological characteristics. In our 
pilot-scale screen, 23 actinomycetes, KSA 1-23, 
were isolated. 

 
Microbial organisms. Gram-negative bacte-

ria, Gram-positive bacteria and fungi used in this 
study were provided by the Institut Pasteur, Algiers: 
Escherichia coli (ATCC 25922), Salmonella typhi-
murium (ATCC13311), Pseudomonas aeruginosa 
(ATCC 27853), Staphylococcus aureus (ATCC 
25923), Listeria monocytogenes (ATCC) 19115), 
Bacillus subtilis (ATCC 10876), Enterococcus fae-
calis (ATCC 29212), Methicillin-Resistant S. aureus 
(MRSA) (ATCC 43300), Candida albicans (ATCC 
2019) and Aspergillus flavus (ATCC 9643). Bacteria 
and fungi were grown in Mueller-Hinton and 
Sabouraud broths at 37°C and 25°C for 24 and 72 
hours, respectively. 

 
Antibacterial activity. Actinomycetes were 

grown on Bennett's Sand GLM agar for 7 days [9]. 
Using hollow plungers, 3 mm agar cylinders were 
placed on Mueller Hinton medium (Merck) inocu-
lated with each test bacterium. After 4 hours at 4°C, 
the dishes were placed at 37°C for 24 hours before 
measuring the inhibition diameter [10]. 

 
Antifungal activity. Actinomycetes isolates 

were tested against filamentous fungi from the My-
cological Department of the Institut Pasteur. Activity 
was tested using 9 g l-1 Bactocasitone, 5 g.l-1 yeast 
extract, 10 g.l-1 sodium citrate, 20 g l-1 glucose, 3.34 

g l-1 disodium hydrogen phosphate, 0.54 g l-1 potas-
sium di-hydrogen phosphate, and 18 g l-1 agar [11]. 
After 24-48 h at 28 °C, measure the zone of inhibi-
tion for yeast and filamentous fungi. 

 
DNA extraction, PCR and 16S rRNA se-

quencing. DNA extraction kit was used for 0.5 mL 
KSA18 liquid culture (Stratec Molecular Invisorb 
Spin Plant Kit, Berlin, Germany). DNA extraction 
efficiency was tested using agarose gel electrophore-
sis. 16S rRNA was amplified in a thermal cycler us-
ing two primers (27F: 5′-AGTTT-
GATCCTGGCTCAG-3′ and 1492R: 5′-ACGGC-
TACCTGTTAGGACTT-3′). DSMZ sequencing of 
PCR products was performed at the DSMZ center 
(Brauchweig, Germany). Nucleotide sequences were 
aligned to NCBI's GENBANK database using 
BLAST. 

 
Fermentation. Initial screening revealed that 

this isolate (named KSA18) had a zone of inhibition, 
indicating antimicrobial activity. ISP-2 broth yields 
bioactive substances. 125 mL of broth was sterilized 
in a 250 mL Erlenmeyer flask. Sterile broth contain-
ing 4% of the two-day-old stock inoculum was 
stored at 28 °C and 150 rpm for 7 days. After incu-
bation, filter the broth through Whatman N°1. Cen-
trifuge for 15 minutes and separate the filtrate. 

 
Extraction and purification. The culture fil-

trate (800 mL) was extracted twice with ethyl acetate 
and the combined extracts were evaporated to dry-
ness under reduced pressure. Antibacterial compo-
nents were purified by silica gel column chromatog-
raphy (2.5×25). Use 100-200mm silica gel to pack 
the column. Methanol and ethyl acetate (6-4 v/v) 
eluted. 5 g of this crude extract was diluted in 50 mL 
methanol and passed through a silica gel column at 
0.2 mL/min; 25 fractions (5 mL each) were collected 
and tested for antibacterial activity [12]. 

 
Thin-layer chromatography combined with 

bioautography. Samples were spotted on 20 cm 20 
cm silica gel plates (Si60, Merck Art. 5735, Kiessel 
gel 60F254), washed with methanol and acetate ethyl 
(6:4, v/v), and air-dried overnight at 37°C. Fraction-
ation experiments used two plates. First, bioactive 
chemicals were localized using retention factor (Rf) 
[13]. Spraying sulfuric vanillin (vanillin/H2SO4/eth-
anol 3:3:100, w/v/v) visualized these molecules. The 
second plate was placed over S. aureus-seeded 
Mueller–Hinton media (Merck) at 37°C for 24 hours. 
Antifungal compounds were discovered by matching 
their Rf on reference TLC plates to S. aureus-free re-
gions. 

 
Identification of bioactive metabolites using 

GC-MS analysis. The chemical composition of the 
TLC active eluent molecule was discovered by GC-
MS [14]. The program ranged from 40–280 °C, and 
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250 °C was chosen for injection. The GC had a ca-
pillary column and a 1 l injection volume. The sam-
ple flowed at 1 mL/s and 36.5 cm/s [15]. The results 
were compared to NIST 11. 

 
Determination of minimum inhibitory con-

centrations. Minimum inhibitory concentrations 
(MICs) of pure bioactive compounds were deter-
mined using agar dilution. Inoculation on Mueller-
Hinton medium for bacteria and Sabouraud medium 
for yeasts and filamentous fungi with 10, 20, 30, 50, 
75, and 100 g/mL of active compounds. After 24–48 
hours at 37°C for bacteria and 48–72 hours at 28°C 
for fungi, growth plates were examined to find the 
lowest antibiotic concentration that inhibited the 
growth of each organism. Mueller-Hinton and 
Sabouraud medium without active ingredients and 
target microorganisms were used as controls. 

 
 

RESULTS 
 
Isolation and Preliminary screening. Soil 

samples were taken at Kasdir in Naama Algeria. 1 g 
of soil was dried for actinomycete isolation. The 23 
probable actinomycetes were isolated and purified in 
ISP-2. The pure colonies were maintained at 4°C on 
an ISP-2 layer. The isolated cultures were KSA 1 to 

23. All the isolates were tested for bacteria and fungi. 
Antibacterial and antifungal activity was assessed by 
diffusion on Mueller–Hinton for bacteria and YMA 
and casiton for fungi. At the first screening, 34% of 
the strains showed weak activity, 22% showed mod-
erate activity, 25% showed promising activity, and 
19% showed no hostile activity (Table 1). 8 strains 
with good activity were also screened for cultural 
characteristics (Table 2). The antibacterial chemical 
KSA18 suppressed the development of bacteria and 
fungi. KSA18 was selected based on early screening 
results to investigate its extraction and antibacterial 
property. The methanol extract of KSA18 was 
screened against bacteria and fungi. 

 
Genetic Identification of KSA18 strain, Phy-

logenetic Analysis and Clustering. Sequencing re-
sults of the 16S rRNA gene of the KSA18 strain were 
compared with BLAST [16]. ClustalW [17] was 
used to align these homologous sequences with the 
16S rRNA gene sequence of KSA18. Figure 1 shows 
the phylogenetic tree based on 16S rRNA gene se-
quences using MEGA X [18], illustrating the con-
nections between the KSA18 strain and the genus 
Streptomyces. The 16S rRNA sequence of bacterium 
KSA18 is 99.17% comparable to the sequence of 
Streptomyces lasiicapitis (accession number 
SUB11207111). 

 
TABLE 1 

Primary screening of actinomycetal isolates by the agar cylinder method. 
 
 

Test microorganisms 
B 

sub-
tilis 

S au-
reus 

L monocyto-
genes 

MRSA E 
coli 

P. aeru-
ginosa 

E fae-
calis 

S. typhi-
murium 

Calbi-
cans 

A 
fla-
vus 

KSA 1 _ _ _ _ _ _ _ _ _ _ 
KSA 2 _ + + _ _ _ + _ _ _ 
KSA 3 _ _ _ _ _ _ _ _ _ _ 
KSA 4 + + _ _ + _ + _ _ _ 
KSA 5 _ + _ _ + _ + _ _ _ 
KSA 6 + + + + + _ _ + _ + 
KSA 7 _ _ + _ + + + _ _ _ 
KSA 8 + + _ _ + _ _ _ _ + 
KSA 9 _ _ _ _ _ _ _ _ _ _ 
KSA 
10 

+ + _ _ _ + _ _ _ _ 

KSA11 _ + _ _ _ _ _ + _ _ 
KSA12 + + + _ + _ + _ _ _ 
KSA13 _ + + _ + _ _ + _ + 
KSA14 + _ + _ _ _ + _ _ _ 
KSA15 _ _ _ _ _ _ _ _ _ _ 
KSA16 + + + _ _ _ + _ _ _ 
KSA17 _ + + _ _ _ _ + _ _ 
KSA18 + + + + _ + + + _ + 
KSA19 + + + + + + + + _ + 
KSA20 + + + + _ _ + + ̵ _ 
KSA21 + _ _ _ _ + _ _ + _ 
KSA22 _ + _ _ + _ _ _ ̵ _ 
KSA23 + + _ _ _ _ + + _ _ 

 - no inhibition; +  inhibition 
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TABLE 2 
Colony characteristics of most active isolates cultured on Isp2. 

Culture code  Colour Mycelium type  Pigment production  Gram’s reaction 
KSA6 
KSA7 
KSA8 

KSA13 
KSA14 
KSA16 
KSA18 
KSA19 

White 
White  

Yellow  
Grey  
White 
Green  
White  

Yellow  

Substrate  
Aerial  
Aerial  

Substrate  
Aerial  
Aerial  

Substrate  
Substrate  

Orange  
- 

Red  
Yellow  
Yellow 

- 
Yellow  
Yellow  

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

 

  
FIGURE 1 

A Cladogram, using neighbour-joining method of selected 16S rRNA gene sequences of the genus Strepto-
myses, obtained from BLAST hits, showing relationships between strains KSA18 and some closely related 

representative members. 
 
Extraction and purification of fermentation 

products. Fermentation of KSA18 lasted for 120 
hours at 28 °C. The culture supernatant was collected 
and centrifuged. Ethyl acetate (1:2, v/v) was used for 
extraction, which was then evaporated to dryness to 
give a yellow coloured precipitate. In 50 mL metha-
nol, 5 g of the precipitate was separated by column 
chromatography with methanol and ethyl acetate 
(6:4,v/v). 25 5-mL portions were taken. 

The active portions ranged from No. 14 to No. 
27. Silica gel column chromatography was used to 
remove unwanted impurities and metabolites. 

The fractions obtained were analyzed by TLC. 
Ays1 (122 mg) and Ays2 (21 mg) formed the major 
fractions. The fraction Ays1 was the most antimicro-
bial.  

 
Growth and antimicrobial production. The 

synthesis of active metabolites of KSA18 was meas-
ured for 120 hours. Antibiotic production was de-
pendent on the growth phase, with the best efficiency 
of the product obtained at the end of the exponential 

phase and in the stationary phase. The highest yield 
was obtained after 72 hours of incubation with an in-
hibition zone of 22 mm (Figure 2). 

 
UV-visible analysis. The UV spectrum of the 

methanol crude extract showed a pronounced ab-
sorption at 205, 210 and 240 nm. The UV absorption 
maximum was found at 205 nm with another peak at 
240 nm, confirming a non-polyenic nature of the 
molecule (Figure 3). 

 
Minimal Inhibitory Concentration. The puri-

fied chemical compound showed antibacterial and 
antifungal activity on a broad spectrum of microor-
ganisms tested. The MIC for Bacillus subtilis and 
Listeria monocytogenes was 22 and 24 mg/mL, re-
spectively. The MIC for Gram-negative bacteria was 
53–62 mg/mL. The minimum inhibitory concentra-
tion of fungi was the highest compared to bacteria 
(71 mg/mL for Candida albicans and 92 mg/mL for 
A. flavus) (Table 3). 
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FIGURE 2 

Growth and antimicrobial time production KSA18 in ISP2. 
 

 
FIGURE 3 

The UV-Visible spectrum of the KSA18 crude extract  
 

TABLE 3 
Minimum inhibitory concentrations (MIC) of 
the purified bioactive metabolite isolated from 

Streptomyces KSA18. 
Test organisms MIC (mg/mL) 

Aspergillus flavus 
Bacillus subtilis  
Candida albicans  
Escherichia coli  

Enterococcus faecalis 
Listeria monocytogenes  

MRSA  
Pseudomonas aeruginosa  

Staphylococcus aureus  
Salmonella Typhimurium  

92 
22 
71 
55 
26 
24 
37 
62 
36 
53 

 
GC-MS spectrum. Analysis by GC-MS de-

tected various chemicals (Figures. 4 and 5). 2,4-Bis 

(1,1-dimethylethyl) and O-D-glucopyranoside, ß-D-
fruc are important chemicals. Other compound are 
listed in Table 4 
 
 
DISCUSSION 

 
23 Actinomycetes were isolated from a poor 

Algerian field. Isolation of actinomycetes is difficult 
compared to bacteria and fungi [19]. This may be at-
tributed to the long incubation period. Strach casein 
agar medium containing nalidixic acid 100 mg.l-1 
and actidione 20 mg.l-1 inhibited contaminating bac-
teria and fungi. 

