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Foreword 

Indonesia faces a great challenge due to a huge number of waste 

generated by domestic and industrial waste. It is estimated that 

Indonesia produces over 65 million tons of waste yearly, urged the 

government to create lots of programs to manage and reduce the waste 

with the tagline “Darurat Sampah” (read: Waste Emergency). 

Unfortunately, the massive number of waste might not be managed 

effectively and become threats to the quality of the environment. Many 

environmental problems due to the high number of waste have been 

reported all over Indonesia. Land, river, air, and sea which became “a 

horrifying plastic cloud” were affected and suddenly became a huge 

threat to people health.  

It requires every aspect, element, and stakeholder to sit together 

discussing what should be done and what part of work can we 

contribute to tackle this issue. Furthermore, it is believed we must ask 

ourselves ‘could this threat be an opportunity for us?’ 

This seminar aims to broaden our knowledge of sustainable waste 

management in Indonesia. It facilitates dialogue among stakeholders 

concern with waste management. Furthermore, it discusses the 

possibility of how an applied technology can transform the waste 

problem into opportunities where people can generate benefit from it.  
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REVIEW ON 

ADDITIONAL TREATMENT EFFECTING ELECTROCOAGULATION 

TREATMENT ON VARIOUS TYPE RAW WATER 

  

Martin Darmasetiawan 

Email: air_bersih@yahoo.com 

Abstract 

Electrocoagulation is another alternative of water treatment plant for the reduction of 

water contaminant. The purpose of this paper is to review the previous researches 

concerning on electrocoagulation of water in effort to obtain parameters that could be 

used in the design of electrocoagulation water treatment plant. Review on 41 research had 

been prepared. The research reports on relations between various variables in which are 

contaminant species with the electrical properties, electrode dan additional properties 

such as pH and electrolyte. 

It was concluded from the analysis that generally the current density in reversely 

proportional to the contact time. Electrification on ionic solution generate optimum 

removal at high (pH >8) except for heavy metal at the pH of 6-8. For organic solution, 

weather it NOM or artificial such as oil operate at low pH (pH<6). Additional electrolyte 

to the solution generally increases the removal for all kind of solution except for suspended 

solid solution. Electrolyte applied were NaCI, KCI, NaNO3 and Na2SO4. 

Electrocoagulation followed by flotation will produce a better removal and a smaller 

energy consumption.      

Keywords: electrocoagulation, current density, pH, Electrolyte. 
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1. GENERAL 

The main issues concerning on raw water generally is around the degradation.  The 

use of electrocoagulation process would be one of the promising treatment processes 

which besides coagulate the water electronically electrolysis reduction of the 

pollutant in the water occurred. Problem on the application electrocoagulation 

processes are the large amount of electric power needed to generate the process. 

Researches on electrocoagulation were applied on high turbidity water caused by 

erosion, algae water, and waste water from domestic and industrial use. 

Electrocoagulation applied consists of electrocoagulation with iron electrode, 

aluminum and copper in DC and AC current with various variation of electrode 

configuration and geometric. 

In this paper reviews on various research report on electrocoagulation applied in 

various raw water. Various aspect of discussion which comprise of 

electrocoagulation performance, electrocoagulation device, and configuration, types 

of raw water and variation of artificial environmental consideration are cited.  

2. LITERATURE REVIEW 

2.1. Solubility Characteristic 

Solubilty characteristic generally consist of 

• Solution 

• Colloidal 

• Suspension 

Visually could be seen in figure 1  

 

 

 

 

 

 

 

 

Figure 1. .a Solution b. Colloidal c. suspension 
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Each type solubilities in terms of electrocoagulation and electrolysis could be 

classified as seen in table 1 (Peter Holt, 2002) 

.  

