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research findings and describe emerging technologies, and directions in 
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presenting novel research results in all aspects of Environmental Science and 
Technology. The conference aims to bring together leading academic scientists, 
researchers and research scholars to exchange and share their experiences and 
research results about all aspects of Environmental Science and Technology. It 
also provides the premier interdisciplinary forum for scientists, engineers, and 
practitioners to present their latest research results, ideas, developments, and 

applications in al lareas of Environmental Science and Technology. The 
conference will bring together leading academic scientists, researchers and 
scholars in the domain of interest from around the world. ICOEST is the 

oncoming event of the successful conference series focusing on Environmental 
Science and Technology. The scientific program focuses on current advances in 

th eresearch, production and use of Environmental Engineering and Sciences with 
particular focus on their role in maintaining academic level in Science and 
Technology and elevating the science level such as: Water and waste water 
treatment, sludge handling and management, Solid waste and management, 

Surface water quality monitoring, Noise pollution and control, Air pollution and 
control, Ecology and ecosystem management, Environmental data analysis and 

modeling, Environmental education, Environmental planning, management and 
policies for cities and regions, Green energy and sustainability, Water resources 
and river basin management. The conference's goals are to provide a scientific 
forum for all international prestige scholars around the world and enable the 

interactive exchange of state-of-the-art knowledge. The conference will focus on 
evidence-based benefits proven in environmental science and engineering 
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Prevention of Mucilage on marine ecosystem 
by wastewater refinery approach: Struvite 

recovery 
Emrah Sık1, Recep Partal2, Irfan Basturk3, Ozgur Dogan4, Birgul Elgis Ertay5 

Abstract 

Wastewater treatment with a passive approach has focused on removing phosphorus (P) and nitrogen (N) 
for many years because of their potential to cause eutrophication in water bodies.  However, high amounts 
of N and P are found in municipal and industrial wastewater. The enormous amount of nutrients present is 
one of the main factors in the formation of Marine Mucilage. At the same time their nutrient content, these 
wastewaters offer a high potential for struvite recovery.  In this study, the effects of mucilage formation 
which is an environmental problem, relationship the nutrient load, was investigated. To investigate this 
effect, physical-chemical water quality parameters such as pH, nutrients (PO4

3--P, NH4
+-N, TP, TN), 

magnesium, and molecular ratios of N:P:Mg (stoichiometry) were used. The highest NH4-N and PO4-P 
precipitation were around 83% and 97.0%, respectively, at pH 8.7, N:P:Mg molar ratio of 1.5:1:1. 
Consequently, eutrophication monitoring and the need for implementing biological C, N, P-removal 
treatment options (struvite recovery etc.) for all wastewater discharges reaching to the inland seas is 
essential. 

Keywords: mucilage, municipal wastewater, nutrient, struvite,  

1. INTRODUCTION 
Mucilage seen in the seas is a polysaccharide organic matter community secreted to the aquatic environment 
by phytoplankton in response to various stressful conditions. Mucilage settles on the seabed and causes the 
death of other living organisms in the environment and disrupts the marine ecosystem in the regions where it 
is found.  

In recent years, the mucilage problem has become ever more prevalent in the maritime environment. Rising 
ocean temperatures, overfeeding, and pollution from human activities intensify the impacts of this problem. 
While the appearance of mucilage reduces the habitats available to marine species, it also poses a substantial 
threat to economic activities such as tourism. As a result, addressing the mucilage issue is critical for 
environmental conservation and sustainable growth [1], [2]. 

The growing mucilage problem in the world's waters is caused by factors such as over-nutrition and pollution 
from human activities. Over nutrition causes a rise in nitrates, phosphates, and other nutrients in saltwater, 
resulting in algal blooms. Algal blooms diminish ocean oxygen levels while also causing mucilage production. 

 
1 Corresponding author: Istanbul Technical University, Department of Maritime, 34940, Tuzla/Istanbul, Turkey. 

emrahs@itu.edu.tr 
2 TUBITAK Marmara Research Center, Climate Change and Sustainability, 41470 Gebze/Kocaeli. 

recep.partal@tubitak.gov.tr 
3 TUBITAK Marmara Research Center, Climate Change and Sustainability, 41470 Gebze/Kocaeli. 

irfan.basturk@tubitak.gov.tr 
4 TUBITAK Marmara Research Center, Climate Change and Sustainability, 41470 Gebze/Kocaeli. 
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5 Istanbul Technical University, Department of Chemistry, 34467, Maslak/Istanbul, Turkey. 
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Because mucilage is plentiful in organic matter in saltwater, it includes a wide range of nutrients. As a result, 
removing mucilage is a critical issue for the natural balance of our seas and human activities [3], [4]. Because 
of the many components contained in the effluent, it creates a significant environmental hazard. These 
wastewaters comprise organic and inorganic chemicals, heavy metals, and nutrients that are created by human 
activity. These elements, particularly plant nutrients like nitrates and phosphates, are the primary variables that 
contribute to wastewater's negative environmental consequences. However, the nutrients in wastewater have 
the potential to be a useful resource for plant growth and other industrial purposes.  

As a result, research on nitrogen recovery from wastewater has grown in recent years. This technology has the 
potential to generate economic advantages while decreasing negative environmental consequences by 
extracting nutrients from wastewater. These nutrients can be employed in a variety of applications, including 
agricultural and industrial fertilizer, feed additives, bioenergy, and aquaculture [5], [6]. 

Considering the economic and ecological damages it causes, it is important to reduce the pollutant load to the 
receiving marine environment in order to prevent the recurrence of mucilage formation [7]. In this study, 
struvite recovery approach using wastewater treatment plants is presented as a method to prevent mucilage 
formation. This method ensures the management of the nutrient cycle in the seas and prevents the formation of 
mucilage through the recovery and reuse of water from wastewater treatment plants. The aim of this study is to 
investigate the effectiveness and applicability of the struvite recovery approach in preventing mucilage 
formation and to offer a more sustainable solution for marine ecosystems.  

2. MATERIALS AND METHODS 

2.1. Wastewater Characteristic 
The wastewater samples investigated in this study were obtained from Tuzla municipal WWTP located in 
Istanbul/Turkey. In the WWTP, in addition to carbon removal, nitrogen and phosphorus removal is also carried 
out. In the sludge treatment units of WWTP, the sludge (slurry) is thicken (gravity and decanter) and sent to 
anaerobic stabilization, then dewatered by a centrifuge before the sludge is removed from the plant. On the 
other hand, the supernatants occurred in the secondary treatment sludge thickening (TS) unit, the dewatering 
(DS) unit and the common supernatant mixture tank (SM) are collected in a pool and sent to beginning of the 
primary treatment unit (Figure 1). The supernatants characterization is given in Table 1. In this study, struvite 
precipitation studies were carried out with anaerobic digester supernatant (dewatering (DS)). 

 
Figure 1. WWTP general flow chart and sampling points 

Table 1. Wastewater samples characterization 

Parameters 
Sludge thickening 

decanter (TS, sample 
point 1) 

Dewatering 
decanter (DS, 

sample point 4) 

Supernatant 
mixture  tank (SM, 

sample point 5) 

pH 7,3 ± 0,37 8,0 ± 0,24 7,6 ± 0,48 

Primary 
Treatmnet

Secondary
Treatmnet

Sludge Thickening 
(Gravity)

Sludge Thickening 
(Centrifuge)

Sludge Stabilizatin 
(Anaerobic
digestion)

DS Supernatant

Municipal 
wastewater

3

1

5

2

Supernatant 
mixture

TS Supernatant

Sludge 
Dewatering 

4

Sampling 
Points
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Conductivity, mS/cm 4,7 ± 1,8 8,2 ± 4 4,2 ± 0,7 

TKN, mg/L 285,0 ± 150 680,2 ± 60 266 ± 105 

PO4 - P, mg/L 6,2 ± 3,0 9,0 ± 1,9 7,3 ± 2,3 

PO4
-3, mg/L 18,9 ± 13 27,5 ± 8 23,5 ± 8 

NH4
+-N, mg/L 40,3 ± 15 580,5 ± 25 162,1 ± 30 

COD, mg/L 698 ± 375 495,2 ± 280 1070,5 ± 400 

AKM, gr/L 4,5 ± 0,5 0,7 ± 0,1 2,3 ± 4 

Ca+2 (mg/L)  110,1 ± 40,0 118,1 ± 13,0 97,9 ± 25,0 

Mg+2 (mg/L) 68,5 ± 23,0 77,8 ± 6,6 51,7 ± 15,0 

2.2. Analytical methods 
The pH and conductivity were measured by multimeter (HACH HQ40d). The chemical oxygen demand (COD) 
values were determined using Standard Methods [8]. Total Kjeldahl nitrogen (TKN), total phosphate (PO4-3), 
ortho-phosphate (PO4-P) and ammonium-nitrogen (NH4+-N) concentrations were measured by an Ion 
Chromatography, metal concentrations were detected by using a Perkin Elmer ICP-MS. 

2.3. Experimental procedure 
Struvite precipitation experiments were conducted in a 1 L of a plexiglas conical reactor with a mechanical 
stirring, and pH and conductivity values were monitored simultaneously. The wastewater of 1 L (sampling 
points given in Figure 1) was transferred into a 1,5 L glass conical reactor. Then, the certain amount of caustic 
was dosed and the solutions were stirred at 300 rpm. The initial pH was adjusted to a certain value using NaOH 
and HCl. All experiments were carried out at room temperature. Magnesium chloride (MgCl2.6H2O) and ortho-
phosphoric acid (H3PO4) were used as a supply of magnesium ions and phosphate. 

The stirring speed was reduced to 100 rpm for 15 min and the glass reactor after 5 minute reaction time and it 
was covered with Parafilm™ and kept for 60 min at 25 °C. The liquid samples were filtered by 0.45 μm 
membrane filter for analyzes. The precipitates after the struvite experiments were dried at the room temperature 
for the analysis during 24 h, and then weighed for removal efficiency. The supernatant was collected and 
determine the percent recovery efficiency of nutrients (N, and P) as struvite were calculated according to 
Equation (1).  

%𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑅𝑅𝑒𝑒𝑅𝑅𝑒𝑒𝑅𝑅𝑅𝑅 = (𝐶𝐶𝑖𝑖− 𝐶𝐶𝑒𝑒)
𝐶𝐶𝑖𝑖

× 100      (1) 

where Ci and Ce are the influent and effluent supernatant nutrient concentration, respectively. 

3. RESULT AND DISCUSSION 
All paragraphs must be justified, i.e. both left-justified and right-justified. 

3.1. Effect of Wastewater pH on Precipitation 
N, P, Mg molar ratio should be at a certain level in struvite precipitation, otherwise struvite formation will not 
be observed for the reason that under pH control. The pH has highly impact on both the crystallization and 
purity of struvite. In the studies in the literature, the pH range shows differences such as 8.5-9.5 [9], 7-10 [10] 
and 8.3 [11]. 

As a result of the literature review, the preliminary pH study for the struvite precipitation experiments carried 
out in this study was carried out with the thickening supernatant (TS), the dewatering supernatant (DS) and 
common supernatant mixture tank (SM) after anaerobic digestion wastewater samples. The efficiency of pH 
value was investigated at 8.0, 8.5, 9.0, 9.5,10.0 (natural pH of wastewater), and constant agitation speed of 150 
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rpm, the temperature of 20 °C. The addition of caustic, magnesium hydroxide, or lime can all be used to bring 
the pH level to the desired level [12, 13]. The pH level was adjusted using 3M and 1M NaOH in order to struvite 
precipitation. Figure 3 shows the pH shift that led to the development of struvite.  

 
Figure 2. Effect of pH on struvite precipitation 

The optimum pH value was found as 8.7 to ensure effective struvite recovery. This pH value will also reduce 
the risk of ammonia stripping. pH, a nutrient loss occurs due to the dissociation of ammonium ions from the 
solution, which has a negative effect on struvite precipitation [14, 15]. 

3.2. Pollution Load Assessment 
Pollutants such as nitrogen and phosphorus entering into the aquatic environment are the food source for 
phytoplankton species. Due to the nutrients carried by the wastewater flowing into the Marmara Sea, a serious 
proliferation of algae and other phytoplankton has occurred in the sea. The entrance of land-based pollutants 
into the marine environment as a result of increasing urbanization and industrialization in especially coastal 
strips and eutrophication are the main reasons that trigger mucilage [16, 17]. The priority should be to reduce 
aquatic pollution and the production of all types of waste at source, including municipal wastewater. In order 
to address the problems posed by municipal wastewater, it is necessary to manage it properly. Today, recovery 
technologies allow most waste, including wastewaters, to be used as secondary raw material like struvite. 
Wastewater plants should be proper treatment and management because of have pollution load in large 
quantities. Struvite recovery is a green solution for preventing mucilage formation via decreasing the pollution 
loads at source on behalf of proactive approach. In this regard, Tuzla WWTP pollution loads were calculated 
and given in the Table 2. The nutrient pollutant load in Tuzla WWTP is shown in Figure 3 and Figure 4 for 
nitrogen and phosphorus, respectively. 

 
Figure 3. The ammonia nitrogen amount of sample points 
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Figure 4. The phosphorus amount of sample points 

Table 2. Tuzla WWTP pollution loads 

Pollutant Amount 
(kg/day) 

TS DS SM Total 
(kg/day) 

 m3/day 3460 2055 5515  
NH4+-N mg/l 40 580 162 2223,8 
PO4-P mg/l 6,2 9,0 7,3 80,21 

Total kg/day    2304,0 
 After struvite precipitation 
NH4+-N mg/l 25 171,5 48,9 708,6 
PO4-P mg/l 2,8 2,3 3,0 30,97 

Total kg/day 96,2 357,1 286,3 739,6 

The calculated total amount of pollutant discharge from supernatant point sources in 2022 was calculated as 
2,22 tons of ammonia-nitrogen (NH4+-N), and 0.080 tons of ortho-phosphorus (PO4-P) as seen in Table 2. As 
the point source pollution loads were mainly based on average of measured data in Tuzla WWTP. However, 
when struvite recovery from supernatants streams, the total amount of pollutant load were determined as 0.096 
tone/day, 0.357 tone/day and 0.286 tone/day for TS, DS and MS, respectively. 

3.3. Nutrients recovery by struvite precipitation 
The primary purpose of this study was to struvite recovery, another efficiency that is of importance is the 
prevention of pollution in aquatic ecosystems caused by nutrient entry from the WWTP. Input and output 
concentrations of N, P, and Mg in the TS, DS, and MS supernatant samples under different N/P/Mg ratios and 
removal efficiency of nutrients were displayed in Figure 5. Theoretically, the molar ratio (stoichiometric ratio, 
N:P:Mg) required for struvite production demands magnesium additive. In this study, commercial magnesium 
chloride hydrate (MgCl2x12H2O) (Merck) was used as magnesium source. Three different stoichiometric ratios 
of 1.5:1:1, 1:1:1 and 1:0.5:0.5 were used in this study, respectively. 
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Figure 5. Struvite recovery quantity against different molar ratios for TS, DS and MS supernatants. 

As seen in Figure 5 during this study, ammonia nitrogen removal efficiency varies between 37.5-70.4%, and 
ortho-phosphorus removal efficiency in the range of 54.8-74.4% were achieved within the three stoichiometric 
ratios. In fact, by recovering struvite, we have removed at least 37.5% of ammonia nitrogen and 54.8% of ortho-
phosphorus that could cause eutrophication in the aquatic ecosystem, but by treating the central wastewater, we 
lighten the burden of the facility by returning the supernatants. These also reduce the maintenance and repair 
costs of the facility and reduce the time required for maintenance & repair. As the stoichiometry of the nutrients 
increases, the amount of struvite obtained also increases. In domestic wastewater treatment plants, nitrogen 
concentration is generally high, and phosphorus and magnesium are low, so it can be said that increasing the 
stoichiometric ratio depends on the nitrogen concentration at the wastewater point. The higher the Mg/P ratio, 
the higher the Mg and P removal efficiency. In this study, the economically optimum P: Mg ratio is 1:1. On the 
other hand, in the literature, the P/Mg ratio has been studied between 1.5:1 [18] and between 1 and 1.6 [19]. 

3.4. Characterization of Struvite 
The N:P:Mg molar ratio of 1:1:1 for DS (Dewatering decanter, sample point 4) obtained precipitates was 
analyzed with XRD based on the Rietveld refinement at pH 8.7 (Figure 6) [20]. Quantitative analysis of 
crystalline minerals was established by means of the X-ray internal standard method. Method requires though 
that you can add a known amount of a suitable compound ("internal standard" e.g. zinc oxide) to your sample 
before the diffraction pattern. The internal standard must be 100% crystalline. As a result, absolute phase 
quantities are obtained. The difference to 100 weight-% determines the quantity of amorphous (and other 
unidentified crystalline) phases in the sample. There were strong peaks of struvite in precipitates formed at pH 
8.7 and 1:1:1 ratio. Struvite crystals in crystal orthorhombic form (Mg(NH4)(PO4)x6H2O) over 90%, brucite 
(Mg(OH2)) form % 6 and potassium  calcium phosphate hydrate form (KCa(PO4)xH2O) %1 were obtained in 
studies conducted at pH:8.7 with sample taken for DS. Under optimal conditions (pH 8.7 and 1:1:1), XRD 
analysis also demonstrated that struvite was the dominant composition of the precipitate. 
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Figure 6. A sample line graph using colors which contrast well both on screen and on a black-and-white hardcopy 

CONCLUSION 
Consequently, using ISKI Tuzla WWTP digester supernatant (DS), thickening supernatant (TS), and the 
common supernatant mixture tank (SM) estimated that it was possible to recovery of the large amount of the 
struvite. Thus, nutrients such as N and P entering the aquatic environment will be significantly prevented at the 
source, which is a very feasible and promising method for the circular economy and wastewater refinery 
approach. In this study, at optimum struvite precipitation conditions for nitrogen and phosphorus removal by 
the recovery of nutrients from wastewaters; the pH value was determined as 8.7, and PO4-P:Mg2+ ratio 1:1 was 
determined for supernatants. Under these conditions, nutrients recovery efficiency were obtained 70% ammonia 
nitrogen and 74% phosphorus respectively 

In conclusion, the point source pollution was the main source of nitrogen, phosphorus, and COD had a 
significant effect on the mucilage formation of the removal of pollution. Such pollution sources are diverse and 
obligatory to supervise and control in order to preventing mucilage in the inland sea like Marmara Sea. For 
protect the marine ecosystem, renovating MWWTPs or improvement of MWWTPs to ensure high quality 
effluent to the inland sea will contribute to the protection of the marine ecosystem. 
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Implications for marine pollution in a 
Chemical Tanker Collusions in the Strait 

of Canakkale (Dardanelles) 
 

Hasan Bora Usluer1 

Abstract 
 

The Turkish Straits Sea Area, which is a bridge and natural waterway connecting the Black Sea and Aegean 
Seas, has a very important geographical status. The Straits of Istanbul (Bosphorus) and Canakkale 
(Dardanelle) are the great natural way and also the Marmara Sea is the main component of the area. 
Contrary to Istanbul, there have been no major maritime accidents in the Canakkale. However, due to the 
changing and developing technology, ships have large tonnages. In addition, the investments of countries 
in energy transportation attract attention. Thus, chemical transportation has gained importance and there 
has been a change and development in the elements of maritime transportation. The Strait of Canakkale is 
characterized by settlements on both sides. Natural waterway areas with such characteristics need to be 
protected. In the study, a real-time simulation analysis was carried out in order to guide how much pollution 
will occur in a ship accident that may occur in a determined region in the Strait of Canakkale and to prevent 
the pollution that will occur there. 

Keywords: Turkish Straits Sea Area(TSSA), Strait of Canakkale (Dardanelle), Marine Pollution 
Simulation, Mucilage, Strategy of Maritime Management.  

 

1. INTRODUCTION 
As of May 2021, the Mucilage surrounding, especially the Sea of Marmara and the Turkish Straits Sea Area, is 
a gel-like and slippery mass composed of proteins, carbohydrates, and fatty acids secreted by microorganisms 
mostly gathered together and covering large areas.  It is excreted from the body by single-celled organisms 
under stressful environmental conditions. While the Turkish Straits marine area is the waterway connecting the 
Caspian and Mediterranean Seas, the passage is essential for sea creatures. The mucilage effect in the filtration 
of ship systems arises from the seawater used by the ships during their passage through the straits in the cooling 
systems. Due to the protection of local and global maritime areas, a high level of attention is required, especially 
on the essential waterways located on the transit route of ships departing to many ports serving international 
transportation, such as the Turkish Straits. 

The Republic of Turkey has a significant geopolitical and strategic position. Due to the straits, Turkey connects 
the continents of Asia and Europe. Also, the Turkish Straits are consisting of three major elements; Istanbul, 
Canakkale Straits, and the Marmara Sea. The Straits are a great example of the natural seaway of the world. 
Well-known Bosporus and Dardanelles names came from ancient times [1]. And these terms are not used 
anymore by Turkish authorities on the charts with geographic names. the Turkish strait sea area's all parts 
belong to the sovereign sea territory of Turkey and subject to the regime of internal waters by UNCLOS 
sentences. The Turkish Strait Sea Area is the most suitable and safe waterway in the region between the 

 
1 Corresponding author: Galatasaray University, Assoc.Prof.Dr., The Director of Maritime Vocational School, Ciragan 

Cad.,No.36, 34349, Ortakoy-Besiktas/Istanbul, Turkey. hbusluer@gsu.edu.tr 
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Mediterranean and the Black Sea due to its very important recent energy transportation. From 1936, The 
Turkish Straits, have been begun to govern by the Montreux Convention. The Montreux Convention has treaty 
obligations. Due to the obligation Republic of Turkey gave annual reports to the League of Nations Secretary-
General firstly. Then since 1945, gave these reports to the United Nations Secretary-General. Reports had 
consisted of general information about straits and navigational safety etc. These reports, which also go to the 
High Contracting Parties, are entitled,'Rapport Annuel sur le Mouvement des Navires a Travers les Detroits 
Turcs' (Annual Report Concerning the Movement of Ships through the Turkish Straits). A very important detail 
in favor of using the expression the 'Turkish Straits' came from a United Nations document. This document 
belongs to the Third United Nations Conference on the Standardization of Geographical Names. This 
conference was held in Athens, in 1977, by 152 attended participants representing 59 countries, with observers 
from 11 non-governmental and international scientific organizations. The main aim of the Conference was to 
use national names to standardize the names of geographical locations. The resolutions of the conference 
empower Turkey in the use of the name 'Turkish Straits'. [3,4].  This conference's result document's title is 
proof of the international credence of the expression 'Turkish Straits'. [2,3,5] In recent years straits are the most 
important trade way of the world cause of the oil and oil products due to the energy transportation importance.  
Turkey is in the middle latitudes. So, it could easily feel like 4 season and their effects. Due to this reason, The 
Turkish Straits Sea Area has very special conditions in terms of the marine environment which includes 
atmospheric and oceanographic conditions, plant and animal diversity, and also the terrestrial environment. 
Many different marine species and fishes live and use straits for migration. The Turkish Straits have been 
exposed to dense marine traffic for centuries and a substantial increase has occurred in size and tonnage of the 
ships passing through the Straits with hazardous cargo varieties and amounts they carry by the neighboring 
Black Sea states and the Central Asian Turki Republics.Recently increase in the number of vessels that 
navigates on the Straits and being on the transportation way of hazardous goods pose serious environmental 
and safety hazards for the Turkish Straits Sea Area and its surrounding residential areas. High density of marine 
traffic effects on straits, makes the navigation rather difficult.  The Straits have faced many casualties, 
collusions that caused severe environmental problems due to oil spilling [3,8]. The study shows the simulation 
and pollution of a possible accident while navigating the Strait of Canakkale (Dardanelle), a tanker that had an 
accident with the effect of Mucilage. 

 

 
Fig. 1 The Turkish Strait Sea Area overview from paper chart number TR29. 

2. THE CANAKKALE STRAIT OVERVIEW AND MARINE SCIENCE INFORMATIONS 
The Canakkale Strait is one of major components of Turkish Strait Sea Area(TSSA). Canakkale strait is almost 
20 NM longer than Istanbul strait. Canakkale's Morphological and geographical status is quite different of 
Istanbul strait [9]. The surveyed current direction of the Canakkale Strait is NE-SW. Between the Biga and 
Gelibolu peninsula areas are very narrow.[10,16] From Anafartalar to the north and the Biga ridge to the south 
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of the Canakkale Strait has an average depth of -55 meters and reaches a depth of -90 meters. [16] Canakkale 
Strait constitutes 22% of the Turkish Straits Sea Area and the sea traffic separation lane is limited to 40 ° 26',00 
N - 026 ° 45',25 E and 40 ° 01',52 N - 026 ° 11',18 E and has shown the Maritime Traffic Regulations for the 
Turkish Straits. The Canakkale Strait is defined between the longitude passing through Zincirbozan Lighthouse in 
the north and the line between Mehmetcik Cape Lighthouse - Kumkale Cape Lighthouse in the south [16]. 

 
Fig. 2 The Canakkale Strait Traffic Seperation Scheme 

Canakkale Strait has a different geography status than the Istanbul Strait. And also Canakkale straits length is 2 
times longer than the Istanbul. But Canakkale's geomorphological structure, it has a rugged structure on the north 
and south line. The Canakkale Strait constitutes 22.56% of the Turkish Straits' sea area. Kilitbahir and Canakkale 
point is the narrowest part at the strait with1300 meters, the shore of Intepe and Domuz Dere is the widest part 
with 8135 meters. Not only The Istanbul Strait but also Canakkale Strait has two different currents. Both two 
strait's first current face is the surface current which comes from the Black Sea to the Aegean Sea through the 
Marmara Sea. and the second face or water collum the undercurrent coming from the first layer that the 
Mediterranean and passing through the Aegean Sea towards the Marmara Sea direction. Altough nearly 600 
km3 of water lost annually(surveyed) by surface current coming from the Black Sea, it gains approximately 300 
km3 of water per year thanks to the undercurrent coming from the Mediterranean Sea via the Turkish Straits. [13,16]. 
The surface current values between Marmara Sea to the Aegean Sea, are 0.5 and 5 knots. According to hydrographic 
surveyed that the this area's current speed reaches 2 knots per hour at Gelibolu. With geographic status and 
meteorological effects south side of Nara Cape and in front of Kilitbahir point, current value is 5 knots. Especially 
between Canakkale with Kepez area current value is also strong. 
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Fig. 3 Current Atlas of The Canakkale Strait [16]. 

3. THE REMARKABLE ACCIDENTS EXAMPLES OF THE TURKISH STRAITS 
Turkey, also not produce energy, it is a passage that allows the passage of energy due to the geopolitical 
position. The Turkish Straits are the most important strategic gate point of the oil that passes from the Caspian 
to the Mediterranean, from the Middle East-Africa line to the Black Sea. The importance of our country in the 
energy market is gradually increasing, as the demand for energy in the world increases and is a bridge between 
Asia, Europe and the Middle East regions that import and export energy. Especially after Kazakhstan and 
Azerbaijan increased their oil production, export to countries such as France, Portugal, Spain, Italy and Greece 
through the Turkish Straits and Bulgaria's import 20% of its oil needs from Egypt besides Russia and 
Kazakhstan, It is an indicator of how important it is for our country.  

 

 
Fig. 4 Independenta Tanker disaster in fornt of Haydarpasa Port. 

On 15th November 1979, the collision happened between the M/T INDEPENDENTA(Romanian Flag) with 
the M/V Evriali (Greek Flag) in front of the Haydarpasa port at The Istanbul Strait. More than 30000 tonnes of 
crude oil were leaking from the M/T Independenta, the remaining 64000 tonnes were spilled into the Marmara 
Sea. Fire extinguishing and marine environmental cleaning operations lasted 56 days. During collusion, 42 
crew members of two ships died in the ensuing explosion and fire on board the vessels and from burning oil on 
the Marmara Sea. Coastline Houses were reportedly damaged up to 6 km away. 
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Fig. 5 Nassia and Ship Broker vessels accident at the Strait of Istanbul. 

On 13th March 1994, the collision happened between the M/T Nassia(Cyprus Flag) with M/V Shipbroker 
(Cyprus Flag) bulk carrier in front of the Ahirkapi anchorage area at The Istanbul Strait. Approximately 20000 
tonnes of oil were spread around the Marmara Sea and most coastlines were covered with oil. 

 

 
Fig. 6 M/V Vitaspirit collision at the Strait of Istanbul. 

On 07 April 2018, at around 15:33, the Maltese flagged bulk carrier M/V Vitaspirit had a main engine failure 
during the south-north direction Istanbul Strait passage. The ship lost its steering power and left the planned 
route, and crashed into the 18th century Hekimbasi Salih Efendi mansion located at 41° 05.51’ N & 029° 
03.86'E. 

4. MUCILAGE EFFECTS ON THE TURKISH STRAITS AND TANKER COLLISION 
SIMULATION 

Mucilage has a different structure in marine habitats. It has known as foam or snow. Also known as aggregated 
mass, kind of flocs, cloud, or mucilaginous Especially in May 2021, many scientific studies were made about 
mucilage effects in the Sea of Marmara. These effects are ecological effects, tourism, fishing, and maritime 
transportation. However, there is a vast gap in the effect of mucilage on shipping. In this paper, a short review 
of the impact of mucilage on pumps, filters, and heat exchangers is examined and its effects on navigational 
safety. Furthermore, the ship's main engine and auxiliary systems malfunction due to lack of cooling is 
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investigated. So, it would affect navigational safety both the Marmara Sea and the Turkish Straits during 
navigation. 

 
 Fig. 7 Mucilage Effects on the Marmara Sea during 2021. 

  

 

 

 

 
Fig. 8 Mucilage Effects on the Strait of Canakkale during 2021 

 

On May 2021, there was a huge marine polution that MUCILAGE ( its still during on surface both Istanbul and 
Canakkale shorelines even reaches Aegean Coastline) covered all of the Canakkale shoreline surface. 
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Fig. 9 Mucilage effects on the vessels engine cooler system filters. 

Images showes filters from ships  cooler filters which voyaged from Istanbul  and Canakkale Strait. Each filter 
clogged after the throat run, as in the photos, causing a malfunction in the cooling circuit. The mucilage layer, 
which keeps various shellfish and prevents it from getting water, harms not only the environment but also the 
working ships.  

 
Fig. 10. The Strait of Canakkale from Kitab-I Bahri written by Piri Reis. 

The maximum crude oil carrying load of a ship was 280 762 tons (ship / cargo) and the minimum cargo load 
was 0 (zero) tons for tankers passing through the Istanbul at once. The longest length of the tankers passing 
through the Istanbul Strait is 285.41 meters and the smallest length is 80 meters. When the width of the tankers 
is examined, the maximum length is 53 meters and the minimum length is 12.2 meters. The average crude oil 
transport load of these tankers passing through the Istanbul for the last 10 years is 97505 tons, their average 
length is 250.6 meters, their average width is 43.6 meters and their average speed is 12.8 knots. Between 2019 
and 2020, it was trying to understand with simulation and surveyed in Canakkale Strait during oil spill various 
areas.  
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Fig. 11. Pollution according to the scenario of study. 

CONCLUSION AND RESULTS 
The mucilage effect on the ships showed its effect in the Turkish Straits and the Marmara Sea in May 2021, and the 
cleaning work started with the rapid reaction of the authorized bodies of the Republic of Turkey is significant. 
(T.R.Ministry of Environment, 2022)Mucilage cleaning works are significant for ships navigating the Turkish 
Straits and the Marmara Sea. The most crucial element of the ships sailing on a dynamic surface is their safety while 
navigating. The most crucial factor during the voyage is the safety of navigation. The Marmara Sea, the most 
significant component of the Turkish Straits Sea area, is an inland sea with a surface area of 11,350 square 
kilometers. As a result of oceanographic measurements, it has been understood that the low salty surface water from 
the Black Sea can be renewed every 5 to 6 months, and the salty bottom water from the Mediterranean can be 
renewed every 6 to 7 years. The mucilage structure felt in the Sea of Marmara in 2021 harms marine life; it has been 
determined that it forms at the bottom of the sea and on the sea's surface disrupts the life cycle. According to the 
latest findings, there are dense mucilage layers in the depth range of 5 to 30 m. Maritime transport is an essential 
part of global transport. Especially during the Pandemic, the importance of logistics, especially sea transportation, 
has increased a lot. With the increase in maritime transport, there has been an increase in the trade capacity and 
potential on the world's seas. IMO and maritime states have protected maritime seas with international and national 
regulations. However, although the regulations worked for control, they could not prevent the formation of the 
mucilage structure as in the Marmara Sea in May 2021. Mucilage plays a vital role in the daily working operations 
of the ship, especially in maritime transport. The water requirement from the sea is used in many areas in ship 
operations and is specially used as cooling water in machinery operations. Since the inlet places of the systems and 
circuits that draw water with the mucilage effect, especially the filter clogging will significantly and primarily affect 
the safety of navigation. Machine failures in areas with natural valley features such as the Sea of Marmara and 
especially the Turkish Straits can cause environmental pollution and loss of life and property. 
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Capital Structure and Use of Raspberry-
Growing Enterprises in Bosnia and 

Herzegovina: Zeljezno Polje Example 
Eldina Muminovic1, Cennet Oguz2 

Abstract 
The study’s primary purpose is to determine the capital structure of raspberry production enterprises in 
Zeljezno Polje. It is important for agricultural enterprises to offer financing and credit to individual 
producers with appropriate terms. The data in the study refer to the 2021 production year and were 
obtained through a survey method from 91 enterprises, which were determined with a margin of error of  
5% at the 95% confidence limit according to the stratified random sampling method. The enterprises 
examined in the field were classified according to their capital structure and  functions, and the  average 
active capital of the enterprises was calculated as $19,179.93. The ratio of active capital consists of 74.95% 
of land capital, 18.08% revolving working capital, and 6.97% fixed working capital. It has been determined 
that raspberry enterprises rely on their own capital instead of loans. There have been no similar studies 
conducted in the research area, and this article will make an important contribution to the literature.   

Keywords: Capital, Raspberry Enterprises, Zeljezno Polje   

.1 INTRODUCTION 
In 2009, the world raspberry production area was approximately 97 thousand hectares. By 2021, the world 
raspberry production area had increased to approximately 111 thousand hectares. Raspberry production area 
increased from 92,895 hectares in 2013 to 127,578 hectares in 2019, which is an increase of 37% compared to 
2013. World raspberry production has increased by approximately 60% since 2009, with 899,197 tons as the 
highest production in 2020 and 522,004 tons as the lowest production in 2010 (Table 1). 

Table 2.Raspberry production area, production and yield status in the World by years 

Years Production area (ha) Production quantitiy (tons) Yield (ton/ha) 

2009 96,931 533,580 5.71 

2010 106,362 522,004 4.91 

2011 107,091 599,451 5.60 

2012 102,507 569,352 5.55 

2013 92,895 588,278 6.33 

2014 93,317 628,672 6.74 

2015 101,203 674,934 6.67 

2016 114,840 823,429 7.17 

 
1 Corresponding author: Selcuk University, Department of Agricultural Economics, Konya, Turkey. eldinna.m@gmail.com 
2 Selcuk University, Department of Agricultural Economics, Konya, Turkey, coguz@selcuk.edu.tr 
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2017 119,088 798,224 6.70 

2018 126,114 850,422 6.74 

2019 127,578 822,493 6.45 

2020 110,173 899,197 8.16 

2021 110,567 886,539 8.02 

    

Resource: Food and Agricultural Organization, 2023 

Although it varies according to the regions, Europe is the largest raspberry producer in the world. About 70% 
of raspberry production is produced in Europe (Table 2). 

Table 3. Average raspberry production share by regions (2009-2021) 

Area Average raspberry production share (%) 

Europe 69.59 

America 28.22 

Asia 2.03 

Oceania 0.11 

Africa 0.05 

  

Resource: Food and Agricultural Organization, 2023 

In table 2 in the period 2009-2021 69.59% of the total raspberry production was produced in Europe, 28.22% 
in America and 2.03% in Asia. According to FAO data the world’s largest raspberry producers in 2021 were 
Russian Federation with 197,700 tons, Mexico is in the second place with 165,677 tons, Serbia is the third with 
110,589 tons and Bosnia and Herzegovina is in the ninth place with 16,803 tons. Although the largest raspberry 
producer is Russia (Sredojevic et al. 2013, Kljajic 2017), all raspberry production in this country is generally 
consumed in the domestic market (Paszko et al. 2016), so it has no real impact on the global raspberry market. 
The 13 countries given in the table 3 constitute 91% of the world’s raspberry production area. While 22.30% 
of the total raspberry production in the world belongs to Russia, 18.69% to Mexico and 12.47% to Serbia, 
1.90% of the world’s raspberry production is made by Bosnia and Herzegovina (Table 3). 95% of the world’s 
raspberry production is carried out by these 13 countries.  