 
.
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FIGURE 4 

GC-MS spectrum of the active fraction obtained by column chromatography of the  
crude extract of KSA18. 

 
TABLE 4 

GC-MS identification of bioactive compounds    
PEAK 

N° 
Retention 

Time 
Identified compound  Mole. for-

mula  
Mole. 
weight  

Activity  

1 4.85 DL-Arabinose C5H10O5 150.05 Antivirus activity 
2 5.29 Xylitol C5H12O5 152.15 Antimicrobial  
3 5.82 Glucitol, 6-O-nonyl C15H32O6 308.41 No activity reported 
4 6.26 α- DGlucopyranoside,O-αD-gluco-

pyranosyl- (1.fwdarw.3)-ß-D-fruc 
C18H32O16 504.40 Anticarcinogenic an-

timutagenic 
5 6.82 N, N-Dimethylglycine C4H9NO2 103.12 Antioxydant  
6 7.61 Glycerin C3H8O3  Emulsifiant  
7 9.22 Benzofuran, 2,3-dihydro- C8H8O 120.10 anti-inflammatory 

activity  
8 9.29 Maltol C6H12O3 126.11 Antioxydant  
9 9.37 Phenol, 2 , 4 Bis (1,1-Di-

methylethyl) 
C17H30OSi 278.50 Anti-inflammatory, 

antioxydant, antimi-
crobial  

10 10.37 Levomernthol C10H20O 156.26 Antimicrobial  
11 14.93 3-Isobutylhexahydropyrrolo [1,2-

A] Pyrazine-1 , 4- Dione 
C11H18N2O2 210.27 Antibacterial   

12 15.02 2- methyloctacosane C29H60 408.80 Antimicrobial, anti-
oxydant   

13 16.45 Benzene propanoic acid, 3,5-bis 
(1,1-dimethylethyl)-4-hydroxy-, 

methyl ester 

C18H28O 292.40 Antioxydant  

14 18.68 Propanoic acid C3H6O2 74.07 antibacterial 
15 19.43 Thieno[3,2-e] benzofuran C10H7NOS 189.24 Antimicrobial  
16 22.03 Pyrrolo [1 ,  2-a] pyrazine-1,4-di-

one , hexahydro-3-(phenylmethyl) 
C14H16N2O2 244.29 Antioxydant  

17 22.58 Bi s (2-ethyl hexyl) phthalat C24H38O4 390.6 Antibacterial   
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FIGURE 5 

GC-MS spectrum of the active fraction obtained by column chromatography of the crude extract of 
KSA18. 

 
Isolation and morphological identification 

showed that 79% of the identified isolates were anti-
bacterial. In this study, only strain KSA18 was re-
tained because it inhibited most of the bacteria stud-
ied. Morphological, physiological and biochemical 
characteristics were consistent with those of Strepto-
myces. The KSA18 isolate formed secondary metab-
olites and showed antimicrobial activity against a 
broad spectrum of bacteria. Valan Arasu et al. [20]  
found similar results when they isolated Streptomy-
ces spp. (ERI-3) from the bedrock of the Western 
Ghats. The actinomycete microflora from Saharan 
soils in southeastern Algeria was identified using 
molecular methods. Then it was tested whether they 
kill the fungus. The extract of KSA18 Streptomyces 
showed antibacterial and antifungal activity. 

The production of secondary metabolites 
started at the end of the exponential phase and con-
tinued during the stationary phase. We found that the 
production of antimicrobial compounds was signifi-
cantly related to the development of the KSA18 

strain. The same effect has already been demon-
strated for the antimicrobial BTSS-301 derived from 
marine Streptomyces coeruleorubidus [21]. 

When the UV-VIS spectrum of the crude ex-
tract was checked against the maximum molecular 
absorbance of polyenes [22], it became clear that the 
absorbance peaks of the KSA18 extract did not have 
a polyenic structure. Since polyenes are known to be 
toxic and poorly soluble, this is poor for screening 
new antifungal compounds [23]. 

The TLC results showed that the best composi-
tion of the solvent used for the crude extract is ethyl 
acetate/methanol. Boughachiche [24]  found that 
ethyl acetate methanol causes rapid migration of ac-
tive ingredients. Therefore, it provides a good parti-
tioning and suitable purification for the crude extract 
obtained with methanol. 

The GC-MS analysis showed a great diversity 
with about 17 different volatile compounds in the ac-
tive fraction of the methanolic extract. Most of them 
could be responsible for the biological activity. Devi 
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et al. showed the antifungal activity of phenol, 2,4-
bis(1,1-dimethylethyl), which is produced by Acti-
nomycete and is considered to promote the growth 
of mangroves [25]. 3-Isobutylhexahydropyrrolo[1,2-
A] pyrazine-1,4-dione has antimicrobial activity 
[26]. 2-Methyloctacosan also showed antimicrobial 
and antioxidant activity in the work of Pelo et al. [27] 
. Streptomyces albidoflavus produces dibutyl 
phthalate, which has antimicrobial activity [28-30]. 
However, for this study, other methods must be used 
to determine the structures of the various molecules 
of technological and biological interest contained in 
our extract. The different MICs determined for our 
extract show its activity against most pathogenic mi-
croorganisms, revealing the presence of several in-
teresting molecules 

 
 

CONCLUSION 
 
Standard therapies for infections caused by 

multidrug-resistant strains are no longer sufficient, 
and even second- and third-line drugs are not suffi-
ciently effective. Therefore, it is crucial to find new 
bioactive compounds of natural origin to continu-
ously advance the discovery and development of 
new drugs. For this reason, the main objective of this 
work is to isolate actinobacterial strains and demon-
strate their antimicrobial activity. A total of 23 acti-
nomycetes were isolated from Saharan soil. Most of 
them showed microbial activity. Strain KSA 18 was 
selected for its efficacy against the majority of path-
ogens tested.  Molecular identification of the strain 
allows it to be assigned to the species Streptomyces 
lasiicapitis. Submerged fermentation of the selected 
bacteria allows the production and extraction of me-
tabolites. The GC-MS technique showed a richness 
of the extract in different bioactive compounds. This 
work should be continued to identify the different 
chemical structures of the active molecules. 
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ABSTRACT 

 
As an opportunistic pathogen that lives in wet-

lands such as water, the presence of Pseudomonas 
spp in drinking water or that intended for the agri-
food industry can pose a risk to consumers. The 
study aims to search for Pseudomonas spp in the 
feed water tank of a dairy unit located in Bechar, and 
then to characterize the virulence factors of the iso-
lates, namely antibiotics resistance, hemolytic 
power, and biofilm formation. 

A total of 10 water samples were analyzed to 
isolate Pseudomonas by the membrane filter tech-
nique. The identification of Pseudomonas spp iso-
lates was carried out using standard microbiological 
methods. The Kirby-Bauer diffusion test-based as-
sessment of antibiotic susceptibility was performed. 

The bacteriological analysis showed that 7/10 
(i.e. 70%) of the water samples were contaminated 
with Pseudomonas spp. However, bacterial identifi-
cation confirmed that the isolated strains belonged to 
the P. aeruginosa species. These strains showed a re-
sistance rate of 100% to cefazolin, ticarcillin-clavu-
lanic acid, ceftazidime, cefotaxime, cephalothin, and 
cefoxitin, and at a lower rate of resistance, i.e. 86 and 
57% for amikacin and tobramycin, respectively, and 
sensitive to ciprofloxacin, ofloxacin, piperacillin, 
piperacillin-tazobactam, and gentamicin, which 
seemed to be the most active molecules. Based on 
antibiotic resistance results against the aminoglyco-
side, cephalosporin, and β-lactam classes, all the P. 
aeruginosa isolates were classified as multidrug-re-
sistant (MDR). Besides, all the P. aeruginosa iso-
lates show β-hemolysis and can form biofilms.  

P. aeruginosa isolates showed a worrying de-
gree of virulence that requires special attention from 
the dairy unit managers, and appropriate treatment 
should be conducted to eliminate any risk that could 
harm consumers. 
 
 
KEYWORDS:  
Bechar, Dairy unit, Feed water tank, Pseudomonas aeru-
ginosa, Virulence factors 
 

INTRODUCTION 
 
As a vital element for human life, essential for 

many human activities, and for its multiple uses in 
various fields as a raw and basic material in the phar-
maceutical and food industries, water must therefore 
meet the sanitary conditions for its consumption 
without harming consumer health [1]. 

The presence of micro-organisms in the drink-
ing water is mainly due to the deterioration of the 
water quality at the water point, insufficient protec-
tion or maintenance of receiving facilities, failure of 
the disinfection treatment, or contamination of water 
during transportation or storage in the network [2], 
microbial contamination of drinking water can trans-
mit diseases such as cholera, dysentery, typhoid fe-
ver, poliomyelitis, and diarrheal diseases that lead to 
approximately 485000 consecutive deaths each year 
[3]. Pseudomonas aeruginosa strains are found in 
various environmental habitats and require a mini-
mum supply of nutrients (low nutrient or oligo-
trophic environments) for their reproduction and sur-
vival, and also can be found in high-nutrient envi-
ronments such as in sewage, which makes water a 
favorable environment for their development [4-6]. 
This bacterium is an opportunistic pathogen that can 
cause serious infections for immunocompromised 
patients, and those with chronic diseases, and can be 
considered a foodborne pathogen involved in food 
poisoning in various food groups such as water, 
milk, meat, fruits, and vegetables [7, 8]. 

The virulence and prevalence of multi-drug-re-
sistant Pseudomonas aeruginosa are still of great 
concern for the world’s public health. Single, multi-
ple resistance, or even pandrug-resistant Pseudomo-
nas aeruginosa (PDRPA), which is resistant to all 
commercially available antipseudomonal antimicro-
bial agents, is rapidly increasing [9]. Due to many 
factors, three of the four main classes of antibiotics 
have become less effective or even ineffective 
against P. aeruginosa (penicillins/cephalosporins/ 
monobactams/carbapenems, aminoglycosides, fluo-
roquinolones [10, 11]. 

On this basis, the study aimed to isolate Pseu-
domonas spp from the feed water tank of a dairy unit 
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located in Bechar, and to study the antibiotic suscep-
tibility pattern of Pseudomonas spp isolates, their 
virulence factors namely hemolytic potency, pig-
ments production, and the ability to form biofilms. 
 
 
MATERIALS AND METHODS 

 
All experiments were carried out at Moham-

med Tahri University of Bechar (Algeria), for five 
months from February to June 2023. 

 
Studied dairy unit. The dairy unit is located in 

Bechar province (Southwest of Algeria) and pro-
duces pasteurized partially skimmed milk, fermented 
milk, and lemonade. For water requirements, the 
dairy unit has a water tank built of concrete with a 
storage capacity of 60 m3 and is fed from a 70m deep 
borehole [12, 13]. 

 
Water sampling. A total of 10 water samples 

from the feed water tank were analyzed to isolate 
Pseudomonas spp. The water samples were collected 
in sterile glass bottles following the standard sam-
pling methods described by Rodier [14] from Febru-
ary to May 2023 (Table 1, Figure 1).  

 
TABLE 1 

Frequency and date of water sampling from the 
feed water tank 

Samples Dates of collection 
S1 (E1) February 26, 2023 
S2 (E2) March 8, 2023 
S3 (E3) March 15, 2023 

S4 March 22, 2023 
S5 April 8, 2023 
S6 April 16, 2023 

S7 (E9) April 24, 2023 
S8 (E12) April 30, 2023 
S9 (E17) May 10, 2023 

S10 (E19) May 20, 2023 

S (1 to 10): Water tank samples 
 

 
FIGURE 1 

Water tank samples (Original, 2023) 
 
Detection of Pseudomonas spp. Search for 

Pseudomonas spp was carried out by filtering 250 
mL of water through 0,45μm-pore-size membranes 
(Membrane filter technique). The membranes were 
then placed on cetrimide-nalidixic acid agar, and the 
dishes were incubated at 42°C for 24 hours [15] (Fig-
ure 2). 

 
Identification tests for Pseudomonas spp. 

The identification of the isolates was performed ac-
cording to the standard microbiological methods 
given in Bergey's manual [11, 16]. Firstly, morpho-
logical characteristics on culture media, bacterial 
growth on nutrient agar from 37 to 42°C, observing 
bacterial cells under the microscope (wet mount and 
Gram staining). Secondly, classical bacteriological 
biochemical tests on TSI Agar, meat-liver glucose 
0,6% agar, mannitol-motility test medium, indole 
test, citrate utilization test, and oxidative-fermenta-
tive test on Hugh Leifson medium (MEVAG). Other 
tests such as catalase test, nitrate reduction test, cy-
tochrome C Oxidase assay, and API 20E multitest 
system were also applied. 

 
 
 

 

 
FIGURE 2 

Membrane filter technique for isolation of Pseudomonas spp (Original, 2023) 
 
  



- © by PSP            Volume 32– No. 09/2023 pages 3037-3049                                                  Fresenius Environmental Bulletin 

3039 

 

Virulence factors of Pseudomonas spp.  
 