Table 1. Classification of the solubility in accordance with the  

 

No 

 

Classification 

 

Example 

L
iq

u
id

 

C
o
lo

id
 

S
u
sp

en
si

o
n

 

1 Suspended Solid Bentonite, Clay, Silicate    √ √ 

2 Heavy Metal Se, Cd, Ni, Cr, Fe √   

3 Ion Zn2+; Cu2+;Ni2+; PO43-; F-. √   

4 Color  The mixing of textile √ √  

5 Organic Pesticide, detergent, sewage  √ √  

6 Fat Oil & Grease Oil, grease, solvent   √ 

 

2.2.  Electrocoagulation 

Electrocoagulation (EC) which is a process of passing electric through a body of water 

is not a new technology. Waste water treatment utilizing EC had been practice since 

20th century (100 years ago) with limited success. Electric use for water treatment 

initially had been applied in England in 1889 and the application on mineral 

beneficiation was patented by Elmore in 1904 and A. E. Dietrich in 1906 (Mickova, 

n.d.) 

Electrocoagulation process mechanism are electrochemical cells in where sacrificed 

anode (Al / Fe) is used as agent of coagulation. For example reactions aluminum of an 

electrode in pure water are shown as follow: 

Anode: 

Al → Al3+ +3e−     (1) 

2H2O → O2 +4H+ +4e−     (2) 

In solution: 

Al3+ +3H2O ↔ Al(OH)3 +3H+    (3) 

Cathode: 

2H2O + 2e−→ H2 +2OH−   (4) 

The Aluminum metal released at the reaction will acted as coagulant. 
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For other metal electrode similar reaction occures moreless the same depend on the 

charge of each metal as electrode. 

Simultaniauosly the cathodic reaction produce the change of hydrogen. The reaction 

depend on the  pH in which in neutran and alkali enivironment hydrogen is produced 

through reaction (5)  

2H2O+ 2e− → OH− +H2 ……..(5) 

In acid condition, reaction (6) occurs  

2H+ +2e− → H2 ………. (6) 

Since the anode has positive charge then at the anode occurs the (7) reaction  

2 H2O(l) → 4 H+(aq) + 4 e¯ + O2(g) ……(7) 

Generally both electrode generate the (8) reaction 

2H20(l)→2H2(g)+O2(g) ……..    (8) 

Therefor in general process that is generated at the electrification of water, by means of 

metal as electrode is coagulation and electrolysis. These phenomenas which are 

comprised in researches journal are reviewed through various point of view. 

2.3. Review of the previous researches on electrocoagulation 

2.3.1. Electrocoagulation on Suspended Solid. 

Suspended solid reviewed consist of: 

• Organic suspension 

• Silicate suspension 

Type of raw water reviewed:  

• Inorganic solution of marble (Solak et al. 2009) and ground water (Sadeddin, 

Naser, and Firas 2011) 

• Organic solution of milk (Ni’am and Othman 2014) and domestic wastewater 

(Bukhari 2008) 

The conclusion on: 

• Electric current of 20-90 A/m2 with 3-9 minutes of retention time applied on 

marble solution water, ground water and domestic waste water.   
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• Electric current of 1.5 A/m2 with 40 minutes of retention time applied on diary 

solution. 

Result: 

• Time of electrocoagulation to achieve adequate removal of TSS is longer in diary 

organic solution compared to the marble solution water, ground water and domestic 

waste water.   

• In electrocoagulation in wastewater marble process (Solak et al. 2009) concluded 

that pH above 8 to 9 give better removal efficiency, this is also in accordance with 

the reduction of zeta potential up to -35. 

• The distance between the electrodes is proportional to the time of 

electrocoagulation (Solak et al. 2009). 

• Additional NCl and NaCl increase the electrical conductivity of water (Vasudevan 

et al. 2008). 

2.3.2. Electrocoagulation on Heavy Metal 

• The solution reviewed here are raw water containing heavy metals in the form of 

Ar (Amrose et al. 2013) and Fe (Vasudevan et al. 2009), ink containing Zn, Ni and 

Cu(Prica et al. 2015), electroplating waste water containing Ni and Cr and waste 

water containing Cr (İrdemez and Tosunoglu 2011). 