Table 4. Important raspberry producing countries in the world (2021) 

Countries Production area (ha) Production (ton) 

Russia 23,809 197,700 

Mexico 8,520 165,677 

Serbia 20,807 110,589 

Poland 19,800 103,900 

America 6,758 81,150 

Spain 2,420 48,830 

Ukraine 5,400 36,290 
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Portugal 1,450 27,950 

Bosnia and Herzegovina 2,686 16,833 

Chile 3,824 15,934 

England 1,456 15,694 

Azerbaijan 2,636 11,866 

Germany 1,020 7,020 

Total 100,586 839,433 

World 110,567 886,539 

Ratio % %91 %95 

Resource: Food and Agricultural Organization, 2023   

Bosnia and Herzegovina is an important country for developing various forms of agricultural production due 
to its favorable agricultural conditions, such as climate and soil. Although orchards cover only 8% of the arable 
land, the fruit production has shown a significant improvement in the last decade. According to the fruit and 
vegetable export guide, the export of fruits and vegetables from Bosnia and Herzegovina to the European Union 
is progressing steadily, with raspberry exports being the leading product of the increase in exports. Raspberry 
export in Bosnia and Herzegovina has an excellent margin and price in the global market, and its contribution 
to the national income is significant. Bosnia and Herzegovina ranks ninth in raspberry production in the world. 
Although the country provides positive economic results in terms of climate and soil conditions, new raspberry 
plantations are still based on small surface areas of 1-2 decares. It is important to note that there is a lower limit 
of economic cost-effectiveness in the production of raspberries. Raspberry production is also an essential raw 
material in the business industry. However, currently, raspberries are only exported fresh or frozen from Bosnia 
and Herzegovina. Processing and exporting raspberries will bring more added value to the country. Therefore, 
raspberry producers need to determine their current capital to plan for new investments and take future steps 
towards processing and exporting raspberries.  

According to the FAO, the average annual raspberry production in Bosnia and Herzegovina for the period of 
2009-2021 was 14,915 tons. During this period, the production was 7,016 tons in 2012, 27,466 tons in 2018, 
and 16,833 tons in 2020, with a decrease in production (Table 6). 

Table 5. Raspberry production areas, production and yield in Bosnia and Herzegovina by years 

Years Production area (ha) Production quantitiy (tons) Yield (ton/ha) 

2009 1,031 8,487 8.23 

2010 1,114 7,937 7.12 

2011 1,220 9,459 7.75 

2012 1,240 7,016 5.66 

2013 1,261 9,075 7.20 

2014 1,415 10,613 7.50 

2015 1,682 13,631 8.10 

2016 2,647 22,160 8.37 

2017 3,296 22,671 6.88 

2018 3,500 27,466 7.85 
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2019 2,936 19,749 6.73 

2020 2,825 18,794 6.65 

2021 2,686 16,833 6.27 

    

Resource: Food and Agricultural Organization, 2023   

In 2021, raspberry was cultivated on 2,686 hectares of land, producing 16,833 tons, which is a 10% decrease 
compared to the previous year. The yield of fresh raspberry harvested per hectare was 6.27 tons, which is 5.71% 
lower than the previous year. The reduction of planted areas by 4.92% low yield, and the impact of the COVID-
19 pandemic contributed to the decrease in production. Additionally, adverse weather conditions such as late 
frosts and winds in the spring followed by a long rainy period, resulted in weaker fruit set and increased disease 
in almost all fruit plantations. Furthermore, hail in certain regions of Bosnia and Herzegovina also affected the 
yield, resulting in a decrease in first-class fruits.  

2. MATERIAL AND METHODS 
The main material of the study was the data obtained from the survey conducted with raspberry enterprises in 
Zeljezno Polje. The data covers the production year 2021. The population of the research, the number of 
raspberry producing associations and cooperatives operating in Zeljezno Polje and the number of 1800 
raspberry producing enterprises constituted the main frame of the research. The sample size of the study was 
calculated as 91 with a 5% margin of error at the 95% confidence interval, using the formula bellow, according 
to the non-clustered simple random sampling method based on the population ratios (Oguz and Karakayaci, 
2017). 

n= 𝑁𝑁𝑁𝑁(1−𝑁𝑁)
(𝑁𝑁−1)𝜎𝜎𝑃𝑃𝑃𝑃

2 +𝑃𝑃(1−𝑃𝑃)
= 1800(1−0,50)

(1800−1)0,0510²+0,50(1−0,50)
=91 

n=sample volume 

N=population number of enterprises 

𝜎𝜎𝑃𝑃𝑃𝑃2 =variance of ratio 

P=0.5 

Raspberry enterprises were examined according to the raspberry land asset and it was found appropriate to form 
three groups. The boundaries of these groups are ≤1,0 decares; 1,1-2,0 decares and 2,1+ decares of raspberry 
land assets. The first group has 49 enterprises, the second group has 35 enterprises and the third group has 7 
enterprises.  

In the raspberry enterprises of Zeljezno Polje the distribution of capital is done by its functions (Acil and 
Demirci, 1974; Inan, 1994). According to this division, the capital is categorized as active and passive capital.  

3. RESULTS AND DISCUSSION 
The sustainability and development of raspberry enterprises depend on competitiveness. Determining the 
competitiveness performance of enterprises is possible by correctly presenting their capital structures. For this 
reason, the capital structures of raspberry enterprises were calculated by classifying them according to their 
functions.  

3.1. Capital Structure in the Examined Enterprises 
Active Capital 

Active capital consists of farm capital and enterprise capital. Farm capital comprises land, land improvement, 
buildings, plants, hunting, and fish capital. However, as there is no hunting and fish capital in the examined 
enterprises, we will not discuss this capital group. Enterprise capital is important for activating the land capital 
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within the active capital (Erkus, 1979). It is divided into two groups: fixed enterprise capital and revolving 
enterprise capital. Fixed enterprise capital consists of livestock capital and tool machine capital, while revolving 
enterprise capital consists of material and ammunition capital and money capital (Oguz and Bayramoglu, 2014).  

The total active capital of the enterprises is summarized in the table below.  

Table 6. Distribution and ratio of active capital in enterprises surveyed ($, %) 

 

Capital groups Enterprise groups   

  ≤1,0 1,1-2,0 2,1+ Average 

  $ % $ % $ % $ % 

 

Farms 
capital 

Land 2,551.55 18,78 3,780.14 28.38 7,778.06 41.42 3,926.12 27.31 

LIC 260.24 1,92 227.61 1.71 192.40 1.02 242.47 1.69 

Building 10,186.92 74,98 8,184.15 61.45 8,715.15 43.53 9,261.86 64.43 

Plant 588.33 4,33 1,126.59 8.46 2,632.77 14.02 944.70 6.57 

Total 13,587.04 100.00 13,318.49 100.00 18,778.38 100.00 14,375.15 100.00 

  73.71 74.18 77.81 74.95 

Fixed 
enterprises 

capital 

Livestock 121.64 10.15 0.00 0.00 262.00 11.94 85.66 6.41 

TM 1,076.64 89.85 1,358.87 100.00 1,932.22 88.06 1,251.31 93.59 

Total 1,198.28 100.00 1,358.87 100.00 2,194.22 100.00 1,336.97 100.00 

   6.50  7.57  9.09  6.97 

Revolving 
enterprises 

capital 

MSC 3,283.24 90.01 2,857.82 87.19 2,570.65 81.35 3,064.80 88.38 

MC 364.46 9.99 419.69 12.81 589.49 18.65 403.01 11.62 

Total 3,647.70 100.00 3,277.51 100.00 3,160.14 100.00  100.00 

   19.79  18.25  13.09  18.08 

Total farm capital  4,845.98 26.29 4,636.38 25.82 5,354.36 22.19 4,804.78 25.05 

Total active capital 18,433.02 100.00 17,954.87 100.00 24,132.74 100.00 19,179.93 100.00 

LIC: Land improve capital, TM: Tools machines, MSC: Materials and supplies capital, MC: Money capital, Resources: 
Calculated by the author according to reserach results 

Active capital of $19,179.93 per enterprise has been determined. 75.95% of this is farm capital and 25.05% is 
working capital. In the first group, active capital is $18,433.02, in the second group $17,954.87, and in the third 
group $24,132.74. Active capital is equal to its equity capital.  

The distribution of the capital elements that constitute active capital is important for effective business 
management. Therefore, it is essential to examine the active capital that comprises the enterprise capital 
according to its components. In a well-managed enterprise, the distribution of active capital is expected to be 
25% for farm capital, 25% for building capital, 25% for livestock capital, 10% for tools and machine capital, 
10% for material and supply capital, and 5% for money capital (Erkus, 1995).   
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Figure 1. Proportional distribution of active capital in the examined enterprises (%) 

In the examined enterprises, farm capital constitutes 74.95% of the active capital, while revolving enterprise 
capital and fixed enterprise capital account for 18.08% and 6.97%, respectively. Building capital has the highest 
rate among active capital components (48.29%), followed by farm capital (20.47%), material and supply capital 
(15.98%), tool and machine capital (6.52%), plant capital (4.93%), money capital (2,10%), land improvement 
capital (1,26%), and livestock capital (0.45%). 

On average, the land capital of the enterprises was determined to be $3,926.12. The land is 100% privately 
owned.  

 
Figure 2. Land capital distribution in the examined enterprises ($) 

Land capital varies according to the enterprises groups. Land capital for the first group is $2,551.55, for the 
second group $3,780.14 and for the third group $7,778.06.   

Another capital element is land improvement capital. It constitutes the water well improvement capital in the 
examined enterprises. The cost criterium was taken as a basis of the calculation of the land improvement capital. 
The value of the existing land improvement capital was calculated by subtracting the depreciation cost from 
the value of the new one.  

 
Figure 3. Distribution of land improvement capital in surveyed enterprises ($) 

The average land improvement capital in the surveyed enterprises is $242.47. As shown in Figure 3, the land 
improvement capital for the first group is $260.24, for the second group $227.61, and for the third group 
$192.40. 

Next capital element that contributes to the farm capital is the building capital. Building capital in enterprises 
consists of a farmer’s house, a barn, and a warehouse. The average building capital per enterprise was 
determined to be $9,261.86. 
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18,08
Farm capital
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Figure 4. Building capital in surveyed enterprises (%) 

The ratios of the elements that make up the building capital are given in Figure 4. Of the $9,261.86 building 
capital per business, 95.74% consists of houses, 4.17% consists of warehouses, and 0.08% consists of barn 
assets.  

Another element that constitutes the farm capital is plant capital. Plant capital, which is included in farm capital, 
consists of the value of fruiting and non-fruiting trees as well as the value of field fixtures and equipment, which 
includes expenditures made for the next production period (Erkus, 1979). Fruiting and fruitless trees found in 
front of houses and on the sides of fields in the surveyed enterprises were not evaluated due to their low quantity. 
The average plant capital per enterprise is calculated as $944.70 and consists entirely of raspberry fruit trees.  

Farm capital per enterprise is $14,375.15. The biggest share of this capital is the building capital at 64.43%. 

 
Figure 5. Proportional distribution of farm capital in surveyed enterprises (%) 

The proportional distribution of farm capital in the examined enterprises is given in Figure 5. 64.43% of the 
total farm capital is building capital, 27.31% is land capital, 6.57% plant capital, and 1.69% land improve 
capital.  

Livestock capital consists of all livestock in agricultural enterprises. The most important feature of this capital 
group is that it has the ability to reproduce itself. For this reason, this capital group is called living inventory. 
Animal capital is divided into two groups, as work and income animals. Livestock capital in examined 
enterprises consists of the sum of the values of income animals, since work animals are not encountered. There 
are cattle and bees as income animals in the enterprises. There are cows among the cattle. The proportional 
distribution of livestock capital in the examined enterprises is given in Figure 6. 

 
Figure 6. Proportional distribution of livestock capital in surveyed enterprises (%) 
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There are a total of 4 cows in the examined enterprises. There are also 15 beehives. For calculating livestock 
capital it was used market price criterion. A livestock capital of $85,66 per enterprise has been determined. For 
the first group of enterprises $121,64, for the second group $0,00, and for the third group $262,00.  

Another element of enterprise capital is tool and machine capital.  

 
Figure 7. Proportional distribution of tool and machine capital in surveyed enterprises (%) 

In the examined enterprises the tool and machine capital asset per enterprise is $1,251.31. The largest share in 
the formation of the tool and machine capital of the enterprises is the motor cultivator (66.39%). This is 
followed by irrigation systems (21.02%), lawn mowers (5.34%), spraying equipment (5.09%) and string 
timmers (2.16%). Tool and machine capital for the first examined group is $1,076.64, for the second group 
$1,358.87, and for the third group $1,932.22.  

Passive capital 

Passive capital consists of total foreign capital and equity capital used in the enterprises. The land values held 
in the lease on the active capital are also included in the passive capital as debts. An enterprise’s assets can be 
financed by two types of sources: foreign sources and equity. Foreign resources are short-term or medium-term 
and long-term debts obtained from persons or organizations other than business owners (meaning they are 
borrowed from outside). Equity on the other hand, refers to the financial share of business owners in the 
business or the size of the risk they have on the business (Acar, 2003). 

The equity capital of the examined enterprises is equal to the active capital. The landslides and floods that his 
the surveyed area in 2014 had a significant impact on the willingness to take out loans and other forms of 
borrowing. The enterprises also consist of small family businesses that try to finance everything with their own 
means and provide additional income by working outside of the agricultural season. It is also useful to know 
that the interest rates for agricultural producers in Bosnia and Herzegovina are quite high. Small agricultural 
producers can only access credit through micro-credit institutions, with current interest rates at 20.80% for 
loand up to 42 months.  

4. CONCLUSIONS 
According to the results of the study, the average amount of the active capital in the enterprises in Zeljezno 
Polje, where the raspberry production was examined, was determined as $19,179.93. When the average of the 
examined enterprises is calculated, the three capital elements with the highest share in active capital are building 
capital (48.29%), land capital (20.47%), and material and supply capital (15.98%) respectively. Since the 
enterprises are small family enterprises, the tool and machine capital was found to be low. The equity capital 
of the examined enterprises is equal to the active capital. At the time of the study no enterprise used foreign 
capital. This shows that the enterprises are traditional family enterprises and states that they avoid borrowing. 
For this reason, providing access to finance for especially the government, private sector, cooperatives and non-
governmental organizations to strengthen raspberry enterprises and enable them to use the developing 
technology in their businesses (such as cold storage, product drying, processing, etc.) and needs to be facilitated.  
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Net Zero Water Building 
Dino Obradović1, Marija Šperac2 

Abstract 
Water is essential for human life, health and overall well-being, i.e. to reduce poverty and hunger. As day 
after day the earth's population and the need for water are increasing, whereas the amount of water is 
decreasing, it is becoming increasingly difficult to satisfy people's water needs. Due to the trend of urban 
population concentration, it can be said without exaggeration that the functioning of cities will also depend 
on the quantity and quality of management and distribution of water resources within cities. Drinking water 
from public water supply system is used in households to cover all types of daily water needs. In order to 
preserve water as much as possible, in terms of its quality and quantity available for human consumption, 
an integrated approach to water management is needed. Integral water management is essentially water 
production and consumption management. Zero-use water building is a building that collects rainwater 
and recycles its wastewater for reuse, eliminating the need for water supply from public water supply and 
connection to the sewer network. Appropriately collected and stored rainwater can be used multiple times 
in dwellings, gardens, yards, parks, for washing public areas, etc. The benefits of rainwater use are 
ecological and financial. A zero-water building is technologically feasible for existing buildings, but costs 
are quite high, and various other constraints also arise. This approach is most suitable for new buildings, 
where space for containers, additional pipelines and filtering systems can be set from the beginning. Zero-
water buildings aim to reduce total water consumption, maximise the use of alternative water sources and 
minimise wastewater discharges from buildings. The paper will present the general concept of zero-water 
buildings and highlight the importance of water conservation. 

Keywords: net zero water building, sustainability, water, water consumption 

1. INTRODUCTION 
Water is considered one of the basic components of life, and the entire history of mankind and civilization is 
largely related to it. Water is not only included in the composition of human organism and food, but it is also 
used to produce food and energy, as well as in industry as a raw material or auxiliary material. Due to its 
importance for the mankind, supply of water to settlements and the population is nowadays considered to be 
one of the primary branches of water management. Due to the tendencies of people to concentrate their 
settlements and themselves as consumers around water, and given the available water resources on Earth, the 
issue of water supply will become even stricter in the future. The rule of water supply, that every drop of water 
on the catchment is kept for as long as possible for its wider use, is becoming more and more present in our 
practice [1]. Only 1% of the total water resources on Earth is drinking water, and as much as a third of water 
consumed in households goes to flush the toilet that is mixed with faeces to form a substance (mixture) called 
wastewater [2], [3]. 

Wastewater is known to be composed of 99.9% water and 0.1% pollution. The primary purpose of wastewater 
treatment is to prevent infectious diseases and to protect from contamination of groundwater and surface water 
[4]. The biggest challenge for wastewater treatment is the mixture of human wastewater and factory chemicals 
with large amounts of water. In combined sewer systems, valuable drinking water is reduced to a carrier of 
waste substances [5], [6]. One adult is thought to produce about 500 litres of urine [5] –[8] and about 50 kg of 
faeces [5], [7], [8] over a period of one year. Faeces and urine are resources, not waste, and drainage systems 
bypass the natural flow of nutrients back into the soil and instead empty nutrients (chemical elements: 
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phosphate, nitrogen, potassium, magnesium, etc.) into the water [6]. Looking at this process in which drinking 
water is used as means of transporting waste materials [9] from the household, it can be seen that there is a 
double cost (cost of water used and drainage/treatment of wastewater). This is a linear way of thinking [10]. In 
view of the above, it is important to preserve, manage and recycle water wherever possible. 

A growing global population and economic shift towards more resource-intensive consumption patterns means 
global freshwater use - that is, freshwater withdrawals for agriculture, industry and municipal uses has increased 
nearly six-fold since 1900 [11]. This is shown in the Figure 1. 

 
Figure 8. Global freshwater use for agriculture, industry and domestic uses since 1900, measured in cubic 

metres (m³) per year [11], [12] 

People use water for different purposes. It is important to remember that water for different purposes does not 
have to be potable water. One person per day for survival (drink and food) needs 2.5 to 3 litres, basic hygiene 
needs 2 to 6 litres, and basic cooking needs 3 to 6 litres leading to a total of 7.5 to 15 litres per person per day 
for basic emergency needs [13], [14]. Non-drinking water can be replaced by rainwater. So on average, 45 litres 
of drinking water can be saved each day if replaced by rainwater. Rainwater can be collected on the roof and 
guided through filters into a container of appropriate size, placed in a suitable place and protected from direct 
sunlight in order not to start developing algae [15]. The average water consumption in the apartment for one 
person per day is shown in Table 1. 

Table 1. Average daily needs for potable and non-potable water for one person (according to [15]) 

Drinking water Non-potable water 

Use Amount [l] Use Amount [l] 

Shower 35 Toilet flushing 18 

Washing dishes 8 Clothes washer 18 

Face washing 7 Cleaning 4 

Drinking and cooking 3 Watering the garden 5 

Total 53 Total 45 

The use of water in the household is given in Table 2, and the average daily use of hot water in the household 
is given in Table 3. 

       Table 2. Indoor household use [16]                                           Table 3. Average daily hot water use per household [16] 

Fixture Use [%]  Fixture  Use  [%] 
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Toilet 24  Shower 39.1  

Faucet 20  Faucet 33.8 

Shower 20  Clothes washer 9.7 

Clothes washer 16  Bath 5.7 

Leak 13  Dishwasher 4.8 

Bath 3  Leak 4.6 

Other 3  Other 2.0 

Dishwasher 2  Toilet 0.0 

2. LIVING BUILDING CHALLENGE 
Water is an important economic resource and the basis for biodiversity, climate and ecosystem regulation. 
Protecting aquatic ecosystems from pollution and hydromorphological changes and sustainable use of water 
are essential to meet the needs of the current and future generations, as well as to maintain political stability at 
national and regional level. The overarching water policy aims to ensure that sufficient amount of quality water 
is available in the EU for human and environmental purposes by regulating the main pressures (agriculture, 
industry, municipal wastewater) and water use (bathing water, groundwater, drinking water) and integrated 
water management. The vast majority of European citizens have access to basic sanitation services and are 
connected at least to secondary wastewater treatment. In addition, European citizens have high quality drinking 
water. However, the pressure from urbanisation, diffuse pollution from agriculture, industry and climate change 
affect water quality and long-term water security. At a global level, the EU promotes water availability, 
sustainable water management and sanitation for all through the European consensus on development and EU 
neighbourhood and enlargement policies [17]. 

The Living Building Challenge - LBC is a certification program that defines the most advanced measure of 
sustainability - providing a framework for design, construction and the symbiotic relationship between people 
and all aspects of the built environment. It is one of most rigorous performance standards in the industry, as it 
requires net-zero energy, waste and water by every project. The LBC is comprised of seven performance areas 
(Figure 2), or “Petals” - Materials, Site, Water, Energy, Health, Equity, and Beauty [18]. 

 
Figure 9. The Living Building Challenge Petals [19] 
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The petal Water requires net-zero water use which means all of the water used must come from the site. The 
intent of the petal is to consider water as a scarce resource and helps us think about questions of waste. 100% 
of water for drinking, cleaning and gardening is collected and treated on site. Rainwater captured on rooftops 
is purified using ultraviolet light. Low-flow fixtures and composting toilets minimize water demand and used 
water is treated in sub-surface wetlands. A monitoring system helps building occupants learn about and adjust 
consumption [19]. 

Living Building Challenge rewards facilities that achieve net zero water, where 100% of the facility's water use 
comes from collected sources or closed loop water systems. The impacts of water runoff on the eco system are 
being considered and whether they are adequately purified without the use of chemicals. Buildings that achieve 
sustainable water flow where 100% of rainwater and wastewater from the building is managed on site and 
integrated into a comprehensive system that meets project requirements are analysed as well. In many important 
facilities in the world, interesting architectural solutions incorporate elements of rainwater collection systems 
[20].  

3. NET ZERO WATER BUILDING 
An important water source for net zero water building is rainwater. A significant condition for adequate 
reduction of the flow of atmospheric waters is the use of water, either for internal purposes, which slows the 
flow rate, and the water is eventually returned to the catchment through wastewater, or for irrigation which 
maximizes local evapotranspiration. In suburban housing zones, acceptable reservoir volumes (ca. 2.5 m³ per 
100 m² of roof surface) for rainwater collection, which can later be used for a wide range of indoor and outdoor 
needs, can reduce the runoff of atmospheric waters to almost natural catchment conditions. In multi-dwelling 
areas with more population and higher potential water needs per unit roof area, the potential to reduce run-off 
is even greater [21]. 

An ideal net zero water building uses on-site alternative water sources to supply all of the building's water 
needs. All wastewater discharged from the building is treated on-site and returned to the original water source 
[22]. A net zero water building (Figure 3) is a building that collects rainwater and recycles its wastewater for 
reuse, eliminating the need for water supply from the public water supply and connection to the sewer network. 
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Figure 3. An ideal net zero water building [22] 

Net zero water buildings includes the following key design elements: 

• Reducing demand by employing innovative technologies that consume less water. 

• Producing alternative water sources to offset purchased freshwater. 

• Treating wastewater on-site and reuse or inject treated wastewater into the original water supply. 

• Implementing green infrastructure by infiltrating stormwater to the original water supply [22]. 
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The goal of net zero water is to preserve the quantity and quality of natural water resources with minimal 
deterioration, depletion, and rerouting by utilizing potential alternative water sources and water efficiency 
measures to minimize the use of supplied freshwater. This principle can be expanded to the campus level. 

Back in the day, many of the oldest homes could have achieved the net-zero water designations that are 
cherished today. Rainwater was captured in cisterns, wells provided drinkable water and an outhouse served as 
a toilet [23]. 

When talking about net zero water building, it can be achieved gradually, i.e. not every building has to be net 
zero building, but it is necessary to try to reduce as much water consumption as possible. First, it is necessary 
to reduce the consumption of water by the householder. In houses, it is necessary to replace old equipment, 
toilets and appliances that use water, add new toilets that use one quarter of the water of the old ones, and 
faucets and showers that save water. Water and sewer installations should also be installed in the house to 
remove leaks, which can be the main source of water loss. All of the above can reduce water consumption by 
60% [23]. 

The next step is to capture rainwater from the roof, just like people did long ago. The rainwater flows into 
storage tanks – after roof debris is diverted. To make it potable, the water is first filtered, then disinfected by 
exposure to ultraviolet light. It is ultimately directed to faucets and showerheads within the home [23]. The 
amount of rainwater that can be collected can be easily calculated. The surface of the roof (flat or pitched) 
should be calculated and then multiplied by the average annual rainfall. Losses must certainly be taken into 
account (due to evaporation, absorption, leakage, etc.), leading to a percentage of collected water of 70% to a 
maximum of 90%. 

The most favourable are smooth surfaces, followed by clay covers, artificial substances, or shale. Roofs with 
rough concrete tiles, bitumen cover and so-called green roofs (flat, grass-covered) are inappropriate. Dust and 
other impurities are preserved in these roofs. If the roof is covered by a metal cover, it must be calculated with 
a higher metal content in water, which is therefore less suitable for watering gardens [15]. 

An example of an underground rainwater storage tank is shown in Figure 4. 

 
Figure 4. Rainwater harvesting storage tank [24] 

Then came analyzing the potential for greywater recycled from sinks and showers to flush toilets. Researchers 
found that the shower and lavatory would produce slightly more water than the low-flush toilets would need. 
Extra greywater was dedicated to supplement the needs of the washing machines. One benefit of the greywater 
system is that potable water from the water company isn’t used for toilets, where it isn’t really needed. Toilets 
are the biggest users of water within the home [23].  

It is likely that more net zero water homes will only appear in the coming years due to the emergence of a new 
rigorous certification program, the Living Building Challenge. Unlike green building programs that try to 
minimize the environmental impact of the house, the Living Building Challenge seeks to eliminate it 
completely. To earn a certificate, homes must be net-zero in their use of energy and water. Certification is tough 
because it requires a year’s worth of real data, as opposed to a design computation [23]. 

Certain technologies that can be applied to net zero water building and technologies that can achieve advanced 
secondary treatment levels to support water reuse or release of less contaminated water back into the 
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environment, taking into account the useful use and appropriate handling of nutrients, are also urine-diversion 
dehydration toilets - UDDT and urine-diversion flush toilets - UDFT. 

Urine can be collected with urinals without water/dry toilets, and the resulting product is natural fertiliser. 
Faeces can be stabilized by anaerobic method, drying and composting (dry toilets), and biogas and fertilizer are 
produced as a product. Sanitary water can be purified in wetlands (marshes – artificial/natural), and the resulting 
water can be used for irrigation. Rainwater does not require any purification and can be directly infiltrated into 
the soil or collected in containers used for irrigation of agricultural areas [25]. 

The collection of urine and faeces and water saving can be done in several ways. One way is by using the urin
e-diverting flush toilet – UDFT (Figure 5). A urine-diverting dry toilet - UDDT is a toilet that operates without 
water and has a divider so that the user, with little effort, can divert the urine away from the faeces [26]. 

            
Figure 5. The urine-diverting flush toilet (UDFT) [26] 

UDDT toilets are mostly used for family houses, schools (in underdeveloped countries), generally not widely 
used for multi-apartment buildings. The use of UDDT in multi-dwelling buildings is a major challenge. There 
are only a few examples of UDDT in multi-dwelling buildings in Germany and Mongolia. Faecal tanks are 
located in the basement and are dimensioned so that a family of five members can use one tank for about half 
a year. It is recommended to use ashes to cover the faeces. When the first container is filled, the second container 
shall be used so that the faeces can be sufficiently dried and ready for use [27]. Such toilets are harder to 
maintain and clean than ordinary toilets (with flushing). Faeces should be covered with sawdust, lime, dry soil, 
ash to reduce faecal moisture and increase PH due to pathogen extinction [5]. 

Composting toilets can be integrated into a building’s net zero water strategies with opportunities for 
maximizing water conservation and reuse. Utilizing composting toilets can result in reduced systems needed 
for managing a building’s remaining wastewater, including fewer pipes and smaller areas needed for on-site 
treatment [28]. 

In the case of waterless urinals, maintenance is simple. A urinal is used only for collecting urine. Urine is stored 
directly in containers and used later. Tanks can be underground or above ground, depending on the construction 
and location of the urinal in the building and the type of building. For water-based urinals, the water use per 
flush ranges from less than 2 l in current designs to almost 20 l of flushwater in outdated models [26]. 

For household urine, the recommended storage time is 1 to 6 months, depending on the storage temperature 
(below or above 20 °C). However, if urine is used for its own garden, this is not necessary. Storage time of 1 
month is recommended for food and crops under cultivation (e.g. cooking). Six months of storage (if 
temperature > 20 °C) is required for commercial food production and when raw products are consumed. Urine 
from public places such as schools or restaurants takes 6 months to store. After this storage time, urine may be 
used to irrigate all crops (if temperature > 20 °C) [7]. 

Some of the advantages of the above mentioned technologies of separate collection of human urine and feces 
at the point of their production are: water savings, organic fertilizer production, energy savings since wastewater 
contains less nutrients and pathogens and less oxygen is needed during biological treatment, and since less 
water is in the system, less energy is required to pump water [5]. 

The lack of separation of urine and faecal matter and non-use of water when flushing toilets is the (non) 
willingness of people to change habits (people are considered not to be “civilized” if they do not have access 
to flushing toilets), additional maintenance is needed, the initial costs of such investments are higher, urine is 
less efficient fertilizer than synthetic fertilizers [5]. 
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All of the above - the separation of types of wastewater and waste materials according to the place of their 
origin - is advocated by the material flow management method – MFM. The term material flow management 
covers a broad spectrum of methods and approaches in the literature. In general, material flow management 
refers to the analysis and specific optimization of material and energy flows that arise during manufacturing of 
products and provision of services. Material flow management can focus on very different levels of 
consideration [29]. The path of cross-company material flow management is also described as the product line 
or product lifecycle, from the input of raw materials, manufacturing, distribution and use consumption up to 
disposal [29], [30]. 

4. CONCLUSIONS 
Water has always been of great importance and always will be. Preserving its quality and sufficient amount of 
water should be in our best interests. Climate change and the ever-accelerating urbanisation that causes 
increasing problems should be driver for a new way of thinking. Integral (sustainable) governance has 
increasingly been mentioned in all areas of work and life. It is evident that in recent times, much attention has 
been given to solving the problem of the drainage of atmospheric waters in developed countries, by applying 
an integral approach to precipitation water planning and management. This is an innovative approach that relies 
on the environmental principles of drainage planning and design according to the natural way of runoff. 

The possibilities of using rainwater in buildings are high. Some of the ways or places where rainwater can be 
used are to flush toilets, wash clothes, irrigate gardens, etc. The most significant advantage of this approach is 
its positive influence on the characteristic biophysical features of the urban environment, where the negative 
effect of rainwater on the urban area is reduced. This approach has many advantages, but is still poorly applied. 
Changing the existing rainwater drainage systems is quite costly and complex, but nonetheless, the various 
possibilities and advantages of applying such an approach, its impact on improving the quality of living and 
housing, improving the protection of space as a whole, and ultimately mitigating the consequences of climate 
change, are becoming increasingly evident. 

Less than 1% of the potable water on Earth is known to be used by humans, among other things (and in large 
part), to flush toilets. That water is called black water, and actually its only role is to be a transport agent for 
faeces and urine. Faeces and urine can be used as fertilizer. Of course, certain rules should be observed in such 
a use. Urine contains most of the nutrients of wastewater, and by volume it accounts for less than 1% of the 
total amount of wastewater. The separation of urine and faeces, without the use of drinking water as a transport 
agent, can be done by using water-free urinals, urine-diversion dehydration toilet - UDDT, urine-diversion flush 
toilet - UDFT where only faeces are rinsed with water and drained and urine is stored in a special tank, etc. A 
net zero water building (constructed or renovated) is designed to: minimize total water consumption, maximize 
alternative water sources, minimize wastewater discharge from the building and return water to the original 
water source. Net zero water creates a water-neutral building where the amount of alternative water used and 
water returned to the original water source is equal to the building's total water consumption. 

The application, i.e. construction of net zero water building, finds many obstacles. Legal barriers - the 
complexity of managing the regulatory system around such systems at local, state and national level is the 
biggest obstacle for project teams seeking approval for net zero water projects. Currently, water is regulated in 
several jurisdictions and agencies. Financial barriers are then emerging as net zero water projects rely on local 
or distributed water supply and purification systems which are otherwise operated at municipal level by publicly 
owned utility companies. As such, the burden of costs for supply and processing systems - as well as their 
current operation, maintenance and replacement needs - is shifted from the utility company to the individual 
project. Cultural barriers and public perception of the safety of water reuse and on-site management of 
wastewater pose significant obstacles to net zero water projects. Such fears have roots in our historical 
management of water and waste and the resulting public health problems that have arisen. Today, education 
requires convincing the public of the safety of modern decentralised water systems and informing them of their 
environmental, social and economic benefits. 
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Sustainable Design and Maintenance of 
Buildings 

Valentina Pleša1, Dino Obradović2 

Abstract 
The world's population is increasing, hence the growing demand for accommodation and the construction 
of buildings. Therefore, the amount of wastewater is increasing. Natural areas (lawns, arable land, forests, 
etc.) are being used for building buildings. In this manner, natural surfaces become impermeable, which 
leads to natural unbalance. As a result, we are witnessing formation of heat islands, an increase in 
temperature and rainfall runoff into the sewerage system as well as uprising consequences of climate 
change generally. The construction industry is one of the biggest polluters in the world, but by using 
sustainable construction it is possible to reduce its negative impact on the environment. The principles of 
sustainable construction should be applied to all phases of the life cycle of a building: design, construction, 
maintenance, and removal of the building. In the construction design phase, it is possible to modify the 
building with a slight increase in cost, which will lower future maintenance costs. It is essential to use 
materials thoughtfully through construction since people spend a large part of their time indoors. 
Environmental impact assessment is the basis of sustainable design, construction, use, and disposal of the 
building. Of course, various social issues involve the health and well-being of building users. We must not 
forget the economic aspects and total costs of the building. This is where the concept of green construction 
comes into play. Green building refers to both the structure and the application of environmentally 
responsible and resource-efficient processes throughout the building's life cycle. Green building also refers 
to saving resources to the maximum extent, including energy, land, water and material saving, etc., during 
the whole life cycle of the building, protecting the environment and reducing pollution, providing people 
with healthy, comfortable and efficient use of space, and being in harmony with nature. 

Keywords: design, green building certifications, maintenance, management, sustainability 

1. INTRODUCTION 
Today, the world has reached an enviable degree of urbanization (on average, about 50% of the population live 
in cities), but developed regions are far more urbanized than undeveloped areas of the Earth (the proportion of 
the urban population is twice as high in developed than in underdeveloped countries). Such trends will continue, 
so the projection of the further development of urbanization indicates that in 2030, 61% of the world's 
population will be urban, but that the disparity between the developed and the underdeveloped will continue to 
be maintained, although it can be predicted that it will decrease (by that time, developed regions will have an 
average of about 82%, and undeveloped only 55% of the urban population, so the ratio from 2000, which was 
2:1 in favour of developed regions, will decrease to 1.5:1 by 2030) [1]. When talking about energy consumption, 
it is observed that the share of urban population is directly proportional to energy consumption (more urban 
population - higher energy consumption, less urban population - lower energy consumption) [1]. The process 
of urbanization entails much more changes than just the increase of population in cities. Urbanization of a 
certain region leads to changes in economic, social, and political structures. The accelerated development of 
cities leads to a decrease of the ability to provide various services such as energy, education, health care, 
transportation, and physical security. Further problems caused by urbanization are increased traffic, air and 
water pollution, destruction of agricultural lands, parks, open spaces, etc. [2]. Given that, present urban spaces 
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hold less and less capacity as the time goes by as due to its population growth rate more and more buildings are 
being built, faster than ever, thus creating skyscrapers of a new generation [3]. 

Urbanization is also reflected in the construction of buildings. The number of building permits issued can be 
seen as a good indicator of building constructions. Figure 1 shows the number of issued building permits. In 
2021, building permits (in terms of useful floor area, measured in millions of square meters; m²) went up by 
15% in the EU (in absolute terms, +52 m²). This growth followed a decline of 8% in 2020, the peak year of the 
COVID-19 crisis [4]. 

 
Figure 1. Building permits in the EU, 2015 – 2021 [4] 

Today, more than ever, the shortage of resources used in the construction of buildings is emphasized, the 
number of inhabitants is growing very quickly, and increased urbanization and the construction of new 
buildings is emphasized. New buildings occupy arable areas or areas that were under greenery, so it is important 
to think about the maintenance activities of existing buildings, and strive to reduce the construction of new 
buildings, of course, to the possible extent. It is necessary to use all the resources available to men sparingly 
and wisely, to build buildings carefully in the sense of paying attention to the types of materials used, the proper 
execution of the envisioned or designed building, the proper use of the building - use the building for the 
purpose for which it was designed and built, and finally, when the useful life of the building comes to an end, 
about the proper disposal of waste from a demolished building [5]. Certain challenges in building management, 
i.e. building maintenance, are shown in Figure 2. 