Hemolysis test. This test is not only a bacterial path-
ogenicity or virulence characteristic to look for, but 
also a tool for identifying specific microbial species.  

After 24 hours of incubation at 37°C of the Co-
lumbia agar with 5% sheep blood plates incubated 
with the tested isolate, the hemolytic power is re-
vealed by the presence of a characteristic clear halo 
at the periphery of each bacterial culture [17]. 

 
DNase production test. The DNase test was 

carried out on DNase agar. DNase agar medium in-
cubated with the tested isolate at 37°C for 24 hours 
was flooded with 1,0 N HCl to precipitate. The gen-
eration of clear zones around the inoculation line was 
considered DNase-positive. However, lack of clear-
ance around bacterial colonies was considered 
DNase-negative [18, 19]. 

 
Pigments production. King A agar and King 

B agar slants were incubated with the tested isolates 
at 37°C for 24 hours. 

Two pigmentations are sought, namely: 
-Pyocyanin (PYO): Bluish-green or blue color 

formation on king A agar slants medium was consid-
ered as pyocyanin pigment, which was soluble in 
chloroform. 

-Pyoverdine (PVD): After incubation, King B 
agar slants incubated with the tested isolate are 
placed under the UV lamp (280 nm) for fluorescence 
detection. Yellowish green pigment formation was 
considered as pyoverdine pigment [20,21]. 

 
Biofilm formation. The tube method (TM) 

was conducted in this study as described by Chris-
tensen et al. [22]. It is a qualitative test for the detec-
tion of biofilm-producing microorganisms, due to 
the appearance of a visible film inside a polystyrene 
test tube containing TSB medium incubated with the 
tested isolate [23]. 

 
Antibacterial susceptibility patterns and 

ESBL screening. Antibiotic susceptibility testing 
(AST). The antibiotic susceptibility pattern of Pseu-
domonas spp isolates was evaluated using the Kirby-
Bauer disk diffusion method in which the inhibition 
zone diameters were measured in mm and then clas-
sified as sensitive (S), intermediate (I), or resistant 
(R) according to the recommendations given by the 
Clinical and Laboratory Standards Institute (CLSI) 
[24]. 

In this study, the antibiotic discs used for the 
antibacterial susceptibility testing were as follows: 
Cefoxitin (CX 30μg), Cefotaxime (CTX 30μg), 
Ceftazidime (CAZ 30μg), Amikacin (AK 30μg), 
Gentamicin (CN 10μg), Ciprofloxacin (CIP 5μg), 
Aztreonam (ATM 30μg), Cefazolin (CZ 30μg), 
Cephalothin (KF 30µg), Ofloxacin (OF 5µg), Ti-
carcillin-clavulanic acid (TTC 85µg), Piperacillin-

tazobactam (PIT 100/10µg), Piperacillin (PRL 
100µg), and Tobramycin (TOB 10µg). 

Isolates that were observed to be resistant to at 
least three different antibiotics were classified as 
multi-antibiotic-resistant isolates (MAR) [25, 26]. 

 
Determination of the MAR index 
MAR index was calculated using the formula 

below [27, 28] : 

 

Where: 
(a): Number of antibiotics to which the tested 

isolate is resistant 
(b): Total number of antibiotics tested  
 
Phenotypic detection of ESBL. According to 

the recommendations given by the antibiogram com-
mittee of the French Microbiology Society (CA-
SFM), the ESBL test was intended for isolates that 
show a low level of bacterial susceptibility to a series 
of cephalosporins. Escherichia coli ATCC 25922 
was used as a negative control while Klebsiella 
pneumoniae ATCC 700603 was used as a positive 
control strain [28]. 

 
Synergy test. The search for ESBL-producing 

Pseudomonas aeruginosa was performed by the 
disk-diffusion method for synergistic detection on 
Mueller-Hinton agar between an antibiotic disc con-
taining a β-lactamase inhibitor, placed at 20 or 
30mm from the central disc of a 3rd generation ceph-
alosporins disc (cefotaxime, ceftazidime or 
cefepime) and aztreonam. The incubation was car-
ried out at 37°C for 24 hours [29]. 

 
Double-disc synergy test (DDST). This test 

aims to look for an increase in the inhibition zone of 
a 3rd generation cephalosporins disc, preceded by the 
application of a disc containing amoxicillin-clavu-
lanic acid, compared to another disc carrying the 
same cephalosporin and placed side by side on the 
Mueller-Hinton agar incubated with the tested iso-
late. 

The Petri dishes were left for one hour at labor-
atory ambient temperature, and the amoxicillin-
clavulanic acid disc was then replaced by a cefotax-
ime disc. 

After incubation of Petri dishes at 37°C for 24 
hours, a positive test is expressed in a 5mm increase 
in the zone of inhibition of the cefotaxime disc in the 
presence of clavulanic acid compared to the zone of 
inhibition of the cefotaxime disc alone [29]. 

 
Phenotypic tests on a cloxacillin-containing 

agar. It was performed on Mueller-Hinton agar con-
taining a concentration of 250 mg/L of cloxacillin 
(MH-CLOXA), incubated with the tested isolate at 
37°C for 24 hours [29]. 
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�ESBL-positive bacteria: A synergy is shown 
between ceftazidime or cefepime and amoxicillin-
clavulanic acid discs.   

�ESBL-negative bacteria: The diameter of the 
inhibition zone around cefepime and ceftazidime 
discs is increased and there is no visible synergy. 

 
Statistical analysis. The different ratios related 

to antimicrobial susceptibility testing and ESBL tests 
were calculated using Microsoft Excel software. 

 
TABLE 2 

Search results for Pseudomonas spp isolates from 
the feed water tank 

Samples Bacterial isolation results 
S1 (E1) +ve (Pseudomonas sp) 
S2 (E2) +ve (Pseudomonas sp) 
S3 (E3) +ve (Pseudomonas sp) 
S4 -ve 
S5 -ve 
S6 -ve  
S7 (E9) +ve (Pseudomonas sp) 
S8 (E12) +ve (Pseudomonas sp) 
S9 (E17) +ve (Pseudomonas sp) 
S10 (E19) +ve (Pseudomonas sp) 

 
 
 
 
 
 

RESULTS  
 
Isolation of Pseudomonas spp. The search re-

sults for Pseudomonas spp from the water tank are 
shown in Table 2 below. 

The search results for Pseudomonas spp 
showed that 7/10 (i.e. 70%) of the water samples 
taken from the feed water tank were contaminated 
with Pseudomonas spp. 

 
Identification of Pseudomonas spp isolates. 

The morphological and microscopic examination re-
sults as well as the metabolic and biochemical char-
acteristics of Pseudomonas spp strains isolated from 
the feed water tank are shown in Tables 3, 4, and 
Figure 3 below. 

Macroscopic examination showed that the col-
onies of P. aeruginosa had a circular form shape, a 
regular shape, and raised relief (elevation), with a 
smooth texture. They are Gram-negative bacilli, mo-
tile bacteria that produce pigmentations (pyoverdine 
and pyocyanin). 

According to Table 4, the isolated Pseudomo-
nas spp strains were characterized by a strict aerobic 
respiratory type (oxidative metabolism OF/O), una-
ble to ferment lactose and glucose under anaerobio-
sis conditions, negative for indole and DNAase tests, 
positive for oxidase, catalase, and esculin tests. Be-
sides, these strains were able to use sodium citrate as 
the sole carbon and energy source and also showed 
β-hemolysis. 

 
 

TABLE 3 
Morphological and microscopic characteristics of Pseudomonas spp isolates 

PVD: Pyoverdine, PYO: Pyocyanin. 
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FIGURE 3 
Isolation and identification tests for Pseudomonas spp isolates (Original, 2023) 

A: Pseudomonas sp on Cetrimide-nalidixic acid agar (Membrane filter technique); B: Gram-negative bacilli (Gram stain); C:  
Pure culture of Pseudomonas sp isolate on Nutrient agar; D: Casein hydrolysis; E: Esculin hydrolysis; F: Pyoverdine pigment 
under UV light; G: DNase test; H: Oxidase test; I: Biochemical tests for bacterial identification; J: API 20 multitest; K: 
Hemolysis test. Source: Own study. 
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TABLEAU 4 
Biochemical and metabolic characteristics of Pseudomonas spp isolates 
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E1 - - - + - + - + - + - - + + + OA β-hemo + + + 

E2 - - - + - + - + - + - - + + + OA β-hemo + + + 

E3 - - - + - + - + - + - - + + + OA β-hemo + + + 

E9 - - - + - + - + - + - - + + + OA β-hemo + + + 
E12 - - - + - + - + - + - - + + + OA β-hemo + + + 

E17 - - - + - + - + - + - - + + + OA β-hemo + + + 

E19 - - - + - + - + - + - - + + + OA β-hemo + + + 

E: Bacterial strains; TSI agar: Triple Sugar Iron agar; OF: Oxidative-Fermentative test on Hugh Leifson medium 
(MEVAG) (OF/O: Oxidative metabolism; OF/F: Fermentative metabolism); OA: Obligate aerobe; β-hemo: β-
hemolysis; (+): Positive test; (-): Negative test. 

 
TABLE 5 

Identification of Pseudomonas spp isolates with the API 20E multitest system 
API test system Samples Bacterial species Selective culture medium  

 
 
 

API 20E test  

S1 (E1) P. aeruginosa  
 
 

Cetrimide-nalidixic  
acid agar 

S2 (E2) P. aeruginosa 
S3 (E3) P. aeruginosa 
S7 (E9) P. aeruginosa 

S8 (E12) P. aeruginosa 
S9 (E17) P. aeruginosa 

S10 (E19) P. aeruginosa 
P. aeruginosa: Pseudomonas aeruginosa; S: Samples; E: Bacterial strains  

 
Bacterial identification with the API 20 E 

multitest system. The API 20E multitest results are 
given in Table 5 below. 

The biochemical identification results using the 
API 20E test system confirmed that the isolates be-
long to the P. aeruginosa species with a probability 
ranging from 0,984 to 1. 

 
AST. The antibiotic susceptibility testing re-

sults for P. aeruginosa strains are shown in Tables 6, 
7, and Figure 4 below. 

The obtained results showed a resistance rate of 
100% to cefazolin, ticarcillin-clavulanic acid, 

ceftazidime, cefotaxime, cephalothin, and cefoxitin, 
and at a lower rate of resistance, i.e. 86 and 57% for 
amikacin and tobramycin, respectively, and sensitive 
to ciprofloxacin, ofloxacin, piperacillin, piperacillin-
tazobactam, and gentamicin. 

Table 7 above showed six (6) different antibi-
otic resistance patterns for P. aeruginosa which in-
clude a bacterial resistance against 6 to 10 of the 14 
antibiotics tested, and a MAR index ranging from 
0,43 to 0,71. All the P. aeruginosa isolates had a 
(TTC-CZ-CAZ-CTX-KF-CX) multi-resistance phe-
notype. 
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TABLE 6 
Antimicrobial susceptibility testing for P. aeruginosa strains 

Antibiotic agent Number (%) of isolates 
Susceptible Intermediate Resistance 

Gentamicin 6 (85,72%) 1 (14,28%) 0 (0%) 
Amikacin 1 (14,28%) 0 (0%) 6 (85,72%) 
Ofloxacin 4 (57,14%) 3 (42,86%) 0 (0%) 

Ciprofloxacin 7 (100%) 0 (0%) 0 (0%) 
Cefazolin 0 (0%) 0 (0%) 7 (100%) 

Ticarcillin-clavulanic acid 0 (0%) 0 (0%) 7 (100%) 
Ceftazidime 0 (0%) 0 (0%) 7 (100%) 

Piperacillin-tazobactam 7 (100%) 0 (0%) 0 (0%) 
Piperacillin 7 (100%) 0 (0%) 0 (0%) 
Tobramycin 2 (28,58%) 0 (0%) 5 (71,42%) 
Cefotaxime 0 (0%) 0 (0%) 7 (100%) 
Aztreonam 6 (85,72%) 1 (14,28%) 0 (0%) 
Cephalothin 0 (0%) 0 (0%) 7 (100%) 

Cefoxitin 0 (0%) 0 (0%) 7 (100%) 
 

TABLE 7 
Multidrug resistance patterns of P. aeruginosa strains 

 
Pseudomonas 

aeruginosa 
strains 

 
Antibiotic susceptibility 

patterns 

N° of 
P.a 
iso-
lates 

N° (%) of 
P.a iso-
lates 7 
(100%) 

N° of anti-
biotics 
tested 
(n=14) 

MAR 
index 

E1 AK-OF-CZ-TTC-CAZ-TOB-CTX-KF-CX 1 1 (14,28%) 9 0,64 
E2 CZ-TTC-CAZ-CTX-KF-CX 1 1 (14,28%) 6 0,43 
E3 CN-AK-OF-CZ-TTC-CAZ-TOB-CTX-KF-

CX 
1 1 (14,28%) 10 0,71 

E9 ; E19 AK-CZ-TTC-CAZ-TOB-CTX-KF-CX 2 2 (28,58%) 8 0,57 
E12 AK-CZ-TTC-CAZ-ATM-CTX-KF-CX 1 1 (14,28%) 8 0,57 
E17 AK-OF-CZ-TTC-CAZ-CTX-KF-CX 1 1 (14,28%) 8 0,57 

P. aeruginosa 
ATCC 27853 

CZ-TTC-CAZ-CTX-KF-CX / / 6 0,43 

E: Bacterial strains; P.a: Pseudomonas aeruginosa; ATCC: American Type Culture Collection; CX: Cefoxitin; CTX: Cefo-
taxime; CAZ: Ceftazidime; AK: Amikacin; CN: Gentamicin; ATM: Aztreonam; CZ: Cefazolin; KF: Cephlothin; OF: Of-
loxacin; TTC: Ticarcillin-clavulanic acid; TOB: Tobramycin. 