• In this type of solution electrocoagulation time vary between 10-60 minutes for 

90% removal of heavy metal. Electrocoagulation time is between 10-20 minutes in 

electroplating and ink waste water except for Zn and Cr (İrdemez and Tosunoglu 

2011).& (Shalaby et al. 2014). As for groundwater contaminated by As the time 

removal is 60 minute (Ghanim and Ajjam 2013b). 

• Electrocoagulation with Fe-Fe electrode on heavy metal produce higher removal 

rate in pH above 8 while Al-Al electrode produce higher removal rate in pH above 

7. There for Al-Al electrode is more efficient regarding the pH adjustment.  

• Distance between electrodes is also proportional to the time of 

electrocoagulation(Rajemahadik, Kulkarni, and Kulkarni 2013). 

2.3.3. Electrocoagulation On Ionic Solution  

• Electrocoagulation generally is influence by the pH, additional electrolyte applied 

and the initial concentration.(Singh et al. 2016).  
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• The adjustment of pH is adjusted by introducing NaOH and NaCl in which 

electrocoagulation above 7 will produce better removal for  Ammoniac (NH4
- )(L. 

Yang, Shen, and Zhang, n.d.) and Nitrate (NO3).  

• For optimum phosphate removal pH 6 – 8 could be applied. 

• For enhancing the electrocoagulation rem(Ghanim and Ajjam 2013b)oval 

additional electrolyte NaCl and KCl could be applied (İrdemez and Tosunoglu 

2011) (Khaled et al. 2014) (Shalaby et al. 2014). 

• (Khaled et al. 2014) in their research vary the electrode configuration and the ratio 

between current applied to the area of the electrode and to the volume of the reactor 

and also to the configuration of the electrode in positions of monopolar and the 

bipolar electrode (see figure 3). The result shows that: 

▪ The higher the density of the current to the area and to the volume of the reactor 

the higher the removal will be.   

▪ The monopolar electrode configuration produced more removal efficiency.   

• Electrocoagulation time generally vary between 10 to 60 minutes A.H. El-(El-

Shazly, Al-Zahrani, and Alhamed 2013) observed that the ratio between N/P 

effected the removal of phosphate, where the lower the N/P ratio the higher the 

removal will be.  

 

Picture 3 Bipolar and monopolar configuration (Khaled et al. 2014) 

2.3.4. Electrocoagulation in Dying Process 

The effect of the current density 

The current density is generally between 10- 50 mA/cm2 with the electrification time 

15 to 180 minutes. 
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The effect on pH 

PH adjustment is done by applying NaOH and HCl where the results shows that better 

removal is achieved for pH below 7, in cases for acid dying such as Imperon Violet KB 

(CAS #: 6358-46-9) (Naje et al. 2015), Crystal violet (CV,CI 42555) (Mbacké et al. 

2015), Rhodamine BC.I (Nidheesh and Gandhimathi 2014), tartrazine (C.I. Acid 

Yellow 23, AY23)(Modirshahla et al. 2013) red 120 dyes(Akanksha, Roopashree, and 

Lokesh 2013)  organic dyes DB22 (Parsa and Chianeh 2012). 

The effect of electrolyte 

Positive effect ware shown in the usage of additional NaCl on acid dying 

electrocoagulation process.(Mkpenie and Abakedi 2015) (Dubrawski and Mohseni 

2013)(Han et al. 2015)(Bazrafshan, Biglari, and Mahvi 2012)    

The effect of Solvent 

In the Azo-2-Naphthol Dye dying process in which is neutral, in order to enhance the 

electrocoagulation besides using NaCl additional polar protic ethanol solvent could 

also increase the removal rate of the electrocoagulation(Mkpenie and Abakedi 2015).  