.  

Figure 2. Challenges within building management activities (according to [6]) 
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When it comes to building management, one can see more requirements that need to be met. There are 
requirements of a limited budget, it is necessary to meet certain standards and there is an increasing number of 
legal regulations as well as the degree of public acceptance [7]. The impact of construction on the environment 
takes place throughout the entire life cycle of the building, which includes execution (production of building 
materials and their installation), use of the building (use and maintenance), and the end of the life cycle (removal 
of the building) [8]. Buildings play an important role in the energy consumption all over the world. The building 
sector has a significant influence on the total natural resource consumption and the emissions released [9]. 

Effective use of natural surfaces, water, energy, and materials should be considered in the design process in 
accordance with the principles of ecologically sustainable design. Economic difficulties should be considered 
through the effective use of resources and cost analysis in the context of economically viable design. On the 
other hand, the quality of life in interior spaces should be increased, and innovative ideas and applications 
should be applied to a greater extent within the framework of socio-culturally sustainable design [10]. All this 
leads to the need for sustainable design of buildings and their sustainable maintenance. This issue will be 
presented in greater detail as we move further along. 

2. SUSTAINABLE DESIGN OF BUILDINGS  
A sustainable building is a building that incorporates environmentally responsible and resource-efficient 
practices from planning to design and construction, operation, and demolition to provide a long-term 
comfortable, healthy, and productive environment for its occupants bringing the negative impact on the 
surrounding environment to the minimum [11].  

By looking at a full life-cycle of a building we can characterize it more specifically. For example, during 
planning, every impact on the environment should be considered in order to minimize the eventual harmful 
impact. During the design process architects should make an effort and consider using natural lighting, 
ventilation, window placement, and all other factors that could save up energy. The construction phase is 
another good example where we can use natural resources as well as limit energy consumption and proper 
waste disposal that includes recycling everything that can be recycled. Maintenance is also very important. If 
the planning is done right, cost of maintenance, energy, and water cost should be very low and used efficiently. 
Especially by using renewable energy and other resources to operate as a net producer, not just as a net 
consumer. Demolition is the final stage of the building life cycle. But it’s not the least important. After 
demolition, it is important to dispose, recycle and handle all materials so they don’t make a negative impact on 
the environment [11]. The building life cycle is shown in figure 3. 

 
Figure 3. Building life cycle [12] 

Sustainable design principles include the ability to: 

• optimize site potential; 

• minimize non-renewable energy consumption; 

• use environmentally preferable products; 

• protect and conserve water; 

• enhance indoor environmental quality;  

• optimize operational and maintenance practices [13]. 
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By knowing all of the above, we can reduce a sustainable design definition by saying that sustainable design 
not only seeks to reduce a negative impact on the environment, but also to assure the health and comfort of 
building occupants. 

We cannot stress enough how important is good early planning and good building design because it has a major 
impact on reducing all sorts of costs, pollution and energy used. The sooner sustainable construction is 
inplemented into the planning, the better. Building Research Establishment Environmental Assessment Method 
- BREEAM is the world’s longest-running method of assessing, rating, and certifying the sustainability of a 
building. The BREEAM Assessment investigates different categories such as materials, transport, water, 
energy, and waste [14].  

Five of the green systems that are being utilized in building engineering are radiant floors, gray water recycling, 
solar power, geothermal systems, and energy-efficient window systems. These systems working together can 
achieve an owner’s energy and water conservation goals while also reducing utility bills. Sustainable buildings 
create a win for the environment, the building owner, and its occupants. Radiant floors are an excellent way to 
efficiently heat a space with less energy. They can contain water tubing that is heated by solar panels that collect 
solar energy and deliver it to the tubing in the form of heat. Gray water is the water that runs off from 
condensation from air conditioning units and other equipment that uses water. Unlike wastewater, however, 
gray water can be reused to fuel boilers, hydronic cooling equipment, and even irrigate plants. With the price 
of solar panels dropping, solar energy is becoming one of the most cost-effective, as well as practical ways to 
install a renewable energy source on a commercial building. Geothermal systems are one of the best ways to 
efficiently heat or cool a building with a renewable source. It uses the naturally cool temperatures below ground 
to cool water in pipes and then runs it through chilled water coils, just like a chilled water system. It can also 
be used for heating by a similar process. Windows are responsible for 25% of the heat gain and loss in a 
building, typically from heat flow through windowpanels and around poorly sealed frames. Energy-efficient 
windows provide glazing in the form of double panes and triple panes that are designed to inhibit the heat flow. 
The right window placement is also important for letting in enough light throughout the day to reduce electricity 
use [15]. 

And finally, sustainable materials can be explained as materials that have no direct impact on the environment 
and do not use non-renewable resources [14]. So, by using these materials you can also save money while not 
having a bad impact on the environment. 

Examples of sustainable buildings materials: 

• Timber instead of steel 

• Concrete reinforced with natural fibers 

• Geo-textiles made from crops 

• Straws bales 

• Materials that are accredited as being responsibility sourced such as the FSC timber [14]. 

After all, it can be categorized into six basic elements (Figure 4) that need to be investigated when planning 
and building a sustainable building. 

 
Figure 4. Six basic elements for sustainable building design [16] 
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Before we start explaining green buildings there is a key difference between sustainable buildings and green 
buildings. Sustainable buildings operate with all three sustainability pillars in mind (people, planet, and profit), 
whereas green buildings focus solely on the environment [11]. 

In green buildings there are four main elements on which it is designed: materials, energy, water, and health to 
make green building more sustainable [17]. So, materials used for green buildings are always recycled or 
obtained from natural renewable sources. When talking about energy systems in green building we have to say 
that the less energy is used the better. The natural daylight is carefully planned so that electricity is reduced to 
a minimum. Also, carefully planned and placed windows improve people’s health and productivity. Speaking 
of electricity, it is carefully planned to use energy-efficient lighting, low-energy appliances, and renewable 
energy technologies which can be incorporated by installing wind turbines and solar panels. Even though there 
are two main differences: Passive solar design and passive solar heating. Passive solar design is transforming 
the sunlight into heat, also the cooling, as well as providing light to a home. Passive solar heating is based on 
materials in a building that are absorbing heat for later use or keeping the space inside at a comfortable 
temperature. We cannot forget about water management in green buildings since it is an important part of the 
building itself. The main thing is installing greywater and rainwater catchment systems that can recycle water 
that can later be used to flush toilets, for water-efficient appliances, showers, etc. Health components are also 
very important. It can be accomplished by using non-toxic materials and products that will improve the life of 
occupants. These materials are emission-free, have low or no volatile organic compounds (VOC) content, and 
are moisture-resistant to deter molds, spores, and other microbes. Indoor air quality also cannot be forgotten 
and it is best accomplished by ventilation systems and materials that control humidity [17]. 

Even though green buildings seem much more appealing than sustainable design, we must 
mention that green building can be a part of a sustainable building.  
By this we mean a green building cannot be built sustainably, and sustainable buildings can operate without 
green initiatives. Green buildings can be part of sustainable building design but not the other way around since 
sustainable design has many more things on its to-do list [11]. So, when thinking about how you can take 
advantage of the opportunities that sustainability and green initiatives bring, here are a few suggestions: 

1) Reduce your energy waste: Small steps such as smart meters, switching to LED lighting, and 
monitoring water usage and CO2 levels can make a big difference. 

2) Improve your buildings’, and occupants’ health: You can do this with air quality monitoring, to make 
sure the building and your occupants are operating at their healthiest. 

3) Reduce your environmental impact: Solar and other forms of renewable energy can go a long way in 
lessening your reliance on fossil fuels. 

4) Get certified [11]. 

Operating as a green and sustainable building benefits all parties involved. Not only are you doing your bit for 
the planet, but you’ll be creating an attractive space for occupants to reside, prolonging the life and health of 
all those involved [11]. So to sum it all up it can be said that there are “The 7 principles of sustainable 
construction” (Figure 5). 
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Figure 5. The 7 principles of sustainable construction (according to [14]) 

For sustainable design, durability, and energy efficiency materials play a big part, prefabricating materials. That 
is made possible by precutting all materials to the exact length and width in a factory or someplace else. So, 
when materials are delivered to the construction site there is no additional waste made. Especially because some 
materials are recyclable on-site. For example, concrete can be crushed and reused for foundations or as 
aggregate beneath parking lots. The waste made by workers needs can also be reduced efficiently. More and 
more countries are enforcing the no smoking rule on the site, “walk-off mats” are used to remove dirt, lead, and 
other potentially dangerous chemicals from their shoes and lunches that are brought in recycling containers for 
food to decrease organic waste [18]. 

 

So not only building is sustainable, but also more and more construction sites are also becoming greener and 
more nature friendly. The off-site fabrication, improved on-site maintenance, lean practices, landfill avoidance, 
and green materials acquisition have begun to fundamentally, albeit slowly, transform the way buildings are 
constructed today as more owners feel a responsibility to build sustainability [18].  

3. SUSTAINABLE MAINTENANCE OF BUILDINGS 
Building maintenance is an integral part of comprehensive building management. It is defined as undertaking 
all necessary activities to maintain or improve every part of the building and for the purpose of preserving the 
value and purpose for which the building or property was built. In order to be able to perform maintenance, it 
is necessary to analyze the causes of failures, and based on the analysis decide on the measures to be taken to 
prevent the cause [19].  

Although there are many different definitions of building maintenance, the simplest (and probably the shortest) 
says that building maintenance is ensuring the condition of the building is suitable for use [20]. Of course, it 
would be very desirable to have a building that does not need to be maintained, but this is difficult to do. To 
ensure that a building is fit for use, it must be maintained to certain standards. Thus, maintenance costs include 
all the costs of repairs that occur every day, as well as preventive works and work on improving building 
elements. These are direct maintenance costs. However, apart from these direct maintenance costs, there are 
also indirect costs such as fines because the building is not available for use, or it can be a loss of value of the 
building [20]. 

The goals of building maintenance are as follows: 

• ensuring the security requirements of the building and associated services 

• ensuring the suitability of the building for use 
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• ensuring that building requirements are met regarding legal regulations 

• performance of necessary maintenance work to preserve the value of the property 

• performing the necessary maintenance work to preserve the quality of the building [21]. 

We can also say that building maintenance includes tasks such as cleaning, landscaping, and electrical system 
maintenance. It is needed to preserve a safe, functional, and comfortable environment for tenants at all times. 
However, most individuals give little thought to the behind-the-scenes work required to meet these 
expectations. Maintenance is “out of sight, out of mind” until something goes wrong. Maintenance can be 
categorized as routine maintenance, preventive and corrective maintenance. Running an effective program can 
streamline maintenance activities and save costs (using CMMS software for example). Property owners and 
managers rely on building maintenance to ensure functionality, comfort, and safety for occupants. 

4. SUSTAINABLE BUILDING CERTIFICATION SYSTEMS 
Assessment and certification systems have been developed to quantify the level of sustainability of buildings. 
During such evaluation, parameters such as space design, construction, and use are observed, and the certificate 
itself ultimately provides building owners and users with information about the energy and other ecological 
properties of the building, depending on the type of certificate. Namely, some certification systems cover only 
certain criteria of building sustainability, such as energy efficiency, and some cover the entire approach to green 
building, looking at criteria such as location sustainability, human and environmental health, material selection, 
ecological quality of the interior, social impact and building economy. For each criterion, there is one or more 
quality criteria that must be proven in order to receive a certain number of points, i.e. meet the requirements 
[22]. 

Rating systems have been developed to measure the sustainability level of Green Buildings and provide best-
practice experience at their highest certification level [13]. Federal government agencies in the United States, 
among other things, requires: 

1) Reduce portfolio-wide Scope 1 and 2 greenhouse gas (GHG) emissions (onsite combustion and 
purchased energy) by 65% by 2030, compared to a 2008 baseline. 

2) Use 100% carbon pollution-free electricity on a net annual basis by 2030. 

3) Pursue building electrification strategies in conjunction with carbon pollution-free energy, efficiency, 
and space reduction/consolidation. 

4) Design new construction and modernization projects greater to be net zero ready (able to achieve net-
zero operational emissions) by 2030. 

5) Move toward net-zero emissions from Federal procurement, including through a Buy Clean policy 
promoting the use of construction materials with lower embodied GHG emissions [13]. 

The Sustainable Facilities Tool is a online resource to support decision-making regarding sustainable building 
principles, materials, and systems. The Sustainable Facilities Tool helps users understand and select 
environmentally preferable solutions for renovations, alterations, and leases [13]. 

The code for sustainable homes is the national standard for the sustainable design and construction of new 
homes. It aims to reduce carbon emissions and promote higher standards of sustainable design above the current 
minimum standards set out by the building regulations. The code provides nine measures of sustainable design: 
energy/CO2, water, materials, surface water runoff (flooding and flood prevention), waste, pollution, health and 
well-being, management and ecology. It uses a 1 to 6-star system to rate the overall sustainability performance 
of a new home against these nine categories. - Code for Sustainable Homes [23]. 
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Table 7. Comparison of different Rating Systems for Sustainable Buildings [24] 

Certification 
systems 

(Country of 
origin) 

Initiation Key aspects of assesment Versions Level of 
certification 

DGNB 

(Germany) 
2007 

- Ecological Quality 

- Economical Quality 

- Social Quality 

- Technical Quality 

- Process Quality 

- Site Quality 

- Offices 

- Existing Buildings 

- Retail 

- Industrial 

- Portfolios 

- Schools 

Bronze 

Silver 

Gold 

LEED 

(USA) 

1998 

- Sustainable Sites  

- Water Efficiency  

- Energy & Atmosphere  

- Material & Resources  

- Indoor Air Quality  

- Innovation & Design 

New Construction, 

Existing Buildings, 

Commercial Interiors, 

Core and Shell, 

Homes, Neighborhood 
Development, 

School, Retail 

LEED Certified 

LEED Silver 

LEED Gold 

LEED Platinum 

BREEAM 

(Great Britain) 

1990 

- Management 

- Health & Well-being 

- Energy 

- Water 

- Material 

- Site Ecology 

- Pollution 

- Transport 

- Land consumption 

Courts, EcoHomes, 

Education, Industrial, 

Healthcare, 
MultiResidential, 
Offices, Prisons, Retail 

Pass 

Good 

Very good 

Excellent 

Outstanding 

CASBEE 

(Japan) 

2001 

Certification on the basis of 
building environment efficiency 
factor, BEE=Q/L 

Q … Quality (Ecological Quality 

of buildings); L … Loadings 
(Ecological effects on buildings) 

- 

C (poor) 

B 

B+ 

A 

S (excellent) 

Mingerie 

(Switzerland) 

1998 

4 Building standards are 
available: 

(1) Minergie 

(2) Minergie-P 

- 

Minergie 

Minergie-P 

Minergie-Eco 
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(3) Minergie-Eco 

(4) Minergie-P-Eco 

Minergie-P-Eco 

Green Star 

(Australia) 

2003 

- Management 

- Indoor Comfort 

- Energy 

- Transport 

- Water 

- Material 

- Land Consumption & Ecology 

- Emissions 

- Innovations 

- Office – Existing 
Buildings 

- Office – Interior 

Design 

- Office – Design 

4 Stars: ‚Best 
Practice‘ 

5 Stars: 
‚Australien 

Excellence‘ 

6 Stars: ‚World 

Leadership‘ 

CONCLUSIONS 
Climate change and increasingly rapid urbanization are causing a growing problem, which should be the trigger 
for a new way of thinking. Integral (sustainable) management is being mentioned more and more in all areas 
of work and life. Urbanization has reached large proportions. Large-scale urbanization entails various 
consequences such as increased traffic, air and water pollution, destruction of agricultural land, parks, and open 
spaces, and increased building construction. An indicator of building construction can be the number of issued 
building permits (in terms of useful floor area). In the European Union, there is an increase concerning this 
indicator. The increased construction of buildings also increases the impact of climate change. Buildings play 
a major role in the total energy consumption, so attention should be paid to choosing a suitable (sustainable) 
way of supplying energy and water. An example of efficient use of water is net zero water buildings, where 
such a building collects rainwater and recycles its wastewater for reuse, eliminating the need for water supply 
from the public water supply and connection to the sewage network.  

All available resources must be carefully used when building new buildings, as well as when maintaining the 
existing ones. Effective use of natural surfaces, water, energy, and materials should be considered in the design 
process in accordance with the principles of ecologically sustainable design. The same applies to the 
maintenance of the buildings. Materials used for the maintenance should be environmentally acceptable, and 
their reuse should be possible. It is important to develop a circular economy model in which the flow of 
resources and energy is maintained in a closed loop model, aiming the circulation of products in the circular 
cycle as long as possible. In the circular economy model, among other things, eco-design, advanced 
technologies, energy efficiency and the use of renewable energy sources stand out. Innovative ideas and 
applications need to be applied to a greater extent in the case of continuous design and maintenance. 
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Carbon Footprint Estimation In  Road 
Construction: Case Study of Karaman-Mersin  

Gizem Aytac1, Zeynep Eren2 

Abstract 
There are two main methods to combat climate change reduce the effects or stop it, even to avoid worst-case 
scenarios; moving to on low carbon economy and protecting forests, meadows and pastures, which are the 
most effective natural sinks in the fight against climate change for that reason. It is an urgent necessity to 
greatly reduce greenhouse gas emissions and reduce the carbon footprint of every segment, from individuals 
to sectors and cities in order to minimize global warming and maintain a sustainable life, it is necessary to 
calculate the carbon footprint and set a road map to reduce it and to control the sink areas for carbon 
neutralization. Briefly, the carbon footprint is an estimation and explanation of the damage caused by the 
greenhouse gas produced in terms of carbon dioxide to the environment. In this study, the calculation of the 
carbon footprint, the creation of carbon hot spots and the determination of which measures should be taken 
for carbon reduction in the road construction site, which is one of the most important carbon sources, with a 
ready-mixed concrete plant and tunnel and viaduct construction activities, and it was also aimed that circular 
economy with the green energy determined for the applicability of that measures. For this purpose, a road 
map of the carbon footprint is going to be determined according to the ISO 14064 standard based on the 
method, coefficient and methods published by internationally recognized institutions such as DEFRA and 
IPCC, and the footprint of the road construction sector will be calculated and estimated between Karaman 
and Mersin in Turkey. Accordingly, a roadmap has been set through methods such as carbon reduction, 
changes in production processes, recycling applications according to the determined hot carbon spots. 

Keywords: Construction sector, road construction, greenhouse, carbon footprint. 

1. INTRODUCTION 
Today, with the development of industrialization and technology, there have been developments in the needs 
of people. It has become very difficult to meet these needs with natural resources, and this problem has brought 
many environmental problems to the next level. We can talk about carbon footprint as an accepted 
environmental problem in the world and in our country.[1] The earth needs a healthy functioning ecosystem, 
seasons and water cycle. However, while the resources that clean the world are consumed, the emission of gases 
that pollute the air is constantly increasing. As a result of this cycle, climate change and global warming issues 
emerge. In fact, we can say that climate change is caused by global warming. If we talk briefly about global 
warming; It can be defined as the increase in the average surface temperature of the world due to the increase 
in greenhouse gases released into the atmosphere. The point that should be focused on is that the main reason 
that triggers the warming is due to the increase in the carbon dioxide ratio in the air. It is an accepted fact all 
over the world that global warming must be prevented for a sustainable life. Global warming min. It is necessary 
to control the carbon footprint in order to reduce it to the level and continue a sustainable life. 

2. IMPORTANCE OF CLIMATE CHANGE 
Climate change refers to changes in weather patterns over a long period of time. According to IPCC reports, it 
is accepted that climate is changing and resulting hydro-meteorological variations that could cause variations 
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in risk from sea level rise, extreme weather and their hazards. The accelerated increase in the greenhouse gases 
(GHG) concentration in the atmosphere is a major cause for climate change and the result of increasing demand 
to fossil fuels by human being. The global mean temperature has increased to 0.74 °C during the last 100 years. 
Therefore, much more attention should be given to climate change adaptation through the new policies and 
technological developments. Climate change is an important, global issue currently affecting the environment 
and society in a variety of ways. Climate change plays a role in determining human landscapes and living 
conditions that can affect both social and economic development. There is an important link between climate 
change and sustainable development. Sustainable development aims to reduce the effects of climate change 
affecting the environment and society. [2] Global warming refers to the long-term warming of the planet where 
the average surface temperature rises by about 1°C (about 2°F) relative to the 1951-1980 baseline (Fig.1). [3]. 
Climate change refers to a wider range of changes, including rising sea levels, accelerating ice melt, an increase 
in the number and frequency of extreme weather events, the extinction of some animal and plant species, and 
an increase in climate-related natural disasters. Like floods, storms, hurricanes and droughts. These are all the 
results of warming, mainly due to humans burning fossil fuels and releasing greenhouse gases (GHG) into the 
air. [4]. 

 
Figure 10: Facts and Figures of Climate Change, NASA 2022 

2.1. The Definition of Green House Effect 
The greenhouse effect is a process that occurs when greenhouse gases in the Earth's atmosphere trap the Sun's 
heat. This process makes the Earth much hotter than it would be without an atmosphere. GHGs such as CO2 
CH4, N2O and F Gases are added to the atmosphere by various human activities and trap the heat in the Earth's 
atmosphere by increasing it day by day referring to the global warming [5]. Human activities are changing the 
Earth's natural greenhouse effect. Burning fossil fuels like coal and oil releases more carbon dioxide into our 
atmosphere. 

 

2.2. What is the Carbon footprint? 
The amount/equivalent of CO2 emissions released to atmosphere as a result of all human activities or societies 
is called carbon footprint (Fig.2). Carbon footprint is the calculation of all greenhouse gases, including carbon 
dioxide, methane, nitrous oxide and fluorinated gases released into the atmosphere as a result of human daily 
activities, as the gram equivalent of CO2 (CO2e), which has the highest rate among greenhouse gases. [6]. On a 
global scale, the main greenhouse gases souced from human activities are: Electricity and Heat Generation, 
Industry, Agriculture, Forestry and Other Land Use, Transportation, Buildings and other energy sources. 
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Figure 2: The carbon footprint, CO2Living 

 

2.3. Greenhouse Gases 

There are mainly four GHG emission released into the atmosphere: carbon dioxide, methane, nitrous oxide 
and fluorinated gases (F-gases). Carbon dioxide mainly comes from the fossil fuel burning and can also be 
released from direct anthropogenic impacts on forestry and other land use, such as deforestation, land clearing 
for agriculture and soil degradation. Agricultural activities, waste management, energy use and biomass 
burning are all contributed to methane emissions in the atmosphere. Nitrous oxide is primary emission of 
agricultural activities such as fertilizer using. And, fluorinated gases come from industrial processes, 
refrigeration, and the use of various consumer products such as microelectronics. If we look at the sectoral 
emissions of greenhouse gases; energy sector (electricity, heat and transport) is located as in the first line with 
the 73.2%, second is agriculture, forestry and land use with 18.4%, third one is the industry with 5.2% and 
finally waste sector comes at the end with 3.2%. 

 

2.4. Road Construction GHG Emissions 
Roads, an important transportation option, emit significant amounts of greenhouse gases throughout their entire 
life cycle. Large amounts of roads have been built all over the world in recent years, especially in developing 
countries, and it is estimated that more than 25 million kilometers of new roads will be built by 2050. Carbon 
emissions of raw materials, especially cement, have a significant impact on the calculation of greenhouse gas 
emissions from road construction. If it is given an example of the increase in greenhouse gases caused by road 
construction works around the world, road construction and cement production facilities were identified as the 
main emission sources in the United States. The cement industry which is the direct CO2 emission source is an 
important source of 14.3% of total CO2 emissions in China [9]. During the life cycle of road projects, the 
construction phase accounts for the majority of GHG emissions. It has also been shown to consume a lot of 
resources. Activities such as materials extraction and production, to-site transportation, and construction 
machinery generate emissions that account for 5% to 25% of the total emissions from road transport during the 
construction stage. Given the continued high demand for passenger and good transportation, road construction, 
reconstruction, and expansion are likely to remain a major issue for some time [9].  
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Figure 3: An example road construction site 

 

3. MATERIAL AND METHOD 

3.1. System Boundary 

This study calculates the GHG emissions from road construction of Karaman-Mersin Road. The 
components and steps included within the system boundary for this study are depicted in Figure 4. The system 
consumes materials and energy and emits GHG which is calculated using both asphalt and cement pavements. 
The calculation of asphalt pavements includes two major processes: raw material production and pavement 
construction. The construction process includes the phases of mixing, mixture transportation, laying down, 
compacting, and curing. The calculation for cement pavements includes three major processes: raw materials 
production, concrete manufacturing, and pavement construction.  

 
Figure 4: The system boundary of the study 
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3.2. GHG Data 

The GHG includes CO2, CH4, and N2O, which account for 98.9% of carbon emissions from road construction 
in this study. Global warming potential (GWP) is a widely used characterization method for measuring the 
impacts of GHG emissions on climate change, and it is used in this work to normalize GHG emissions of these 
gases by carbon dioxide equivalents (CO2e). 

3.3. Calculation of Karaman-Mersin Road Construction GHG Emissions 

In this study, calculations are going to make according to the TIER 1 approach based on the emission factors 
of nationally accepted institutions such as DEFRA and IPCC for the calculation of the carbon footprint in the 
Karaman - Mersin Road construction site. The equations to be used in carbon footprint calculation are as 
follows; 

• ECO2 = TE * PC * EF 
• ECH4 = TE * PC *EF = ECH4 * G 
• EN2O = TE * PC * EF = EN2O * G 
• TE = Amount of fuel consumed 
• PC= Energy amount of fuel consumed 
• EF= Emission factor suitable for the fuel consumed [10]. 

 

Since the data received at the facility is based on volume and the process will be based on tons, the volume of 
diesel fuel must be converted to tons. According to TSE EN 590 standard, the density of diesel fuel is taken 
as 0.830 gr/lt [11]. 

Emissions of greenhouse gases originating from flexible and rigid pavement layers of the same length and 
thickness of the road pavement shoul be calculated using the IPCC methodology. The IPCC implements global 
climate changes in the world, the negative consequences of climate change on the environment and policies to 
minimize them. According to IPCC, greenhouse gas emissions are calculated according to the tier 1, tier 2 and 
tier 3 approaches in the program by using the emission factors and uncertainties in the "National Greenhouse 
Gas Emission Inventory Report". It is obtained by multiplying the activity data by the factors. Tons are used as 
the unit of measurement and each greenhouse gas is converted to CO2 equivalent tons using appropriate GWPs. 

4. CONCLUSIONS 

In recent years, it has taken many energy-saving and emission reduction measures in the road construction 
stage, such as warm mix asphalt technology, waste recycling technology, photovoltaic pavement technology, 
etc., but these technologies are not mature enough [11]. As a result, environmental impacts and GHG emissions 
from road construction will receive increased attention. Studies have shown us that the most important factor 
is the fuel consumption factor. For carbon footprint monitoring, carbon emission monitoring was carried out 
during the material procurement, construction phase, routine maintenance and life cycle. Whatever the result 
of the work done, the result will be more objective as the work continues in the areas of development, 
construction, maintenance techniques, demolition and recovery. 

However, when the raw material used in road construction is examined in the preparation of road construction, 
service life, routine maintenance and life cycle, most importantly, taking into account the fuels used for 
transportation, a completely different picture will be encountered. It is important to reduce the fuel consumption 
of vehicles used in the transportation sector. Whatever the result of the work done, the result will be more 
objective as the work continues in the areas of development, construction, maintenance techniques, demolition 
and recovery. Studies have shown us that the most important factor is the fuel consumption factor [12]. For 
carbon footprint monitoring, carbon emission monitoring should be carried out during the material 
procurement, construction phase, routine maintenance and life cycle. For flexible pavement layer and rigid 
pavement layer, it is considered to be done in the same km and environments, and the carbon footprint tracking 
of the pavement need to be examined. 
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The Greywater Footprint Calculation of 
Erzurum City’s Urban Wastewater 

Muhammed Selim Ozdemir1, Zeynep Eren2 

Abstract 
Water is essential for the continuation of human life. Therefore, it becomes important to conduct scientific 
studies on water management due to the increasing world population day by day, rapidly growing industries, 
chemical pollution, global warming, drought, etc. The water footprint is one of the methods used to 
calculate the consumption volume of water directly and indirectly and to manage water resources.  Within 
this context, the concept of water footprint is a pressure indicator developed to reveal how people’s choice 
make about production and consumption affect natural resources. It reveals the pressure on environmental 
resources how much pollution is caused and how much water is used for our needs in our daily lives. 
Therefore, this study aims to define a roadmap to calculate the graywater footprint of Erzurum City’s 
domestic wastewater and to show out the pollution caused by the wastewater discharged to the Aras River 
after being treated in Erzurum Biological Wastewater Treatment Plant. 

Keywords: Water footprint, Erzurum Wastewater Treatment Plant, Greywater 

1. INTRODUCTION 
Climate change is accepted one of the biggest environmental problems of the world, today. According to the 
report of Climate Change (IPCC) latest summit in September 2013; “Human influence on the climate system 
is clear. This is evident from the increasing greenhouse gas concentrations in the atmosphere, positive 
radioactive forcing, observed warming, and understanding of the climate system.” The report also states that 
human influence has extremely been the dominant cause of the observed warming since the mid-20th century. 
Therefore, the process can only be reversed through the change of human values and lifestyle, such as the 
adoption of sustainability [1]. Climate change will be mainly experienced through the water regime and the 
availability of water resources will be affected by changes in rainfall distribution, soil moisture, glacier and 
ice/snow melt, and river and groundwater flow [2]. The effects of climate change on major natural disasters 
such as cyclones, typhoons, floods, landslides have recently attracted significant attention among researchers 
and the public.  

Climate change also affects the oceans. Significant warming of ocean temperatures has been documented on 
both the east and west coasts of Australia. Such changes are in turn impacting coastal marine ecosystems 
altering the distribution, growth of marine species, and/or their prey and predators. As a result, marine resource-
based industries, such as fishing and aquaculture, are expected to see both opportunities and losses [3]. The 
other treat could be observed in water and food security under climate change, both are highly vulnerable to 
this process. The recent studies have shown that the average global temperature may increase by 1.4–5.8 °C 
and there would be substantial reduction in fresh water resources and agricultural yield by the end of the 21st 
century [4]. 
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Water, it is one of the most important needs required for the continuation of its living life. Water forms the 
major component of a living organism. It plays a vital role as all the metabolic processes required for growth 
and development requires a liquid medium. Water is at the core of sustainable development and is critical for 
socio-economic development, healthy ecosystems and for human survival itself. Water and climate change are 
closely linked. From unpredictable rainfall patterns to shrinking ice sheets, rising sea levels, floods and droughts 
– most impacts of climate change come down to water. Climate change is elevating both water scarcity and 
water-related hazards (such as floods and droughts), as rising temperatures disrupt precipitation patterns and 
the entire water cycle [5]. Only 0.5 per cent of water on Earth is useable and available freshwater and climate 
change is dangerously affecting that supply. Over the past twenty years, terrestrial water storage has dropped 
at a rate of 1 cm per year. Therefore, it is important to prevent the pollution of our freshwater sources. Thus, 
the pollution potential of wastewaters after treatment plant by discharging to the local river is going to be 
addressed by calculating gray water footprint. In this study, it will be drawn a road map for the defining of gray 
water footprint of Erzurum Biological Waste Water Treatment Plant.  

2. WATER FOOTPRINT 
Water footprint (WF) accounting phase of a Water Footprint Assessment quantifies the size, location, and 
timing of the water footprint of a process, product, producer, or consumer. It accounts for both water 
consumption volume and pollution, and includes three components. Water footprint (WF) has become an 
important indicator to track human pressure on the freshwater supply nowadays. The WF was developed in 
2002 and The WF concept aims primarily at illustrating the links between water use and human consumption, 
and between global trade in water and water resources management. It accounts for both water consumption 
volume and pollution, and includes three components: GREEN, BLUE, GREY (Figure 1). 

 
Figure 1. Water footprint components [6] 

The BLUE WF is an indicator of the volume of fresh surface or groundwater consumed in producing goods 
and services. The blue water footprint is the volume of water evaporated, incorporated into the product or 
returned to a different location or in a different time period from where it was withdrawn. The direct water 
footprint can include the water footprint of production activities and overheads, for example, the water footprint 
of offices, canteens, or horticulture. 

The GREEN WF is relevant for agricultural and forestry products (products based on crops or wood), where it 
refers to the total rainfall or soil moisture either evapotranspiration by plants or incorporated into the harvested 
crop, or both. While, the GREY WF is a measure of pollution and is expressed as the volume of water required 
to assimilate the pollutant load to meet ambient water quality standards. The pollutant that requires the largest 
assimilation volume on an annual basis is referred to as the “critical pollutant” and is used to calculate the gray 
water footprint; if there are both surface and groundwater discharges, the gray water footprint for each discharge 
is calculated separately. 
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MATERIALS AND METHODS 
All domestic wastewater including small industries and hospital wastewaters of Erzurum City is treated in 
Erzurum Biological Waste Water Treatment Plant (Figure 2). These wastewaters are passed through biological 
treatment processes including nitrogen removal and discharged into the Karasu River according to the national 
discharge criteria. However, the pollution level is increasing and the river’s water quality is needed to be 
analyzed.  

 
Figure 2. Erzurum Biological WWTP, 2022. 

 

COD, total nitrogen, total phosphorus and ammonium, which are the most important parameters showing the 
pollution in water resources, are important parameters for the gray water footprint. The data will be collected 
from the Erzurum WWTP for the city gray water footprint calculation (Equation 1-2). The plant operational 
values for 2021 will be used in the gray water footprint calculations are shown in Table 1. Thus, the river water 
quality is also going to be analyze and use with the other data for calculating Grey WF. 

In the case that pollutanst are part of an effluent discharged into a water body, the pollutant load can be 
calculated as the effluent volume (Effl, in volume /time) multiplied by the difference between the concentration 
of the pollutant in the effluent  (Ceffl , in mass  / volume ) and its natural concentration in the receiving water 
body (Cnat , in mass  /  volume  ) . The grey water footprint can then be calculated as follows: 

 

1. WF proc,grey = L / Cmax – Cnat  = Effl x (  Ceffl - Cnat  ) / Cmax – Cnat   

 
 The pollutant load L is thus defined as the load that comes on top of the natural concentration in the 
receiving water body. How this equation works out under a number of particular cases is discussed in Box 3.3. 

For human-made substances that naturally do not occur in water, Cnat  = 0 , so thant : 

 

2. WF proc,grey = Effl x Ceffl  / Cmax 

 This equation can also be used when natural concentrations are not known precisely but relatively 
low. This assumption gives a overestimated grey water footprint when Ceffl  < Cmax and an 
underestimate when Ceffl  > Cmax. 
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CONCLUSIONS 
Water is crucial for the global economy. Yet water scarcity and water-pollution levels are increasing in river 
basins around the world due to growing populations, changing consumption patterns, and poor water 
governance. The water footprint is an indicator of humanity’s appropriation of freshwater in volumes of water 
consumed and/or polluted. Therefore, it is to help us know where the water footprint is located, how large that 
water footprint of a treatment plant is, and whether or not it is sustainable. This is a precursor to identifying 
priority places to work and providing insight into which strategic actions to take in order to reduce the water 
footprint of a treatment plant and make it sustainable [8]. 

It is clear that climate change will affect the economic situation of the world countries unless any measurement 
can be taken. Therefore, the present study outlines the situation and recommends some measurements to 
minimize the impact of climate change on the world. First, the most vulnerable regions to climate change should 
be adapted for strategies to manage climate change risk. Especially, economically feasible techniques and 
strategies should be formed in the countries. The strategies will vary from one country to other depending on 
their hydrological conditions. Mitigation of the climate change negative effect can mean using new technologies 
and renewable energies or changing management politics or operational conditions of treatment plant.  
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The Pilot Implementation of Deposit Return 
Scheme In Turkey For Increasing Recycling 

Rates  

Nurdan Tasarsu1, Zeynep Eren2 

Abstract 
It was conducted an evaluation of the applicability of DRS, which was started to be implemented on a pilot 
scale in Ankara Province Kizilcahamam District in July 2022 within the scope of the Turkey Deposit Return 
System Project put into effect by the Ministry of Environment, Urbanization and Climate Change in January 
2021, taking into account the domestic waste and zero waste practices based on the 6-month data of the 
wastes separately collected glass, plastic and metal beverage packaging with DRS. Since 2020, domestic 
wastes have been separately collected in accordance with zero waste regulation in the region as well. The 
district was determined as a DRS pilot region in June 2022 as well. For this purpose, deposit return 
machines (DRM) have been placed at 5 different points in the district center and, the amount of 6-month 
packaging waste collected from the DRMs until the end of 2022 were used as study data. In addition, the 
recyclable wastes collected within the scope of zero waste implementations in the district for the last three 
years and total domestic wastes are also included in the study. It was seen that wastes were collected 
according to zero waste implementations in 2020, 2021 and 2022 in Kizilcahamam District. The DRS 
application from July 2022 until the end of December 2022 was found very attractive by the public, and 
nearly six tons of beverage packaging waste was collected separately in a short period of six months, with 
a result to almost 6 tons. Considering that organic wastes and construction wastes are included as the 
recyclable wastes collected separately with the zero waste application, it is evaluated that the DIS 
application has had a significant success in a short time. 