 
TABLE 8 

ESBL tests for P. aeruginosa strains 
 

Bacterial strains 
ESBL Tests 

Synergy test DDST 
 

Phenotypic tests on a 
cloxacillin-containing 

agar 
-ve +ve -ve +ve -ve +ve 

 
P. aeruginosa 

 
7(100%) 

 
0(0%) 

 
7(100%) 

 
0(0%) 

 
7 (100%) 

 
0(0%) 

 Conclusion 
Non-ESBL-producing P. aeruginosa strains Cephalosporinase-pro-

ducing P. aeruginosa 
DDST:  Double-disc synergy test; ESBL: Extended-spectrum beta-lactamase; +ve: Positive test; -ve: Negative test 

 
Phenotypic detection of ESBL. Based on the 

high resistance of P. aeruginosa strains towards the 
cephalosporin antibiotics class, ESBL tests were car-
ried out.  

The ESBL test results are shown in Table 8 and 
Figure 5 below. 

 
According to the ESBL test results, all the iso-

lated P. aeruginosa strains were not ESBL produc-
ers, but rather cephalosporinase-producing isolates.  
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FIGURE 4 

AST for Pseudomonas aeruginosa (E3) 
 
Biofilm formation. The TM method results in-

dicate that all P. aeruginosa strains were able to form 
biofilms, which was revealed by the adhesion of the 
bacterial mass to the bottoms and surfaces of the pol-
ystyrene tube as shown in Figure 6 below. 
 
 
DISCUSSION 

 
In this study, 10 water samples taken from the 

feed water tank of a dairy unit located in Bechar were 
analyzed to isolate Pseudomonas spp, and then to de-
termine their virulence factors, namely the hemolytic 
power, pigments production, biofilm formation, and 
antibiotic resistance pattern.  

The bacteriological analysis showed that 7/10 
(i.e. 70%) of the water samples were contaminated 
with Pseudomonas spp, and through identification 
tests based on microscopic, biochemical, and meta-
bolic characteristics, and API test system, it con-
firmed that the isolated strains belong to the P. aeru-
ginosa species. These findings are consistent with 
those of Amato et al. [30], the API-20E multitest sys-
tem was found to be able to identify Pseudomonas 
aeruginosa isolates. Whereas other tests, such as the 
acetamide reaction, growth at 42°C, and the oxida-
tive glucose test, can help to identify P. aeruginosa 
species. 

The World Health Organization, EU legisla-
tion, and Algerian water regulations (JORA) [31] re-
quire no P. aeruginosa can be detected in 250 mL of 

drinking water, and limit the amount of P. aeru-
ginosa in drinking water to the maximum possible 
number, less than 3 CFU/L [8]. Based on the results 
obtained, the quality of the studied feed water tank is 
questionable. 

 

 

 
FIGURE 5 

Phenotypic detection of ESBL 
 
The S4, S5, and S6 samples (i.e. 30%) of the 

water samples analyzed were Pseudomonas spp-
free. The collection of these three samples coincides 
with the month of Ramadan (the ninth month of the 
Islamic calendar, a month of fasting for Muslims) 
known for its high production of reconstituted milk 
at the rate of 40000 L per day as well as that of lem-
onade. This production requires a daily filling of the 
water tank, which is almost exhausted on the same 
day. 

This is probably due either to the disinfection 
operation of the water tank in preparation for Rama-
dan, and also due to the daily filling of the feed water 
tank, as water stagnation can be one of the factors 
affecting the viable bacteria load and biofilm micro-
bial communities in drinking water [32, 33]. 

 

 
FIGURE 6 

Tube method (TM) for the detection of biofilm formation 
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Although no waterborne outbreaks have been 
reported due to water contamination with Pseudomo-
nas spp compared with other pathogenic microor-
ganisms such as Vibrio cholera, Escherichia coli 
O157:H7, etc., the presence of P. aueroginosa is un-
acceptable because it is an opportunistic microorgan-
ism, capable inducing infections in some vulnerable 
groups such as children, the elderly, and immuno-
compromised people [34]. 

Besides, P. aeruginosa is often monitored as an 
indicator of other bacterial contaminants of fecal 
origin [34], which is consistent with studies previ-
ously conducted on the bacteriological quality of the 
feed water tank of the same dairy unit with the pres-
ence of total and fecal coliforms contamination [35]. 

According to Li et al. [8], and Hartemann [36] 
the pollution of drinking water by P. aeruginosa oc-
curs from time to time, due to many factors such as 
imperfect disinfection, cross-contamination of 
source water, water tanks, water pipelines, filtration 
in the water production process. Moreover, high 
temperatures and aeration enhance the growth of P. 
aeruginosa, which can resist low concentrations of 
residual free chlorine. At free chlorine concentra-
tions below 0,3mg/L, the prevalence of P. aeru-
ginosa is high and vice-versa [5, 35-38].  

A biofilm is defined as a structured organiza-
tion of microorganisms in a protective and nutritive 
polysaccharide-protein matrix, which adheres to a 
surface [39, 40].  

The tube method (TM) showed that the P. ae-
ruginosa isolates can form biofilms that confer this 
opportunistic pathogen’s high capacity for adapta-
tion, survival, and resistance in the environment [41, 
42]. According to Tremblay et al. [43], the presence 
of biofilms on surfaces can affect the effectiveness 
of the disinfection protocol. Moreover, P. aeru-
ginosa can be particularly difficult to eliminate due 
to its combinatory antibiotic resistance, multifacto-
rial virulence, and high adaptability [44]. 

Several research studies have reported the abil-
ity of this species to colonize the water distribution 
system by forming biofilms, which gives it re-
sistance to disinfectants and can represent a health 
risk at points of use [4, 32, 41, 43, 45, 46]. 

Pyocyanin and pyoverdine pigments are one of 
the important virulence factors among many viru-
lence factors of P. aeruginosa [47]. All the P. aeru-
ginosa isolates are pigment-producing. Finlayson 
and Brown [48] report that pigmented strains of P. 
aeruginosa are highly virulent than non-pigmented 
strains. This conclusion was enhanced by the study 
results of Macin and Akyon [21] who indicate that 
phenotypic and genotypic virulence factors may be 
related to pigment production in P. aeruginosa, 
which pigment-producing P. aeruginosa have more 
genes encoding exotoxins such as hlB, exoS, and 
exoY virulence gene compared to non-pigmented 
strains.  

All isolated P. aeruginosa strains showed β-he-
molysis. This is reported by several studies [6, 19, 
21, 49-53] in which P. aeruginosa strains secrete a 
heat-sensitive enzyme, phospholipase C endowed 
with hemolytic activity. 

The isolated strains showed a resistance rate of 
100% to cefazolin, ticarcillin-clavulanic acid, 
ceftazidime, cefotaxime, cephalothin, and cefoxitin, 
and at a lower rate of resistance, i.e. 86 and 57% for 
amikacin and tobramycin, respectively. However, 
ciprofloxacin, ofloxacin, piperacillin, piperacillin-
tazobactam, and gentamicin seemed to be the most 
active molecules, which differs from the results ob-
tained by Maclean et al. [54], in which the isolated 
P. aeruginosa strains were 100% resistant to ciprof-
loxacin, ofloxacin, piperacillin-tazobactam, and 
imipenem. 

Several studies have shown a high resistance 
rate of P. aeruginosa to many antibiotics, namely 
ceftazidime, cefepime, amikacin, tobramycin, peni-
cillin, amoxicillin, and cefotaxime [8, 19, 21, 54, 
55].  

However, these results were different from 
those obtained by Papapetropoulou et al. [56] where 
no resistant strains of P. aeruginosa and P. stutzeri 
were reported against any of the newer antibiotics 
tested, except for fluoroquinolones. 

Mérens et al. [57], and Moradali et al. [42] re-
ported that the development of β-lactam resistance in 
Pseudomonas aeruginosa results from mutations 
leading to the expression of cephalosporinase 
AmpC, efflux systems, decreased permeability, and 
acquisition of resistance genes, whereas Eyquem et 
al. [58], and Veyssiere [59] showed that P. aeru-
ginosa resistance may be due to non-enzymatic 
mechanisms such as impermeability to β-lactams. 

The MAR index of P. aeruginosa isolates 
showed values ranging from 0,43 to 0,71, corre-
sponding to resistance against 6 to 10 of the 14 tested 
antibiotics. All the P. aeruginosa isolates were clas-
sified as multidrug-resistant (MDR). This rate is high 
compared to that obtained by Roulova et al. [55] 
(100% against 28,8%). Hocquet et al. [60] reported 
that antimicrobial resistance should now be viewed 
as an environmental pollutant, due to various efflu-
ent discharges into sewage networks with no treat-
ment process for hospital or industrial wastewater 
that exert a continuous selective pressure. 

P. aeruginosa has intrinsic resistance to many 
antibiotics [21, 55]. However, acquired resistance in 
this organism is due to chromosomal mutations and 
the acquisition of resistance genes [60, 61]. For this, 
there are two main mechanisms; 

1st. Inducible chromosomal AmpC β-lac-
tamase, include notably the ESBL, the car-
bapenemases that hydrolyze most β-lactams, amino-
glycoside-modifying enzymes (Tobramycin, Ami-
kacin), and 16S rRNA methylases that provide high-
level pan-aminoglycoside resistance ;  
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2nd. Through several efflux pump systems 
(MexAB- OprM, MexXY- OprM/A, MexCD- OprJ, 
and MexEF- OprN) that can simultaneously compro-
mise most β-lactams, leaving only the aminoglyco-
sides and imipenem [21, 28, 61, 62, 63].  

Through three ESBL phenotypic tests, the ob-
tained results showed that these isolates were not 
ESBL producers, but the increase in the zone of in-
hibition around the 3rd generation cephalosporins 
discs used in the phenotypic test on a cloxacillin-
containing agar may suggest the production of ceph-
alosporinase. Livermore [63] reported that Pseudo-
monas aeruginosa carries multidrug-resistant plas-
mids and has resistance to cephalosporins. Further-
more, Hamze et al. [64] showed that Pseudomonas 
putida strains isolated from several wells in Akkar 
(North of Lebanon) used for human consumption 
and irrigation were cephalosporinase hyper-produc-
ing isolates. 

 
Study limitations. The study was focused on 

water samples taken from the feed water tank of the 
dairy unit, so the data need to be further verified by 
analyzing the pipe water that comes from the bore-
hole before their storage. Further studies aimed at 
characterizing resistance genes in P. aeruginosa iso-
lated from drinkable water in distribution systems 
are required. 
 
 
CONCLUSION 

 
This study made it possible to detect and isolate 

Pseudomonas spp from the feed water tank, and to 
study some of their virulence factors. 

The obtained results showed a contamination of 
7/10, i.e. a rate of 70% of the analyzed water samples 
with Pseudomonas spp. The isolates belong to the P. 
aeruginosa species, which are characterized by their 
ability to hydrolyze proteins, to produce pigmenta-
tions (pycocyanin and pyoverdine). Moreover, the 
isolates showed β-hemolysis and can form biofilms. 

P. aeruginosa isolates were resistant to the 
most relevant antipseudomonal drugs such as the 
cephalosporins and aminoglycosides classes, except 
for fluoroquinolones (ciprofloxacin and ofloxacin), 
which could serve as potential vectors for the spread 
of antibiotic resistance. 

For this, the following recommendations can be 
suggested :  

� Develop and protect water tanks, water 
points, and catchment areas to avoid pollution risks ; 

� Collect, transport, and store water in satisfac-
tory sanitary conditions ; 

� Monitoring water quality by carrying out 
physicochemical and bacteriological analysis peri-
odically ; 

� Following a strict cleaning and disinfecting 
plan for the water tank to avoid any microbial con-
tamination or the formation of biofilms ; 

� Further investigation for other resistance 
genes of bacterial isolates found in water is needed. 
 