The effect of the electrode configuration 

The electrocoagulation on Imperon Violet KB (CAS #: 6358-46-9) showed that the Mp 

Ti-Bp Al electrodes were found to be more effective for the treatment of textile 

wastewater compared to Mp Ti-Bp Fe. 

Pulse or electric oscilation also has effect on enhancing the electrocoagulation removal. 

(Naje et al. 2015) revealed that electric ocsilation at the frequency of 1000 Hz give the 

optimal removal ratio.  

Ink waste with high BOD and COD with the pH of 6.9 electrified by Al and Fe 

electrode has slight effect(Mkpenie and Abakedi 2015) . Comparison between Al, Mild 

Steel and Stainless Steel as electrode showed that Aluminum is the best electrode to be 

applied. 
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Figure 4. Schematic of Electrocoagulation-Electrooxidation (1) DC Power Supply (2) 

Voltmeter (3) Variable resistance (4) Ammeter (5) Monopolar set (Ti/IrO2) Anode-Ti 

Catode (6) Bipolar set (Aluminum or Zink) (Naje et al. 2015). 

2.3.5. Electrocoagulation on Organic Solution 

Organic solution reviewed from various journal consist of electrocoagulation on: 

• Humid acid waste water 

• Algae water 

The effect on current density 

• Generally the current density is 2-27 mA/cm2 with the electrification time 

between 2-20 minutes (Dubrawski and Mohseni 2013). 

The effect on pH 

• PH adjustment is done by applying NaOH and HCl where the results shows 

that better removal is achieved for pH below 5 (pH 3 to 5..(Han et al. 

2015)(Bazrafshan, Biglari, and Mahvi 2012) (Trellu et al. 2016)). In algae 

water pH optimum is in the range of 4 to 6 (Gao et al. 2010) (Tumsri and 

CHAVALPARIT 2011) 

The effect of electrolyte 

For enhancing the electrocoagulation removal additional electrolyte NaCl and 

KCl could be applied (Naje et al. 2015) 
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The effect of electrode configuration 

• Aluminum electrode found to be more effective than Iron(Fe)(Yanga Xiaoyun 

2013)32 nor Copper(Cu) (Shen et al. 2011)33.   

2.3.6. Electrocoagulation on Fat Oil & Grease 

Organic solution which was reviewed from various journal consist of : 

• Oily waste water(Naje et al. 2015) (Sangal, Mishra, and Kushwaha 2013) 

• Vegetative oil (Salameh 2015)  

• Waste water from oil refinery(Giwa et al. 2013) 

The effect on current density 

• Generally the current density is 13-26 mA/cm2 with the electrification time 

between 70-120 minutes (Ghanim and Ajjam 2013b), (Fast and Gude 2015). 

The effect on pH 

• PH adjustment is done by applying NaOH and HCl where the results shows that 

better removal for oil is achieved for pH below 7 (pH 6.5 to 7).  

The effect of electrolyte 

For enhancing the electrocoagulation removal additional electrolyte NaCl was 

applied  

The effect of electrode configuration 

• Aluminum electrode found to be more effective than Iron( Fe) (Fast and Gude 

2015). 

 

3. PAVIVATION OF ELECTRODE 

During the electrification process dielectric layer will be formed in the surface of the 

electrode this is caused by the release of phenolic compound (electropolymerizing). 

This process could cause the passivation of electrode or electrode fouling (Erdina and 

Ajizah 2010) had formulate the pavivation (see eq 9).  