Keywords: Deposit Return Scheme, Zero Waste, Recycling 

1. INTRODUCTION 

In the solid waste management hierarchy, the most important step after the prevention and reuse step at the 
source is recycling applications. Recycling is the process of collecting and processing materials that would 
normally be disposed of as solid waste, transforming them into raw materials and obtaining new products. The 
collection of waste is seen as the most critical step of the waste management process, but this situation varies 
greatly according to the development-income level of the countries. While 48% of waste can be collected in 
urban centers in underdeveloped or developing countries, this rate drops to 26% as one moves towards rural 
areas. While 96% of waste is collected in developed countries such as Europe and North America, upper-
middle-income countries can collect 82%, low-middle-income countries 51%, and low-income countries 39% 
of their waste [1-2]. 

In the solid waste management hierarchy, the most important step after the prevention and reuse step at the 
source is recycling applications. Recycling is the process of collecting and processing materials that would 
normally be disposed of as solid waste, transforming them into raw materials and obtaining new products. 
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Recycling provides many benefits such as protection of natural resources, especially economy, combating 
climate change, energy saving, land efficiency, waste reduction, reducing/preventing pollution of 
environmental components such as air, water and soil, and creating new job opportunities. Despite its many 
benefits, recycling rates are still not at the desired levels in many countries. The main reasons for this are that 
many people do not have clear information about exactly which materials can be recycled, where and how, and 
the necessary infrastructure cannot be fully established. It is possible with the Deposit Return Sheme (DRS) to 
make the recycling rates, which cannot be increased with a voluntary and environmentally friendly approach, 
attractive with the return of cash [3]. 

The New Circular Economy Action Plan was adopted on 11 March 2020, as the EU approved the European 
Green Deal in December 2019. This action plan is seen as one of the building blocks of sustainable growth to 
achieve Europe's 2050 climate neutral goal and halt the loss of biodiversity. The EU's transition to a circular 
economy will reduce the pressure on natural resources and create sustainable growth and employment (Figure 
1). The new action plan aims to promote circular economy processes, promote sustainable consumption and 
prevent waste and ensure that the resources used are kept in the EU economy for as long as possible. Among 
the measures to be taken within the scope of the new action plan, it is aimed to make sustainable products the 
norm in the EU, to ensure less waste generation by focusing on sectors with high resource use and cyclical 
potential such as packaging, plastics, textiles, food, water and nutrients [4-5]. 

 

 
Figure 1. Circular Economy Model. 

 

The circular economy model, which is an economy model in which the value of products, materials and 
resources is preserved in the economy as long as possible and waste generation is minimized; It has become a 
necessity against the risks of solid waste management such as inefficient use of resources, greenhouse gas and 
other emissions, depletion of natural resources, difficulty in accessing raw materials, land use limitations and 
adverse effects on soil and water pollution [6]. 

 

Today, when many countries have adopted the circular economy model and started to implement zero waste 
policies, Deposit Return Systems-DRS (Deposit Return Schemes, DRS) is considered as the most effective and 
sustainable way to increase recycling rates and not to leave waste to the environment (Figure 2).  
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Figure 2. Deposit Return Scheme [7] 

DRS is a system in which consumers who purchase a product pay an additional amount of money (deposit) and 
this amount can be recovered by returning the packaging or product to a collection point. Under DRS, producers 
and consumers agree as parties to a contract: The consumer buys a product with a package, in which case the 
package, which is a bottle, remains the property of the producer. The consumer returns the packaging to the 
owner after using the product content. DRS is an application that helps ensure that the packaging is returned to 
its owner. DRS is becoming an increasingly attractive application system in the world for various packaging 
wastes collected through containers placed at any point to ensure their reuse or recycling. DRS is seen as the 
most important tool to reduce packaging waste, but the system still operates on a packaging production. Some 
large manufacturers also use the "refill" application within the scope of DRS. According to the system that has 
just started to become widespread in some European countries, the consumer can buy the product again and 
unpackaged by refilling the products, especially detergents, in the content of the package, which he bought for 
the first time, at the filling point [8-9]. 

Therefore, the pilot DRS that conducted in Kizilcahamam, Ankara since the last 6 months of 2022 was 
investigated in this study. 

2. MATERIALS AND METHODS 

In order to establish a sustainable, traceable, auditable and controllable system, which can be developed and 
improved when necessary, the implementation of the projects on a pilot scale is carried out by TUCA before 
the returnable beverage packages are put on the market. A pilot scale deposit management system was 
implemented with 4 deposit return machines in the central service building of the Ministry and 5 different point-
5 deposit return machines in Kizilcahamam District (Figure 3). 
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Figure 3. The study area. 

 

The data of the pilot project is followed through the deposit information system, and test studies are carried out 
before widespread use. Applications called Mobile Application and E-Wallet have been developed for DIS 
users. With the mobile application installed on the phones from Google Play and AppStore stores, it is possible 
to log in to the DIS application. After taking the empty beverage packages to any deposit return machine and 
returning them one by one, the machine issues a receipt to the user (Figure 4). When users show the barcode 
found on this receipt to their phone's camera via the deposit application, they receive "Tuca" points equal to the 
number of packages they return, and this score is loaded into their E-Wallet accounts. The earned points can be 
used for shopping by transferring them to the Ministry Canteen and/or Kizilcahamam Card. 
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Figure 4. One of the DRS machine in the Kizilcahamam. 

3. RESULTS AND DISCUSSION: 

In this study, within the scope of the deposit project put into effect by the Ministry of Environment, 
Urbanization and Climate Change in July 2022 in Ankara Province Kizilcahamam District, which was started 
to be implemented on a pilot scale, it is possible to collect the waste of glass, plastic and metal beverage 
packaging for 6 months. An evaluation has been made by taking into account zero waste practices (Table 1). 
DRS is a system where packaging wastes, especially plastic packaging wastes, can be collected separately at a 
very high rate all over the World. It is seen as an important tool for reducing many packaging wastes such as 
plastic bottles in the oceans and seas, and it is predicted that it will increase the recycling rates for our country 
and help achieve recycling targets. 

Table 1. Zero waste amount of Kizilcahamam District. 

KIZILCAHAMAM MUNICIPALITY ZERO WASTE QUANTITIES, kg 

MONTHS 2019 2020 2021 2022 

JANUARY - 40,70 49,96 30,44 

FEBRUARY - 42,70 52,52 38,12 

MARCH - 44,54 65,76 62,74 

APRIL - 42,64 50,85 73,74 

MAY - 41,78 62,78 71,32 

JUNE - 62,48 69,40 74,44 

JULY - 78,28 68,00 67,639 

AUGUST - 83,82 79,18 73,227 

SEPTEMBER - 70,52 71,54 75,506 

OCTOBER - 62,50 62,10 80,601 

NOVEMBER 8 57,78 50,06 72,287 

DECEMBER 23,98 49,52 59,14 71,711 

TOTAL 31,98 677,26 741,29 803,63 
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DRS is a system in which consumers are motivated to voluntarily collect plastic packaging, which has become 
a huge problem in nature, and other packaging, such as glass and metal boxes, by consumers when they return 
the packaging to the collection points, and both the infrastructure and the consciousness of the people. It is 
possible to increase the recycling rates considerably after the basic levels of DRS implementation. DRM will 
be placed in many social areas, parks, gardens and store centers, especially in shopping malls, with DRS, and 
an important infrastructure system that combines with digital technology should be established so that 
consumers can take and return packaging waste to these points. With DRS, which is planned to be spread all 
over the country in 2023, it is aimed to achieve zero waste targets to a large extent, to increase the amount of 
separately collected packaging waste, to prevent environmental pollution, to save municipalities on 
transportation costs, to prevent practices such as sorting garbage on the street and to ensure effective use of 
sanitary landfills (Table 2). It is expected to make significant contributions to the economy and resource use. 
The main principles of DRS application; It is necessary to disseminate throughout the country, the material 
type, size and beverage type of the included returnable beverage packages should be determined correctly and 
these packages should contain a large part of the total beverage industry, preferably more than 90%. 

 

 

Table 2. DRS waste amount in Kizilcahamam District. 

 

 

 

 

 

 

KIZILCAHAMAM MUNICIPALITY DRS WASTE QUANTITIES, kg 

 

Millet Bahcesi 
Onu 

Sifir Atik 
Bahcesi 

Soguksu Milli 
Parki Girisi 

Belediye Binasi 
Onu 

Cumhuriyet 
Meydani 

MONT
HS G P M G P M G P M G P M G P M 

JULY 0,5 0,03 0,0
3 

- - - - - - - - - - - - 

AUGUS
T 

34,7
5 9,9 0,5 

- - - 77,
5 30 0,5 

- - - - - - 

SEPTE
MBER 

110,
5 

33,7 1,5
3 

10
7 

27 0,73
5 

324
,5 

153 4,68 4 10,8
5 

0,25
5 

4,5 11,4
1 

0,64
5 

OCTOB
ER 164 90 3 

96
5 

22
3 12,7 

- - - 
41 39 2,67 

52,
5 59,3 7 

NOVE
MBER 300 217 15 

14
52 

30
5 16,8 

0,2
5 4,47 

0,01
5 

26
1 156 9,5 

63
2 190 14 

DECEM
BER 832 431 18 

26
64 

54
8 21 

6,2
5 4,86 0,09 

36
3 190 5,5 

42
8 163 4,4 

TOTAL 1441,7
5 

781,6
3 

38,0
6 5188 1103 

51,23
5 408,5 

192,3
3 5,285 669 

395,8
5 

17,92
5 1117 

423,7
1 

26,04
5 

G. 
TOTAL 2261,44 6342,24 606.11 1082.78 1566.76 
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CONCLUSION 

It is known that every society has its own characteristic structure. For this reason, it is seen that the habits that 
need to be gained in order to obtain high efficiency from the newly implemented systems should be in 
accordance with the character structure and behavioral characteristics of the societies. For this reason, during 
the execution of social awareness and awareness activities specific to the society, in all educational institutions 
including primary, secondary, high school, university, public institutions, private enterprises, media organs 
such as social media, radio, television, cafes, restaurants, coffee houses, hairdressers, barbers, beauty salons. 
Social areas, youth centers, libraries, kindergartens and playgrounds, mosques and places of worship, grocery 
stores, markets and shopping centers, in short, every area where life activities are carried out should be 
considered. Collaborating with people loved by all segments of the society in promotional and promotional 
broadcasts for the dissemination of the DRS application; Raising awareness with various advertisements and 
public spots in broadcasts with a high audience, especially local governments following the practice closely, 
taking clear and deterrent measures such as restricting the use of plastic bags, including applicable and deterrent 
penalties in the legislation for each stakeholder of the system "applicability" principle and ensuring 
sustainability; It is thought that it will be important both in terms of spreading the practice of DRS and creating 
zero waste awareness and reducing all other environmental problems. 
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Life Cycle Assessment for Sustainable Solid 
Waste Management in Erzurum City 

Kubra Ar1, Zeynep Eren2 

Abstract 
Waste amount has increased and solid waste management has become an important environmental issue 
with the increase in population and the change in social living conditions. Therefore, solid waste 
management is important in terms of controlling environmental impacts. Life Cycle Assessment (LCA) is a 
method that measures the environmental impact of products or systems throughout their life cycle. Working 
with a cradle-to-grave approach, LCA starts from raw material supply and continues with production, 
transportation, consumption and waste generation. Evaluation of products and services throughout their 
life cycles provides an opportunity to evaluate the environmental impacts of the decisions. The aim of this 
study is to develop a LCA framework that enables a sustainable solid waste management system for 
Erzurum city. Thus, it can be developed a road map to reduce environmental pressure caused by solid 
waste. The solid waste LCA system, which will be implemented for a determined process, consists of the 
four elements as system boundaries, waste characterization, waste facilities, and environmental impacts.  

Keywords: Solid Waste, Erzurum Province, Life Cycle Assessment. 

1. INTRODUCTION 
Globalization and industrialization increase the amount of waste all over the world. In addition, the increase in 
urbanization and industrialization necessitates the management of this increase in the respect of amount of 
waste. In this way, it is possible to create more livable environments and to ensure sustainability. Solid wastes 
are defined as solid materials that are intended to be disposed of by the manufacturer and that must be disposed 
of regularly, especially in terms of environmental protection. It is material, which is not in liquid form, and has 
no value to the person who is responsible for it [1].  

It is necessary to ensure that solid wastes are collected, transported, recovered and disposed without harming 
the environment. Solid waste management is the one thing just about every city government provides for its 
residents. In this point, it is necessary to ensure that solid wastes are collected, transported, stored and disposed 
without harming the environment. So, solid waste management is arguably the most important municipal 
service [2]. While there were about 2.9 billion urban residents who generated about 0.64 kg of MSW per person 
per day (0.68 billion tonnes per year), this amount has increased to 2.2 billion tonnes per year by 2025 [2]. 
Managing waste properly is essential for building sustainable and livable cities. Effective solid waste 
management systems require integrated systems that are efficient, sustainable, and socially supported. One of 
the big challenges that today’s growing cities are coping with is the delivery of effective and sustainable waste 
management, together with a good sanitation [3]. 

Life-cycle assessment (LCA) is a process of evaluating the effects that a product has on the environment over 
the entire period of its life thereby increasing resource-use efficiency and decreasing liabilities. It can be used 
to study the environmental impact of either a product or the function the product is designed to perform. LCA 
is commonly referred to as a "cradle-to-grave" analysis. LCA's key elements are: (1) identify and quantify the 
environmental loads involved; e.g. the energy and raw materials consumed, the emissions and wastes generated; 
(2) evaluate the potential environmental impacts of these loads; and (3) assess the options available for reducing 
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these environmental impacts. The main areas of the application of LCA within public environmental politics 
are waste treatment options, means of transport, energy sources, and product’s choice [4-5]. 

From this point of view, the aim of this study is to develop a LCA framework that enables a sustainable solid 
waste management system for Erzurum city. The remainder of this study is structured as follows: Section 2 
provides theoretical framework including the background information on life cycle assessment and solid waste 
life cycle assessment. Then, Section 3 presents the application, followed by Chapter 4 displaying the discussion 
and conclusions.  

2. THEORETICAL FRAMEWORK 

2.1. Life Cycle Assessment 

Life Cycle Assessment (LCA) is a method that measures the environmental impact of products or systems 
throughout their life cycle. Working with a cradle-to-grave approach (Figure 1), LCA starts from raw material 
supply and continues with production, transportation, consumption and waste generation. LCA is a globally 
used and accepted method for assessing environmental impacts of a product’s life cycle from cradle to grave, 
including all life cycle phases: production, use, waste. It is a computer-based tool used to assess the 
environmental burden as well as benefits associated with a product or service. 

 
Figure 1. Ecological loop (Cradle-to-Cradle) 

LCA has mainly been developed for analyzing material products, but can also be applied to services, e.g. 
treatment of a particular amount of solid waste [6-7]. LCA can be used for municipal [8-12] and hospital [13-
16] solid waste generally.    

2.2. Solid Waste Life Cycle Assessment (SWLCA) 

Solid waste amount has increased and its management has become an important environmental issue with the 
increase in population and the change in social living conditions.  Planning the waste applications for solid 
wastes in a way that will not harm the environment is important in terms of managing environmental impacts. 
Evaluation of products and services throughout their life cycles provides an opportunity to evaluate the 
environmental impacts of the decisions. 

Solid waste life cycle process boundary is the interface between the waste management system and the 
environment or other product systems as in Figure 2. The life cycle starts once a material or product becomes 
waste, i.e. its owner discards it in the waste collection bins. Solid waste is collected either via mixed-bags or 
via separate collection. Each collection method requires its own infrastructure.  

The transportation stage follows. In the solid waste management system of developed countries, the mixed bag 
waste can either go to the landfill, the waste- to-energy facility or to the treatment plant. The source-separated 
waste, if it is a dry stream, can go to the material reclamation facility or if it is a wet stream can go directly to 
the biological treatment facility. 
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Figure 2. The complete life cycle of municipal solid waste [17] 

3. APPLICATION 

The SWLCA system, which will be implemented for a determined solid waste management system, consists of 
the many hierarchical processes. According to it, SWLCA application for solid wastes generated in Erzurum 
City has been carried out in four elements as system boundaries, waste characterization, waste facilities, and 
environmental impacts.  

3.1. System Boundaries  

The system boundaries of the waste management of Erzurum City determined in the study is shown in Figure 
3. According to it, there are five main processes in the application. In the first stage, the produced wastes are 
collected and transported. There are two alternative ways to transportation of the wastes. In the first of these, 
the wastes are transferred to the transfer station firstly and then sent to the landfill. In the other alternative, the 
wastes are sent directly to the landfill. The wastes in the landfill can be sent to the relevant facility for energy 
production, as well as to the leachate treatment facility.  

 
Figure 3. The system boundaries of the waste management of Erzurum city.  

 

3.2. Waste Characterization  

In order to carry out the SWLCA application, the waste characterization of the relevant city should be 
determined. In this context, waste characterization of Erzurum City determined in the study can be seen in 
Table 1. The waste amount in Erzurum city is 21.600 tonnes per mounth.  

Collecting Transportation Transfer Station Landfill 

Energy Production Leachate Treatment 
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Table 1. The Waste Characterization of Erzurum City (%) 

  Summer Winter 
Recyclable Wastes Glass 2,96 2,96 

 Metal 1,31 1,31 
 Paper / Cardboard 6,80 6,80 
 Plastic 10,69 10,69 

Other Wastes Waste Medicine 0,60 0,60 
 Vegetable Waste Oil 0,17 0,17 
 Waste Battery  0,32 0,32 
 Textile Waste 1,00 3,60 
 Electronic Products 1,10 0,11 
 Bulky Wastes 17,50 17,50 

Biodegradable Wastes  56,94 56,94 
Total  100 100 

 

 

3.3. Waste Facilities 

Another important step in SWLCA implementation is to determine the facilities in the waste 
management system. According to it, waste facilities of Erzurum city determined in the study can 
be seen in Table 2.  

Table 2. The Waste Facilities in Erzurum City 
Facility Amount Capacity (tonnes/year) 
Packaging waste collection separation plant 2 34.483 
Recycling plant. 2 6.855 
Non-hazardous waste collection separation plant. 14 - 
Landfill Plant 2 131.400 

 

 

3.4. Environmental Impacts 

It is very important to determine the scope of the calculations within the SWLCA application. Thus, 
environmental impacts of the wastes need to be revealed. Therefore, environmental impacts arising 
from waste managed in Erzurum city on the basis of impact categories presented in Table 3.  
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Table 3. Environmental impacts of solid wastes in Erzurum city 

Global Impacts • Global warming. 
• Soil moisture loss. 
• Forest loss/changes and changes in wind. 
• Ozone depletion. 
• Consumption of natural resources – Depletion of natural resources for future 

generations. 
Regional Effects • Photochemical smog. 

• Acidification. 
Local Effects • Human health,  

• Terrestrial toxicity. 
• Aquatic toxicity. 
• Eutrophication, Land use – Loss of terrestrial habitat necessary for natural 

life and reduction in landfills. 
• Water use – Reduction in existing surface and underground water resources. 

 

4. DISCUSSION AND CONCLUSION 

Solid waste management is the one thing just about every city government provides for its residents. 
So, solid waste management is arguably the most important municipal service. One of the big 
challenges that today’s growing cities are coping with is the delivery of effective and sustainable 
waste management, together with a good sanitation. The main goal of this study is to develop a LCA 
framework that enables a sustainable solid waste management system for Erzurum city. 

The SWLCA system, which will be implemented for a determined solid waste management system, 
consists of the many hierarchical processes. This study indicates that there are four main elements 
of an effective SWLCA application. They are system boundaries, waste characterization, waste 
facilities, and environmental impacts. 

This study has also some limitations. For instance, no numerical analysis was made within the scope 
of the study. Therefore, similar studies are needed in different empirical contexts to further validate 
the process. Moreover, the study also cannot provide an estimation about the effect of a SWLCA to 
be implemented in Erzurum city. Accordingly, further studies are needed to calculate the estimation 
of an implemented SWLCA model. 
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As a Climate Adaption Study, Sea Pollution 
Arising from Activities in Fishermen’s 

Shelters and Solution Proposals 

 

Ilhame Batur1, Yuksel Ardali1 

Abstract 
Fishermen's shelters are where fish are not only unloaded from boats and ships but also sorted, processed, 
packaged, stored, and sold. Fishery products produced in these structures are perishable goods. Therefore, 
compared to other structures, fishing coastal structures must have specialized amenities and components. 
Fish waste and oil pose a significant issue in the coastal areas of fishing huts in Samsun. The fishermen's 
shelters in this area were followed and samples were taken from different areas, the fact that the dissolved 
oxygen of the sea water drops to almost zero in peak seasons has shown how effective the ecological 
degradation in that region is. In this study, a solution has been produced for a problem that is easy in 
practice but ignored, and information will be shared for its application in fishermen's shelters. 

Keywords: Black Sea, Fisherman’s Shelter, Fisheries Residues, Marine Pollution, Oil/Grease  

1. INTRODUCTION 
There are various viewpoints on the construction and operation of fishing shelters in several nations throughout 
the world.  These variations varies both nationally and regionally. When dividing them into sizes, the Food and 
Agriculture Organization of the United Nations establishes the standards for fishermen's shelters. Smaller 
shelters are prioritized, and their shelters are only used for offshore and coastal fishing. The significance of 
water, good hygiene, and health regulations are emphasized in this paper [1].  The majority of wastewater from 
fishermen's huts around the world is, in general, connected to the main network by getting connection approval. 
Oil, water, and sediments are frequently present in oily ship trash. Non-toxic wastes include fishing nets, plastic 
items, wet fish waste, bloody and oily fish waterways, and wooden or plastic fish crates. Anchovies and sprats, 
which are the majority oily fish in the Black Sea, are carried to the fishermen's shelters with the start of the 
fishing season after being caught by the fishing vessels. The bloody and oily fish waters, which are transferred 
to fish-booms and truck crates during the transfer of the fishing products carried to the fishermen's shelters by 
boats, are seen to cover the sea surface as a result (Figure 1.1). 
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Figure 1. Discharge of Water into the Sea with Fishboom. 

 
Figure 2. Discharge of Water into the Sea with Fishboom. 

In this season, a bloody/oily layer and a bad smell are formed on the surface and disturb the people around. If 
the amount of fish caught is high, it is exposed to sunlight in the area where it is kept and waste water and bad 
odor occur with the washing of these fish. The layer consisting of these wastes infects the walls and the beach 
on the shores of the fishermen's shelters and creates visual pollution and bad odor. In addition, as the bloody/oily 
water covers the sea surface, the amount of oxygen in the water decreases, and as a result, the living life in the 
fishermen's shelter decreases (Figure 1.2).  

Sorption helps to convert oil from a liquid state to a substance in a semi-solid or solid state, thereby removing 
oil from the surface of the water. In order for a particular material to be considered a good sorbent, it must have 
a large surface area, since its sorbing capacity is proportional to its surface area [2].  Sorbent substances are 
divided into three classes according to their source:  natural organic solvent materials, mineral/natural inorganic 
sorbent materials, synthetic sorbent materials. 

2. MATERIALS AND METHODS  
Fishing shelters are heavily utilized in the Black Sea due to the multi-fleet nature of the fishing activities. Fish 
waste and oil on the sea's surface are a major issue in the fishing huts along the Black Sea coast. The Yakakent 
and Canik Fishing Shelters in Samsun Province, which are listed in Figure 2.1.1, provided samples for this 
investigation. The samples used in this investigation were collected from Samsun's seashores. Analysis of 
dissolved oxygen, chemical oxygen demand, oil-grease, nitrogen, and phosphorus were performed on samples 
of sea water. It is determined that in order to stop this pollution in fishermen's shelters, physical treatment 
followed by adsorption using adsorbent material, evaluation of the collected oil as biodiesel, and burning of the 
final wastes in the incinerator facility would be appropriate [3].  In this study, it was discovered that the removal 
effectiveness of perlite, zeolite, sedge, under-sieve, and bentonite adsorbents was higher.  
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Figure 1. Location of Samsun Province Yakakent and Canik Fishing Shelters Samples from Sea 

Water. 

Studies were conducted on oily sea water samples collected between September and October 2021, just before 
the start of the hunting season from the Yakakent and Canik Fishing Shelters in the Samsun Province. Figures 
2.2 to 2.4 below show the oil concentration and oil removal effectiveness of sea water samples taken from 
Yakakent Fishing Shelter.  

 

 

 

Figure 2. Yakakent Fisherman's Shelter Oil Concentration, Oil Removal Efficiency and Adsorbing Capacity 

(C60=60.min., adsorbent 0,1 g. C˳ =270 mg/l). 

0

50

100

150

200

250

300

Perlit-Stable Festuca-Stable Lolium-Stable Zeolite-Stable Treatment
Sand-Stable

Oil Concentration C60 (mg/l) E (%)
Adsorbing Capacity (mg/g)



 

72 
 

 

Figure 3. Yakakent Fisherman's Shelter Sea Water Adsorption Studies Oil Concentration and Removal Efficiency. 

 

Figure 4. Yakakent Fisherman's Shelter Sea Water Adsorption Capacity. 

Figures 2.5 and 2.6 show the degreasing effectiveness of sea water samples taken from Canik Fishermen's 
Shelters before and after water analysis filtration and after adsorption investigation, as well as the oil 
concentration after adsorption study.  

 

Figure 55. Canik Fisherman's Shelter Seawater Aeration DO₂, Oxygen Saturation and Oil Concentration and Percent 
Efficiency. 
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Figure 6. Canik Fisherman's Shelter Adsorption Oil Concentration and Oil Removal Efficiency. 

 

3. RESULTS 
A capacity study of the oil's adsorbing capacity was conducted using physical separation, filtration, aeration, 
and various adsorbent materials with samples taken from Yakakent and Canik Fishermen's Shelters. It was 
discovered that many adsorbent materials were effective in removing the pollution and pollution caused by the 
water containing oily/bloody aquaculture residues left on the sea surface after the transfer of the caught fish to 
the land and afterwards. 

In the first research at Yakakent Fishing Shelter, the quality values of oily sea water and water after filtering 
were examined. The initial oil concentration was 270 mg/Land, and the oil concentration was 51.36 mg/L after 
filtration. According to the results, 81% of the grease is removed. For seawater samples collected at Yakakent 
Fishing Shelter, it can be seen that the pH value is appropriate after filtration, the redox value is decreasing, the 
dissolved oxygen concentration is high, the oxygen saturation is close to the lower limit value, the phosphorus 
value is appropriate, the conductivity value is rising, the ammonium concentration is within acceptable ranges, 
the chemical oxygen demand value is suitable, and the nitrogen limit value is below. In the second study, the 
water quality values of the sample were measured under stationary conditions and adsorption experiments were 
performed with perlite, festuca, Lolium, geotextile, zeolite, treatment sand adsorbents under these stationary 
conditions. Oil concentration was measured in adsorption experiments with perlite, festuca, Lolium, geotextile, 
zeolite, purification sand under stationary conditions. In the adsorption process, the removal efficiency by 
zeolite was found as 97%. While the pH value was 5.06, it was seen that the pH value increased between 7 and 
8 with the adsorption of perlite and purification sand. An increase in pH was rarely observed with Festuca, 
Lolium, geotextile and zeolite adsorbents. The fact that the dissolved oxygen values have fallen too much and 
the result has also adversely affected the redox potential. In seawater samples taken from the fishermen's shelter, 
the dissolved oxygen value was initially found to be low and as a result of adsorption studies, it reached 2.4 
mg/l as a result of the adsorption process with dissolved oxygen festuca. Oxygen saturation was seen to be low 
and it was obtained as 25.8% with the Festuca. It has been observed that the adsorption with zeolite and 
purification sand, where the conductivity value is low, increases compared to the initial value. As a result of 
adsorption trials with geotextiles in sea water samples, the phosphorus concentration was reduced from 20 mg/l 
to 4.4 mg/l and became compliant with the standards. The nitrogen concentration is well above the limit value 
at 117.34 mg/l. After the adsorption process with perlite, the nitrogen concentration was found to be close to 
the limit value of 0.4 mg/l. When Festuca, Lolium, geotextile, zeolite, purification sand was used as adsorbents, 
nitrogen concentrate and ammonium values were found to be below the limit. According to the results of COD 
analysis, it was found that the COD value in sea water was below the limit value in adsorption studies conducted 
with the use of perlite, Festuca, geotextile, treatment sand adsorbents. In the third study, after adding geotextile, 
fly ash, sepiolite, polyethylene, bentonite, sedge, sieve, biochar adsorbents to the sample and it has been 
determined that the oil removal efficiency is found as 99% with sedge and sieve. 
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The quality values of oily sea water and water after filtering were measured with the filtration method, which 
is the first research filtration of Canik Fishing Shelter. By measuring the dissolved oxygen demand, oxygen 
saturation, and oil at regular intervals, the oily sea water belonging to the Canik Fishing Shelter was aerated, 
and the percentage yield was calculated. Following filtration, oil concentration was determined to be 47.94 mg/l 
(down from 252 mg/l initially), and degreasing effectiveness was assessed to be 81%. The pH level both before 
and after filtering is within acceptable ranges. After filtration, it was seen that the redox value was reducing, 
the dissolved oxygen value was high, the oxygen saturation was close to the lower limit value, the phosphorus 
value increased but was below the upper limit value of 10 mg/l, the conductivity value increased, and the 
ammonium value did not reach the limit value. The chemical oxygen demand decreased from 82.78 mg/l to 
4.32 mg/l after filtration and was below the limit value with the upper limit value of 25 mg/l, and the upper 
limit value of nitrogen was 0.5 mg/l. The second work was carried out aeration and oil concentration after 
aeration was measured as 44.25 mg/l and the oil removal efficiency was 83%. In the third study, when the oil 
removal efficiency was examined by adsorption using geotextile, fly ash, sepiolite, polyethylene, bentonite, 
sedge, sieve, biochar" adsorbents, the highest adsorption efficiency was found as 82% bentonite adsorbent.  

CONCLUSION 
Active fishing shelters were determined and sea water quality was monitored by taking sea samples in Samsun 
region. From the results, it has been determined that the sea in the fishermen's shelters is adversely affected by 
fish residues and oil. For these purposes, physical and chemical treatment and energy conversion alternatives 
were evaluated. With climate change, the changes in sea water quality and the increase in temperature will 
increase the problems of ecological life. In this study, adsorbent substances such as perlite, festuca, Lolium, 
zeolite, purification sand, geotextile, fly ash, sepiolite, polyethylene, bentonite, sedge, straw, bio charcoal were 
used. It is planned to apply adsorption from sea water with adsorbent inside the pads. Afterwards, it will be 
transferred to the facility in Samsun that converts waste into energy and a zero-waste management will be 
provided.  
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Determination of Surface Water 
Pollution Caused by Harmful Algae 
Growth: The Example of Irrigation 
Pond in Oltu District of Erzurum 

Province 

Mevra Emec1, Zeynep Eren2 

Abstract 
Surface water resources which are frequently exposed to Harmful Algae Blooms (HABs) due to the 
increasing pollution load in recent years due to the increase in temperature caused by climate change and 
the increase in surface run-off caused by extreme rainfall as a result of climate change are faced with the 
risk of the increasing concentrations of algal toxins into drinking water. Although HABs have caused the 
problem of eutrophication in surface waters especially at hot seasons in the past decades due to the water 
pollution, increasing surface water temperatures cause this problem to extended periods out of season and 
to be permanent for a long time. In recent years, there have been many studies focusing that the areas 
where HABs have expanded and their frequency has increased. For this reason, studies involving the 
detection and monitoring of algal toxins are gaining importance in order to control harmful algae growth 
at the water source, especially in drinking and utility water sources. Therefore, in this study, surface water 
sources were used to monitor in terms of two algal toxin compounds, Microcystin-LR (MC-LR) and 
Microcystin-RR (MC-RR), which are the main indicators of harmful algae growth in artificial ponds 
created for agriculture and livestock in Oltu District of Erzurum City.  

Keywords: Harmful Algal Blooms, Eutrophication, Microcystins, Surface Water Pollution, Climate 
Change 

1. INTRODUCTION 
The increase in temperature caused by climate change and the increase in surface runoff due to excessive 
precipitation increase the nutrient input to water resources. Surface water resources are frequently faced with 
the threat of harmful algal blooms and the resulting algal toxins into drinking water. Although harmful algae 
growths have caused the problem of eutrophication (harmful algae blooms) in surface waters, especially in hot 
seasons, frequently due to water pollution in the past years, Increasing surface water temperatures with climate 
change cause this problem to spread to extended periods outside the season and to be permanent for a long time. 

In recent years, there have been many studies showing that the areas where harmful algal blooms occur have 
expanded and their frequency has increased. For this reason, studies involving the detection and monitoring of 
algal toxins gain importance in order to control harmful algae growth at the source, especially in drinking and 
utility water sources. Among the cyanobacteria species, the most important species known to produce toxins is 
Microcystis. Such cyanobacteria cause taste and odor problems in drinking water resulting in the creation of 
hypoxic water bodies leading to the death of aquatic organisms, clogging of filters, pipes and other mechanical 

 
1 Corresponding author: Erzurum Metropolitan Municipality, 25100, Erzurum, Turkey. mevraemec@gmail.com  
2 Ataturk University, Department of Environmental Engineering, 25100, Erzurum, Turkey.  zeren@atauni.edu.tr 
  

mailto:mevraemec@gmail.com
mailto:zeren@atauni.edu.tr


 

76 
 

equipment in drinking water treatment plants. That cause the forming unaesthetic and unwanted smelling 
surface water scum. As revealed by the studies conducted with increasing frequency in recent years, it has a 
direct impact on human health beacuse of the production of toxins that is causing to the decrease in the use of 
water resources for recreation and tourism [1]  

The harmful algal bloom problem is affected by various environmental factors such as nutrient concentration, 
light availability, temperature and salinity. Worldwide, especially in rural and underdeveloped areas, where 
people use untreated surface water as a source of drinking water increases the possibility of exposure to cell-
bound and/or dissolved cyanotoxins, and acute and chronic effects occur depending on the amount of these 
toxins. In addition, harvesting and using the algae masses formed as a result of this cyanobacterial growth due 
to eutrophication in the aquatic environment in various parts of the world causes these permanent pollutants to 
mix with the groundwater through leakage and represents another source of drinking water contamination [2].  

 

With increasing turbidity levels and high dissolved nutrient concentrations, water quality also declines. 
Additionally, cyanobacteria typically grow more efficiently at high temperatures compared to other 
phytoplankton species, suggesting they will have a competitive advantage in future warming conditions. Recent 
studies have shown that many toxin compounds are released into the aquatic environment with eutrophication 
and that these compounds can directly affect public health because they cannot be purified in drinking water 
treatment plants. These toxins are generally called cyanobacterial toxins and the most known and most 
researched compound, MC-LR, should not exceed 1 µg/L, the standard recommended by the World Health 
Organization (WHO) due to its carcinogenic properties. [3] The most important cyanobacterial poisoning event 
that people were exposed to outside the oral route occurred in 1996 in Brazil; Acute liver failure developed in 
100 of 131 dialysis patients due to cyanobacterial contamination of water used for dialysis, and 52 of these 
patients died. [4] Among other episodes of human disease associated with cyanobacteria, a statistically 
significant correlation was found between drinking water from a reservoir containing Microcystis aeruginosa 
in Australia and signs of liver damage [5]. China has also a problem with a high incidence of primary liver 
cancer which is attributed to drinking water contaminated with cyanobacterial toxins [6]. Therefore, the 
protection of water resources becomes more and more important. To reduce the risk of toxic cyanobacterial 
growth in drinking water, a multibarrier approach is required, as shown in Figure 1 [7]. Accordingly, prevention 
of pollution of the water source and control at the source are considered as a priority, and it is important to use 
treatment technologies that will minimize the release of these toxins and to optimize these methods in source 
control operations. The last step is to monitor the toxin release. For this reason, determining and monitoring the 
amount of toxins in surface water resources is the most important step in eutrophication control. 

 

 

 
Figure.1 Multi-barrier approach developed for eutrophication control [7] 
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2. MATERIAL AND METHODS 
For this reason, two main Microcystins, MC-LR and MC-RR, were detected and analyzed in the irrigation 
pond, Inanmis, in Oltu District in Erzurum City. Composite samples collected from the pond (Figure 2) in 
August 2022 were brought to the laboratory in dark-colored sample bottles in accordance with the sample 
storage conditions and were prepared for analysis within 48 hours by storing them at +4 oC (Figure 3). Samples 
were taken once for the detection of microcystins. After detection of microcystins in ponds, sampling will 
continue at different temperature periods for seasonal monitoring studies. Therefore, the study only includes 
detection studies of microcystins. 