 
LIST OF ABBREVIATIONS 

 
Double-disc synergy test (DDST) 
Extended-spectrum beta-lactamase (ESBL) 
Multidrug-resistant (MDR) 
Pandrug-resistant Pseudomonas aeruginosa     

(PDRPA) 
Pyocyanin (PYO)  
Pyoverdine (PVD) 
Tube method (TM) 
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ABSTRACT 
 
Odor emissions from waste staging areas per-

sistently raise concerns because of their marked ef-
fects on human well-being. Leachate from domestic 
waste is a primary contributor to these emissions. 
This study investigates the environmental factors 
shaping leachate odor, highlighting the relationship 
between alterations in microbial communities and 
odor variations. Our data show that as the moisture 
content in waste increases, the odor concentration 
decreases. Conversely, rising temperature and pro-
longed fermentation amplify the odor intensity. 
Changes in microbial population density are directly 
influenced by fermentation conditions and correlate 
with leachate odor intensity. Importantly, both Leu-
conostoc and Enterobacteriaceae have significant 
associations with increased temperature and odor in-
tensity. Effective management of these microbial 
populations provides a feasible strategy to reduce 
odors from domestic waste leachate. 

 
 

KEYWORDS: 
Domestic waste, leachate, environmental factors, odor 
unit, Environmental variables  

 
 

INTRODUCTION 
 
Owing to China's accelerated economic expan-

sion and demographic surge, there has been a notable 
enhancement in the living standards of its populace. 
This has consequently led to a surge in the produc-
tion of domestic waste. Consequently, China is con-
fronted with the imminent challenge of managing 
municipal waste accumulation. In 2019, China re-
ported a total waste generation of approximately 
242.06 million tons, a figure that escalated to 248.69 
million tons by 2022[1,2]. Municipal waste is cus-
tomarily amassed and conveyed by waste transfer 
vehicles to interim storage facilities termed as waste 
transfer stations. Subsequently, this waste is relo-
cated to disposal stations situated in the peripheries 
of the city, a procedure that spans approximately 1 to 
3 days[3]. 

During the waste management process, the 

transfer and disposal of domestic waste can give rise 
to leachate formation. This poses significant disturb-
ances to the daily lives of residents, primarily due to 
the offensive odors emanating from inadequate treat-
ment. Factors contributing to leachate production in-
clude breaches in garbage bags and the accumulation 
of residues at the base of waste containers. Such 
leachate typically originates during the storage, po-
sitioning, and landfilling phases of domestic waste 
management[4]. 

Leachate is delineated as the liquid that filters 
through successive strata of waste, driven by gravi-
tational forces. Its genesis can be attributed to three 
principal sources: (1) intrinsic moisture content 
within the waste, (2) water produced during the mi-
crobial decomposition of organic material in land-
fills, and (3) water introduced into the waste from 
external avenues such as precipitation. As leachate 
percolates through various layers of a landfill, it as-
similates a plethora of toxic contaminants, a conse-
quence of complex interactions, biogeochemical 
transformations, and hydrological responses[5].  

Leachate, characterized by its solubility of both 
inorganic and organic constituents, encompasses an 
elevated concentration of contaminants. This in-
cludes pronounced levels of chemical oxygen de-
mand (COD), sulfate, ammonia nitrogen, inorganic 
salts, heavy metals, pathogenic entities, recalcitrant 
humic substances, and persistent micro/nano-sized 
plastics[6]. These pollutants pose potential environ-
mental risks and challenges in waste management 
and disposal[7],among them, there are many types of 
metals[8] and high levels of ammonia and nitro-
gen[9]. Addressing leachate management poses a 
substantial challenge owing to its intricate composi-
tional matrix. While extant research has predomi-
nantly concentrated on the implications of leachate 
contamination in soil and groundwater, the repercus-
sions of malodorous emissions during the initial 
phases of domestic waste leachate decomposition re-
main relatively uncharted. 

Temperature exerts a considerable impact on 
odor generation from domestic waste. Notably, the 
odor concentration emanating from the fermentation 
of domestic waste is discernibly diminished during 
the summer months in comparison to the winter pe-
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riod[10].Temperature plays a crucial role in deter-
mining the effectiveness of anaerobic digestion pro-
cesses[11]. Variations in temperature also have sig-
nificant impacts on the structure and abundance of 
microbial populations[12], it also have an important 
effect on the composition and concentration of mal-
odorous substances in domestic waste[13]. The term 
"wet-component garbage" denotes the segment of 
domestic waste characterized by elevated moisture 
content, encompassing materials like fruit peels and 
vegetables. Domestic waste, with its intricate com-
positional matrix, generally possesses considerable 
moisture content. In China, kitchen waste constitutes 
the predominant fraction of domestic waste, repre-
senting in excess of 50 percent of the aggregate[14]. 
Wet-component in domestic waste plays a crucial 
role in facilitating the growth and reproduction of 
microorganisms[15], Water is essential for microbial 
populations as it serves as a solvent for their meta-
bolic processes. Microorganisms require water for 
the solubilization of nutrients necessary for their 
growth. A portion of the organic matter present in 
domestic waste is released as liquid, which serves as 
a nutrient source for microorganisms. Moisture plays 
a crucial role in dissolving nutrients evenly, influ-
encing the growth and metabolism of microbial pop-
ulations. It also constitutes an important factor af-
fecting the generation of unpleasant odors from do-
mestic waste[16]. Considering that the fermentation 
of domestic waste is an ongoing process, it is crucial 
to investigate the impact of fermentation time on do-
mestic waste leachate[17]. The fermentation time 
significantly influences the fermentation process of 
domestic waste leachate [5]. 

Gao[18]showed that the addition of microbial 
inoculants can increase the diversity of bacterial 
communities, promote the presence of functional 
bacteria, and mitigate gas emissions while enhancing 
the humification process. However, current research 
on leachate has focused on the collection process af-
ter its formation, neglecting the effect of leachate 
odor during the initial waste collection phase. Earlier 
studies didn't deeply explore how the smell from 
waste water (leachate) is linked to its microbial pres-
ence. In our study, we're checking how factors like 
temperature, the amount of wet items in the waste, 
and fermentation time influence these microbes. Us-
ing gas-detecting tools and examining microbial 
presence, we hope to better understand the connec-
tion between leachate odor and its microbes. Our 
findings could help us find better ways to manage 
this odor in waste water. This can help in reducing 
negative effects on the environment and our health. 

 
 

MATERIALS AND METHODS 
 
Experimental material. A field survey was 

conducted across six communities within Chong-

qing, subsequent to which we undertook the sam-
pling and analytical assessment of domestic waste 
components. Wet components were epitomized by 
waste fruit peels, discarded vegetables, and residual 
rice. For our experimental design, we simulated do-
mestic waste leachate using a specified ratio of 
kitchen waste, paper waste, and plastic waste. As 
shown in table1, set at 7:1.5:1.5. Sampling was stra-
tegically conducted at 8:00 a.m. on a non-working 
day, precisely prior to the routine collection and 
transfer of domestic waste. This exhaustive field 
study and sampling regimen endowed us with both 
quantitative data and tangible samples for ensuing 
experimental evaluations. Our methodology is tai-
lored to engender an enhanced comprehension of the 
odoriferous emanations intrinsic to domestic waste 
leachate. 

 
Experimental design. To delineate the con-

centration of odorous compounds in leachate, a sys-
tematic experimentation was performed. Configured 
waste, with varying wet component ratios, under-
went fermentation at a controlled temperature of 
35  for a span of 24 hours. Subsequent to fermen-
tation, the derived leachate was filtered, and this fil-
trate was exposed to temperature regimes of 15 , 
25 , and 35  for durations of 24, 48, and 72 hours 
respectively. The odorous concentration within the 
leachate was quantified using a portable gas detec-
tion apparatus. 

For the quantification of malodor, the gas de-
tector, model SGA-600B, was employed. A speci-
fied gas inlet flow rate of 250 mL/min was main-
tained, and the detector was initialized for a duration 
of 60 seconds. To ascertain precision in measure-
ments, an 80-second post-initialization purgation 
was conducted to negate any lingering odorous com-
pounds. 

The efficacy and accuracy of the SGA-600B 
detector were validated by juxtaposing the detected 
values with those ascertained through manual olfac-
tory assessment, as delineated by the "Air Quality 
Standard for Detection of Malodors, Three-Point 
Comparison Odor Bag Method" (GB 14675-1993). 
For this procedure, six laboratory personnel were 
designated as olfactory assessors and engaged in a 
controlled environment with ambient temperatures 
ranging from 17  to 25 . Initial olfactory evalua-
tions were based on established dilution metrics. 
Each evaluation comprised three olfactory sampling 
bags: two hosting uncontaminated gases and one 
containing a diluted malodorous sample. The collec-
tive olfactory feedback from all assessors deter-
mined the presence or absence of odor. 

The final quantification of malodor concentra-
tions was executed based on the methodologies elu-
cidated in the "Air Quality Standard for Detection of 
Malodors, Three-Point Comparison Odor Bag 
Method" (GB 14675-1993). The resultant values 
were then benchmarked against those acquired from 



- © by PSP            Volume 32– No. 09/2023 pages 3050-3059                                                  Fresenius Environmental Bulletin 

3052 

 

the SGA-600B gas detector. 
 
DNA extraction and measurement. The 

leachate collected from the fermentation of domestic 
waste underwent further analysis through the follow-
ing steps. 

Firstly, the E.Z.N.A. soil DNA kit (Omega Bi-
otek, Norcross, GA, U.S.) was used to extract the mi-
crobial community genomic DNA from samples in 
accordance with the manufacturer's instructions. The 
DNA extract was examined on a 1% agarose gel, and 
a NanoDrop 2000 UV‒vis spectrophotometer was 
used to measure the DNA concentration and purity 
(Thermo Scientific, Wilmington, USA). Using an 
ABI GeneAmp® 9700 PCR thermocycler and the 
primer pair 338F (ACTCCTACGGGAGGCAG-
CAG) and 806R (GGAC-
TACHVGGGTWTCTAAT), the hypervariable re-
gion V3-V4 of the bacterial 16S rRNA gene was am-
plified (ABI, CA, USA). Denaturation at 95°C for 
three minutes was followed by 27 cycles of denatur-
ing at 95°C for 30 seconds, annealing at 55°C for 30 
seconds, and extension at 72°C for 30 seconds, with 
a single extension at 72°C for 10 mins. The PCR 
mixtures contained 4 μL of 5 × TransStart FastPfu 
buffer, 2.5 mM dNTPs, 0.8 μL of forward primer (5 
μM), 0.8 μL of reverse primer (5 μM), 0.4 μL of 

TransStart FastPfu DNA Polymerase, 10 ng of tem-
plate DNA, and ddH2O up to 20 μL. Triplicate PCRs 
were carried out. The AxyPrep DNA Gel Extraction 
Kit (Axygen Biosciences, Union City, CA, USA) 
was used to extract the PCR product from a 2% aga-
rose gel, purify it as directed by the manufacturer, 
and quantify it using a QuantusTM Fluorometer 
(Promega, USA). Majorbio Bio-Pharm Technology 
Co. Ltd. used paired-end sequencing on an Illumina 
MiSeq PE300 platform/NovaSeq PE250 platform 
(Illumina, San Diego, USA) using purified ampli-
cons that were pooled in an equimolar way (Shang-
hai, China). 
 
 
RESULTS AND DISCUSSION 

 
Worker's olfactory values and equipment 

measurements. To validate the measurement accu-
racy of the SGA-600B portable gas detector, a me-
ticulous calibration was conducted. Subsequently, 
the quantified malodor concentrations from the de-
tector were benchmarked against olfactory assess-
ments performed manually, in accordance with the 
"Air Quality Standard for Detection of Malodors, 
Three-Point Comparison Odor Bag Method" (GB 
14675-1993). This juxtaposition provided a rigorous 

 
TABLE 1 

The percentage of domestic waste 
Wet-component Pericarp Vegetable Meat Bone Plastics Paper 

30%  150 150 100 300 150 150 
50% 250 250 50 150 150 150 
70%  350 350 0 0 150 150 

 

 
FIGURE 1 

The curve of the relationship between the equipment measurement (OU) and the manual olfactory value 
TABLE 2 
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Alpha diversity of community bacterial community in smelly liquid domestic waste 
Sample/Estimators Chao Shannon Simpson Sobs 

30-2-48 291.10 2.88 0.20 291.00 
70-3-24 65.36 2.29 0.14 64.00 
70-2-24 75.00 2.58 0.18 75.00 
50-1-72 105.60 2.95 0.10 105.00 
70-1-48 106.63 2.72 0.12 106.00 
70-2-72 94.25 2.00 0.34 94.00 
50-2-24 120.00 2.31 0.26 119.00 
70-3-48 69.75 1.69 0.43 69.00 
50-1-48 145.91 3.03 0.11 145.00 
30-3-48 219.36 2.41 0.31 219.00 
70-1-72 76.25 2.23 0.22 76.00 
50-3-24 89.36 1.42 0.54 88.00 
50-1-24 115.40 1.95 0.41 114.00 
30-1-24 342.35 3.2 0.13 341 
50-2-48 159.27 2.45 0.26 158.00 
50-3-48 57.00 2.02 0.20 57.00 
50-3-72 75.00 2.17 0.19 75.00 
30-1-72 257.19 3.15 0.10 257.00 
30-3-72 213.68 2.25 0.25 213.00 
70-2-48 94.38 2.47 0.22 94.00 
70-3-72 24.50 0.42 0.87 24.00 
30-2-72 325.54 3.42 0.11 325.00 
30-2-24 306.35 3.28 0.11 305.00 
30-3-24 231.09 2.97 0.16 231.00 
70-1-24 83.20 1.79 0.42 79.00 
30-1-48 230.13 2.86 0.16 230.00 
50-2-72 115.00 2.11 0.28 115.00 
 

verification of the detector's fidelity, aligning its 
readings with human evaluative standards. As shown 
in Figure 1, the fitting function, y = 0.4533x - 
36.298, with an R² value of 0.8392, indicates a strong 
linear relationship between the manual sniffing value 
and the equipment measurement value. This 
confirms that the malodor concentration measured 
by the portable gas detector is reliable and can be 
utilized for subsequent microbiological analysis. 