 

 
Figure.2 Erzurum Province Oltu District Inanmis Pond2022. 

 
Figure 3. Preparation of water samples taken from Inanmis Pond for LC-MSMS analysis 
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In this study, Oltu district Inanmis Pond was taken as an example. to detect harmful algae formations in the 
surface waters within the borders of Oltu District of Erzurum province. The ponds selected as the study area 
are mainly created for agricultural irrigation and animal husbandry. The most important cyanobacterial toxins 
from HABs, the main indicator Microcystin-LR (MC-LR) and Microcystin-RR (MC-RR), were detected in 
surface water samples from artificial ponds. Agriculture and animal husbandry in Erzurum Province Oltu 
District. MC-LR and MC-RR concentrations were analyzed by LC-MS/MS (Agilent Technology 6460 Triple 
Quad LC/MC) in Ataturk University Central Laboratories (DAYTAM - Eastern Anatolia High Technology 
Application and Research). Center).  

3. RESULTS AND DISCUSSION 
Composite samples taken from Inanmis Pond were made ready for LC-MS/MS analysis after filtering through 
a 0.22 µm cellulosic filter. After the sample was brought from the Inanmis pond, it was stored at +4 °C and 
analyzed immediately when it was ready for analysis. In the literature, storage conditions for microcystins are 
specified as a maximum of 48 hours at +4 oC. The stable structure of microcystins and the fact that the samples 
are not subjected to any treatment are the main reasons that can prevent their deterioration until analysis. 

The MC-LR and MC-RR concentrations of the sample analyzed in 3 replicates in the LC-MS/MS are found as 
shown in Table 1. 

 

Table 1. MC-LR and MC-RR concentrations detected from the Inanmis pond 

Pond  pH  Sicaklik, oC 
MC-LR, 

µg/L 

MC-RR, 

µg/L 

Inanmis 9.3 18.4  0.0701 0.1333 

 

A study conducted in Lake Los Padres, Argentina in 2007, where MC-LR circles dissolved in water appeared 
at 0.04 ± 0.05 μg/L and MC-RR at 1.50 ± 2.15 μg/L [8]. An undissolved MC-RR was found to be 1.56 μg/L in 
the Yanghe Reservoir in China in 2010, while the MC-LR was determined as 0.544 μg/L [9]. Analyzes of 14 
sites in Northern Ireland show that MC-LR covers the range of 0.004–0.014 μg/L and MC-RR covers the range 
0.005–0.060 μg/L [10]. 

Considering the studies in the literature, it is seen that the MC-LR and MC-RR concentrations in artificial 
irrigation ponds reached the visible level in this study. Considering the 1 µg/L limit value determined by WHO 
for MC-LR, it is seen that the ponds observed in this study carry a low risk for humans and other living things. 
However, it is important to monitor microcystin concentrations in different seasons and for long periods in 
order to see the increase in concentrations. Therefore, the next step after detection studies is monitoring studies 
[11,12]. Regarding the monitoring of cyanotoxins, the two main goals of decision makers in drinking water 
supply systems are; first to detect the presence of cyanotoxin compounds and secondly to collect sufficient 
monitoring data to develop early warning models to reliably predict contamination.  

4. CONCLUSIONS AND RECOMMENDATIONS 
In this study, although cyanotoxins were not found in high concentrations in the analyzes made on the samples 
taken from the Inanmis pond of Erzurum Province Oltu District, MC-RR and MC-LR were detected in the 
water samples taken from the Inamis pond. Increasing harmful algal blooms around the world pose a significant 
threat to both the environment and public health. Therefore, it is necessary to develop sustainable and cost-
effective treatment processes, as well as risk analysis and management tools. 

Accurate measurement of cyanotoxin compounds and developing methods that can analyze them accurately 
will be the key step for eutrophication risk management, but due to the lack of legal regulations or almost non-
existence in some countries, insufficient analytical capacity and scientific studies, regular monitoring for these 
compounds by the authorities. programs are rarely carried out. For this reason, it is essential to use support tools 
in decision-making, and studies on the detection of cyanotoxins, which are indicators of eutrophication, in water 
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resources are important in terms of expanding, developing and guiding future studies in this field. Urgent 
measures are needed, especially in drinking water. 
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Investigation Of The Effect Of Pore Sizes On 
Dm Formation Time, And Cleaning 

Frequency 

Muge Pacal1, Neslihan Semerci2 

Abstract 
Dynamic membrane (DM) technology was applied for treatment of synthetic dairy wastewater. The study 
consisted of two step. In first step of the study, changes in DM formation time and solid removal efficiency 
were investigated at different operational conditions using support materials having different pore sizes 
(20 and 40 μm) in an external filtration unit being situated at the outlet of up flow sludge blanket reactor. 
During the operation, three runs were done for each studied pore sizes and physical cleaning was done two 
times for each pore sizes. DM formation time became shorter as the pore sizes of support layer decreased 
for the initial stages of the support layer usage. On the other hand, after DM formation, support layer lost 
its original properties and its filtration characteristics became independent of pore size. Solid removal at 
different pore sizes was followed with turbidity measurements. The turbidity removal efficiency was more 
than 92 % for all pore sizes. The initial flux was 97 and 95 L/m2h for 20 and 40 μm pore size, respectively. 
The flux after DM formation during operation with 20 μm pore size was slightly higher than 40 μm pore 
size. The cake layer resistance effect on total membrane resistance was evaluated for 40 μm pore size. It 
was calculated for run-3 as 2.34x 109 1/m corresponding 99.5 % of total resistance. According to these 
results, cake layer resistance composed most of the total resistance. Among the pore sizes tried, 20 μm was 
found to be optimum pore size considering DM formation time, flux, trans membrane pressure and 
treatment performance. 

Keywords: Dynamic Membrane, Membrane Flux, Physical Cleaning, Membrane Resistance 

1. INTRODUCTION 
Huge amount of dairy products are consumed around the world. Its demand has been rising year by year in 
parallel with standard of living and population increase [1].  The main products are bottled pasteurized milk, 
yogurt, cheese, ice cream, cream, and butter [2]. A large amount of water is consumed by dairy industries to 
produce dairy products. The dairy wastewater includes lower toxic chemical substances than other industrial 
plant effluent [3]. Due to high COD contents, wastewaters of dairy industry are high in strength [4] and unstable 
in nature [5].  

Conventional treatment methods have been applied to treat dairy industry effluents. However, many problems 
have been stated in the treatment of dairy wastewater by conventional methods. These are difficulties in removal 
of nitrogen and phosphorus, low sludge settleability and encountered problems in the removal of fat, oil, dyes, 
low resistance to shock loads, and high production of scum [6]. Up flow anaerobic sludge blanket (UASB) 
reactors have been used for treatment of dairy wastewater [5]. Dairy effluents include a very important amount 
of lipids. The accumulation of these lipids causes undesired sludge floatation problems that could result escape 
of biomass in UASB system [4,7]. 

The integration of a membrane into bioreactor, a membrane coupled reactor, can decrease solid losses from the 
reactor. DM could be favourable technique to solve the problems happened during treatment by Membrane 
Bioreactor (MBR) systems [8]. The formation of membrane fouling is an important disadvantage for 
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conventional membrane during operation. The application of DM can turn this disadvantage into advantage. In 
the promising approach of DM filtration, membrane fouling is utilized for creating a low-cost, self-forming, 
and reformed membrane layer [8,9,10]. 
DM layers consist of an “underlying gel layer” and “cake layer”. An underlying gel layer forms through the 
attachment and deposition of the solutes and colloids on the support layer (fabric filter, nylon/dacron mesh) and 
strict tightly to the filter surface [8]. Thus, allowing the use of cheap support material instead of conventional 
membranes enables an important cost reduction in the treatment system. Using cheaper support materials 
instead of conventional membranes allow higher flux rates under lower transmembrane pressure [8]. The low 
cost support materials have large pore sizes that are mostly between 20 and 100 micrometer (μm). Thus, 
working with large pore size allows working with a higher flux at a very lower pressure [11].  
 
According to Chu et al. [12], DM operation includes three stages. These are DM layer formation, filtration, and 
backwash. In DM formation stage, fine particles cannot be retained by support layer due to large pore size. 
Thus, this causes poor permeate quality in the effluent. Therefore, the effluent water needs to be recirculated 
into the system till high effluent quality is obtained. At filtration stage, the formation of DM is completed, and 
the effluent quality reaches to conventional membrane effluent quality. In last stage, backwash, which is one 
of the cleaning strategies, is applied due to decrease in flux as a result of fouling  [11]. In addition to this, in 
DM studies, the flux, suspended solid (SS) and turbidity were used as an indicator of DM formation during 
operation [13]. The time when turbidity, suspended solid (SS) or flux becomes stable, indicates DM formation 
time [13]. 
 
There are three types of membrane module, which could be used for DM applications. These are flat-sheet, 
hollow fiber and tubular type [14]. When DM layer is formed, high-quality permeate in the effluent can be 
obtained. The high-quality effluent obtained by DM can be comparable with conventional membranes [11]. 
However, flux decreases due to membrane fouling. Thus, application of cleaning methods is needed to obtain 
longer and sustainable operation for effective DM layer control, accomplishing separation and reformation of 
DM. There have been reported studies about application of DM cleaning strategies [14]. The methods of 
physical cleaning are backwashing, biogas sparging, mixed liquor recycling, membrane relaxation, brushing; 
liquid cross-flow, vibration. Both sustainable and longer operation were achieved by using these cleaning 
methods due to govern DM fouling efficiently and accomplish separation of DM layer and regeneration of DM 
layer [14]. 
 
The support material, where DM forms, should have a convenient pore size for productive and sustainable DM 
operation. In this study, the influence of various pore sizes on DM formation, flux and filtration performance 
was investigated in order to detect the best convenient pore size of support layer for the system. 

2. MATERIAL AND METHODOLOGY 

2.1. Experimental Set-up 
The experimental setup used in second part of the second phase is presented in Figure 1. The system was 
operated semi-continuously. The filtration operation was done about 9-10 hours in a day. A peristaltic pump 
(pump 1) (Watson Marlow 323) was employed to feed the synthetic milk wastewater into the UASB. Another 
peristaltic pump (pump 2) was used to collect the permeate from the reactor. The effluent of the bioreactor 
collected in a tank and used as filtration operation. The collected UASB effluent was fed into the cylindrical 
tube (1 L) using laboratory peristaltic pump (pump 3) (Labor Technik, Dusseldorf). As seen in Figure 1, the 
filtration was done in cylindrical tube, where the membrane module was located in. Mixing was carried out 
with a magnetic stirrer to keep solids in suspension. The aim was to enhance the contact between particulates 
and surface of nylon mesh. The filtrated water collected with a pump (pump 4) in a tank, where was set on a 
volumetric weighing scale. Experiments were carried out at room temperature (20°C). 
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Figure 1. The diagram of experimental set-up 

 

Characteristics of the support layers used in these experiments are presented in Table 1. Pressure was 
determined via 0~-1 bar Mini Dial Vacuum Pressure Gauge Manometer (Aterna, Turkey) placed in the effluent 
line. During whole operation, hydraulic retention time (HRT) was 33±6 hours and the temperature of the reactor 
was maintained at 28°C with an aquarium heater (EHEIM GmbH&Co.KG, Germany) in UASB. trans 
membrane pressure (TMP) was calculated according to the procedure reported by Le Clech et al. [15]. Filtration 
capability of membrane modules were evaluated with membrane resistance parameter. The membrane 
resistance, which is the sum of cake layer, gel layer and the intrinsic membrane resistance, was calculated 
according to Equation 1. 

 𝑅𝑅𝑡𝑡 =  𝑅𝑅𝑚𝑚 +  𝑅𝑅𝑁𝑁 +  𝑅𝑅𝑐𝑐                                                                                                                                      (1) 

Where Rm is the hydraulic resistance of virgin support layer, Rp is the irreversible filtration resistance due to 
the gel layer formation, and Rc is the reversible filtration resistance due to cake formation. 

Rt was calculated by using flux and TMP obtained during dynamic membrane filtration. Rm was calculated by 
using the flux of tap water on virgin support layer and corresponding TMP. After the cake layer was removed 
from the support layer by spatula, the filtration of tap water on gel layer (including support layer) was done. As 
a result of filtration, the flux and TMP was used to calculate the resistance (Rm+Rp). Rp was calculated by 
subtracting Rm from Rm+Rp. Rc was calculated by subtracting Rt from the sum of Rm and Rp.  

Table 1. Characteristics of the submerged membrane module 

Category Module 

Membrane Module Type Tubular 

Pore size, µm 20-40 

Material Polyester 

 Effective Filter Area, m2  0.014 

2.2. Experimental Plan 
The effect of support material pore size on the filtration behaviors was assessed during start-up and stabilized 
stages of DM. The various range of support materials (20 and 40 μm) were used in filtration operation. During 
the operation, when TMP increased almost higher than 800 mbar, filtration continued for a while. The 
membrane module was taken away in that case and cleaned with tap mater to remove cake layer on nylon mesh. 
After physical cleaning, membrane module was put into cylindrical tube. The filtration was repeated three times 
and physical cleaning was carried out at the end of each filtration period. In other words, in totals, three runs 
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were carried out for each pore sizes. Initial fluxes together with test time are presented in Table 2 for all studied 
pore sizes and number of run phase. 

 

Table 2.  Applied mesh pore sizes and operating conditions in all tested runs 

Runs Mesh Pore Size, µm  Initial Flux, L/m
2
h Test Time, Hours 

Run-1 20  97 9.26 

Run-2 20  73 11.66 

Run-3 20  91 10.083 

Run-1 40  95 68.43  

Run-2 40  89 64.03 

Run-3 40  55 14.8 

 

2.3. Wastewater Characteristics and Seed Sludge 
During filtration operation, the characteristics of UASB effluent is presented in Table 3. 

Table 3. The characteristics of UASB effluent used in filtration experiment 

Parameters Value 

COD, mg/L 1817±728 

SS, mg/L 1477±660.8 

Turbidity, NTU 818±246 

pH 7.73 

3. RESULTS AND DISCUSSION 

3.1. Filtration and Treatment Performance of DM 

The applied initial flux was 97 L/m2h in run-1 for 20 µm pore size (Figure 2a). The important increase in TMP 
happened after 2 hours of operation. DM formation took 5.31 hours during operation with 20 μm pore size 
(Table 4) and this was shorter than during operation with 40 μm pore size. This could be due to less solid 
retainment on support material with large pore size (40 μm) in the beginning of operation. Li et al.[13] reported 
that DM with a large pore size had longer formation time and they added that small particles were less likely 
to be attached to mesh with large pore size during DM formation until detention of large particles. After DM 
formation happened in 20 µm pore size of support layer, the flux continued in range of 45 and 29 L/m2h with 
continuous increase in cake layer thickness.  

The initial turbidity in permeate was 129 NTU in run-1 during operation with 20 μm pore size (Figure 2b). 
Turbidity almost became stable with DM formation. The average turbidity in permeate was 23.05±4.4 NTU 
from 5.31 hours to the end of operation (Table 4). In the end of run-1, DM was taken from the system and 
physical cleaning was done. Then the membrane module was integrated to the system for run-2. The same steps 
were applied for run-3.The initial flux was 73 L/m2h in run-2 that it was lower than initial flux value in run-1 
whereas it was 91 L/m2h in run-3. The higher initial flux was observed in run-3 than run-2. The presence of 
temporary irreversible fouling resulted lower initial flux, taking place at the beginning of run-2 so the initial 
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flux in run-3 recovered better than run-2. DM formation completed faster in the following runs (run-2 and run-
3) and this showed the effect of irreversible fouling on DM formation. As for TMP, it increased to 768 mbar in 
2.4 hours and continued with this value till the end of operation in run-1. On the other hand, TMP increased to 
the same value in a shorter time (35 minutes) in run-2 and it reached to 919 mbar in 10.43 hours of operation 
(Figure 2a).  

Table 4. Applied mesh pore sizes and operating conditions in all tested runs 

Pore Size 20, µm  40, µm 

DM Formation Time (Run-1), hour 5.31  41.16 

Average TMP After DM Formation (Run-1), mbar 768±0.8  1003±9.1 

Average TMP After DM Formation (Run-2), mbar  868±51  997±1.9 

Average TMP After DM Formation (Run-3), mbar  974±22  818 

Flux After DM Formation (Run-1), L/m2h 45-29  37-24 

Flux After DM Formation (Run-2), L/m2h 16-9  12-11 

Flux After DM Formation (Run-3), L/m2h 25-6  8-7 

In run-3, TMP raised to 969 mbar in 61 minutes, continued with the value of approximately 974 mbar till the 
end of operation. It could be inferred that after physical cleaning, TMP improved quickly. Moreover, the spikes 
in turbidity were not observed in run-2 and run-3. As seen in Figure 2b, more solid retainment was observed in 
run-3 compared to run-2 such that the maximum turbidity in permeate was 252 and 139 NTU in run-2 and run-
3, respectively. As mentioned just before, the irreversible fouling on previous runs (run-1, run-2) caused more 
solid retainment in the following runs (run-2 and run-3). After DM was formed, the average turbidity in filtered 
effluent was 41±5 NTU in run-2, and 39±6 NTU in run-3. 

The initial flux was 95 L/m2h during operation with 40 μm pore size in run-1 (Figure 2d). During operation of 
40 μm pore size in run-1, after DM formation completed, maximum value of TMP was 1018 mbar which was 
higher than recorded TMP value during operation with 20 μm pore size. This result could be due to longer 
operation time of 40 μm pore size that resulted more solid retainment, so higher TMP. The flux continued to 
decrease gradually with development of DM formation and ended with a value of 24 L/m2h. As showed in 
Table 4, after DM formation, the flux values of higher pore size (40 μm) exhibited lower flux values than 
smaller pore size (20 μm) due to its having higher TMP. 

Prior to DM formation, the spikes in turbidity were observed during operation with 40 μm pore size in run-1 
(Figure 2e) and it reached to 1000 NTU in 9.28 hours of operation. As mentioned before, larger pore size nylon 
mesh had low capability of solid retainment. Moreover, it could be inferred that size of the most of the particles 
was lower than 40 μm. The feed, coming from UASB effluent, was used for filtration and the average particle 
size in UASB was 35 μm [16]. Thus, the important quantity of particles had size less than pores of support layer 
(40 μm). As mentioned before, small particles that had lower size than pore size of support layer likely less 
attached inside pore of the support layer. Small particles passed through the pores of support layer that these 
were observed as spikes in permeate turbidity (Figure 2e). As seen in Figure 2(e), the variation in turbidity 
continued for a while. This showed that effective solid removal needed longer time for large pore sizes. 
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Figure 2. Change of (a) Flux and TMP, (b) Turbidity and (c) Membrane Resistance  versus time at support material with 

20 µm and Change of (d) Flux and TMP, (e)Turbidity  and (f) Membrane Resistance  versus time at support material with 

40 µm 

Turbidity became stable with DM formation after 41.16 hours of filtration operation. Afterwards, the turbidity 
in permeate was 30±8 NTU in run-1. This value was higher than the values obtained during operation with 10, 
20 µm pore size in run-1. It seems that support layer with smallest pore size resulted more solid retainment and 
lowest turbidity in permeate. Thus, the pore size effect on solid retainment was clearly observed in first run. 
However, the similar results were not observed in terms of turbidity in the following runs (run-2 and run-3) due 
to the fact that irreversible fouling changed the original pore size. Additionally, other factors such as the feed 
characteristics and operation time could affect solid retainment capability of membrane in the following runs 
(run-2 and run-3). 

The initial flux was 89 L/m2h in run-2 and 55 L/m2h in run-3 (Figure 2d). In the following runs, the similiar 
variations in flux, TMP and turbidity were observed as in 20 µm pore size due to irreversible fouling, changing 
the original pore size of support layer. After DM formation, the flux was continued with range of 12 and 11 
L/m2h in run-2 and with range of 8 and 7 L/m2h in run-3 (Figure 2d). As seen in Figure 2(e), in comparision 
with run-1, the less fluctuations in turbidity in membrane effluent were observed in run-2 and run-3. As 
mentioned above, the irreversible fouling, happened in run-1, improved solid retainment in the following runs, 
thus less variation in turbidity were observed in the following runs. Moreover, it was seen that support layer 
lost its original properties as a result of DM formation and its filtration charactristics became independent of 
pore size in the following runs.  

The turbidity removal efficiency was similar (more than 92 %) and high for all pore sizes nylon meshes. All 
these results showed that 20 µm pore size seemed to be optimum considering DM formation time and treatment 
performance. 

3.2. DM Resistance 
The membrane resistance is used to determine the filtration capacity of membranes [17]. It was calculated for 
all pore sizes applied in these experiments. The average membrane resistance of all pore sizes for each run is 
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presented in Table 5. Membrane resistance for 20 μm pore size, is showed in Figure 2(c). Membrane resistance 
was approximately 2x108 1/m in the early stage of DM. After DM was formed, the membrane resistance 
increased to 6.08 x108 1/m in run-1. The operation ended with a value of 9.37x108 1/m. This value was lower 
than the values reported in other studies [18, 19]. The important reason increase in membrane resistance on 
next runs (run-2 and run-3) was irreversible fouling. This fouling layer caused more solid retainment in the 
following runs (run-2, run-3). The similar results about increase in membrane resistance in the following runs 
were observed for 40 μm pore size because of irreversible fouling (Figure 2f). 

Table 5. The membrane resistance, calculated during the operation with 20 and 40 µm pore size 

 Average Membrane Resistance,1/m 

Pore size 20 µm  40 µm 

Run-1 3.2x108 ±6x107  6.78x108±5x107 

Run-2 1.9x109 ±3x108  1.87x109±1.2x108 

Run-3 4x109 ±7.1x108  2.36x109±3.23x108 

 

Contrary to expected, the membrane resistance during operation with 40 μm pore size was higher than 20 μm 
pore size in run-1 (Table 5). As mentioned before, TMP during operation 40 μm pore size was higher than 20 
μm pore size. This could be due to occurrence of more solid deposition on nylon mesh and this improved TMP. 
The operation time in 40 μm pore size was longer than 20 μm pore size. Thus, long system operation results 
more solid retainment on support layer that improves membrane resistance. The filtration resistance of DM was 
remarkably much lower than that of MF/UF membranes in the range of 1012–1014 1/m during long-term 
sustainable operation [20]. In addition to this, low filtration resistance in DM operation implies superior 
filtration capacity of DM over conventional membranes, and also reduction in energy consumption of the 
system [18]. The cake layer resistance effect on total membrane resistance was evaluated for 40 μm pore size 
(Table 6). Pore blocking resistance was calculated as 1.36 x 107 1/m and instinct membrane resistance was 
calculated as 7.13x106 1/m. The cake layer resistance was calculated as 2.34x 109 for run-3 and it was 99.5 % 
of total resistance. According to the results, cake layer resistance composed most of the total resistance. This 
result was consistent with [21] reporting that cake resistance was responsible for over 98% of the total fouling. 
As mentioned by Chang and Kim [22], the cake layer formation was a major factor responsible for the overall 
flux decline.  

Table 6. The membrane resistance of 40 µm pore size; Total resistance, pore blocking, cake resistance and virgin layer 

Membrane Resistance,1/m Run-3 

Total Resistance 2.36x109 

Cake Resistance (Reversible Fouling) 2.34x109 

Pore blocking (Irreversible Fouling) 6.47 x106 

Virgin Layer 7.13x 106 

CONCLUSION 
The effect of pore size on DM formation and operation was investigated. The obtained results showed that as 
pore sizes of support layer being taken into operation for the first time, decreased, DM formation time became 
shorter and filtration efficiency got higher. Additionally, after DM formation, support layer lost its original 
properties, and its filtration characteristics became independent of pore size. Moreover, during operation with 
large pore sizes, cleaning frequency was decreased. Longer continuous operation was provided despite lower 
effluent quality in the beginning of experiment. Among the sizes tried, 20 μm was found to be optimum pore 
size considering DM formation time, flux, TMP and treatment performance. 
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Efficiency of Activated Carbon Obtained 
from Rosehip Marmalade Waste in 
Reactive Blue 28 Dye Adsorption 

Sahra Dandil1 

Abstract 
Activated carbon is widely used as an effective adsorbent in the removal of many different pollutants in 
adsorption processes due to its large surface area and high porosity. Especially in water treatments, dyes, 
which are one of the most common pollutants that mix with the aqueous environment as a result of various 
industrial activities, is encountered. In this study, the production of activated carbon as a cheap and 
effective adsorbent from rosehip marmalade waste, which is a natural waste, and the removal of dye from 
aqueous solutions with this activated carbon were investigated. Zinc chloride (ZnCl2) was used as the 
activation agent in the production of activated carbon. ZnCl2: rosehip marmalade waste was mixed in a 
mass ratio of 2:1 and kept at 90 °C for 2 hours. Then, the dried sample was treated in a nitrogen atmosphere 
at 600 °C at a heating rate of 5 °C/min at a flow rate of 100 mL/min for 1 hour. The sample washed with 
distilled water was dried and activated carbon was prepared. The prepared activated carbon was used as 
an adsorbent in the adsorption of Reactive Blue 28 dye. Adsorption studies were carried out at a pH range 
of 1-11, 50 ppm dye solution concentration, and 1 g/L adsorbent dosage. Depending on the pH, the 
concentration changes in the dye solutions over time were followed and the highest removal was obtained 
at pH 1 as 72.71% at 44 hours. Kinetic studies of the adsorption process were carried out. Pseudo-first 
order, pseudo-second order and intraparticle diffusion kinetic models were examined to evaluate the 
process in terms of kinetics. Regression coefficients (R2) for pseudo-first-order, pseudo-second-order and 
intra-particle diffusion models were obtained as 0.9967, 0.9713 and 0.9906, respectively. Accordingly, it 
was determined that the process fits the pseudo-first-order kinetic model and the intra-particle diffusion 
model. 

Keywords: Activated carbon, Adsorption, Reactive Blue 28, Rosehip, Waste 

1. INTRODUCTION 
Harmful materials that arise as a result of activities such as domestic, agricultural or industrial can mix with the 
water as pollutants, cause water pollution and reduce the quality of the water [1]. Pathogens, heavy metals, 
suspended solids, nutrients, dyes, and agricultural pollutants are among these harmful pollutants [2], [3]. Water 
treatment refers to making the water that has become unusable due to various pollutants usable by physical, 
chemical and biological methods [4]. One of the methods used in the removal of water-soluble impurities is 
adsorption [5]. In water treatment, adsorption takes place as pollutants dissolved in water (adsorbate) adhere to 
a porous structure (adsorbent). The most commonly used adsorbents in adsorption processes are activated 
carbons. Activated carbon is used in adsorption processes with its high surface area, porosity and efficiency 
and low cost [6]. Activated carbons can be prepared from natural or synthetic precursors [7]. Production of 
activated carbon from natural materials, especially from natural wastes, is highly preferred due to its low cost 
and contribution to waste disposal. Pomelo peel [8], pepper stem [9], groundnut shell [10], pineapple peel [11] 
and bamboo [12] can be given as examples of activated carbons synthesized from natural materials and used in 
adsorption processes in studies published in recent years. It is known that 10,000 tons of dye is discharged into 
100 tons of water in the textile industry for dyes that are used extensively in the textile industry as well as in 
the paper, rubber, plastic, cosmetics, printing and leather industries. This situation prevents access to clean and 
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healthy water and causes environmental and health problems worldwide. In addition to the complex structure 
and stability of dyes, their removal from water has become necessary due to the damage they cause [13]. 

This study aims to achieve efficient dye adsorption with low-cost material. Accordingly, activated carbon 
obtained from rosehip marmalade waste was used as an adsorbent in the adsorption of Reactive Blue 28 dye. 
Zinc chloride (ZnCl2) was used as a chemical activation agent. The behavior of the process over time was 
followed for different pH values. Also, kinetic studies were examined with the three most commonly used 
kinetic models, the pseudo-first-order kinetic model, the pseudo-second-order kinetic model and the intra-
particle diffusion model. 

2. MATERIALS AND METHODS 

2.1. Materials 
Rosehip marmalade waste was collected, dried and ground. Then, grains in the 0.090-0.250 mm size range were 
selected by sieving and used for experiments. Reactive Blue 28 dye was supplied from a textile dye factory in 
Turkiye. ZnCl2 was used as an activation agent and purchased from Panreac. 

2.2. Synthesis of the Activated Carbon 
ZnCl2: rosehip marmalade waste was mixed in a mass ratio of 2:1. The mixture was kept at 90 °C for 2 hours. 
Then, it dried in an oven. The sample was treated in a nitrogen atmosphere at 600 °C at a heating rate of 5 
°C/min at a flow rate of 100 mL/min for 1 hour. Then, the sample was washed with distilled water several times 
and dried. 

2.3. Adsorption Experiments 
The activated carbon was used in the adsorption of Reactive Blue 28 dye. Experimental studies were carried 
out with 50 mL dye solutions in a shaker (Thermal H11960) at a constant shaking speed of 200 rpm and room 
temperature. The experiments were followed for 44 h at a pH range of 1-11, 50 ppm dye solution concentration, 
and 1 g/L adsorbent dosage. 

To determine the dye concentrations in aqueous solutions, absorbance values were obtained by a UV-VIS 
spectrophotometer (Perkin Elmer, Elmer Analyst 800) at 585 nm which Reactive Blue 28 dye had maximum 
absorbance. 

2.4. Equations 
Adsorption capacity and removal efficiency values were calculated to determine the performance of the 
adsorption process. Also, the kinetic evaluation of the processes was carried out. The pseudo-first-order kinetic 
model, the pseudo-second-order kinetic model and the intra-particle diffusion model were used for kinetic 
studies. The used adsorption capacity, removal efficiency and kinetic model equations are given in Table 1. 
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Table 1. Equations 

 
where; qe: adsorption capacity (mg/g), Co: initial dye concentration (mg/L), Ce: dye concentration at 
equilibrium (mg/L), V: volume (L), m: adsorbent mass (g), t: time (min), qt: the amount of adsorbate adsorbed 
on the adsorbent at time t (mg g–1), k1: pseudo-first-order rate constant (min–1), k2: pseudo-second-order rate 
constant (g mg–1 min–1), kint: intra-particle diffusion rate constant (mg/g.min0,5), and C: constant [14]. 

3. RESULTS AND DISCUSSION 
The effects of pH and time parameters were studied for the adsorption of Reactive Blue 28 dye by activated 
carbon synthesized from rosehip marmalade waste as an adsorbent. Accordingly, solutions of the dye were 
prepared in the pH range of 1-11, and absorbance values were determined by taking samples at certain times 
for 44 hours for each solution. To convert the absorbance values of the samples to concentration, the dye 
solutions at different concentrations were prepared and the calibration graph indicated in Figure 1 was prepared.  

 
Figure 1. Calibration graph of Reactive Blue 28 dye 

The pH and contact time parameters for the processes were followed simultaneously. Figure 2 shows the graph 
of removal efficiency over time for each pH value. According to Figure 2, although irregularities were observed 
in the early times of adsorption, adsorption behaviors were regulated with time. As given in Figure 2, the highest 
removal was obtained at pH 1. In addition to Figure 2, Figure 3 shows the removal efficiency values obtained 
for each pH value. According to Figure 3, after 44 hours, removal efficiencies were determined as 72.71, 50.08, 
61.94, 54.84, 35.18 and 0 % for pH 1, pH 3, pH 5, pH 7, pH 9, and pH 11, respectively.  



 

91 
 

 
Figure 2. Removal efficiency (%)-t (min) graph 

 

Figure 3. Removal efficiency (%)-pH graph 

Adsorption kinetics provides information about rate-limiting steps, mechanisms and the best conditions of 
adsorption processes [15]. The pseudo-first-order kinetic model, the pseudo-second-order kinetic model and 
the intra-particle diffusion model were used for kinetic studies of the Reactive Blue 28 dye adsorption process 
and graphs of the models were given in Figure 4. According to the correlation coefficiencies (R2) of the graphs 
seen in Figure 4, the highest R2 values were obtained for pseudo-first-order kinetic model and intra-particle 
diffusion model as 0.9967 and 0.9906, respectively. Therefore, the process was found to be compatible with 
the pseudo-first-order kinetic model and the intra-particle diffusion model. The pseudo-first-order kinetic 
model clarifies the adsorption processes with the adsorption capacity of the adsorbent [16]. This surface 
reaction model describes that one adsorbed ion is in adherence to one unoccupied active site of the adsorbent 
surface [16], [17]. For the intra-particle diffusion model, the straight line passes through the origin indicates 
that intra-particle diffusion is solely the rate-limiting process [18]. The kinetic parameters of the adsorption 
kinetic models were also calculated and presented in Table 2. 

 
(a) 
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(b) 

 

(c) 

Figure 4. (a) pseudo-first-order kinetic model, (b) pseudo-second-order kinetic model, (c) intra-particle diffusion model 
graphs 

Table 2. Kinetic parameters of the kinetic models 

 

4. CONCLUSIONS 
In the study, the production of activated carbon as a cheap and effective adsorbent from rosehip marmalade 
waste, which is a natural waste, and the adsorption of dye by the activated carbon were investigated. The 
activated carbon was used in the adsorption of Reactive Blue 28 dye. Adsorption studies were carried out at a 
pH range of 1-11, 50 ppm dye solution concentration, and 1 g/L adsorbent dosage. Depending on the pH, the 
concentration changes in the dye solutions over time were followed and the highest removal efficiency was 
determined as 72.71% at pH 1 and 44 hours. Pseudo-first order, pseudo-second order and intra-particle diffusion 
kinetic models were examined to evaluate the process in terms of kinetics. R2 values for pseudo-first-order, 
pseudo-second-order and intra-particle diffusion models were obtained as 0.9967, 0.9713 and 0.9906, 
respectively. Accordingly, it was determined that the process fits the pseudo-first-order kinetic model and the 
intra-particle diffusion model. The pseudo-first-order kinetic model describes that one adsorbed ion is in 
adherence to one unoccupied active site of the adsorbent surface. The intra-particle diffusion model explains 
that the intra-particle diffusion is solely rate-limiting process. 
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Activated Charcoal Mediated Microbial 
Degradation of Diclofenac Using Bacterial 

Pure Cultures 

 

Aishwarya Rastogi1, Manoj Kumar Tiwari2, Makarand Madhao Ghangrekar3 

Abstract 
Diclofenac is a non-steroidal anti-inflammatory drug, commonly detected in natural aquatic environments 
around the world. This persistent bio-refractory emerging contaminant often occurs in concentrations of 
ecological significance leading to several physiological implications in living organisms. In this study, 
diclofenac was degraded by bacterial pure cultures isolated from soil, following which the degradation 
efficiency was enhanced using activated charcoal. Four bacterial strains were isolated and studied for 
degradation of 10 mg/L of diclofenac in the presence of acetate for 6 days. The contaminant removal was 
evaluated using High Performance Liquid Chromatography (HPLC). Diclofenac degradation occurred 
through co-metabolism with acetate acting as a supplementary carbon source. This degradation was 
further augmented using 1g/L commercial activated charcoal, which increases the removal efficiency 
through adsorption. A control consisting of only activated charcoal was also kept to check removal through 
adsorption without involving bacterial degradation. The control containing activated charcoal showed a 
removal efficiency of 71.36% through adsorption, whereas bacterial strains A, B, C, and D exhibited 
removal efficiencies of 86.73%, 80.83%, 77.77%, and 86.06% respectively. On combining activated 
charcoal with bacterial isolates, these removal efficiencies were considerably improved to 92.34%, 
86.38%, 82.6%, and 93.31% respectively. This study will extend the understanding regarding the 
combination of two different removal methods pertaining to conventional physicochemical and biological 
treatment. 