 
Microbial community analysis. As shown in 

table 2, the Sobs index denotes the number of 
observed species, acting as a metric for community 
richness. Conversely, the Chao index estimates the 
total potential species count, representing an 
indicator of species richness. The Shannon index is 
utilized to characterize community diversity, where 
an elevated value suggests increased community 
biodiversity. In contrast, the Simpson index 
describes community evenness, with a higher value 
indicating diminished community biodiversity. 
Together, these indices provide a comprehensive 
understanding of the Alpha diversity within a 
specific community. 

Alpha diversity, evaluated at the ASV level, 
revealed variations in microbial diversity among 
samples exposed to different fermentation condi-
tions. Initially, the Chao and Shannon indices were 

notably higher for the 30%, 50%, and 70% wet frac-
tion-components. However, with an increase in the 
wet fraction proportion, the Chao index exhibited a 
discernible decline. For instance, while the 30% wet 
fraction exhibited a peak Chao index value of 
342.35, the 70% wet fraction presented a minimum 
value of 24.50, underscoring a significant difference 
between them. 

The Chao index for each sample exhibited a 
clear pattern: an initial increase followed by a de-
cline with rising temperatures. This observation is 
likely due to the optimal temperature range favorable 
for bacterial growth, typically between 25-30°C. 
Therefore, at a fermentation temperature of 25°C, a 
larger bacterial population found the conditions fa-
vorable, resulting in an increase in species richness. 
For the sample with a 50% wet-component at this 
temperature, both species richness and evenness dis-
played fluctuations, initially declining and then in-
creasing as fermentation proceeded. After 72 hours 
of fermentation, the Chao index reached 325.54, and 
the Shannon index peaked at 3.42. 

In summary, microbial growth is enhanced 
by a lower wet-component ratio in waste, an optimal 
fermentation temperature, and prolonged fermenta-
tion. Under ideal conditions for microbial activity, 
an increase in the concentration of malodors from 
domestic waste leachate is expected. 
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FIGURE 2 

Phylum level species composition analysis 
*T-30% wet-component 
*F-50% wet-component 
*S-70% wet-component 
*15/25/35-temperature(°C) 
*24/48/72-time(hour) 

 
Analysis of microbial community structure. 

Community structure at the portal level. Figure 2 
illustrates the species composition at the phylum 
level. The predominant phyla observed were Firmic-
utes (ranging from 2.77% to 99.34%), Proteobacteria 
(0.65% to 67.61%), Cyanobacteria (19.32% to 
21.35%), Bacteroidota (3.70% to 22.96%), and Ac-
tinobacteriota (2.36% to 4.43%). Among these, Pro-
teobacteria and Firmicutes stood out as particularly 
abundant. Notably, Firmicutes consistently consti-
tuted more than 50% of the microbial composition 
under each fermentation condition. Contrary to the 
statement, Firmicutes is not a bacteriophage, but a 
phylum of bacteria. They exhibit strong resilience to 
adverse environments and are primarily involved in 
the decomposition of carbohydrates^19. These ob-
servations shed light on the principal phyla found in 
microbial communities across various fermentation 
conditions, underscoring the prominence of Proteo-
bacteria and the critical role of Firmicutes in carbo-
hydrate breakdown[19]. The microbial community's 
composition, featuring Proteobacteria and Firmicu-
tes, points to their integral roles in the breakdown 
and conversion of organic materials and carbohy-
drates during the waste fermentation phase. It's note-
worthy that the relative abundance of Firmicutes re-
mained relatively stable across varying fermentation 
temperatures and durations within the 30% wet-com-
ponent subset. Conversely, for the 50% and 70% 
wet-component categories, there was a notable in-
crease in Firmicutes' relative abundance as fermen-
tation time extended, particularly at a fermentation 
temperature of 25°C. Such observations underscore 

the significance of Firmicutes in carbohydrate de-
composition and highlight its adaptability to specific 
fermentation parameters. 

Cyanobacteria, ubiquitously distributed across 
diverse ecosystems, are renowned for their oxygenic 
photosynthesis capabilities. Exhibiting adaptability 
to a range of habitats, from aquatic to arid terrains, 
they serve a pivotal function in global oxygen gener-
ation[20]. At elevated temperatures (35°C and 
above), a decline in the abundance of Proteobacteria 
was observed. In contrast, Bacteroidota showed in-
creased prevalence in the absence of fermentation 
within the 50% and 70% wet-component groups. 
This observation correlated with the minimal con-
centrations of malodorous gases detected in domes-
tic waste. 

 
Horizontal community structure. Figure 3 

presents the bacterial community structure at the ge-
nus level in domestic waste leachate under different 
fermentation conditions. The top five genera identi-
fied were Lactobacillu s(0.39%~94.58%), Leuco-
nostoc (0.32%~68.90%), Weissella 
(0.13%~77.93%), Streptococcus (0.09%~57.90%), 
unclassified_f__Enterobacteriaceae 
(0.08%~31.53%). 

Lactobacillus, with the highest relative abun-
dance, thrived at an optimal growth temperature of 
35°C. In the 50% and 70% wet-component groups, 
at a fermentation temperature of 35°C, its relative 
abundance increased with longer fermentation time. 
Remarkably, in sample S-3-72, Lactobacillus 
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reached a relative abundance of 94.58%. Lactoba-
cillu is known for its involvement in carbohydrate 
fermentation, and its relative abundance reflects the 
progress of carbohydrate fermentation in the waste 
leachate. As the fermentation time of domestic waste 
increased, the microbial community in the leachate 
underwent differentiation and evolution, adapting to 
the current substrate and temperature conditions. 
Higher temperatures accelerated organic matter hy-
drolysis, leading to a decrease in leachate pH and the 
gradual development of an acidic environment.  

Leuconostoc, well-adapted to acidic environ-
ments, exhibits rapid reproduction and synthesis of 
dextran and other saccharides under such conditions. 
Additionally, Leuconostoc can ferment saccharides, 
leading to the production of various acids[21]. Leu-
conostoc thrives in lower temperatures and increases 
in abundance with a higher proportion of wet-com-
ponent in domestic waste leachate. However, its rel-
ative abundance decreases with longer fermentation 
time and higher temperatures. Leuconostoc is in-
volved in heterofermentative lactic acid fermenta-
tion with citric acid metabolism and is commonly 
found in vegetables, meats, and fermented 
foods[22]. This bacterium is a Gram-positive organ-
ism that thrives best at temperatures ranging from 22 
to 30°C. It exhibits metabolic activity, producing 
CO2 and a diverse range of compounds. 

Weissella is a bacterium that can be found in 
various sources such as vegetables, meat products, 
and fermented foods. It is also associated with food 
spoilage[23]. Weissella plays a significant role in the 
fermentation process[24] The relative abundance of 

Weissella increased initially and then decreased as 
the wet-component increased. In the case of a 50% 
wet-component and temperature below 35°C, the 
relative abundance of Weissella increased with 
longer fermentation time. This is because Weissella 
thrives best at temperatures between 30°C and 37°C 
and within a pH range of 3.0 to 9.5[25]. Weissella 
and Leuconostoc are both Gram-positive anaerobic 
cocci and play crucial roles in the fermentation pro-
cess. 

Streptococcus, another Gram-positive bacte-
rium belonging to the Firmicutes phylum, was only 
observed in domestic waste leachate with a wet-
component of 30% and was not detected in samples 
with wet-component of 50% and 70%[26]. During 
the initial stages of fermentation, the relative abun-
dance of this bacterium escalated with increasing 
temperature. Yet, across varying fermentation tem-
peratures, its relative abundance first showed an up-
tick followed by a decline as the fermentation period 
extended. Notably, in sample T-3-48, this bacterium 
exhibited an exceptionally high relative abundance, 
reaching 57.90%, thereby establishing it as the pre-
dominant bacterial presence in that specific setting. 

The abundance of unclassified_f__Enterobac-
teriaceae showed a tendency to increase with in-
creasing temperature and proportion of wet-compo-
nent, and gradually decrease with increasing fermen-
tation time. The optimum growth temperature for un-
classified_f__Enterobacteriaceae was 37°[27]. The 
abundance of unclassified_f__Enterobacteriaceae 
decreases with increasing fermentation time and may 
even become undetectable[28]. 

 
FIGURE 3 

Genus level species analysis 
*T-30% wet-component 
*F-50% wet-component 
*S-70% wet-component 
*15/25/35-temperature(°C) 
*24/48/72-time(hour) 
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FIGURE 4 

LDA discriminant histogram 
*T-30% wet-component 
*F-50% wet-component 
*S-70% wet-component 
*1-15/2-15/3-35-temperature(°C) 

 
 
Analysis of species differences. A differential 

species analysis was carried out employing the Lin-
ear Discriminant Analysis (LDA) histogram. Figure 
4 provides a representation from the phylum to the 
genus level across varied wet-component proportion 
groups. This visualization aids in discerning domi-
nant species within distinct environments and pin-
pointing species variations between samples. The 
LDA discriminant bar depicted in Figure 4 high-
lights species with an LDA threshold exceeding 2.0. 
The LDA score derived from the analysis illustrates 
the influence of species abundance on the differen-
tial effect, with elevated scores denoting a more pro-
nounced impact. 

In Figure 4, the proportion of differential indi-
cator species was higher when the wet-component of 
domestic waste was 50%, with a total of 10 differen-
tial species observed at the three fermentation tem-
peratures. The Firmicutes had an LDA score greater 
than 5.5, indicating that it had the strongest impact 
on species differences. Weissella, a crucial bacterial 
group in the fermentation process, exhibited various 
properties such as probiotic, bacteriostatic, and ex-
tracellular production capabilities. When the wet-

component was 50% and the fermentation tempera-
ture was 25 , Weissella obtained an LDA score of 
5.36, suggesting that the fermentation environment 
was favorable for its survival. This finding aligns 
with th e observed performance of Weissella in fruit 
fermentation broths[29]. 

 
Microbial correlation analysis. The relation-

ship between microbial taxa and environmental pa-
rameters was examined using Spearman's correlation 
coefficient. An analysis focused on the top 10 abun-
dant species at the genus level, evaluating their cor-
relation with factors such as the wet-component ra-
tio, temperature, and odor unit. The outcome of this 
examination is presented in Figure 5. On this figure, 
the X-axis denotes environmental variables, while 
the Y-axis represents the species. The strength and 
direction of each correlation are signified by the R-
values and are color-coded. Statistically significant 
P-values are annotated: values less than 0.05 are 
marked with "", those between 0.01 and 0.05 with "", 
and those less than 0.01 with "". Streptococcus, Clos-
tridium_sensu_stricto_1, Bacillus, and unclassi-
fied_c_Bacilli showed a significant positive correla-
tion with the wet-component ratio. The abundance of 
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these bacteria increased as the wet-component ratio 
increased, suggesting that they thrive in moister en-
vironments. Leuconostoc exhibited a highly signifi-
cant positive correlation with temperature and a sig-
nificant positive correlation with odor unit. This in-
dicates that the abundance of Leuconostoc increased 
as the fermentation temperature rose and was posi-
tively associated with malodor production, possibly 
due to its involvement in souring processes during 
fermentation[30]. Furthermore, unclassified_f__En-
terobacteriaceae displayed a highly significant pos-
itive correlation with malodor production. This sug-
gests that the abundance of unclassified_f__Entero-
bacteriaceae is positively associated with the pro-
duction of malodorous compounds. The Enterobac-
teriaceae has been previously found to be positively 

correlated with odor production in various samples 
such as sewage, swine feces, cheese, and gastrointes-
tinal tracts[31,32]. 
 
 
CONCLUSION 

 
At the phylum tier, Firmicutes, Proteobacteria, 

Cyanobacteria, Bacteroidota, and Actinobacteriota 
were notably dominant. Specifically, Firmicutes and 
Proteobacteria showcased the broadest range in 
abundance. 

 

 

 
FIGURE 5 

Correlation analysis of temperature, wet component ratio, odor concentration and microbial community 
at genus level 
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Zooming into the genus tier, the dominant play-
ers were Lactobacillus, Streptococcus, Weissella, 
and an Unclassified_f__Enterobacteriaceae. Among 
these, Lactobacillus was particularly prominent in 
terms of relative abundance. Under conditions where 
the wet-component constituted 30% of domestic 
waste and fermented for 48 hours, the abundance of 
Lactobacillus surged with rising temperature, but re-
ceded when the temperature peaked at 35°C. Mean-
while, Weissella exhibited an increase in abundance 
with rising temperature up to a point, followed by a 
decline as temperatures transitioned from 15°C to 
35°C. Additionally, the abundance of Weissella also 
climbed with an escalating proportion of the wet 
component and longer fermentation durations. 

Different microbial entities displayed varying 
trends in relative abundance based on distinct fer-
mentation settings. Intriguingly, there was a pro-
nounced correlation between the concentration of 
odors in leachate and microbial abundance. Specifi-
cally, Leuconostoc demonstrated a significantly pos-
itive correlation with both temperature and odor con-
centration. Meanwhile, the Unclassified_f__Entero-
bacteriaceae also registered a markedly positive as-
sociation with odor concentration. 
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ABSTRACT 
 
Sulfate-reducing bacteria (SRB) are ubiquitous 

in oilfield wastewater systems. The sulfur ions pro-
duced by SRB metabolism lead to viscosity loss of 
polymer solution during dilution and polymer solu-
tion preparation of sewage. To avoid the disad-
vantages of poor stability and short effective dis-
tance in using formaldehyde to sterilize and stabilize 
viscosity, biological competition method was 
adopted. Denitrifying inhibitors and functional bac-
teria were added. Viscosity stability of polymer so-
lution prepared with wastewater after biological 
treatment were evaluated in the lab. The mechanism 
of viscosity stabilization was analyzed. The results 
of lab experiments showed that 30 days after biolog-
ical treatment, the viscosity of the polymer solution 
prepared with wastewater was still above 34 mPa.s, 
and the retention rate of the viscosity was more than 
80%, which was similar to that of the polymer solu-
tion after sterilization. It could be seen in the analysis 
of microbial community structure that biological 
treatment could restrain the activity of SRB and pre-
vent the degradation of polymer by sulfur ion pro-
duced by SRB through activating denitrifying bacte-
ria, which could compete with SRB for nutrient sub-
strates. Biological inhibition of sulfur could com-
pletely replace bactericidal method in viscosity sta-
bilization of polymer solution . 

 
 

KEYWORDS: 
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INTRODUCTION 
 
Oil is the lifeblood of a nation’s economic de-

velopment, and the increasing demand for crude oil 
poses a serious threat to national energy security. 
Therefore, improving crude oil recovery is the pri-
mary task for solving China’s energy crisis. At pre-
sent, most of China’s oil fields have entered the mid-
dle and late stages of water injection development, 
and chemical drive has become an important means 
to increase and stabilize production in oil fields. The 

evaluation of China’s petroleum resources potential 
shows that the enhanced oil recovery (EOR) method 
may increase crude oil recoverable reserves by 1.18 
billion tons. Among these, composite drive methods, 
including polymer flooding, alkali/polymer binary 
composite flooding, and alkali/surfactant/polymer 
ternary chemical flooding cover 76% of the re-
serves[1] . Polymer improves recovery by increasing 
the viscosity and retention time of the injected fluid, 
reducing the formation permeability to adjust the 
suction profile, and improving the hydraulic flow ra-
tio and the actual ripple coefficient. Therefore, poly-
mer solution viscosity is an important factor affect-
ing the effectiveness of chemical drives. Recent 
studies have shown that, in addition to polymer mo-
lecular structure, molecular weight size, hydrolysis 
degree, and mechanical shear, high valence ions in 
the effluent, temperature, and other factors affecting 
polymer viscosity and sulfides in the effluent system 
can also cause chemical degradation of the polymer. 
This could, in turn, lead to severe polymer viscosity 
loss and influence the effect of poly-drive develop-
ment[2, 3]. 

At present, the methods used in the oilfield to 
eliminate the effect of sulfide on the viscosity of the 
allotment mainly include the application of biocides 
to kill sulfate-reducing bacteria (SRB), aeration, and 
oxygen-based removal of sulfur[4-6]. However, the 
former involves high consumption of biocides in the 
effluent containing aggregates and offers poor re-
sults due to the development of bacterial re-
sistance[7]. Meanwhile, aeration and sulfur removal 
may lead to a polymer solution with lower viscosity 
at the wellhead compared with the expected value. 
The evaluation and control of the degree of aeration 
in practical application highlight the generalization. 
At the same time, neither of these methods is effec-
tive in killing the bacteria in biofilms on the wall of 
the injection pipeline and the inner wall of the well-
bore. This leads to poor results in the pipeline trans-
mission from the aggregation station to the injection 
station and during injection into the aggregation 
well; polymer solution viscosity is lost due to the 
metabolic production of sulfide from SRB that 
grows along the route[8]. Viscosity loss at the injec-
tion station and the single well pipeline accounts for 
approximately 77% of the total viscosity loss of the 
polymer solution, and the viscosity of the polymer 
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solution was found to be only 17 mPa.s at some well-
heads and less than 10 mPa.s at 1,000 m downhole 
within the injection well. 

Following the tertiary oil recovery conducted at 
Gudong Oil Production Plant, to ensure the stability 
of the polymer solution viscosity, formaldehyde was 
continuously injected. However, long-term human 
contact with formaldehyde may cause cancer. In ad-
dition, the formaldehyde solution has a self-poly-
merizing effect, and during injection, it can very eas-
ily cause blockage in the formaldehyde tank, level 
meter, and pipeline, seriously affecting its normal 
use. Therefore, there is an urgent need to replace for-
maldehyde injection to avoid dilution of sewage and 
ensure stable viscosity of the polymer solution[9]. 

In this paper, we compared the viscosity stabi-
lization effect of the biological method and formal-
dehyde injection method on the viscosity of polymer 
solution. Then we revealed the mechanism of SRB 
inhibition by the biological method to improve the 
viscosity of polymer solution by analyzing the 
changes in community structure, polymer micro-
scopic morphology, and molecular weight during the 
inhibition process. The findings of this study will 
provide theoretical guidance for the development of 
sulfur inhibition and sulfur removal by the biological 
method to improve the viscosity of polymer solution. 

 
 
MATERIALS AND METHODS 

 
Experimental materials and instruments. 

Polyacrylamide (HPAM) :The HPAM was pur-
chased from Shandong Polymer Biochemicals Co., 
Ltd., hydrolysis degree 23%, solid content 90%. 

Main instruments: Brookfield DV-  viscome-
ter (Brookfield, USA); S-4800 Cold field scanning 
electron microscope (Hitachi); Gel chromatograph 
(Wyatt, USA); Optilab-rex Differential refractive In-
dex Detector (Wyatt, USA); DAWN HELEOS 
eighteen Angle Laser Light Scatterer (Wyatt, USA). 

 
Experimental methords. 1.2.1 Measurement 

of the HPAM solution viscosity. Distilled water 
was used to prepare 5000 mg/L polymer mother liq-
uor, followed by dilution to 1700 mg/L with un-
treated sewage, formaldehyde sterilized sewage and 
biological sewage, respectively. The solutions were 
then incubated hermetically at 60 , and sampled 
regularly to test the viscosity. The viscosity of the 
HPAM solution was measured by Brookfield DV-III 
viscometer. The No. 0 rotor was selected at a speed 
of 6 rpm and a temperature of 70 °C. 

 
Quantification of sulfide ions. Methylene blue 

spectrophotometry (GB/T 16489) was used for the 
determination of the sulfide ion concentration. 

Microscopic morphology analysis. Distilled 
water was used to prepare 5000 mg/L polymer 
mother liquor, followed by dilution to 1700 mg/L 
with untreated sewage, formaldehyde sterilized sew-
age and biological sewage, respectively. After being 
incubated hermetically for 10d, a scanning electron 
microscope was used to observe their microscopic 
morphologies with an accelerating voltage of 5 kV 
and magnification of ×20.0 K. 

 
Measurement of the molecular weight. For 

the solutions in 2.3, the molecular weight distribu-
tion was measured by gel chromatography refractive 
index detector. The refractive index was 1.331. The 
weight average molecular weight (MW) was directly 
determined by a light scattering instrument with a la-
ser of 658.0 nm.  

 
 

RESULTS 
 
Viscosity stability evaluation. The viscosity 

test results are shown in Figure 1. The results show 
that the viscosity of diluted sewage after 30 d of bi-
ological sulfur suppression treatment [3‒6] and sterili-
zation treatment still reaches more than 34 MPa.s, 
and the viscosity retention rate exceeds 80%. Mean-
while, the viscosity stability of untreated sewage is 
poor, and the viscosity retention rate is only 22%. 
This shows that biological sulfur suppression treat-
ment can be used to replace bactericidal treatment 
for dilution and polymerization and ensures viscos-
ity stability of the polymer solution. 

 
Biological method of sulfur suppression and 

viscosity stabilization mechanism. To clarify the 
mechanism of viscosity stabilization of dilution with 
treated sewage using different methods, the micro-
scopic morphology and molecular weight changes of 
the polymer and the structural changes of the bacte-
rial community were analyzed. 

 
Polymer micromorphology. The microscopic 

morphology of polymer solutions prepared with un-
treated, formaldehyde, and biogenic-sulfur-suppres-
sion-treated effluent after 10 d of were observed. The 
polymer formulated with untreated effluent had a 
loose spatial lattice structure with uneven distribu-
tion, which implied that the polymer had been de-
graded and the structure had been damaged. In con-
trast, the polymer formulated with biogenic sulfur 
suppression treated effluent exhibited a superior spa-
tial structure and good homogeneity. The electron 
micrographs are shown in Figure 2. 
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FIGURE 1 

Viscosity stability of dilution with treated sewage using different methods 
 

 
a MY0 

�

��

��

*�

+�

,�

� � , �� �, �� *�

67
�8
�9

6:�27;6:	

�1</;8<;:			 9<;/2=2>8<2?1	
</;8<7;1<			

32?=?@2A8=		
</;8<7;1<			

 2
9A
?9
2<B
67

�8
�9	
			
		



- © by PSP            Volume 32– No. 09/2023 pages 3060-3068                                      Fresenius Environmental Bulletin 

3063 

 

 
b MYPA 

 
c MYBC 

FIGURE 2 
Microscopic morphology of polymer solutions prepared with different water 

(MY0- polymer solutions prepared with untreated water, MYPA- polymer solutions prepared with water treated by 
formaldehyde, MYBC- polymer solutions prepared with biogenic-sulfur-suppression-treated water) 
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TABLE 1 
Change of molecular weight 

 MY0 MYPA MYBC  
molecular weight distribu-

tion(Mw/Mn)  
1.108 1.029 1.016 

molecular weight (Mn) /g/moL 1.056×106 3.486×106 3.512×106 
radius of gyration(Rz) /nm 87.4 193.2 199.5 

 
TABLE 2 

The variation of SRB concentration 

time 
MY0 MYPA MYBC  

SRB S2- SRB S2- SRB S2- 
0d 600 0.6 0 0 600 0 
6d 2500 3.5 0 0 2.5 0 

10d 250 4.1 0 0 0 0 
 
Polymer molecular weight variation. The 

molecular weights of the 10 d samples of untreated 
sewage, biogenic sulfur suppression, and post-steri-
lization sewage diluted with polymerization solvent 
were tested, and the results are shown in Table 1. It 
can be seen that the molecular weight distribution of 
the polymer of the untreated sewage diluted with 
polymerization solution was quite broad, with the 
average molecular weight dropping to 1.056×106 
g/mol and the radius of gyration being 87.4 nm, 
while the respective molecular weights of the sam-
ples of biogenic sulfur suppression and post-sterili-
zation sewage diluted with polymerization solvent 
were 199.5 and 191.7 nm. The respective molecular 
weights of the polymers were 3.512×106 g/moL and 
3.486×106 g/moL, with respective radii of gyration 
of 199.5 and 191.7 nm. It was inferred that the SRB 
metabolism in the untreated effluent produced sul-
fides that caused polymer chain breakage and degra-
dation to produce small molecules. In addition, the 
polymer degradation was inhibited by both biologi-
cal sulfur inhibition treatment and bactericidal treat-
ment. 

 
Changes in SRB Concentration. The varia-

tion in SRB concentration in different samples by the 
MPN method showed that the SRB in the untreated 
effluent reached 600/mL, which then increased to 
2500/mL after 6 d of dilution and aggregation, indi-
cating the proliferation of SRB (table 2). The SRB 
was undetectable after 10 d of dilution and aggrega-
tion of the biocidal treated effluent and decreased to 
2.5 SRB/mL after 6 d of dilution and aggregation of 

the biogenic sulfur suppression treated effluent. The 
S2- produced by the sulfate-reducing bacteria caused 
the polymer chains to break, resulting in a loss of 
viscosity. The bactericides inhibited the degradation 
of the polymer by directly killing the SRB and inhib-
iting sulfide production. The biological sulfur inhi-
bition treatment resulted in the inhibition of SRB ac-
tivity; no sulfide production was observed during the 
experiment, and the polymer viscosity was stable. 