Keywords: Activated charcoal, bacterial degradation, diclofenac, NSAID  

1. INTRODUCTION 
Emerging contaminants (ECs) are environmental contaminants that are poorly understood regarding their 
potential for causing adverse environmental and/or human health effects. ECs encompass many classes of 
chemicals such as pharmaceutical and personal care products (PPCPs), fragrances and cosmetics, 
nanomaterials, endocrine disrupting compounds (EDCs), households and industrial chemicals which include 
pesticides, plasticizers (flexible plastics), fire retardants, surfactants etc. Pharmaceuticals and personal care 
products (PPCPs) encompass a broad class of these emerging contaminants. PPCPs have emerged as a novel 
class of pollutants because of their incomplete degradation in sewage treatment plants and persistence in the 
environment. After their metabolism, they are exposed to environment in intact as well as metabolized form, 
which might lead them to enter the natural food webs. Their degradation and transformation in aqueous or soil 
ecosystem is not always optimized and may depend on a number of variables. These emerging contaminants 
are a major concern for scientists nowadays as a large number of these chemicals are integrating into the 

 
1 Aishwarya Rastogi: Indian Institute of Technology, Kharagpur, School of Environmental Science and Engineering, 
721302, India, aishwaryarastogi0@gmail.com 
2 Manoj Kumar Tiwari: Indian Institute of Technology, Kharagpur, School of Water Resources, 721302, India,  
3 Makarand Madhao Ghangrekar: Indian Institute of Technology, Kharagpur, Department of Civil Engineering, 721302, 
India,  

mailto:aishwaryarastogi0@gmail.com


 

95 
 

environment with known and unknown concentrations and effects. Some of these pharmaceuticals have also 
been found in drinking water in India. A major class of these PPCPs are Non-Steroidal Anti-Inflammatory 
Drugs (NSAIDs). NSAIDs are ubiquitously present in the surface waters and groundwater due to leaching 
which pose a disheartening situation. Due to such a widespread presence, the surface water quality as well as 
the aquatic life are highly affected which ultimately leads to the death and decline in number of aquatic 
organisms.  

Among the NSAIDs, special attention is given to diclofenac because of its pervasiveness and its persistence 
due to its biorefractory nature. Diclofenac is a hydrophobic chlorinated compound with electron donating and 
withdrawing groups rendering its biological removal extremely difficult. Its ecotoxicity has been investigated 
on a number of model organisms. Bu et al. (2016) reviewed the varying results for persistence of diclofenac, 
where the half-life of diclofenac in the field was between 8 to 30 days [1]. Diclofenac was known to be the 
cause of rapid decline of Gyps vultures in the Indian subcontinent, because of which it was banned for use in 
India, Pakistan, and Bangladesh as a veterinary medicine [2]. Therefore, it is crucial to eliminate diclofenac 
from wastewater treatment plants and conclusively limit its exposure to living organisms. Table 1 outlines some 
physical properties of diclofenac. 

 

Table 1: Properties of diclofenac (Data sourced from PubChem) 

Properties  Diclofenac 

Chemical formula C14H11Cl2NO2  
Chemical name 2-[2-(2,6- dichloroanilino)phenyl] 

acetic acid 
CAS No. 15307-86-5  
Chemical structure 

    
Molecular Weight (g/mol) 296.1 
Log Kow 4.51 
pKa 4.2 

 

Physicochemical methods have conventionally been used to remove pharmaceuticals from waste water [3]. 
Adsorption is a physicochemical approach to remove drugs known because of its efficiency [4]. Activated 
carbon adsorption process has been used for removal of drugs from waste water frequently. A number of 
adsorbents like carbon nanotubes, clays, and biochars were developed and studied for removal of diclofenac 
[5]. They were reported to be efficient adsorbents for diclofenac, while raw lignocellulose was observed to be 
comparatively inexpensive but less efficient sorbent. Advanced oxidation process which utilizes free radical 
reactions was also seen as an efficient method to degrade diclofenac [6]. However, these conventional methods 
have disadvantages of high investment due to expensive material along with a high-energy use which results in 
an ecologically high carbon footprint. Therefore, the most efficient way for diclofenac removal is by biological 
method and is considered to be practically more reliable [7].  

Bioremediation is considered as one of the most economical, sustainable, and energy-intensive approaches to 
eliminate contaminants from the aquatic environment. Pure bacterial cultures like Labrys portucalensis F11, 
Pseudomonas moorei KB4, Pseudoxanthomonas sp. DIN-3, and Brevibacterium sp. D4, have been reported to 
degrade diclofenac with varying degradation efficiencies [8][9][10][11]. Biotransformation of diclofenac via 
chemical mutagenesis has also been studied and genes like catechol 1,2-dioxygenase, protocatechuate3,4-
dioxygenase, and quercetin 2,3-dioxygenase having a role in biotransformation were discovered in Raoultella 
species [12]. 
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Biochar has been known to enhance the degradation efficiency of contaminants by elevating microbial 
metabolism and adsorbent properties, which makes biochar a viable supplement for biological wastewater 
treatment [13]. Other carbonaceous materials have also been suggested for use in tertiary water treatment where 
microbes are capable of immobilizing on the surface to form biofilms [14]. In our study, bacterial pure cultures 
isolated from soil were employed for diclofenac degradation. This degradation was further improved upon by 
the addition of commercial activated charcoal. 

2. MATERIALS AND METHODS 

2.1. Isolation of bacterial pure cultures 
Bacterial pure cultures capable of degrading diclofenac were isolated from the natural soil environment using 
standard aseptic techniques in Nutrient Broth. 0.5 mg/L of diclofenac was used for this primary isolation of 
bacterial cultures, which was then incubated at 37°C for 24 hours along with the diluted soil inoculum. The 
bacterial consortium was spread plated on agar plates and further incubated. This was used to subculture pure 
bacterial cultures capable of degrading diclofenac on nutrient agar plates. With subsequent rounds of 
subculturing, the concentration of diclofenac was gradually increased to acclimatize the bacterial cultures to 
high diclofenac concentration. After 8 rounds of subculturing, the pure cultures were selectively enriched using 
minimal salts media and 10 mg/L diclofenac for 2 months. After the enrichment phase, the strains were 
centrifuged and used for further experiments. 

2.2. Biodegradation of diclofenac 
The isolated pure strains were screened to study their degradation pattern for 10mg/L diclofenac at 37°C for 6 
days. 5.9 mM sodium acetate was added for the promotion of cell growth by producing energy and carbon 
polymers, which should result in an increased biodegradation of diclofenac via co-metabolism. Samples were 
taken at regular intervals and the bioremoval efficiency was evaluated using High Performance Liquid 
Chromatography (HPLC). Four bacterial isolates were selected on the basis of the highest degradation 
efficiency and were labelled as A, B, C and D. These strains are yet to be identified using 16S rRNA sequencing.  

1g/L commercial activated charcoal was added to stimulate and enhance the bacterial degradation process 
through adsorption. A control consisting of only activated charcoal in 10mg/L diclofenac was also kept to check 
removal through adsorption without involving bacterial degradation. These tests were completely wrapped to 
prevent any photolytic degradation. 

2.3. Diclofenac quantification using UHPLC 
A Thermo Fisher Ultimate 3000 UHPLC-DAD system was used for diclofenac quantification. This was 
operated using a reversed phase C-18 column (Thermo Scientific). A flow rate of 1.0 mL/min with an elution 
time of 5 minutes and injection volume of 20 µL was used while operating at room temperature in isocratic 
mode. Acetonitrile and water was taken in the ratio of 60:40 as the mobile phase and diclofenac detection was 
carried out at 278 nm. The driver used for this chromatographic analysis was Chromaleon version 6.80. 

3. RESULTS AND DISCUSSIONS 

3.1. Isolation of bacterial strains 
Diclofenac has been reported to be present in several water bodies globally. Continents like South America, 
Africa, and Asia have very high diclofenac concentrations in their rivers and lakes. Usually, these 
concentrations lie below 10 µg/L [15]; however, incredibly high concentrations have also been observed in 
some instances. Beberibe river (Brazil) showed usual diclofenac concentration of 193 µg/L [16]. Figure 1 
demonstrates the diclofenac concentrations found in water bodies globally.  
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Figure 1 demonstrates the diclofenac concentrations found in water bodies globally 

 

An even higher concentration of 0.203 mg/L and 0.721 mg/L were found in wastewater treatment plants in 
Korea and Mangalore (India) respectively [17][18]. Keeping these high concentrations in mind, 0.5 mg/L 
diclofenac was used for primary bacterial consortium isolation. Figure 2 shows the bacterial consortia isolated 
from soil capable of degrading diclofenac. 

 

<0.1 µg/L 0.1-0.5 µg/L 0.5-1.0 µg/L 

1.0-10.0 µg/L 10.0-20.0 µg/L >20.0 µg/L 



 

98 
 

 

Figure 2. Bacterial consortia isolated from soil capable of degrading diclofenac 

The pure bacterial strains were isolated based on the different bacterial morphology. The selective pressure 
created by the constant presence of diclofenac upregulated the enzymes necessary for diclofenac degradation 
[19]. Since diclofenac is a highly biorefractory drug, it has often shown very low biodegradation in wastewater 
treatment plants [20]. Because of this low biodegradability, an extended enrichment period of 3 months was 
used for the acclimatization of bacterial strains to high diclofenac concentrations.  

3.2. Biodegradation of diclofenac using bacterial pure cultures and activated charcoal 

The biodegradation efficiencies were tested for all the isolated bacterial strains. The bioremoval was facilitated 
through co-metabolism using acetate as a supplementary carbon source. The control containing activated 
charcoal showed a removal efficiency of 71.36% through adsorption, whereas bacterial strains A, B, C, and D 
exhibited removal efficiencies of 86.73%, 80.83%, 77.77%, and 86.06% respectively. In other studies, fungal 
cultures of Trametes versicolor was found capable of degrading 94% of 10 mg/L diclofenac as a sole carbon 
source in just 1 hour [21]. On the other hand, Enterobacter cloacae D16 degraded 67.57% of the same 
diclofenac concentration in 48 hours [22]. However, Brevibacterium sp. D4 degraded 90% of 10 mg/L 
diclofenac with periodic supplementary feeding with acetate in 30 days [11], which was similar to our study.  

 

Figure 3. Degradation efficiencies of isolated bacterial strains 
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Moreover, the time taken by our bacterial strains was comparatively lower than Brevibacterium sp. D4. The 
removal efficiencies and the time taken depends mainly on the bacterial strains used for degradation. 

On combining activated charcoal with bacterial isolates, these removal efficiencies were considerably improved 
to 92.34%, 86.38%, 82.6%, and 93.31% respectively. This increase was in accordance with literature [13]. 
Figure 3 showcases the degradation efficiencies of different bacterial strains for 10 mg/L diclofenac in both 
these cases. Figure 4 demonstrates the degradation pattern of 10 mg/L diclofenac using all the bacterial strains, 
which showed the highest removal efficiencies after the addition of activated charcoal. Highest degradation 
was achieved by combining activated charcoal along with strain D. A detail worth noticing was that the 
degradation in the case of combined activated charcoal and bacterial species on day 4 exceeded the degradation 
in the case of bacterial degradation on day 6.  

 

 

 

 

 

 

 

 

 

 

 

(a)                                                                                     (b) 

 

 

 

 

 

 

 

 

 

                                                (c)                                                                                      (d) 

Figure 4. Degradation patterns of bacterial strains (a) A, (b) B, (c) C, and (d) D 

CONCLUSIONS 
Diclofenac, being an emerging contaminant and a micropollutant is very difficult to degrade using energy and 
cost-effective technique. Therefore, microbial degradation is viewed as a feasible solution to this problem. In 
our study, 4 bacterial strains capable of degrading diclofenac were isolated from soil samples. Activated 
charcoal showed a removal efficiency of 71.36% through adsorption, whereas biodegradation using bacterial 
strains A, B, C, and D yielded removal efficiencies of 86.73%, 80.83%, 77.77%, and 86.06% respectively. 
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These removal efficiencies were considerably improved to 92.34%, 86.38%, 82.6%, and 93.31% respectively 
on integrating activated charcoal with bacterial isolates. The degradation rate also improved on integrating the 
two techniques as was evident by the fact that the removal in the case of combined activated charcoal and 
bacterial species on day 4 exceeded the removal in the case of bacterial degradation on day 6. 

This study will help in augmenting the knowledge of microbial degradation of a biorefractory drug diclofenac. 
Moreover, this study will extend the understanding regarding the combination of two different removal methods 
pertaining to conventional physicochemical and biological treatment. Following the identification of bacterial 
species and their morphology, another study involving the interaction of activated charcoal with the surface of 
bacterial colonies will further help in establishing a direct synergistic relationship with the former. Although 
this process poses some concerning disadvantages regarding the disposal of activated charcoal after 
contaminant degradation, it is worth exploring due to an increased removal efficiency and reduced retention 
time.   
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Investigation of the Effect of Ionic Liquid 
based Chitosan on Color Removal from 

Textile Wastewater 
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Abstract 
Sustainable wastewater management is a significant issue to overcome water shortage problem. In this context, 
it is very important to manage industrial wastewater properly. The textile industry is one of the most water 
consuming industry and huge amount of colored toxic wastewater is produced during the production of textile 
products. One of the most environmentally damaging stages in textile production is dyeing process. In some 
studies, it is stated that textile finishing and dyeing processes cause 20% of all freshwater pollution. Various 
treatment methods including physicochemical, chemical, and biological techniques are used for the color 
removal in the textile wastewater. Adsorption is one of the most effective methods of color removal and natural 
biopolymers like chitosan have great attractive as eco-friendly and low-cost sorbents.Within the scope of the 
study, an imidazolium based ionic liquid was synthesized and the sorbent obtained by interacting this 
synthesized ionic liquid with chitosan was used for the removal of Reactive Black 5 dye. Ionic liquids are 
known as green solvents and their applications in wastewater treatment are quite new. In this study, chitosan 
saturated with 0.25 g ionic liquid, which is 1,4-bis(3-methylimidazolium) butane 
di[bis(trifluoromethylsulfonyl)imide], was used as sorbent. Adsorption experiments were carried out using a 
batch system. Removal efficiencies were investigated at different pH (5, 6, 7, 8, and 9) and different mixing 
times (10, 30, 60, 90, and 120 minutes) by adding 250 mg ionic liquid-based sorbent to the 50 mL of wastewater 
sample containing dye into the beaker placed on a mixer. RES method was used for color measurements. As a 
result of the study, higher than 99% removal efficiencies were achieved at all operational conditions. The 
optimum operating conditions were determined as pH 5 and mixing time of 10 minutes. 

Keywords: Adsorption, chitosan, color, ionic liquid, sorbent, textile 

1. INTRODUCTION 

1.1. Wastewater Production in Textile Industry 

In the textile industry, depending on the amount of water consumed in production and the chemicals used, a 
large amount of wastewater with a high chemical load is generated. When the whole life cycle of a textile 
product is examined, it is seen that a lot of water is consumed in all stages from raw material production to 
textile production and use of the textile product. Water is used for cleaning the raw material and for many 
washing steps throughout the entire production process. In order to produce 1 kg of textile, approximately 200 
L of water is used [1]. 
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In textile production, water consumption per unit production varies according to fiber type, equipment type and 
working conditions. Water is mainly used in bleaching, finishing and dyeing processes. As a matter of fact, it 
has been determined that 38% of the water is used in bleaching, 16% in dyeing, 8% in printing, 14% in boilers 
and 24% in other uses. As a result of these processes, a significant amount of wastewater is released. An average 
of 90-95% of the water consumed in the factory turns into waste water. The fact is that the volume of wastewater 
from textile production is huge and contains large quantities of environmentally harmful dyes and other 
chemicals [2]. 

Different types of wastewater are produced in each textile factory, depending on the type of product produced 
and the chemicals used. However, in general, wastewaters with high pH values, high organic matter, suspended 
and dissolved solids, dye and trace metals such as manganese and lead copper are formed [3]. 

1.2. Ionic Liquids 

Ionic liquids (ILs) are organic salts that exist as liquids at low temperatures, usually below 100 °C, and are 
considered an environmentally friendly solvent option. With further advances in advanced materials calculation 
and analytical measurement techniques that can effectively predict the behavior and properties of ionic liquids 
at room temperature, research into the application of ionic liquids has increased. In addition to the rapid 
developments in solid state physics and optoelectronic technology and their benefits in the liquid-liquid 
extraction process, ionic liquids find use in electrochemical storage devices, low temperature applications, 
sensors and smart instrumentation. There is an almost unlimited combination of anions and cations that can be 
used to synthesize ionic liquids, and therefore there is an opportunity to be used in different fields [4]. The use 
of ionic liquids for the removal of dyes, metal ions, organics and other contaminants from domestic and 
industrial wastewater has been extensively reported in the literature [5]. 

1.3. Ionic Liquids in Wastewater Treatment 

When the literature on the use of ionic liquids in wastewater treatment is examined, it is seen that studies on 
this subject have become widespread, especially as of 2010. Although there are some studies in laboratory 
conditions, its use on a full scale is very limited. Ionic liquids can be used for the selective treatment and 
recovery of many organic pollutants such as dyes, amines, herbicides, toluene, PAHs, phenolic compounds. In 
the studies, mainly adsorption and liquid-liquid extraction methods using ionic liquid-based adsorbent materials 
were used. Ionic liquids are defined as compounds that are normally composed entirely of ions and have a 
melting point below 100 °C. The most relevant properties of ionic liquids are their almost negligible vapor 
pressures. Because of these properties, ionic liquids are considered as alternative green solvents to volatile 
organic solvents [5].  

Ionic liquids have been applied as solvent systems in chemical reactions, separations, extractions, 
electroanalytical applications, and chemical sensing. 

2. MATERIAL AND METHODS 
The experimental studies were carried out with synthetic water. In order to have 1 L synthetic dyed wastewater, 
100 mg color agent (Reactive Black 5) and 1 L distilled water was mixed.  

The batch adsorption experiments were conducted in 100 mL-beakers. 50 mL of dye solution was added in 
each beaker and chitosan saturated with 0.25 g 1,4-bis(3-metilimidazolium)butane 
di[bis(triflorometilsulphonil)imid] was added as an adsorbent for the removal of color from synthetic water. 
The structure of ionic liquid, which is 1,4-bis(3-metilimidazolium)butane di[bis(triflorometilsulphonil)imid], 
is seen in Figure 1. 
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Figure 1. 1,4-bis(3-metilimidazolyum)butan di[bis(triflorometilsulfonil)imid] 

Constant stirring was applied in a magnetic stirrer at 350 rpm and experiments were performed at 25 °C. Color 
removal efficiencies were monitored at various pH and mixing time. Applied operational conditions are given 
in Table 1.  

Table 1. Applied operational conditions 

Mixing time (minutes) 10 – 30 – 60 – 90 – 120 
pH 5 – 6 – 7 – 8 – 9 
Sorbent  250 mg/50 mL 

3. RESULTS AND DISCUSSION 

The color was measured at three different wavelengths (436, 535, and 620 nm) in the spectrophotometer and 
the results at 436 nm wavelength were taken into account according to the color studied. The obtained results 
are given as absorbance values in tables and treatment efficiencies as graphs. Absorbance values and color 
removal efficiencies obtained at 120, 90, 60, 30 and 10 min mixing times are given in Table 2, 3, 4, 5, and 6 
and Figure 2, 3, 4, 5, and 6, respectively.  

 

Table 2. Absorbance values for 120-minute mixing 

Wavelength pH Raw 
5 6 7 8 9 

436 0.0187 0.0198 0.0161 0.0198 0.0199 0.6822 
525 0.0147 0.0149 0.0149 0.0144 0.0152 1.2102 
620 0.0143 0.0127 0.0127 0.0118 0.0142 2.4775 
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Figure 2. Color removal efficiencies at 120-minute mixing time 

 

Table 3. Absorbance values for 90-minute mixing 

Wavelength 
pH 

Raw 
5 6 7 8 9 

436 0.0117 0.0109 0.0108 0.0102 0.0126 0.6822 

525 0.0089 0.0074 0.0073 0.0067 0.0081 12.102 

620 0.0077 0.0065 0.0062 0.0057 0.0065 24.775 

 

Figure 2. Color removal efficiencies at 90-minute mixing time 
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Table 3. Absorbance values for 60-minute mixing 

Wavelength 
pH 

Raw 
5 6 7 8 9 

436 0.0047 0.006 0.008 0.0107 0.011 0.6822 

525 0.0029 0.003 0.0039 0.0071 0.0074 12.102 

620 0.0025 0.0026 0.0034 0.0073 0.0088 24.775 

 

Figure 3. Color removal efficiencies at 60-minute mixing time 

 

Table 4. Absorbance values for 30-minute mixing 

Wavelength 
pH 

Raw 
5 6 7 8 9 

436 0.0047 0.0183 0.0503 0.0447 0.0696 0.6822 

525 0.0014 0.0197 0.0775 0.0677 0.1643 12.102 

620 0.0018 0.0276 0.1424 0.1201 0.3148 24.775 
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Figure 4. Color removal efficiencies at 30-minute mixing time 

 

Table 5. Absorbance values for 10-minute mixing 

Wavelength 
pH 

Raw 
5 6 7 8 9 

436 0.0024 0.0692 0.1247 0.1355 0.1063 0.6822 

525 0.001 0.1063 0.212 0.2343 0.1771 12.102 

620 0.0026 0.1971 0.4157 0.4674 0.3415 24.775 

 

 

Figure 5. Color removal efficiencies at 10-minute mixing time 
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4. CONCLUSIONS 

In accordance with this study, the following conclusions were obtained:  

• Almost the same efficiencies were obtained at mixing times of 60, 90, and 120 minutes. 
• In the experiments where mixing times of 10 and 30 minutes were applied, better results were 

obtained at pH 5 than those obtained at other pH values.  
• Optimum conditions were determined as pH 5 and mixing time of 10 minutes (E = 99.6%). 
• Experimental studies continue under different operating conditions. Within the scope of this paper, 

the results of the first experiments are presented. 
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Environmental Effects of Using Renewable 
Energy in the Production of Recycled Fiber 

from Textile Scraps 
 

Irem Kilic1, Nurdan Buyukkamaci2, Ahmet Sengulen1, Sema Bahar Erdem1 

Abstract 
The textile industry has large impacts on the environment for reasons such as the high use of chemicals 
and water on production processes, the disposal of wastes generated during production by incineration or 
transferring them to landfills. Cotton is one of the most used fibers and cotton cultivation also have negative 
impact for the environment since cotton grown needs large agricultural land and the use of water and 
pesticides. Therefore, recycling is an issue that should be given importance for reducing the environmental 
impact of the cotton textile industry and for a more sustainable production. 

Obtaining recycled fibers from textile scraps and producing textile products from these recycled fibers is 
an important application in terms of sustainable textile production. In this study, it was aimed to determine 
the environmental effects in case of using grid electricity and solar energy in the phase of obtaining fiber 
from textile scraps. Within the scope of the study, environmental effects were determined by life cycle 
analyses approach. The required data was obtained from a recycling company in Usak. The company uses 
electricity in the production and the current environmental effects of the production was determined by 
using their operational input and output values. As a more environmentally friendly application, the use of 
solar energy instead of grid electricity has been evaluated as a scenario. GaBi software was used for LCA 
study and the results were evaluated according to the CML impact categories. 

The results reveal that production with solar energy has lower impacts compared to electricity. According 
to results, there has been about 95% reduction in global warming potential. At almost all CML impact 
categories except the categories of abiotic depletion and ozone layer depletion potential, solar energy 
results lower effects than electricity. 

Keywords: LCA, textile industry, sustainability 

1. INTRODUCTION 

1.1. Textile Industry 
Due to the population growth and the rapid development of fashion, there is an increase in the production and 
consumption of textile products. Recycling is becoming an important issue all over the world due to reasons 
such as conservation of resources in textile products and processes, the need to reduce waste areas, the cost of 
waste and the need for cheap raw materials for production [1]. 

The production flow chart of the textile and apparel industry is seen in Figure 1. The raw material coming to 
the facility passes through certain stages and is turned into yarn. After the yarn production, the fabric is obtained 
by the knitting process. Fabrics are used in the production of the desired product and reach the consumer. 
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Izmir, Turkey, nurdan.buyukkamaci@deu.edu.tr 
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Figure 1. Textile and garment manufacturing production flow chart [2]. 

 

The second most polluting sector in the world after the oil industry, which causes about 1 billion tons of 
greenhouse gas emissions, is textile industry. It is estimated that 25% of the world's carbon budget will be used 
by the fashion industry by 2050 [3]. 

Countries, national and international organizations, consumers and manufacturers who are aware of the 
environmental damage of the textile industry continue to work intensively on recycling [1]. 

1.2. Cotton Production 
Cotton is one of the most used fibers in the textile industry. Cotton cultivation has significant environmental 
impacts due to reasons such as high water consumption, land occupation, energy, fertilizer and pesticide use, 
which may harm the environment and human health [4]. For this reason, providing cotton fiber from recycled 
fibers is an significant issue for reducing the environmental impact of the cotton textile industry and for a more 
sustainable production. 

1.3. Life Cycle Assessment 
Life Cycle Assessment (LCA) is a scientific and standardized methodology with ISO 14040. LCA is used to 
calculate the environmental impacts of a product's raw material during the stages of obtaining, production, 
transportation, use and disposal, and to identify the problematic points of production and get to the source of 
the problems [5]. 

The LCA methodology is widely used in the textile industry to evaluate different aspects and life cycle stages 
of products, from raw material cultivation and fiber production to fabric processing and disposal of used 
products [6]. 

2. MATERIAL METHODS 
In this study, the life cycle assessment of recycled scrap fabrics was made. Data were obtained from a pilot 
facility located in Usak, Turkey. According to the data obtained, the type of energy used by the pilot facility in 
production is electricity.  

First of all, the environmental effects of using electricity in the recycling process were examined. Then, the 
effects of the scenario created for the use of solar energy, which is a renewable energy type, in production were 
examined.  By comparing these two scenarios, the effect of energy type on the environmental effects of recycled 
fiber production was investigated. 
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LCA studied were carried out with GaBi software (Sphera Company). The results were analyzed according to 
the CML effect categories. 

3. RESULTS AND DISCUSSIONS 

3.1. Scenario 1: Recycled Cotton Fiber Production with Electricity 
According to the data received from the pilot facility, a flow chart was created in the GaBi software. Recycled 
cotton fiber production flow chart is seen in Figure 2. 

The process steps are as follows; 

• Initially, the scrap fabrics are sorted according to their colors and fiber types. 
• Then the fabrics are get smaller with the cutting machine. 
• As the next step, the fabrics are turn into fibers with the rag pulling machine. 
• Final step, the fibers pressed and baled. 

 

 
Figure 2. Scenario 1 flow chart 

 

Table 1 shows the effect of each process of Scenario 1 according to the CML categories. The values show that 
the highest effect in all categories is due to the rag pulling process. The percentage of the results given in the 
table on the impact categories of each process is shown in Figure 3. 
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Table 1. LCA results of Scenario 1 

 
 

 

Figure 3. Percentage distribution of results for Scenario 1 

 

3.2. Scenario 2: Recycled Cotton Fiber Production with Solar Energy 
In this scenario, a new flow chart was created by replacing the energy type used by the pilot plant in production 
with solar energy, and a life cycle assessment was made. The process steps are the same as in the previous 
scenario, only the energy type has been changed. 

CML2001 - Aug. 2016

TOTAL

COTTON 
WASTE 

CUTTING 
PROCESS

COTTON 
WASTE RAG 

PULLING 
PROCESS

RECYCLED 
COTTON 

FIBER 
PRESSING

Diesel mix at 
filling station 
(100% fossil)

Transport

Abiotic Depletion (ADP elements) [kg Sb eq.] 1.32E-07 1.64E-08 9.50E-08 1.95E-08 1.19E-09 -
Abiotic Depletion (ADP fossil) [MJ] 27.4 3.4 19.6 4.04 0.308 -
Acidification Potential (AP) [kg SO2 eq.] 0.0283 0.00355 0.0205 0.00422 1.10E-05 1.67E-05
Eutrophication Potential (EP) [kg Phosphate eq.] 8.23E-04 1.03E-04 5.93E-04 1.22E-04 1.30E-06 4.64E-06
Freshwater Aquatic Ecotoxicity Pot. (FAETP inf.) [kg DCB eq.] 0.00223 2.67E-04 0.00154 3.17E-04 1.05E-04 3.13E-08
Global Warming Potential (GWP 100 years) [kg CO2 eq.] 2.38 0.296 1.71 0.352 0.00306 0.0195
Global Warming Potential (GWP 100 years), excl biogenic carbon [kg CO2 eq.] 2.38 0.296 1.71 0.352 0.00306 0.0186
Human Toxicity Potential (HTP inf.) [kg DCB eq.] 0.293 0.0367 0.212 0.0437 3.94E-04 2.47E-05
Marine Aquatic Ecotoxicity Pot. (MAETP inf.) [kg DCB eq.] 1550 195 1120 231 0.397 6.24E-09
Ozone Layer Depletion Potential (ODP, steady state) [kg R11 eq.] 1.39E-11 1.74E-12 1.01E-11 2.07E-12 2.66E-15 -
Terrestric Ecotoxicity Potential (TETP inf.) [kg DCB eq.] 0.00387 4.84E-04 0.00279 5.75E-04 2.07E-05 3.56E-09
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Figure 4. Scenario 2 flow chart 

The LCA results of this scenario are seen in Table 2. As in the previous scenario, the rag pulling process has 
the most impact. It has been determined that this process causes about five times more effect than other 
processes. 

The percentage of the results given in the table on the impact categories of each process is shown in Figure 5. 

 

Table 2. LCA results of Scenario 2 

 
 

CML2001 - Aug. 2016

TOTAL

COTTON 
WASTE 

CUTTING 
PROCESS

COTTON 
WASTE RAG 

PULLING 
PROCESS

RECYCLED 
COTTON 

FIBER 
PRESSING

Diesel mix at 
filling station 
(100% fossil)

Transport

Abiotic Depletion (ADP elements) [kg Sb eq.] 6.84E-06 8.58E-07 4.96E-06 1.02E-06 1.19E-09 -
Abiotic Depletion (ADP fossil) [MJ] 1.47 0.146 0.843 0.174 0.308 -
Acidification Potential (AP) [kg SO2 eq.] 4.14E-04 4.85E-05 2.80E-04 5.76E-05 1.10E-05 1.67E-05
Eutrophication Potential (EP) [kg Phosphate eq.] 4.48E-05 4.87E-06 2.82E-05 5.80E-06 1.30E-06 4.64E-06
Freshwater Aquatic Ecotoxicity Pot. (FAETP inf.) [kg DCB eq.] 5.81E-04 5.98E-05 3.45E-04 7.11E-05 1.05E-04 3.13E-08
Global Warming Potential (GWP 100 years) [kg CO2 eq.] 0.129 0.0133 0.077 0.0158 0.00306 0.0195
Global Warming Potential (GWP 100 years), excl biogenic carbon [kg CO2 eq.] 0.128 0.0134 0.0775 0.0159 0.00306 0.0186
Human Toxicity Potential (HTP inf.) [kg DCB eq.] 0.0195 0.0024 0.0138 0.00285 3.94E-04 2.47E-05
Marine Aquatic Ecotoxicity Pot. (MAETP inf.) [kg DCB eq.] 46.6 5.8 33.5 6.89 0.397 6.24E-09
Ozone Layer Depletion Potential (ODP, steady state) [kg R11 eq.] 4.66E-10 5.84E-11 3.38E-10 6.95E-11 2.66E-15 -
Terrestric Ecotoxicity Potential (TETP inf.) [kg DCB eq.] 0.00124 1.53E-04 8.85E-04 1.82E-04 2.07E-05 3.56E-09
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Figure 5. Percentage distribution of results for Scenario 2 

3.3. Comparison of Generated Scenarios  
The environmental effects determined in the case of using electricity and solar energy in the process of 
obtaining recycled fiber from scrap fabrics are shown in Table 3 comparatively.  As expected, the impact of 
solar energy, which is one of the renewable energy sources, is much less than electricity. The positive changes 
identified in most of the impact categories were greater than 90%. 

Negative values in the table represent the negative impact of the application on the environment. Accordingly, 
for the abiotic depletion and ozone depletion potential categories, worse results were obtained when solar 
energy was used. It is thought that this is due to the additional environmental effects that occur during the 
production of solar panels. 

 

 

Table 3. Comparison of Scenario 1 and Scenario 2 
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Transport

CML2001 - Aug. 2016 ELECTRICITY SOLAR ENERGY CHANGES
Abiotic Depletion (ADP elements) [kg Sb eq.] 1.32E-07 6.84E-06 -98%
Abiotic Depletion (ADP fossil) [MJ] 27.4 1.47 95%
Acidification Potential (AP) [kg SO2 eq.] 0.0283 4.14E-04 99%
Eutrophication Potential (EP) [kg Phosphate eq.] 8.23E-04 4.48E-05 95%
Freshwater Aquatic Ecotoxicity Pot. (FAETP inf.) [kg DCB eq.] 0.00223 5.81E-04 74%
Global Warming Potential (GWP 100 years) [kg CO2 eq.] 2.38 0.129 95%
Global Warming Potential (GWP 100 years), excl biogenic carbon [kg CO2 eq.] 2.38 0.128 95%
Human Toxicity Potential (HTP inf.) [kg DCB eq.] 0.293 0.0195 93%
Marine Aquatic Ecotoxicity Pot. (MAETP inf.) [kg DCB eq.] 1550 46.6 97%
Ozone Layer Depletion Potential (ODP, steady state) [kg R11 eq.] 1.39E-11 4.66E-10 -97%
Terrestric Ecotoxicity Potential (TETP inf.) [kg DCB eq.] 0.00387 0.00124 68%
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4. CONCLUSION 
Although cotton fiber is seen as an environmentally friendly product because it is a natural fiber, it is known 
that it has a very negative impact on the environment due to applications such as excessive water use, fertilizer 
and pesticide use during cotton production when examined throughout its life cycle. For this reason, it is an 
important practice to obtain recycled fiber from waste fabrics, both for the evaluation of waste and for reducing 
the consumption of raw cotton. However, environmental effects also occur due to the energy consumed by the 
equipment used in the recycling processes, and if renewable energy sources are used in these enterprises, there 
will be much more sustainable textile production. This issue has also been proved numerically by the LCA 
studies, the results of which are presented within the scope of this paper. It has been observed that the use of 
solar energy instead of electricity in the production of recycled fiber has less impact on the environment. 
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Low-Cost Particulate Matter Monitoring 
Device 

 

Bimal Pal1, Krishnendu Chakrabarty2 
 

Abstract 

 

 Particulate matters are major health-affecting air pollutant and the particulate matter PM2.5 is the most 
hazardous air pollutant among the other air pollutants. PM 2.5 can penetrate into the interior area of the 
lungs and can cause chronic bronchitis, lung cancer, heart disease, etc. As per World Air Quality Report 
2022, the citizens of only 13 out of the 131 countries and regions breathe air containing PM 2.5 within the 
limit prescribed by the World Health Organisation. As per the guidelines of WHO, the annual concentration 
level of PM 2.5 should be within the limit of 5µg/m3. The initial task for the measurement of PM 2.5 is to 
separate the samples of PM 2.5 from the ambient air. The PM 2.5 samples can be separated using the 
technique of Cyclone Separators where ambient air enters into a vertical cylinder through a tangential inlet 
and the generated centrifugal force throws the PM 2.5 samples to the wall of the cylinder. In an Impactor 
technique, PM 2.5 samples can be separated by collision against a flat surface. For the measurement of the 
mass of the collected PM 2.5 samples, the useful methods are Taper Element Oscillating Microbalance 
(TEOM), Beta Ray Attenuation, Gravimetric Method, etc. These conventional PM 2.5 measuring systems 
are large in size, heavy and costly. In this research work, the scattering property of light has been used 
where light is forced to deviate from a straight path due to collision with the particulate matter. When the 
scattered light is projected to the window of a photodetector then according to the intensity of the scattered 
light, the output voltage of the photodetector varies and the concentration of the particulate matter PM2.5 
present in the ambient air is determined. This PM 2.5 measuring device is small in size and low-cost device. 

 

Keywords: Air pollution, photodetector, PM2.5, scattering of light 

1. INTRODUCTION 
 
There are various types of pollutants in the atmosphere. Among these pollutants, particulate matter is severely 
detrimental to our health.  Fine particulate matter PM2.5 is the most harmful to our health than the particulate 
matter PM10 and can penetrate more deeply into the lungs [1]. Particulate matter is formed due to soil erosion, 
building construction, smoke from fires, fly ash, etc.  

As per WHO Air Quality guidelines [Global Update 2005] for particulate matter, ozone, nitrogen dioxide, and 
sulphur dioxide, the acceptable limit of particulate matter PM 2.5 should be 

 

10 µg / m 3    ......... [annual mean] and  

25 µg / m 3      ......... [24-hour mean] [2] 

According to Global Update 2005, WHO considered four common air pollutants; particulate matter (PM), 
ozone(O3), nitrogen dioxide (NO2), and sulphur dioxide (SO2). 

There are various organizations related to environmental conservation like Environmental Protection Agency 
(EPA) in the United States [3], European Environment Agency (EEA) in the European Union, etc. [4]. 
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As per WHO global air quality guidelines 2021, recommended Air Quality Global (AQG) levels for particulate 
matter PM2.5 is 

 

5 µg / m 3     ......... [annual mean] and  

15 g / m 3     ......... [24-hour mean] [5] 
 

The value of particulate matter varies to some extent with atmospheric conditions like temperature, relative 
humidity, wind speed, geographic location (coastal and non-coastal parts), etc. In the coastal environment, 
particulate matter is enriched with sodium nitrate and sodium chlorides. 