 
Changes in microbial community structure 

during biogenic sulfur suppression. 1) Bacterial 
community diversity analysis. The number and di-
versity index of each water sample OUT for the dif-
ferent treatment methods are shown in the table 3. 
The coverage of each sample library reached over 
99.7%, indicating that this sequencing can reflect the 
real composition of the bacterial community. The 
number of samples OUT decreased for both the rest-
ing initial polymer solution for 10 d and the biologi-
cal method treatment for 10 d, while the number of 
samples OUT increased for the biocide dosed sam-
ples. The Chao abundance index showed that the 
bacterial community abundance increased for the 
resting initial mother solution and biocide dosed sys-
tems and decreased for the biological method inhibi-
tion system. The Shannon diversity index showed an 
increase in bacterial diversity for all three modalities, 
with the highest Shannon index and lowest Simpson 
index for the bioprocess inhibition system, indicat-
ing that biocompetitive inhibition favors the growth 
of a wide range of microorganisms. 

 
TABLE 3 

The number and diversity index of different samples 
 MY MY0 MYPA MYBC  

Tag number 30791 32265 33851 32743 
Coverage 0.9963 0.9976 0.9967 0.9979 

OTUs 452 345 569 378 
Chao 537.28 608.72 624.62 507.04 

Shannon diversity 3.01 3.16 3.21 3.26 
Simpson 0.098 0.088 0.094 0.070 
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FIGURE 3 

Results of high-throughput sequencing 
 
2) Changes in the composition of the bacte-

rial community. The results of high-throughput se-
quencing of bacteria for each sample are shown in 
Figure 3. 

As seen in the figure, the abundance of bacteria 
with nitrate reduction function, such as Marinobac-
terium, Thauera, and Hyphomonas, decreased after 
10 d polymer solution addition. In the absence of an 
activator, this group of bacteria was not dominant in 
the biological competition process. Finally, the 
abundance of Paracoccus, Rubrivivax, Tistrella, and 
other genera with petroleum hydrocarbon degrada-
tion functions increased significantly. 

The abundance of formaldehyde degrading 
bacteria such as Pseudomonas and Methyloversatilis 
after formaldehyde polymer solution treatment in-
creased from 2.26% and 1.20% to 7.97% and 
17.08% in the polymer solution, respectively. 

The abundance of bacteria such as Marinobac-
terium and Thauera with nitrate-reducing functions 
increased in the polymer solution treated by the bio-
logical inhibition method. These genera can use ni-
trate or molecular oxygen as electron acceptors to 
oxidize the reduced sulfide and obtain the energy re-
quired for growth and reproduction. An increased 
abundance of Oceanibaculum, a bacterium genus in 
the Indian Ocean capable of reducing nitrate to ni-
trite but incapable of denitrification, was also de-
tected. In addition, the relative abundance of Petro-
bacter and Hydrogenophilus decreased from 5.06% 
and 22.9% to 3.87% and 6.93%, respectively. Petro-
bacter is an important genus of oil recovery bacteria 
with surfactant-producing properties and they de-

grade petroleum hydrocarbons. The reduced abun-
dance of this bacterium indicates that the addition of 
high inhibitor concentrations activated the denitrify-
ing bacteria in the effluent, which inhibited the ac-
tivity of Petrobacter while competing with SRB for 
carbon sources. The altered ecology resulted in a 
complex competitive inhibition relationship in the 
system. Hydrogenophilus is a hydrogen-oxidizing 
bacterium that can use H2 as an energy source and 
can oxidize sulfur for energy. The decrease in abun-
dance of this bacterium is mainly due to the addition 
of inhibitors that remove sulfide, the energy source 
of Hydrogenophilus, from the system. 

The presence of about 20% of unclassified bac-
teria in each sample was also observed, thus indicat-
ing a complex distribution of species within the oil-
field wastewater system and the possible presence of 
new, unculturable genera. 

 
(3) Changes in the composition of archaeal 

communities. The mutualistic interaction between 
archaea and bacteria can achieve synergistic degra-
dation of refractory organic matter. In the experi-
ment, a total of nine dominant bacteria (>0.5% abun-
dance), including Methanomethylovorans, Meth-
anosaeta, Methanothermobacter, and Meth-
anoculleus were detected (Figure. 4). The relative 
abundance of hydrogen-utilizing methanogenic gen-
era such as Methanoculleus and Methanolinea de-
creased in the untreated-effluent-formulated poly-
mer solution, while that of Methanomethylovorans 
(methyl-utilizing methanogenic bacteria) and Meth-
anosaeta (acetic acid trophic methanogenic bacteria) 
increased.  
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FIGURE 4 

Changes in the composition of archaeal communities 
 

This was because the polymer solution prepared 
from the untreated effluent underwent degradation of 
the polymerization solvent, thus generating low mo-
lecular weight nutrient substrates that can be utilized 
by this group of archaea. The relative abundance of 
Methanoculleus and Methanothermobacter, which 
may be important functional bacteria in the denitrifi-
cation process, increased in the polymer solution af-
ter biological treatment. 

 
 

DISCUSSION 
 
There are two main reasons for the reduction of 

polyacrylamide (HPAM) solution viscosity caused 
by SRB. One is that SRB directly uses polyacryla-
mide as a carbon or nitrogen source for growth and 
reproduction. The polymer is then degraded to small 
molecules, causing viscosity reduction [10-13]. The 
second reason is that S2- produced by SRB metabo-
lism and Fe2+ produced by corrosion with SRB cause 
molecular chain breakage, and the degradation prod-
ucts can be used by SRB as a nutrient substrate, thus 
promoting the growth and reproduction of SRB to 
further degrade the polymer [14]. The reduction of 
polymer viscosity caused by SRB in oilfield 
wastewater systems is dominated by the latter. 
Therefore, the key to inhibiting the loss of polymer 
solution viscosity is to inhibit SRB activity, so that it 
cannot produce S2-. 

No SRB was detected and no S2- was generated 
in the experimental system dosed with formalde-
hyde. Formaldehyde acts on bacterial proteins (in-
cluding enzymes) to alkylate them, causing protein 
denaturation and coagulation, resulting in microbial 
death. Although some bacteria such as Pseudomonas 
and Methyloversatilis could survive and proliferate, 
the polymer viscosity was found stable during the 
experiments, because there was no S2- causing poly-
mer chain breakage, and these bacteria had difficulty 
using the polymer as a nutrient substrate. 

In the biological treatment process, by adding 
activators to the SRB environment, first the SO4

2- in 
the electron transfer process is reduced, then the 
dormant NRB is activated, and growth and reproduc-
tion are accelerated. Then, the NRB competes with 
the SRB for living space and nutrient substrate (Fig-
ure. 5). The preferential use of nutrient substrate by 
NRB leads to nutrient insufficiency for SRB, thus 
limiting SRB activity. Unlike the biocide injection 
treatment method, the experimental process of bio-
logical treatment did not produce S2-, although the 
presence of SRB was observed. In addition, the pol-
ymer viscosity remained stable for a long time, 
which was due to the preferential use of nutrient sub-
strate by the activated DNB, due to which the already 
scarce bioavailable nutrients in the oilfield effluent 
were depleted, and the SRB became inactive and 
consequently died due to the lack of living space.
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FIGURE 5 

Inhibiting mechanism 
 
In addition, the presence of NO2

- was moni-
tored during the experiments. NO2

- can inhibit sulfite 
reductase activity, in turn preventing the catalytic re-
duction of sulfite to sulfide. 

The abundance of other bacteria such as Petro-
bacter and Hydrogenophilus also changed signifi-
cantly during the experiment. This was because the 
oilfield wastewater system is a complex “bioreac-
tor,” containing a large number of microbial popula-
tions. In addition to NRB, SRB, and sulfur-oxidizing 
bacteria, there are also iron bacteria, petroleum hy-
drocarbon degradation bacteria, methanogenic ar-
chaea, etc. These bacteria will utilize carbon sources 
for growth and reproduction and are influenced by 
various factors such as metabolic pathways, environ-
mental factors, biological enzymes, substrate trans-
fer, and so on. The interaction between each group 
of bacteria and their ability to compete for nutrient 
substrates is complex, with abundant reaction kinet-
ics. It is necessary to further study the metabolic ca-
pacity and competitive cooperation at the commu-
nity and individual levels with the aid of quantitative 
gene, next-generation sequencing, and macro-omics 
technologies. The interrelationships affecting degra-
dation performance can be studied with the aid of 
multi-dimensional macro-omics and environment-
dependent experiments. 

 
 

CONCLUSIONS 
 
1) The viscosity of the diluted and aggregated 

effluent after biological sulfur suppression treatment 
still reaches more than 34 mPa/s after 30 d. The vis-
cosity retention rate exceeds 80%, which is compa-
rable to the viscosity of the aggregated effluent after 
sterilization treatment. 

2) Biological sulfur suppression mainly occurs 
through activation of the denitrifying bacteria in the 
effluent to compete with SRB for nutrient substrates, 
thereby limiting SRB activity and preventing degra-
dation of polymers by sulfur ions produced by SRB 
metabolism. 
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Size of manuscript 
Review articles should not exceed 30 typewritten 
pages. In addition up to 5 figures may be included. 
Original papers must not exceed 14 typewritten 
pages. In addition up to 5 figures may be included. 
Short-Communications should be limited to 4 
typewritten pages plus not more than 1 illustration. 
Short descriptions of the authors, presentation of 
their groups and their research activities (with photo) 
should together not exceed I typewritten page. Short 

research abstracts should report in a few brief 
sentences (one-fourth to one page) particularly 
significant findings. Short articles by relative 
newcomers to the chemical innovation arena 
highlight the key elements of their Master and PhD-
works in about I page. 
Book Reviews are normally written in-house, but 
suggestions for books to review are welcome. 
 
Preparation of manuscript 
Dear authors, 
FEB is available both as printed journal and as online 
journal on the web. You can now e-mail your 
manuscripts with an attached file. Save both time 
and money. To avoid any problems handling your 
text please follow the instructions given below: 
When preparing your manuscripts have the formula 
K/SS (Keep It Simple and Stupid) in mind. Most 
word processing programs such as MS-Word offer a 
lot of features. Some of them can do serious harm to 
our layout. So please do not insert hyperlinks and/or 
automatic cross-references, tables of contents, 
references, footnotes, etc. 
1. Please use the standard format features of your 
word processor (such as standard.dot for MS Word). 
2. Please do not insert automatisms or secret link-ups 
between your text and your figures or tables. These 
features will drive our graphic department 
sometimes mad. 
3. Please only use two fonts for text or tables 
"Times New Roman" and for graphical presentations 
"Arial". 
4. Stylesheets, text, tables and graphics in shade of 
grey 
5. Turn on the automatic language detection in 
English (American or British) 
6. Please - check your files for viruses before you 
send them to us!! 
Manuscripts should be uploaded on our website 
prt-parlar.de 
Thank you very much! 
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STRUCTURE OF THE MANUSCRIPT 

Title page: The first page of the manuscript should 
contain the following items in the sequence given: A 
concise title of the paper (no abbreviations). The 
names of all authors with at least one first name 
spelled out for every author. The names of 
Universities with Faculty, City and Country of all 
authors. 

Abstracts: The second page of the manuscript 
should start with an abstract that summarizes briefly 
the contents of the paper (except short 
communications). Its length should not exceed 150-
200 words. The abstract should be as informative as 
possible. An extended repetition of the paper's title 
is not considered to be an abstract. 

Keywords: Below the Summary up to 6 key words 
have to be provided which will assist indexers in 
cross-indexing your article. 
 
Introduction: This should define the problem and, 
if possible, the frame of existing knowledge. Please 
ensure that people not working in that particular field 
will be able to understand the intention. The word 
length of the introduction should be 150 to 300 
words. 
 
Materials and methods: 
Please be as precise as possible to enable other 
scientists to repeat the work. 
 
Results: Only material pertinent to the subject must 
be included. Data must not be repeated in figures and 
tables. 
 
Acknowledgements: Acknowledgements of 
financial support, advice or other kind of assistance 
should be given at the end of the text under the 
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References: Responsibility for the accuracy of 
references rests with the authors. References are to 
be limited in number to those absolutely necessary. 
References should appear in numerical order in 
brackets and in order of their citation in the text. 
They should be grouped at the end of the paper in 
numerical order of appearance. Abbreviated titles of 
periodicals are to be used according to Chemical or 
Biological Abstracts, but names of lesser known 
journals should be typed in full. References should 
be styled and punctuated according to the following 
examples: 
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UNPUBLISHED WORK: 
Papers that are unpublished but have been submitted 
to a journal may be cited with the journal's name 
followed by "in press". However, this practice is 
acceptable only if the author has at least received 
galley proofs of his paper. In all other cases reference 
must be made to “unpublished work" or "personal 
communication". 
 
Discussion and Conclusion: This part should 
interpret the results in reference to the problem 
outlined in the introduction and of related 
observations by the author/s or others. Implications 
for further studies or application may be discussed. 
A conclusion should be added if results and 
discussion are combined. 
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