Particulate matter is suspended in the ambient air when its masses are low and sizes are small. Various methods 
can be used to detect particulate matter. The Environmental Protection Agency (EPA) of the USA and the 
European Environment Agency (EEA) of the European Union specified design standards for the measurement 
of particulate matter [6]. Scientists and researchers are investigating various new cost-effective methods for the 
measurement of specific-size particulate matter using the scattering property of light in the range of infrared 
rays, LASER beams, and light of visible range [7]. 

The measurement technique of particulate matter is mainly based on the selection of the size of the particulate 
matter and the mass of particulate matter. Size selection involves the diameter of the particulate matter in µm 
and the quantity is measured [8]. The concentration of mass is measured in µg per unit volume (m3). 

In the conventional method, initially PM 2.5 samples are collected from the ambient air using Cyclone 
Separator, Impactor Technique, and other methods [9]. For measuring the collected particulate matter, the 
methods like Tapered Element Oscillating microbalance (TEOM), Beta Ray Attenuation, Gravimetric Method, 
etc. are used [10]. 

2. CONVENTIONAL METHOD OF MEASUREMENT 
2.1 Cyclonic Separator 

In the Cyclonic Separator, ambient air enters into a vertical cylinder through a tangential inlet and generated 
centrifugal force throws the PM 2,5 samples to the wall of the cylinder. From the bottom of the cylinder PM 
2,5 samples are collected for the purpose of measurement [11]. 

 

 

Figure 1. A simple diagram of a Cyclonic Separator 
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2.2 Impactor Method 

In the Impactor method, various separation layers are used. Each separation layer contains porous beds of 
specific sizes to separate out particles by size. The upper layer has larger holes and particles of smaller diameter 
pass through the separation layers of larger holes. Gradually particles of smaller diameter are deposited to the 
corresponding bottom layers according to the size of the particles[12]. 

2.3 TEOM System 

A flow splitter is used to separate the particles of diameter 10 μm and 2 μm. The total flow is separated into 
two parts. The main flow containing the particles of diameter 2.5 μm enters the sensor unit at a rate of 3 
liters/minute and the other flow containing the particles of diameter 10 μm is bypassed through the system [13]. 

In the TEOM system, mass detection uses a tapered element which is a hollow tube and behaves like a cantilever 
beam. When a dust particle is deposited onto the cantilever beam then according to the mass of the dust particle, 
stress is generated onto the free end of the cantilever beam. The wider end of the tapered element is clamped 
and the other end is free to vibrate or oscillate. [14]. 

The frequency of oscillation of the free end of the cantilever beam depends upon the physical property of the 
tapered beam and the mass of particulate matter. A quartz-based crystal oscillator is used and depending upon 
the mass of the particulate matter the frequency of the oscillator changes. The difference between the natural 
frequency and the mass effected frequency can be measured by an electronic counter and accordingly, the 
concentration of particulate matter PM 2.5 can be determined. The drawback of this system is that the filter on 
which particulate matter is deposited to be changed periodically. 

 

 

Figure 2. A Simple diagram of a TEOM system 

 

2.4 Gravimetric Method 

The Gravimetric sampling system draws sample air at a particular rate onto a filter paper. The PM 2.5 samples 
are deposited onto the filter paper. The mass of PM 2.5 is measured with the help of a measuring balance. The 
mass is measured before collecting the samples and after collecting the samples onto a filter paper using a 
measuring balance [15][16]. 
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3. Scattering Property of Light 
Scattering of light is a phenomenon where the light of a particular wavelength is forced to deviate from a 
straight path due to collision with the particulate matter [17]. The scattering of light is related to the wavelength 
of the incident light, the diameter of the particulate matter, and the angle between the incident light and the 
scattered light [18][19][20]. 

There are three types of scattering of light. When the particle size is less than the wavelength of the incident 
light, the scattering is called Rayleigh Scattering. The probability of Rayleigh Scattering is P = 1/ λ4. 

When the particle size is equal to the wavelength of the incident light, the scattering is called Mie Scattering 
and 

when the particle size is larger than the wavelength of the incident light, the scattering is called Geometric 
Scattering. 

When the scattered light of selective wavelength is projected to the window of a photodetector then according 
to the intensity of the scattered light, the output voltage of the photodetector varies. 

3.1   Measurement Of Pm 2.5 Using Scattering Of Light 

For the measurement of particulate matter PM 2.5 using the scattering property of light, atmospheric air passes 
through a hole into the scattering chamber. The light is scattered in various directions according to the 
concentration of the airborne particles and the wavelength of the incident light. For the measurement of 
particulate matter generally, infrared light-emitting diodes are used as light emitters and the photodiode or 
phototransistor is used as photo sensors. Two plano-convex lenses are generally used; one is used to make the 
beam of light parallel which is emitted from the infrared LED so that the maximum number of collisions occurs 
with the dust particles. Another plano-convex lens is used to make the scattered beam of light into a narrow 
beam of light so that the maximum number of photons falls on the window of the photodetector. The output of 
the photodetector determines the concentration of the particulate matter.  

The preferred angle between the incident light and the scattered light is generally maintained at a 90-degree 
angle to avoid the reaching of stray light to the photodetector. Smaller angles are also used so that unwanted 
light does not reach the window of the photodetector. 

3.2   Block Diagram and Description 

The invisible emitted light from the infrared LED will have a specific wavelength according to the nature of 
the LED. The emitted light goes through the plano-convex lens and becomes parallel. This light is scattered 
due to the collision with the incoming dust particles and when this scattered light goes through the other plano 
convex lens, this scattered light becomes a narrow beam of light. This narrow beam of light will fall into the 
window of the photodiode. According to the concentration of the dust particles, the output of the photodiode 
will vary and the output as shown in figure x will also vary.  

 

Figure 3. Block diagram of PM 2.5 measurement 
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4. EXPERIMENTAL SETUP 
The experimental setup consists of an electronic circuit, two plano-convex lenses, an infrared LED for 
emitting infra rays and a photodiode for detecting the emitted infra rays, Arduino UNO R3 microcontroller 
board for processing the output signal of the photodiode, and a 16 x 2 lines LCD display for displaying the 
output. 

 

  
Figure 4(a). Diagram of the amplifier circuit                Figure 4(b). Image of the amplifier circuit 

 

 

The electronic circuit is used for the amplification of output voltage obtained from the photodiode. The output 
voltage level of the photodiode is low and amplification of the output voltage of the photodiode is required for 
the purpose of processing. An NPN transistor CL100 has been used as an emitter follower for the amplification 
of the output voltage obtained from the photodiode [ 21]. 

 

4.1. Plano Convex Lens 

Two plano-convex lenses with a diameter 11 mm and 21 mm focal length have been used. One plano-convex 
lens is used to make the emitted light from the infrared LED parallel for the purpose of maximum scattering 
when collided with the incoming dust particles into the scattering chamber. The plane side of this lens is 
positioned towards the light-emitting side of the infrared LED. The other plano-convex lens is used to make 
the scattered light concentrated for the purpose of maximum detection by the photodiode. The spherical side of 
this second plano-convex lens is positioned towards the incoming scattered rays and the plane side is positioned 
towards the photodiode. 

4.2 Infrared LED and Photodiode: 
In a LED, due to the application of the forward bias, electrons and holes are recombined to emit light. The 
electrons from n-side are injected into the p-side and the holes from p-side are injected into the n-side. The 
emission of light is created by the injected carriers and in a LED light is emitted spontaneously [22]. In this 
experiment, the infrared LED emits maximum light at a 940 nm peak wavelength. The photodiode used in this 
experiment also detects light of a peak wavelength of about 940 nm. The photodiode is used in reverse biased 
[23]. The output voltage of the photodiode varies as per the intensity of emitted rays from the infrared LED and 
it falls into the window of the photodiode.  
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4.3   Arduino UNO R3 Microcontroller Board: 

The Arduino UNO R3 board uses an ATmega328 AVR microcontroller [24]. ATmega328 AVR is an 8-bit 
microcontroller [25]. There are options to apply 5 Volt and 3.3 Volt supply to the Arduino Board and there is 
also a regulated power supply to apply an external variable power supply up to 12 volts generally. As an external 
power supply, a 9-volt battery is frequently used. The drop-out current will be more when external supply 
voltage will be large. Arduino UNO R3 can deliver 40 – 50 mA currents. 

Arduino UNO R3 has six analog input pins and 14 digital I/O pins. The analog input pins are A0 to A5. The 
analog input pins take analog voltages generally from the sensors and by using built-in 10-bit ADC, it converts 
the analog voltages to any value between 0 to 1023 according to voltage levels applied to the analog input pins. 
For this conversion, the function analogRead(n) is used [26]. In this experiment, analog input pin A5 has been 
used. The amplified output voltage obtained from the amplifier circuit is connected to the A5 pin of Arduino. 
The output from the Arduino can be displayed in an LCD display module. The output value can also be 
displayed on the PC by setting the COM Port values of the Arduino Board using Serial Monitor setting options 
and following the COM Port values of Device Manager. 

4.4. LCD Display 

In this experiment, one 16 x 2 lines LCD display has been used for the display of the result. Data lines DB4, 
DB5, DB6, and DB7 have been used [27]. To adjust the contrast of the display a variable 5V supply has been 
connected to the VEE pin of the LCD display. The RS pin (command register/data register) of the LCD display 
has been connected to pin No. 12 of the Arduino UNO R3 Board. The Enable pin (No. 6) of the LCD display 
has been connected to pin No.11 of the LCD display to latch the information given to its data pins. A 5V DC 
supply has been applied to the VDD pin (No. 2) of the display for its working. We can display the data at any 
location of 16 columns and 2 rows using the command lcd.setCursor(column,row). 

The value can also be displayed on the computer monitor screen using the serial monitor as shown in Figure 9. 
The particulate matter is measured by counting the number of particles per cubic meter of volume or by their 
masses/weights.  

 

 

 

Figure (6a). Diagram of Arduino with LCD               Figure (6b). Practical diagram Arduino with LCD 
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In Figure 7, the image of the plano-convex lenses and their fittings in the paper tube including the scattering chamber has 
been shown. The scattering chamber has been made black to prevent the reaching of stray lights on the window of the 
photodiode. 

 

 

 

Figure 7. Image of (a) Plano-convex lens (b) Lenses fitted in the paper tube (c) Lenses encapsulated in a 
scattering box 

 

Figure 8 shows the value of particulate matter PM 2.5 on the LCD display.  

 

 
 

Figure 8. Displays the value of PM 2.5 in µg/m3 
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Figure 9 shows the value PM 2.5 on the display as well as on the PC. Both the values on the display and on 
the PC are the same.  

 

 

 

 

Figure 9. A practical image with the connection of Arduino with LCD, Electronic Circuit and Lenses encapsulated in a 
black box and Serial Monitor. 

 

CONCLUSIONS 

The apparatus used for the measurement of particulate matter PM 2.5 in the conventional method is very large 
and costly. The measurement method using the property of scattering of light is small in size and low-cost 
device. But the lenses are to be oriented carefully and precisely in this method. The wavelength selection of the 
infrared LED and the wavelength detection capacity of the photodiode is also important. The scrubber is to be 
periodically changed for getting good results. The calibration is to be done also against a standard PM 2.5 
measurement device. 
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Importance of Water Supply System for 
Public Health 

Sabina Obradović1, Dino Obradović2 

Abstract 
It is well known that polluted water is dangerous to health. Pollution of fresh water ecosystems is often the 
cause of diseases, and therefore a multidisciplinary approach involving hydrology, engineering, urban 
planning and public health is necessary for a good public health outcome. It has been recognized that a 
water supply system is connected with the improvement of public health of the population. Can diseases 
such as diarrhea in isolated rural areas or malaria in Africa be prevented through good water supply 
management? There is an opinion that water supply management is also public health management and 
that it is a very good tool in reducing and controlling diseases and will definitely play a big role in the 
future. Protected drinking water is essential for public health. The most common microorganisms 
associated with waterborne diseases are: Campylobacter, Legionella, Cryptosporidium, Norovirus, E. coli 
and Giardia. Legionella has been proven to be one of the most important causes of diseases associated 
with the water supply systems. Investing in water infrastructure is therefore investing in the safety of 
drinking water, which is the basis of public health, and its pollution can even lead to a potential epidemic 
caused by various microorganisms. The paper will present the most common diseases that can potentially 
be transmitted through the public water supply system, as well as the differences in the infrastructure in 
different parts of the world, which play a major role in public health of the population. The importance of 
a good water supply system and the environment in preventing diseases that are potentially spread by 
contaminated drinking water will be shown. Also, possible dangers of contamination of drinking water that 
the population uses on a daily basis will be pointed out. 

Keywords: polluted water, public health, water supply system, waterborne diseases 

1. INTRODUCTION 
We collect water for water supply from natural sources; we use it, and return wastewater back to nature. The 
characteristic feature of today’s world is that the heavily polluted wastewater is increasing and the quality water 
supply is decreasing. In addition to high water pollution levels, losses occurring in the water supply system 
have a major impact on water supply. Such lost water does not reach the end consumers and is not even charged 
by the water supply company. All of this is due to the “water crisis”, which means that a large part of the 
population on Earth has no access to drinking water or the basic hygienic living conditions [1]. 

One of the preconditions for a healthy life of people is access to drinking water through public water supply 
services and the drainage of contaminated wastewater through public drainage services. UN General Assembly 
Resolution 64/292 of 2010 affirmed the right to safe and clean drinking water and wastewater drainage as a 
human right essential for the full enjoyment of life and all human rights [2], [3], [4]. 

Since the creation of the human community there has been a need to provide conditions for supply of drinking 
water as well as for other human activities. At the same time, the question of disposal of used wastewater was 
also raised. These issues have been addressed by civilizations, from ancient times to present, and will continue 
to be addressed in the future, because these are issues without which there is no normal life on planet Earth [5]. 
Water is considered to be one of the basic components of life, and the entire history of mankind and civilization 
is largely related to it. Water is not only included in the composition of human organism and food, but it is also 
used to produce food and energy, and it is used in industry as a raw or auxiliary material. Due to its importance 
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for humans, the supply of water to settlements and the population is nowadays considered to be one of the 
primary branches of water management. In the tendencies of concentration of settlements and consumers 
around water, and given the available water resources on Earth, the issue of water supply will become ever 
stricter in the future. The rule of water supply that every drop of water on the catchment is kept as long as 
possible for its wider use, is becoming more and more present in our practice. All the aforesaid affect the 
emergence of complex water supply and drainage systems [6]. 

It has already been noted that the investment in sanitary infrastructure and in its development has a significant 
impact on the reduction of population mortality [7], [8], [9], as authors [8], [9] researched and established in 
their papers. The area they studied and analysed was England, Wales, Switzerland, Finland and Sweden. The 
authors of the study [8] deal with the issues and research of the impact of the improvement of sanitary 
infrastructure on mortality in urban environments. Their special focus was to study the improvement of water 
supply and the development of efficient sewer systems. These improvements are likely to have the greatest 
health impact by reducing exposure to diseases transmitted by water and food [8]. Various studies have 
confirmed that good sanitation in a city has the major impact on public health [10]. The biggest reduction in 
mortality from waterborne infectious diseases was due to the establishment of improved sanitary conditions 
[11]. 

The paper [12] analyses the impact of works on water supply networks and sewer systems in German cities in 
the period from 1877 to 1913. The results of the research presented in the paper show that safe drinking water 
reduces mortality, but more importantly investment in sanitary infrastructure that contributes to the reduction 
of mortality. They also found that the limited impact of only safe-distribution of drinking water through water 
network on mortality reduction was limited. Greater influence is achieved by combining the construction of 
water and sewer systems - networks. The results of the author's second paper [13] support other studies that 
highlighted the role of public health infrastructure, although it has been shown that the provision of clean 
drinking water alone has limited effects. In the absence of effective methods for the removal of urban waste, 
decontamination of water and disease vectors, they neutralise some of the benefits of water from the water 
supply (i.e. the construction of the water supply network) [13]. 

2. WATER SUPPLY SYSTEM 
The practice of transporting water for human consumption has been around for several millennia. From the first 
pipes in Crete some 3500 years ago, to today's complex hydraulic models, the history of water distribution 
technology is quite a story [14]. 

Water supply and sewer system are the most important services and integral part of urban society and 
infrastructure. Water infrastructure cannot function well and efficiently without other urban infrastructure, in 
particular transport and electricity supply. Construction, operation and maintenance of urban infrastructure are 
a permanent and expensive process. Today, the management of urban water systems faces many problems such 
as: 

1) The need for reliable sources of drinking water. 

2) Significant flood damage as a result of the urbanisation of the catchment area and the possession of 
water inundation. 

3) Deterioration of water quality, pollution and depletion of groundwater, and negative impact on 
residents including the coastal sea into which water is discharged from urban water systems. 

4) Health problem caused by pollution of water resources and seas [15]. 

The most common and user-friendly access to water for human consumption and sanitation is ensured through 
public water supply and sanitation systems operated by public water service suppliers [16]. Water supply 
services are provided by means of a water supply system, and drainage services are provided by means of a 
public drainage system, i.e. a sewer system. Water supply system is a collection of buildings and devices for 
the supply and distribution of water from the site to the consumer. It covers all necessary system facilities: 
source, main supply pipeline, water improvement facilities, water supply, main supply pipeline and distribution 
network. 

Fundamentally, a water supply system may be described as consisting of three basic components: the source of 
supply, the processing or treatment of the water, and the distribution of water to the users [17]. Typical elements 
of the water supply management system are presented in Table 1. 
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Table 8. Typical elements of the water supply management system (according to [18]) 

Component Subcomponents 

Water source 

Lakes/Rivers 

Reservoir 

Ground water 

Treatment plant 

Filtration 

Coagulation 

Disinfection 

Transmission and distribution 

Pipe networks 

Service reservoirs 

Storage tanks 
  

End users Potable water 

The basic roles of the water supply system, regardless of all possible variants and specificities, are: 

• Ensuring quality water treatment from the environment to drinking water, the quality of which must 
comply with legal requirements, both in the processing phase and up to the consumption phase; 

• Continuity in water supply 24 hours 365 days a year, all consumers; 

• Necessary, sufficient amounts of water for all consumers in the defined area of the system [5]. 

Ensuring a sufficient quantity of quality water is primarily of great health importance in protecting against 
various diseases transmitted by water. Sufficient amounts of water in settlements make it possible to increase 
the general standard of living of man and to regulate his environment. Large quantities of water are needed to 
satisfy the growing needs of populated places. Water distributed to the public must have a drinking water 
standard in accordance with the law [15]. 

In 2020, an estimated 90% of the world population had access to at least basic drinking water services. Access 
was highest in Europe and North America and Australia and New Zealand, with 100% of both regions having 
access to at least basic drinking water services. In most regions of the world, 90% of the population has access 
to at least basic drinking water services. However, just 65% of the population in Sub-Saharan Africa and 57% 
of the population in Oceania had basic access in 2020 [19]. Estimated share of global population with access 
to at least basic drinking water services in 2020, by Sustainable Development Goal (SDG) region [19] is shown 
in the Figure 1. 
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Figure 1. Estimated share of global population with access to at least basic drinking water services in 2020, by SDG 
region [20] 

There are differences in distribution of drinking water in the world. Figure 2 shows the 
number of people across the world that do not have access to safe drinking water. Safely 
managed drinking water is defined as an “improved source located on premises, available 
when needed, and free from microbiological and priority chemical contamination” [21]. 

 

Figure 2. Number of people without access to safe drinking water, 2020 [21], [22] 
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3. WATERBORNE DISEASES 
Clean water is the key factor for public health. Waterborne diseases are one of the most important diseases 
known as typhoid fever, rotavirus diarrhea, or pandemic cholera disease. Each of the listed in history was one 
of the most important causes of death at the time. In 2006, the WHO showed that contaminated water and lack 
of basic sanitation led to at least 1.6 million deaths in children under 5 years of age in 2004 [23]. 

The causes of these diseases are different. And they are called pathogenic organisms. They include viruses, 
bacteria and protozoa [24]. The pathogen is every microorganism that causes the disease. Water contaminated 
by microorganisms may cause a disease either directly (e.g. drinking such water) or indirectly (consumption of 
vegetables washed in contaminated water). Most pathogens causing waterborne diseases are primarily 
transmitted by faecal contamination. Thus, monitoring faecal pollution by bacteria in water is a necessary and 
relatively cheaper way of protecting the public health of the population from faecal - transmissible pathogens. 
Unfortunately, studies in the 1970s have shown that faecal indicators are not always affected by the 
concentration of pathogens. The scenario that occurred in Ontario is a good example, where the presence of E. 
coli did not mean the presence of the pathogenic E. coli O157:H7 [25]. 

The link between the disease and microorganisms was established back in the time of Robert Koch in the 1880s. 
In 1854, John Snow (Figure 3), the father of epidemiology, linked exposure to contaminated drinking water to 
cholera transmission, when an English water company supplied residents of London with contaminated 
drinking water [25], [26]. Insecure water supply, ineffective sanitation, and hygiene can be one of the major 
causes of diarrhea and the leading cause of death of about 1.58 million people each year. [25], [27]. 

 

Figure 3. John Snow [28] 

Table 2 shows the most common pathogens of waterborne diseases by category and name of microorganisms. 

Table 2. Agents of Waterborne or Water-based Disease [24] 

Category Pathogens 

Bacteria 

Vibrio cholerae 

Salmonella spp. 

Shigella spp 

Campylobacter spp. 

Yersinia enterocolitica 

Legionella 

Helicobacter pylori 

Toxigenic Escherichia coli 

Protozoa Giardia lamblia 
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Cryptosporidium parvum 

Entamoeba histolitica 

Isospora belli 

Toxoplasma gondii 

Naegleria fowleri 

Microsporidia 

Ballantidium coli 

Viruses 

Norovirus 

Sapprovirus 

Poliovirus 

Coxsackievirus 

Enteroviruses 69-91 

Adenovirus 

Hepatitis A 

Reovirus 

Rotavirus 

Coronavirus 

Legionella is one of the most common causes of waterborne diseases. Legionella is the major cause of 
waterborne illness outbreaks in the USA [29], [30], [31]. Large Legionella outbreaks receive the most attention 
given their substantial health impact. However, it is estimated that less than 20% of all reported legionellosis 
cases are outbreak-related [30], [32], [33]. Worldwide, waterborne Legionella pneumophila is the most 
common cause of cases including outbreaks. Legionella pneumophila and related species are commonly found 
in lakes, rivers, creeks, hot springs and other bodies of water [34]. 

In Canada, reported rates of legionellosis in 2006–2020 (the latest year for which data have been published) 
were 0.37–1.75 per 100,000 population [30], [35]. Reported rates from the USA were 1.0–1.89 per 100,000 
population in 2006-2016 [36], [37]. As legionellosis is underdiagnosed and underreported, the actual number 
of cases is expected to be much higher [38].  

4. WATERBORNE DISEASES IN THE WORLD 
Water pollution is a global problem, according to the World Health Organization (WHO), 2.1 million people 
do not have access to safe drinking water sources [39]. The WHO said the minimum water requirement per 
person for one day is about 7.5 to 10 litres [23]. 

As access to quantities of water increases, the public health risks decrease (see Table 3) [23], [40], [41]. When 
water is scarce, then people are forced to drink unsafe water, and water cannot be easily spared for hygiene or 
sanitation. 
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Table 3. World Health Organization summary of water access, adequacy and level of health concern [23], [40], [41] 

Service level Access measure Needs met Health concern 

No access <5L/c/day >1 km; 30 minutes Consumption not assured; hygiene not 
possible Very high 

Basic-often<20 L/c/day 100-1000 meters; 5-20 
min 

Consumption should be assured; hand 
washing and basic food hygiene; 

laundry/ bathing no 
High 

Intermediate~50 L/c/day Within 100 m, 5 minutes, 
or by single tap 

Consumption, ditto basic personal and 
food hygiene, laundry/bathing Low 

Optimal >100L/c/day Supplied by multiple taps Consumption and hygiene-all needs met Very low 

L/c/day – liters per capita per day 

By comparison, in wealthy countries, residents use 200-300 litres per day for drinking, sanitation, cooking, 
hygiene, not to mention the unnecessary and uncontrolled use of drinking water to wash cars or clean (watering) 
the garden or watering grass surfaces [23]. 

Diarrhea, which is closely associated with contaminated drinking water, coupled with poor sanitation, causes 
many cases of disease. Diarrheal disease is very high, accounting for 1.7 to 5 billion cases per year worldwide. 
Specifically, diarrheal diseases are associated with an estimated 1.3 million deaths annually, with most 
occurring in resource-limited countries. Very young children are the most vulnerable, the incidence of severe 
gastroenteritis being highest in the first 2 years of life. Indeed, up to 25% of deaths in young children in Africa 
and south-east Asia are attributable to acute gastroenteritis [42], [43]. Waterborne diseases can range from light, 
self-limiting diseases to serious diseases such as typhoid fever and cholera. Serious cases end in death unless 
treated. 

In Sub-Saharan Africa significant progress has been made in reducing the risk for children under the age of 
five, but progress is slower for newborns. The region accounts for 38% of global neonatal deaths and has the 
highest infant mortality rate (34 deaths per 1,000 live births in 2011). There are many causes of such a high 
mortality rate, but poor hygiene during childbirth could account for up to 15% of neonatal deaths [44], [45]. 
Lack of access to water and sanitation is linked to neonatal infection and maternal mortality. It is estimated that 
clean childbirth practices could avert 6 to 9% of the 1.16 million annual newborn deaths in countries in Sub-
Saharan Africa [44], [46].  

Many women giving home birth do not have access to clean water and sanitation (less than 10% according to 
a study examining data from 22 Western and Central African countries) [44], [47]. Even women who attend a 
health care facility may not be guaranteed acceptable hygiene standards. A WHO survey of health care facilities 
in a selection of low- and middle-income African states revealed that 42% did not have an improved water 
source within 500 metres of the facility, 16% did not have improved sanitary facilities and more than 45% 
lacked adequate handwashing facilities [48]. 

Diarrhea is particularly dangerous for children and it is the fourth cause of death of children under the age of 5 
in poorly developed parts of the world. Effective treatment of drinking water, however, can kill or inactivate 
the more than 20 waterborne pathogens. Several of these pathogens are already antibiotic resistant and have 
taken first place on the WHO global pathogen list. So, clean safe water is the first line of defence against serious 
diseases that will soon become incurable due to antibiotic resistance. Safe water is also needed to prevent 
diseases that can arise from inhaling contaminated water droplets, or aerosols, associated with air conditioning 
systems, spas and devices or systems that produce mists or sprays. These include outbreaks caused by the 
bacteria Legionella, which can be the most significant waterborne pathogen in high-income countries. Safe and 
sufficient drinking water is also key to maintaining the health of people who are vulnerable to opportunistic 
infections (e.g., people living with HIV/AIDS) [49]. It is also estimated that 1.8 million people globally are at 
risk of potential COVID-19 infection through faecal contamination of drinking water [50]. Death rates are much 
higher in low-income countries [21]. Figure 4 shows estimated annual number of deaths attributed to unsafe 
water sources per 100,000 people. 
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Figure 4. Death rate from unsafe water sources, 2019 [21], [51] 

Figure 4 shows large differences in death rates between countries: rates are high in lower-income countries, 
particularly across Sub-Saharan Africa and Asia. Rates here are often greater than 50 deaths per 100,000 – 

in the Central African Republic and Chad this was over 100 per 100,000 [21]. 

CONCLUSIONS 
Water is essential for people’s life and health. Proper sanitation, including proper wastewater management, is 
essential to ensure human health, a healthy ecosystem, and economic and environmental benefits. Due to its 
importance for people, the supply of water to settlements and the population is nowadays considered one of the 
primary branches of water management. Water is distributed to end consumers through the water supply system. 
The most important roles of the water supply system are ensuring quality water processing from the 
environment to drinking water, the quality of which must comply with legal regulations, continuous water 
supply 24 hours a day for all 365 days of the year and sufficient quantities of water for all consumers on the 
system space. Sufficient quantities of quality and proper drinking water in settlements provide a prerequisite 
for the protection of the health of residents. This prevents people from becoming infected with diseases 
transmitted by water. There is a different availability of drinking water in the world. Thus, in 2020, it is 
estimated that 90% of the world's population had access to at least basic drinking water services. The biggest 
access was in Europe, North America, Australia and New Zealand. However, in sub-Saharan Africa only 65% 
of the population have access and 57% of the population in Oceania. Without water, there is no life, and the 
health of the body depends largely on the state of the water we bring into it. In case of water contamination 
from water supply, the intake of such contaminated water into the body can cause disease for a large number 
of people and animals and can thus lead to a pandemic in a very short period of time. The intake of contaminated 
water can infect us with various diseases such as: dysentery, typhoid belly, cholera, rotavirus diarrhea, 
infectious hepatitis, etc. Some of the most common causes of waterborne diseases are bacteria, protozoa, and 
viruses. Diarrhea, which is closely associated with contaminated drinking water, coupled with poor sanitation, 
causes many cases of disease. By ensuring sufficient quantities of quality drinking water, it is possible to 
prevent different diseases transmitted by water, maintain proper health - hygiene conditions and reduce the risk 
of death associated with inadequate hygiene conditions (due to insufficient quantities of water and its poor 
quality). Water is the most important and the most used natural resource on Earth, so its health is essential, as 
well as proper and careful water management. 
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The Degradability And Toxicity Analysis Of 
Mc-Rr As a Cyanobacterial Toxin By 

Ultrasonic Oxidation 
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Abstract 
In this study, the degradation of MC-RR which is one of the most important cyanobacterial toxin compounds 
detected in surface waters in recent years, by ultrasonic oxidation, as an advanced oxidation processes 
(AOPs) in an ultrasonic reactor including low and high frequencies was investigated. Ultrasonic oxidation 
of MC-RR was carried out separately for each frequency in an ultrasonic system with both low frequencies 
(20 kHz and 40 kHz) and high frequencies (578 kHz, 862 kHz, 1142 kHz). According to the literature, MC-
RR was analyzed by liquid chromatography-mass spectrometry/mass spectrometry (LC-MS/MS) method, 
since it is found in ng/L or µg/L levels in surface waters. Since MC-RR is supplied at analytical grade, it 
was not used any extraction process before chromatography. The toxicity analyzes of by-products of MC-
RR were carried also out. The toxicity of MC-RR solutions obtained after ultrasonic oxidation was analyzed 
via a healthy mouse liver cell line (AML-12). The results obtained from the oxidation of MC-RR in 
ultrasonic systems in 30 minutes showed that the degradation efficiency was up to 12%. Since the 
degradability of microcystin group compounds is generally low, it has been seen in the literature that 
similar groups have low oxidation efficiency. Toxicity analysis with the AML-12 cell line showed that the 
initial solution of MC-RR had a toxic effect close to 15% on healthy cells; it was observed that the toxicity 
of the by-products obtained either remained the same or increased to a maximum of 20% at the end of 
ultrasonic oxidation. 

Keywords: Microcystins, Ultrasonic treatment, Algal bloom 

1. INTRODUCTION 

Phytoplankton are autotrophic organisms that carry out over 95% of the photosynthesis in the oceans and 
account for half of the net global primary production. For primary production, phytoplankton need a source of 
carbon from the dissolved CO2 by transferring from the atmosphere to the water, light and other nutrients such 
as nitrogen, phosphorus and sulfur in the environment. Cyanobacteria are a globally widespread group of 
photosynthetic bacteria, also known as blue-green algae, found in all freshwater ecosystems. Eutrophication 
was first seen in Western Europe and North America lakes and reservoirs in the 1950s, and since then it has 
become widespread especially in some regions, causing deterioration in the aquatic environment and significant 
problems especially in drinking water treatment (Figure 1) [1-2]. 

Increasing surface water temperatures due to the effects of climate change, and nutrient loads accelerate 
eutrophication and related harmful algal blooms (HAB) in aquatic environments (WHO 1999; Turner et al. 
2018). Among the toxins produced by cyanobacteria, the most important species are Microcystis. Microcystis 
species and other features cause important environmental problems such as eutrophication resulting taste and 
odor problems in drinking water worldwide [3-4].  
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Membrane filtration, especially ultrafiltration can be successful algae removal process, but treatment of 
dissolved cyanobacterial toxins is not very effective due to the pore size [5]. Activated carbon adsorption has 
some advantages and disadvantages, they have been frequently used in the effective treatment of MCs in recent 
years by combining with other treatment methods. AOPs can be used as a pretreatment step to convert resistant 
organic pollutants into biologically treated structure, or as a post-treatment step before they are discharged into 
the environment [6-7]. There are limited studies on the ultrasonic oxidation of microcystins in the literature, 
and most of them are on the oxidation of MC-LR. 

 
Figure 1. Harmful Algal Bloom Problems in surface water sources [8]. 

2. MATERIALS AND METHODS 

In this study, the oxidation of MC-RR, one of the most important cyanobacterial toxin compounds, which have 
been detected quite frequently in aquatic environments in recent years, in a 20 and 40 kHz low and 578, 862, 
1142 kHz high frequency ultrasonic system in the laboratory and the toxicity of the by-products examined as 
well. MC-RR concentrations were analyzed with LC-MS/MS (Agilent Technology 6460 Triple Quad LC/MC) 
and the analyzes were made in Ataturk University Central Laboratories (DAYTAM) with service procurement.  

 
Figure 2. Ultrasonic oxidation equipment. 
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3. RESULTS AND DISCUSSION 
In this study, the degradability and post-treatment toxicities of MC-RR, one of the most important compounds 
in the cyanobacterial toxin group, were investigated in a low and high frequency ultrasonic system. For this 
purpose, the ultrasonic system used in the experiments carried out in the laboratory environment is 20 kHz to 
40 kHz low; It has high frequencies of 578 kHz, 862 kHz and 1142 kHz. Toxicity tests were performed by in-
vitro method using AML-12 healthy mouse liver cells. The initial concentration of MC-RR used in the study 
was 1.25 µg/L and the initial pH natural value was determined as 6.00±0.2. The initial test volume is 750 mL. 
Sampling times are 1, 3, 5, 10, 15, 20, 25 and 30 minutes. The decrease (C/Co) in the concentration of MC-RR, 
which was initially oxidized to 20 kHz ultrasonic oxidation during the 30 min reaction time, is shown in Figure 
3. 

 
Figure 3. The concentration decrase of MC-RR by ultrasonic oxidation in different frequencies. 

The concentration reduction by ultrasonic oxidation in the 20, 40 low and 578, 862 and 1142 kHz high 
frequency reactor has been shown. It can be seen from this Figure that high frequency ultrasonic oxidation is 
more effective on the degradation of MC-RR than low frequencies. A degradation efficiency of 10-12% was 
recorded after 30 minutes of oxidation relative to the initial concentration (Figure 3). We used healty mouse 
liver cells to test toxicity of MC-RR after ultrasonic oxidation. The toxicity effect of MC-RR at an initial 
concentration of 1.25 µg/L on AML-12 cell culture was reduced from 100% to 85.6% showing its toxicity 
(Figure 4). 

According to the results obtained from a total of five ultrasonic oxidation systems, it was observed that high 
frequency systems were more successful in breaking down the MC-RR, but there was a frequency optimum. 
Increasing MC-RR concentrations in the reaction time seen in low frequency systems were also observed at 
other high frequencies except for the 578 kHz frequency. From this point of view, the oxidation efficiency of 
the 578 kHz ultrasonic system in breaking down intermediate products can be mentioned. This effect is 
described as “cushioning effect” in the literature. As the high power applied to the system at high frequencies 
will generate more temperature in the reactor, the vapor content of the solution increases, which has a 
cushioning effect on the collapsing bubble, that is, it increases the resistance against the inward collapse of the 
cavitation bubble during the collapse phase. This reduces the energy released and then the number of free 
radicals decreases. This means less oxidation efficiency [9].  
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Figure 4. Conference banner 

According to Figure 4, the toxicity effect of MC-RR at an initial concentration of 1.25 µg/L on AML-12 cell 
culture was such that cell viability was reduced from 100% to 85.6%. Initial 1.25 µg/L MC-RR solution at 20 
kHz to 40 kHz low for 30 minutes; The toxicity effect of the solutions obtained by subjecting them to ultrasonic 
oxidation at high frequencies of 578 kHz, 862 kHz and 1142 kHz separately for 30 minutes on the AML-12 
cell line remains the same at 1142 kHz oxidation, but decreases slightly in others. Accordingly, it is observed 
that the oxidation products in all ultrasonic systems do not have a great toxic effect compared to the starting 
solution. In other words, ultrasonic oxidation products had an increased toxic effect on AML-12 cells at rates 
varying between 5-6% compared to the initial solution. The toxicity of the products obtained by ultrasonic 
oxidation of MC-RR for 30 minutes is 1142 kHz, which is the same as the initial MC-RR solution. However, 
the recovery efficiency is also very low. At the end of the study, it was tried to reveal that the ultrasonic 
oxidation products did not have a much more toxic effect than the initial solution, with both cell images and 
cell viability test counts. 

CONCLUSION 
The ultrasonic oxidation of MC-RR, one of the common cyanotoxin compounds in the aquatic environment, 
was examined at low and high frequencies and the toxicity of post-oxidation products was also evaluated. At 
the end of the study, it was determined that the most effective improvement efficiency was achieved by the 
ultrasonic oxidation of the MC-RR at a frequency of 578 kHz for 30 minutes, resulting in a 12% concentration 
reduction. Initial concentrations of MC-RR (1.25 µg/L) reduced the viability of healthy mouse liver cells to 
around 85%; At the end of oxidation in all ultrasonic systems, cell viability either remained the same or 
increased by 5% compared to the initial concentration. With this aspect, the study is capable of forming a basis 
for future studies by considering parameters such as ultrasonic oxidation time, initial pH and initial MC-RR 
concentration. 
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Analysis of Bioclimatic Features of 
Vernacular Architecture – A Case Study of 

Vernacular Residential Buildings in Sarajevo  
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Abstract 
The imperative of today’s architects and urban planners is to identify and implement sustainable solutions 
that would increase the overall quality of the urban environment and people’s well-being, by maintaining 
a natural balance and integrity. In this regard, the bioclimatic principles of vernacular architecture can 
serve as inspiration for designing buildings in a contemporary urban context. This approach can help to 
gain knowledge about the practices of vernacular architecture, and define solutions that can deal with 
today’s urban challenges, such as urban and environmental pollution, lack of comfort, and low quality of 
life. This paper presents the analysis of bioclimatic features of three well-preserved vernacular residential 
buildings, located in Sarajevo, Bosnia and Herzegovina. The research methodology is based on the 
literature research, photo documentation, and field observation, regarding the presence of bioclimatic 
design principles, such as building form, orientation, layout, use of local building materials, topography, 
traditional passive strategies - sun shading, cooling and natural-induced ventilation, natural landscape, 
and comfortable living environment. The results of this research showed that the selected vernacular 
buildings fulfill most of the basic bioclimatic principles, which could be transposed into contemporary 
architecture, not in the context of a pure replication of an old style, but as a modern sustainable 
architectural design. The analysis also showed that the potentials of passive heating were not exploited in 
the best possible way, therefore the improvement of the building design will be a necessary step in order to 
be implemented in the design of sustainable architecture. 

Keywords: Contemporary architecture, Sustainability, Vernacular architecture, Bioclimatic 
features. 

1. INTRODUCTION 
In recent decades, a dynamic trend of urban expansion has been noticeable, accompanied by population growth, 
modifications in the spatial and social forms of cities, and economic prosperity [1], [2].  Urban settlements, 
which are often viewed as a "complex phenomenon" [3, p.6], contributed to the transformation of the lifestyle 
and the environment itself, through significant impact on socialization, improvement of living standards, and 
economic development [4]. Considering that every progress also has its negative impact, the current global 
situation is the indicator that the outcome of such progress significantly leads to an "environmentally, socially 
and economically unsustainable” direction [1, p.8].  

A significant increase in concerns about environmental conditions, climate change, and energy crises, has 
“forced” society to reconsider the mistaken belief that nature is only there to satisfy the needs of humanity, 
providing unlimited availability of natural resources [4], [5]. This situation required the transformation of 
environmental consciousness, as well as strategies and activities in the context of sustainability, with the aim 
of reestablishing a balance between man-nature-architecture, and “the need to protect the environment in order 
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to preserve human welfare“ [4], [5, p. 41]. These sustainable principles are not a new paradigm, as mentioned 
in the [5, p.35] “the history of architecture tells us that architecture has been sustainable since its birth and that 
since its very origin, it has satisfied many of the needs that today are no longer met.” The origins of today’s 
sustainable architectural principles can be found in the design principles of indigenous architecture, known as 
vernacular architecture. The tendency of vernacular builders was to design and construct buildings in a way 
that minimizes their environmental impact and maximizes their social and economic benefits [6]. Design 
solutions relied on passive bioclimatic strategies that incorporated architecture and the natural environment, 
through the use of local materials, natural resources, traditional construction techniques, site features (climate, 
morphology, orientation), building design (layout, form), and passive strategies (cooling, ventilation, solar, 
water, and vegetation) [5], [7], [8]. Traditional building, in accordance with these principles, "is integrated into 
the environment and does not harm other elements of the ecosystem" [5, p. 44], providing residents with a 
healthy and comfortable living environment. Many researchers believe that the benefits of this type of 
architecture can be used for future sustainable building design, due to its design strategies that use bioclimatic-
passive principles in the architectural context [9], [10]. But it is necessary to take care that the implementation 
of sustainable principles of vernacular architecture should not be a mere imitation of the concept in the 
contemporary design because otherwise, it will represent a risk of “ignoring the lessons of sustainability of 
local vernacular architecture, without taking into account specific local conditions and materials, based on other 
vernacular architectures from faraway lands, in other environments and with other basic conditions” [5, p. 36]. 

In this paper, we will analyze the presence of bioclimatic features in three representative and well-preserved 
vernacular residential buildings from the Ottoman period, located in Sarajevo, the capital of Bosnia and 
Herzegovina (B&H). The chosen houses are significant as a cultural heritage and national monuments. The 
focus of research will be on the analysis of the environmental-social sustainability features – appropriate 
topography, orientation, and location on the site; building compactness; use of locally available materials and 
resources; use of non-polluting materials; adequate strategies for passive cooling and natural ventilation; 
adequate natural lighting and sunshine protection; vegetation and greenery; healthy and comfortable 
microclimate. The aim is to estimate if such building design can serve as a role model for the integration of 
traditional and modern design values, with a tendency to achieve modern sustainable buildings, with optimal 
energy consumption and environmental performance, and enhanced thermal and visual comfort. 

2. CONCEPT OF TRADITIONAL URBAN SETTLEMENTS IN SARAJEVO 
Bosnia and Herzegovina is one of the countries characterized by its rich architectural heritage. Its architecture 
was mainly created under the influence of the political and social changes of the different development periods, 
and each period had an authentic impact on the development of cultural diversity and specific architectural 
expression [11]. The period that had a strong influence on Bosnian architecture, especially through the 
emphasized relationship of architecture to nature and life, was the Ottoman period. In that period, along with 
the development of urban planning, urban areas began to emerge and acquire their basic form, the organization 
which is still noticeable today [11].  

Architecture, as well as urbanism, was organized around a series of unwritten laws, which included: human 
proportions, unobstructed views, geometry, open and flexible spaces, simple furniture, spatial connections with 
nature, and the use of local and traditional construction methods [11]. Although it seems that the architecture 
of B&H had the characteristics of Ottoman-oriental architecture, it also had some of its specific characteristics, 
when domestic builders, neimars, introduced elements of the local traditions.  

Mahalla was one of the traditional settlements that was significant due to its conceptualization as a residential 
area of the city, located outside the main traffic arteries. The residential house adapted to the environment by 
using natural, local materials for construction, respecting climate, and fitting in the terrain due to the exceptional 
skills of domestic builders. In Sarajevo, houses in mahallas, as peri-urban residential settlements, were placed 
on the hillside, gradually, with a carefully chosen building site in accordance with the non-written, building law 
– to respect the right of view and the right to privacy, Figure 1 [12].  

  

Figure 1. Horizontal and vertical displacement of houses – “the right of a view” [12] 
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Mahallas were connected by alleys or sokaks that were branching off on both sides of the main street, where 
were entrances to the houses. From the street, the houses blended into the ambiance and formed an integral part 
of the mahalla, and the houses can be considered as belonging to anyone and for anyone as long as they are all 
in human proportions [13]. For the visitors, the house is hidden and protected from the outside views by a high 
white wall, as a physical boundary between built and unbuilt environment, with a characteristic courtyard door, 
as a very significant element of housing in functional and decorative terms [13], [14].   

As much as the residential complex is separated from the outside world, from the street and the uninvited 
curiosity of passengers, the house and its layout were so open towards nature, as an integral part of every house 
in the mahalla. Gardens or avlija provided comfortable and healthy microclimate for living, a source of joy, 
and the entire complex in the architectural sense represents a harmonious relationship, where nature becomes 
an element of the composition and nature passes into architecture [13], [15], [16]. There was a strong emphasis 
on vegetation, and gardens were decorated with a variety of fruit trees, and flowers [12], [13]. The natural 
environment, according to an unwritten rule, was also enriched by flowing, clean water. The presence of water 
was important because of two reasons: one is the sanitary needs, to which a lot of attention was paid, and the 
other is the desire to enjoy the freshness and the noise of that water [12], [17]. 

The construction of the house was quite simple, characterized by cubic forms, gently sloping roofs, different 
floor materialization, verandas, courtyards, and doksat on the first floor, overhanging the street. The 
combination of closed, open, and semi-open spaces, was primarily due to the desire for space, and the desire 
for nature to be part of the architectural composition, creating a high degree of unity. Houses were built mostly 
from natural materials, such as stone, wood, and adobe brick [12], [17], [18]. The domestic architecture used 
mainly adobe bricks because it required less effort and expense for the production, processing, and 
transportation than stone, which was done near the construction site. Wood retains its natural appearance and 
structure everywhere, as a constructive element and an architectural decoration [12]. The common use of this 
construction material was due to the forest wealth of B&H. 

3. RESEARCH METHODOLOGY 
The aim of this research is to analyze the bioclimatic features of vernacular residential architecture on the 
example of three well-preserved vernacular town houses, located in Sarajevo, B&H, and to examine if the good 
architectural principles and practices of vernacular architecture can serve as an inspiration for the design of 
sustainable contemporary buildings. The performed analysis consists of literature study, photo documentation 
and field observation. Based on the collected data and layout drawings obtained from the study literature and 
observation on the site location, a detailed survey was conducted regarding the presence of bioclimatic design 
principles. The analysis of the various bioclimatic elements of the chosen vernacular houses includes the 
investigation of the following characteristics: 

• Building location and utilization. When planning the integration of bioclimatic elements into the 
building, it is very important to take into account microclimatic factors, such as climate and 
landscape, with the aim to find the right location with lots of sun, wind, vegetation, and water in order 
to create a healthy living microclimate. The influence of these factors is reflected through proper 
orientation, positioning, form, and materialization of the building [19, p.19]. These natural elements 
can also be used for passive heating and cooling [7]. Building utilization refers to optimizing the size 
of the spaces inside the house, without disturbing their comfort, in order to reduce heating and cooling 
demands.  

• Building form and orientation. Considering the orientation of the building in the process of planning 
and construction of the building, it can have a significant impact on “the energy performance of the 
building throughout its life cycle” [19, p.18]. That is why the integration of proper design (form, 
orientation, spatial configuration) and natural resources of the environment [5], [19], can enable 
diverse solutions that contribute to energy consumption reduction and internal comfort. The openings 
have to be positioned in a way to make maximum use of daylight and reduce the need for artificial 
lighting. During the winter it is important to use as much solar heat gains as possible to reduce energy 
demand for heating. 

• Local, natural building materials and construction. The focus should be on using materials that have 
environmental advantages, such as natural, locally found materials with low environmental impact; 
recyclable or biodegradable, and with good thermal characteristics [5], [19]. Building construction 
has to be adapted to the local climate conditions. 
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• Natural cooling and ventilation. Natural ventilation can be obtained through proper orientation of the 
building, facade openings (size, disposition, quantity) and sun shading elements that do not obstruct 
free airflow. Natural vegetation (gardens, courtyards) and the presence of water (water fountains), 
can be used as additional elements of passive cooling. 

4. CASE STUDY – ANALYSIS OF THE BIOCLIMATIC FEATURES OF VERNACULAR 
RESIDENTIAL BUILDINGS IN SARAJEVO 
In this paper, three vernacular houses in Sarajevo from the Ottoman period are analyzed: Alija Đerzelez’s house 
(Figure 2), Sabura’s house (Figure 3), and Svrzo’s housing complex (Figure 4). Chosen houses were built 
during the 17th Century and represent the most authentic examples of residential architecture from that period 
in B&H, which survived in their original form or have been restored, partially or completely to this day. The 
Commission to Preserve National Monuments designated these houses as national monuments of Bosnia and 
Herzegovina.  

The locations of the buildings were carefully chosen. Houses were built on slopes of the hills, positioned 
towards the most beautiful views of the city, in a way not to obstruct neighbors’ views. These locations are airy 
with plenty of sunshine. The position of the houses in accordance with the terrain confirms that „buildings exist 
within an environmental context“ [5, p. 43], meaning that achieved livability and building characteristics were 
influenced by „site's feature, culture and local climate“ [5, p.43]. 

   

Figure 2. Alija Đerzelez’s house [20] Figure 3. Sabura’s house [21] Figure 4. Svrzo’s house (Source: 
Authors, 2022.) 

Organizationally, each house was divided into four functional units: habitation, leisure and relaxation, utility, 
and outer spaces with vegetation and water. Conceptually, this included: the fence, which defined the street and 
separated the private from the public space; the courtyard, which was cobbled; the fountain as a basic part of 
hygiene before entering the house; the garden; the ground floor, or semi-private space where the family 
gathered. Kamarija and divanhana, the semi-open spaces on a first floor, which served as transitional spaces 
from the interior to the exterior, had a private character, and were used mainly for rest and enjoying the view 
of the bazaar, or the view of nature [11], [15]. 

The main living rooms in the house called halvat and čardak had a multifunctional character. Flexible use of 
the rooms was obtained by reducing the furniture to two basic fixed elements and mobile furniture, which was 
brought into the room when needed. This interior design enabled the reduction of the size of the room to a 
minimum. This is important from the aspect of energy savings, because large spaces are requiring more energy 
for heating and cooling. 

4.1. Building form and orientation  
The basic design concept of analyzed houses was the separation of private, family life from noisy, public life 
on the street. Therefore, houses were oriented towards inner courtyards and gardens. Secondly, there was the 
division of the houses into winter and summer quarters. Winter quarter is located on the ground floor and 
summer quarter is located on the first floor. 

Winter quarters are more compact and closed with few smaller windows. The reason for such design approach 
was to reduce heat losses during the winter period. Negative aspect of such building design is reflected in 
limited heat gains from the sun. Additionally, the shadow is created from kamarija and divanhana on the first 
floor which reduces solar heat gains even more [22]. This is especially emphasized in Sabura's house, where 
kamarija is on the south side of the main living room. Also, fewer windows and shadows from the first floor 
are minimizing daylight harvesting and increasing the need for artificial lighting. 
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Summer quarters, where closed and semi-open spaces intertwine, are playful and more open, with many large 
windows, oriented mainly towards the south, west, and east. In this way, interiors of the analyzed houses are 
perceiving a lot of natural light during the day, which is positive from the bioclimatic aspect because it can 
reduce the need for artificial lighting. Considering that the rooms in summer quarters are accessed through 
semi-open spaces, they are not exposed to direct sunlight from the south, in order to keep the rooms as cool as 
possible [22]. 

4.2. Local building materials and construction 
All three analyzed houses have the same structural system, typical of vernacular residential architecture from 
the Ottoman period in Sarajevo. Materials used for construction were stone, adobe brick, and wood. Stone was 
used for the building's foundations and the walls of auxiliary rooms on the ground floor [23].   

The walls on the ground floor, which were intended for living during the winter, are thick and made of adobe 
brick, reinforced with wood beams [23]. The thermal mass of the thick adobe walls ensures minimal 
temperature oscillations during the day. The walls can absorb the heat from the heating device and from the 
sun during the day, and then slowly release it into the room during the night. This is an important part of the 
bioclimatic design which provides a continuous comfortable indoor climate in winter [22].  

Wood was extensively used in the exterior and interior. The construction of the walls on the first floor, which 
was intended for living during the summer, is a wooden skeleton with one layer of adobe brick infill [23].  
Unlike the walls on the ground floor, these walls are thin and light with low thermal mass, and therefore provide 
fast cooling over the night. [22] 

All horizontal constructions were made of close-set half-logs, covered with clay mixed with lime. The roofs 
are hipped, with wooden structures, covered with hollow tiles. All windows are with wooden frames and are 
single-glazed. [23] 

In the interior, the ceilings were covered with wooden laths. The floors were made of wide deal boards.  

All materials used for construction had „artisanal production“ [5, p. 44],  meaning that, stone, adobe brick, and 
wood were from the domestic market, and they were the primary building materials used in B&H.   

4.3. Natural cooling and ventilation 
Several different sun-shading elements were used in the summer quarters of the houses for the protection of 
inner spaces from overheating during the summer.  

In all three analyzed houses, the main sun-shading element used on windows was mušebak, Figure 5.  

   
Figure 5. Mušebak on the windows 

of kamarija [24] 
Figure 6. Wooden shutters on 

windows [25] 
Figure 7. Iron window shutters 
on windows (Authors, 2022.) 

Mušebak is a wooden lattice element that has a double purpose. First, it acts as a vernacular version of a modern 
double-skin facade. In the space between mušebak and the window, due to the shade and lower temperature, 
airflow is enabled [22]. Secondly, the semi-transparent structure of the mušebak is reducing solar radiation that 
enters the room, while providing optimal natural lighting. Beside mušebak, in Alija Đerzelez house, 
nontransparent wooden shutters, placed on the inner side of the windows were used, Figure 6. In Svrzo's house, 
on some windows, iron window shutters, placed on the outer side, were used, Figure 7. The main purpose of 
the iron window shutters was to secure houses from intruders, but they were also used as protection from strong 
winds and storms, or direct solar radiation during the summer. 

In all three analyzed houses sun shading of the first floor is additionally provided by roof eaves. The doksat on 
the first floor is providing sun shading to the rooms on the ground floor, but also an appropriate shading for 
pedestrians, as the first floor is overhanging the street [22]. All the streets (mahala) are very narrow and 
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surrounded by houses with overhanging first floors. This spatial organization of the residential quarters within 
the city gives pedestrians a place to hide from the heat during the hot summer days. 

Natural ventilation was achieved through a thoughtful building design. Elements used for achieving qualitative 
natural ventilation of the summer quarters were: semi-open spaces, careful disposition and the size of the 
windows, the inner spaces organization, and courtyards and gardens. 

In the semi-open spaces, divanhana (Figure 8) and kamarija (Figure 9), due to a shade and lower temperature, 
airflow is established, and solar radiation is reduced, creating a living space with a pleasant climate. Careful 
disposition and sizing of the windows enable cross ventilation through windows that are open at the same time 
throughout the house during the summer [22]. In Sabura’s house, on the upper part of the walls, above the 
windows, there are holes which are enabling airflow even when the windows are closed, Figure 10. 

The rooms placed in the middle of the house were cross ventilated through the corridor called hajat and the 
kitchen (mutvak), in which the windows were always opened. Vertically, the ventilation was achieved through 
the hajat and the kitchen which has ventilation openings in the roof to allow the smoke and steam from cooking 
to escape. Therefore, the houses are ventilated in both ways, horizontally and vertically. 

   

Figure 8. Divanhana in Sabura’s 
house[26] 

Figure 9. Kamarija in Svrzo’s house 
(Authors, 2022.) 

Figure 10. Ventilation elements 
in the walls above windows [27] 

The courtyards and gardens contribute significantly to the process of natural cooling of the houses during the 
summer, Figure 11. Trees, fountains and wells were the key elements of every courtyard. Gardens were 
enriched with flowers and fruit trees. Planting deciduous trees to shade south, east, and west side of the building 
is beneficial in the summer by creating a refreshing effect. Dense tree canopies are providing a natural shadow. 
They also regulate wind mitigation and its direction, which improves natural ventilation. In winter, deciduous 
trees shed their leaves and allow sunlight to reach the winter quarters of the houses. Therefore, they do not 
obstruct the utilization of solar heat gains for passive heating. 

   

Figure 11. Integration of the greenery in Svrzo’s house complex, small garden 
- left, Men’s courtyard – right [28] 

Figure 12. Water fountain in the 
garden (Sourse: Authors, 2022.) 

Water elements, in the form of fountains, through the process of evaporation, additionally contribute to 
lowering the temperature during the hot summer days, Figure 12.   

5. DISCUSSION 
Examples of analyzed vernacular houses show the importance of proportions, scale, and volume in architecture 
for users and visitors in creating a personal impression and a pleasant experience of a certain built environment. 
The conceptual approach that architecture is built from nature and the environment, represents the utilization 
of bioclimatic elements such as the use of local building materials, simple, cubic forms, adaptability to a specific 
location and climate, and passive strategies for cooling and natural ventilation (wind, vegetation, local breezes, 
water). Such design, with a tendency to achieve a balance of aesthetics and function, without comprising nature 
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and needs of people, represents an important basis for reinterpretation of heritage values into contemporary 
architecture, by improving the sustainable design with continuous progress. The findings presented in this paper 
do not propose rejection of modern technological achievements and pure replication of the good vernacular 
building practices. In order to achieve sustainable built environment, we need new architectural perspective in 
which valuable traditional knowledge is combined with new industrial innovations and emerging technology. 
Also, negative aspects of the vernacular building design which are reflected in the use of building materials 
with thermal characteristics that do not meet today’s standards of energy efficient architecture, insufficient use 
of passive solar heat gains in winter and uncontrolled infiltration losses need to be improved in a contemporary 
bioclimatic building design. The guidelines for the contemporary bioclimatic building design, based on the 
positive characteristics found in vernacular architecture, as a model for future, are shown in Table 1. 

From the analysis presented in this paper, it can be concluded that the most significant characteristic of 
vernacular houses from Ottoman period in Sarajevo is the division of the houses in winter and summer quarters 
and their adaptation to seasonal conditions. Secondly, the multifunctional character of the rooms makes a 
significant contribution to the overall reduction of required energy for heating and cooling through optimization 
of the room dimensions without interrupting the comfort of living for the tenants. This can be achieved by 
introducing multifunctional furniture, which can change its purpose during the day. A schematic floor plan 
representation of a proposed contemporary house, based on these principles, and based on the guidelines for 
contemporary building design, is shown in Table 2. Following guidelines were taken into account: 
multifunctional character of the rooms, division of the house into winter and summer quarters, winter quarter 
oriented towards south, with large windows, closed towards north, summer quarter opened towards north and 
east, with large windows, few smaller windows towards south, semi-open spaces in summer quarter in the line 
of the ground floor, deciduous trees on the west and south side for natural cooling. 

 

Table 9. The guidelines for the contemporary bioclimatic building design, based on vernacular architecture 

Vernacular building design The guidelines for contemporary building design 

building in a human scale building in a human scale 

multifunctional character of the rooms multifunctional character of the rooms 

division of the house into winter and summer quarters division of the house into winter and summer quarters 

compact and closed winter quarter with fewer windows winter quarter oriented towards south, with large windows, 
closed towards north with few smaller windows 

playful and open summer quarter with many large 
windows, oriented towards the south, west, and east 

summer quarter opened towards north and east, with large 
windows, few smaller windows towards south 

sun shading elements on windows in summer quarter  sun shading elements on windows in summer quarter  

natural cross ventilation in horizontal and vertical direction natural cross ventilation in horizontal and vertical direction 

uncontrolled ventilation, high infiltration losses controlled ventilation, good air-tightness of building 
envelope elements 

the protruding semi-open spaces in summer quarter on the 
first floor, creating shadow for the winter quarter on the 
ground floor  

semi-open spaces in summer quarter in the line of the 
ground floor, without obstructing heat gains from the sun 
in winter quarter 

courtyards and gardens for natural cooling courtyards and gardens for natural cooling 

natural, locally found building materials with low 
embodied carbon, recyclable 

natural, locally found building materials with low 
embodied carbon, recyclable 

high thermal mass of the walls in winter quarter high thermal mass of the walls in winter quarter 

low thermal mass of the walls in summer quarter low thermal mass of the walls in summer quarter 
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no thermal insulation in building envelope elements good thermal insulation of building envelope elements, use 
of organic, natural insulation materials 

single-glazed windows with wooden frame triple-glazed windows with wooden frame 

Table 2. The proposed contemporary building design, based on vernacular architecture 

The principles of vernacular building design The proposed contemporary building design 

    

Sabura’s house: left – winter quarter, right – summer quarter Contemporary model house: left – winter quarter, right 
– summer quarter 

  

Multifunctional room in Svrzo’s house during the day Multifunctional room in winter quarter during the day 

  

Multifunctional room in Svrzo’s house at night Multifunctional room in winter quarter at night 

6. CONCLUSION 
Bioclimatic principles recognized in the analyzed vernacular houses from the Ottoman period in Sarajevo can 
be used as an inspiration for contemporary architecture. These vernacular houses show that in the old times, 
the approach to urban settlement planning was carefully thought out with great respect toward people’s needs 
on one side and towards nature on the other side. The analysis showed that in vernacular houses, a high standard 
of living was achieved. Opposite of that holistic approach, Sarajevo today is faced with increased urban 
development and poor living standard, which is the result of unsustainable urban planning. The right approach 
to overcome the negative environmental impact of unsustainable urban planning, which is a major problem 
nowadays, is to learn from the past and to interpret all the good traditional principles through a new 
contemporary design. Incorporation of bioclimatic principles from the vernacular building into modern building 
design, such as the use of local and natural building materials, the position of the building with respect to nature, 
consideration of passive systems for cooling in a design process, integration of greenery, and water, 
multifunctional spaces that will optimize the room size without degrading the quality of living, and the division 
of the spaces in winter and summer quarters, can result in the high-quality sustainable modern architecture.  
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Investigation of Adsorption Behavior of 
Activated Carbon Obtained from Chamomile 

and Kinetic Studies 
Sahra Dandil1 

Abstract 
The use of natural materials as an adsorbent in adsorption processes stands out because of their cheapness 
and high performance. In the study, the adsorption behavior of chamomile, which is a short-lived plant that 
can grow spontaneously in many places, as an adsorbent was studied. Dried natural chamomile and 
phosphoric acid (H3PO4) were mixed in a 2:1 ratio by mass for H3PO4:chamomile and kept at room 
temperature for 24 hours. Then the mixture was dried and kept in a nitrogen atmosphere at a heating rate 
of 10 °C/min at a flow rate of 100 mL/min at 600 °C for 1 hour. Then, the sample was washed with sodium 
hydroxide (NaOH) and distilled water, respectively, and dried in an oven.  The prepared activated carbon 
was used in the removal of crystal violet dye from aqueous solutions. Adsorption studies were followed for 
300 minutes for pH 1-7 at 20 ppm dye concentration and 1 g/L adsorbent dosage. The concentration 
changes were followed by taking samples from the dye solutions at certain time intervals and the behavior 
of the processes was revealed in 300 minutes. Accordingly, at the end of 300 minutes, the highest removal 
percentage was obtained as 93.11% at pH 7. The behavior of the adsorption process over time was 
investigated by kinetic studies. Pseudo-first-order, pseudo-second-order and intra-particle diffusion kinetic 
models were examined and the regression coefficients (R2) of these models were determined. Accordingly, 
the R2 values for the pseudo-first-order, pseudo-second-order and intra-particle diffusion model were 
obtained as 0.969, 0.9994 and 0.9986 and 0.9936, respectively, and according to the highest R2 values, the 
process was found to be compatible with the pseudo-second-order kinetic model and intra-particle diffusion 
model. According to the results; it was determined that the activated carbon obtained with chamomile 
showed effective behavior in the adsorption of crystal violet dye with high removal values. 

Keywords: Activated carbon, Adsorption, Chamomile, Crystal Violet 

1. INTRODUCTION 
Adsorption is a surface phenomenon in which ions, atoms or molecules are transferred from a liquid bulk to a 
solid surface and adhere to the surface physically or chemically. The process proceeding in this way reaches 
equilibrium after a while. Also, the reverse of this process (desorption) is possible [1]. In general terms, the 
molecules are called adsorbate and solid adsorbent. The efficiency of the adsorption processes depends on the 
properties of the adsorbate and the adsorbent and the interaction between them. It is desirable for an adsorbent 
to have high porosity and surface area. Examples of typical adsorbents are activated carbon, zeolites, activated 
alumina and bentonite [2]. 

Activated carbon is a carbonaceous material with high surface area and porosity [3]. It can be synthesized by 
chemical or physical methods [4]. Activated carbon synthesis includes carbonization and activation steps [5]. 
In physical activation, the material is carbonized in a neutral atmosphere and then activated in oxidizing gases 
in the range of 800–1100 °C. Chemical activation involves impregnating the material with chemicals and then 
heating the dried sample at temperatures ranging from 400 to 900 °C [6]. 

Chamomile is a plant of the family Asteraceae [7]. The plant consists of an erect stem, a yellow centre and 
white petals and grows to a height of 10-80 cm [8],[9]. It is an annual or perennial plant [10]. Chamomile has 
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been used medicinally for thousands of years by ancient Greek, Roman and Egyptian cultures [11]. It has been 
claimed to have a calming effect and has been used for insomnia and sedation [12]. It is also widely used in 
herbal tea, cosmetics and aromatherapy [13]. Although it has traditional uses, it is claimed that it also has 
negative effects in terms of health, and it is reminded that there are limited scientific studies on drug interactions 
and side effects. 

In this study to obtain an effective and low-cost adsorbent, chamomile was used to prepare activated carbon. 
The phosphoric acid (H3PO4) was used as an activating agent and synthesized activated carbon was used in 
crystal violet dye adsorption from aqueous solutions. The effective parameters (pH and time) and kinetic studies 
of the adsorption processes were investigated. 

2. MATERIALS AND METHODS 

2.1. Materials 
Natural chamomile was purchased from a local market in Bilecik. Dry chamomile was ground and grains in the 
0.250-0.425 mm size range were selected by sieving. Crystal violet dye was supplied from Fluka. 
Orthophosphoric acid (H3PO4, 85%) and sodium hydroxide (NaOH) pellets were purchased from Carlo Erba.  

2.2. Methods 
The activating agent H3PO4 and chamomile were mixed in a mass ratio of 2:1 for H3PO4:chamomile. The 
chamomile was treated with H3PO4 at room temperature for 24 hours. The mixture was dried in an oven. The 
sample was taken in a tubular oven and kept in a nitrogen atmosphere at 600 °C at a heating rate of 10 °C/min 
at a flow rate of 100 mL/min for 1 hour. Then, the sample was washed with NaOH and distilled water, 
respectively. The wet sample was dried in an oven at 105 °C and the activated carbon was obtained. 

The activated carbon was used in the adsorption of crystal violet dye. Experiments were performed with 50 mL 
dye solutions in a shaker (Thermal H11960) at 200 rpm and room temperature. The experiments were followed 
at a pH range of 1-7, 20 ppm dye solution concentration, and 1 g/L adsorbent dosage. 

Absorbance values of the samples taken at certain time intervals were determined by an Ultraviolet/Visible 
region (UV-VIS) spectrophotometer (Perkin Elmer, Elmer Analyst 800). The spectrophotometer was used at 
590 nm which is the wavelength that crystal violet had maximum absorbance. 

The efficiency of the adsorption process was determined by some adsorption terms. Some calculations were 
used for the terms. Removal efficiency values of the process were determined by using Equation (1): 

Removal efficiency (%) = (𝐶𝐶0−𝐶𝐶𝑒𝑒)𝑃𝑃100
𝐶𝐶0

      
               (1) 

where; Co and  Ce are the dye concentration at initial and equilibrium (mg/L), respectively. 

The adsorption capacity was also obtained by Equation (2) given below: 

𝑞𝑞𝑒𝑒 = (𝐶𝐶0−𝐶𝐶𝑒𝑒)𝑃𝑃𝑥𝑥
𝑊𝑊

                  
(2) 

where; qe is the adsorption capacity (mg/g), V is the volume (L), W is the mass of the adsorbent (g). 

Kinetic study of the process was examined with the pseudo-first-order kinetic model, the pseudo-second-order 
kinetic model and the intra-particle diffusion model. The kinetic model equations are put in the order below: 

Pseudo-first-order kinetic model: log (𝑞𝑞𝑒𝑒− 𝑞𝑞𝑡𝑡 ) = log𝑞𝑞𝑒𝑒( 𝑘𝑘1
2,303

)𝑡𝑡   
               (3) 

Pseudo-second-order kinetic model:  𝑡𝑡
𝑞𝑞𝑡𝑡

= 1
𝑘𝑘2𝑞𝑞𝑒𝑒2

+ 𝑡𝑡
𝑞𝑞𝑒𝑒

    
               (4) 

Intra-particle diffusion model:    = 𝑘𝑘𝑒𝑒𝑒𝑒𝑡𝑡𝑡𝑡
0,5 + 𝐶𝐶                  (5) 
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where; t is time (min), qt is the amount of adsorbate at time t (mg g–1), k1, k2, and kint are the rate constants of 
pseudo-first-order kinetic model (min–1), pseudo-second-order kinetic model (g mg–1 min–1), and intra-particle 
diffusion model (mg/g.min0,5), respectively, and C is the constant [14]. 

3. RESULTS AND DISCUSSION 
To determine the concentration of the crystal violet solutions at time t, samples were taken from the solutions 
at certain time intervals. The UV/Vis Spectrophotometer was used to determine the absorbance values of the 
samples and these absorbances were converted to concentration values by using the calibration graph shown in 
Figure 1. 

 
Figure 1. Calibration graph of Crystal Violet dye 

In the adsorption experiments, the crystal violet dye removal behavior of the activated carbon obtained from 
chamomile in the pH range of 1-7 was investigated. The change of removal efficiencies at each pH value was 
followed over time. Figure 2 presents the removal efficiency- time graph for the adsorption process. As seen in 
Figure 2, for each pH value, regular changes were observed over time. It is observed that the removal rate 
increase rapidly in the first 2 hours, and the removal continue to increase even though the increase rate decreases 
after 2 hours. The processes were followed for 300 minutes. After 300 minutes, the removal efficiencies were 
obtained as 86.49, 85.61, 66.95, 85.30, 91.08, 91.12 and 93.11 for pH 1, 2, 3, 4, 5, 6, and 7, respectively. 
Accordingly, the highest removal was obtained at pH 7. However, as seen in Figure 2, it was also determined 
that the process reached equilibrium at pH 7 in 300 minutes. 

 
Figure 2. Removal efficiency (%)-t(min) graph for each pH 

The dye adsorption process was evaluated in terms of its behavior against time using kinetic models. The 
pseudo-first-order kinetic model, the pseudo-second-order kinetic model and the intra-particle diffusion model 
were used as kinetic models for the Crystal Violet dye removal process by the activated carbon obtained from 
chamomile. The graphs and regression coefficients (R2) of the kinetic models are seen in Figure 3. As seen in 
Figure 3, R2 values of the pseudo-first-order, pseudo-second-order and intra-particle diffusion model were 
obtained as 0.969, 0.9994 and 0.9986 and 0.9936, respectively. According to the R2 values, the highest value 
was obtained for the pseudo-second-order kinetic model and intra-particle diffusion model. This explained that 
the process was compatible with the pseudo-second-order kinetic model and intra-particle diffusion model. The 
pseudo-second-order kinetic model describes that the rate-limiting step is chemical adsorption and defines that 
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the adsorption rate is related to adsorption capacity. Adsorbate concentration is ineffective on adsorption rate 
[15]. And, for the intra-particle diffusion model, multiple linearity presents that different steps active for the 
process. The first linearity shows the external surface adsorption, and the other linearity is related to 
intraparticle diffusion as gradual adsorption [16]. The kinetic parameters of the kinetic models were shown in 
Table 1. 

 
(a) 

 

(b) 

 

(c) 

Figure 3. (a) pseudo-first-order kinetic model, (b) pseudo-second-order kinetic model, (c) intra-particle diffusion model 
graphs 
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Table 1. Kinetic parameters of the kinetic models 

Pseudo-first order kinetic model 

k1 (x103) 
(min-1) 

15.89 

qe, cal 

(mg g-1) 
12.56 

R2 0.969 

Pseudo-second-order kinetic model 

k2 (x103) 
(g mg-1 min-1) 

1.99 

qe ,cal 

(mg g-1) 
20.79 

R2 0.9994 

Intra-particle diffusion model 

R2
1 0.9986 

R2
2 0.9936 

kint,1 
(mg g-1min-0,5) 1.96 

kint,2 
(mg g-1min-0,5) 0.27 

C1 
(mg g-1) 0.072 

C2 
(mg g-1) 14.53 

4. CONCLUSIONS 
In the study, the adsorption behavior of chamomile, which is a short-lived plant that can grow spontaneously 
in many places, as an adsorbent was studied. The synthesized activated carbon was used in the crystal violet 
dye removal from aqueous solutions. Adsorption studies were followed for 300 minutes for pH 1-7 at 20 ppm 
dye concentration and 1 g/L adsorbent dosage. At the end of 300 minutes, the highest removal percentage was 
obtained as 93.11% at pH 7. In the kinetic studies, pseudo-first-order, pseudo-second-order and intra-particle 
diffusion kinetic models were examined. The process was found to be compatible with the pseudo-second-order 
kinetic model and intra-particle diffusion model. The pseudo-second-order kinetic model indicated that the rate-
limiting step is chemical adsorption. Intra-particle diffusion model explained that external surface adsorption 
and intraparticle diffusion are effective in the process. According to the results; it was determined that the 
activated carbon obtained with chamomile showed effective behavior in the adsorption of crystal violet dye 
with high removal efficiencies. 
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