If i1 is the ultimate current, then the reduction of current would be in accordance with 

the time applied; 

………………………..(9) 

 



Proceeding International Seminar of Sustainable Waste Management ISSN  2654-4679 

Environmental Engineering Department Pelita Bangsa 

 

 

Vol. 1, Tahun 2018 
10 

 

Where : 

.m =αF/RT 

α~ 0.5,  

F (the Faradaic constant)≈ 96485 Cmol-1 

   R (the universal gas constant)≈ 8.314 J K-1mol-1,  

T (temperature)= 298 K 

m ±20 V-1 

ΔE=6*10-4t 

ΔE= EAo- EA 

EA= EAo- 6*10-4t 

Then: 

……………….(10) 

The relation between V and the current I according to (Shen et al. 2011) could be 

formulated as the following equation (eq 11)  

Il =
𝑉+2.𝐾𝑟.(𝑉−𝐸𝑜)−√𝑉2+4.𝐾𝑟.𝐸𝑜.(𝑉−𝐸𝑜)

2𝑟(1+𝐾𝑟)
…………………..(11) 

The reduction of current could be predicted by subtitling eq 11 to eq 10. As seen above 

4. ELEKTROKOAGULATION KINETICS 

(Ghanim and Ajjam 2013b) has conducted a study of the kinetics of 

electrocoagulation in a solution of nitrate (NO3) several methods of calculating the 

kinetics had been tested in Pseudo-First Order Kinetic Models, Pseudo-Second Order 

Kinetic Model, Elovich Kinetic Models, Langmuir adsorption isotherm, Freundlich 

adsorption isotherm and Temkin adsorption isotherms. The entire models except 

models using a pseudo empirical model are derived based on the analogy of 

adsorption. The approach generally is an empirical approach while mathematical 

approach based on Faraday equation can be used as a planning model.  
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5. CONCLUSION  

5.1. General Conclusion 

In order to review the electrocoagulation treatment process 40 papers had been 

evaluated and reviewed, where most of them studied on the relation between type of 

solution, contaminant species, current density, electrification time, pH, additional 

electrolyte, solvent and the electrode configuration.     

Electrocoagulation removal of the contaminant generally was reported around 75-90%. 

From reviews on the previous papers removal and factors that effect the removal could 

be seen in table 2. 
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Table 2 Factors That Effect The Contaminant Removal By Elektrokoagulasi 
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pH optimal >8 6-8 >8 <6 <6 6-7 

Additional elektrolyte (-) 
NaCI,KCI,NaNO3 

and Na2SO4 
NaCI NaCI NaCI/Na2SO4/KCl NaCI 

Configuration of electrode Fe>Al Fe>Al Al/SS/C Al/SS/C An:Al/Pt/Cu Al=Fe 
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5.2. Current Density 

In general, the current density is inversely proportional to the time of contact of 

the electrode. The process that occurs at the electrodes is electrolysis and 

electrocoagulation. At the anode electrolysis oxygen will be produced while on 

cathode hydrogen is produced. In line with this process the anode is sacrificed 

and acted as coagulation agent that coagulate the contaminants. 

The modification between the electric current by the electrification time is 

equal to electron charge required, in which varies from 360 mC / cm 2 to 54000 

mC / cm2 (see Table 2). 

Smaller electric charge is require to remove contaminant in neutral aqueous 

suspension of mineral (Ghanim and Ajjam 2013a) organic ( L. Yang, Shen, and 

Zhang, n.d.) compared on oil and fat (Ghanim and Ajjam 2013b). 

Electrocoagulation treatment for the heavy metals and ionic solutions require 

relatively high charge density, while the Natural Organic Mater (NOM) and the 

dye charge requirement is quite low. The electric charge level is affected by pH 

and electrolyte whereas additional electrode material is generally different but 

in certain cases does not very much (Fast and Gude 2015). 

To maintain the stability current the increased voltage application should be 

adjusted in accordance with the passivation of electrode. (See equations 11 and 

10). 

5.3. pH 

Suspended solution of heavy metal removal generally is at pH 6 to 8. and ionic 

solutions in around pH 8. While the organic solution of NOM, color and oil 

require low pH (<6). 

5.4. Effect on Electrolyte 

The addition electrolyte solution generally increases the removal for all solution 

except the suspended solids. Generally electrolyte used is NaCl, KCl, NaNO3 

and Na2SO4. In general, the addition of electrolyte will increase the electrical 

conductivity and will improve the electrode solubility therefore the 

electrocoagulation capacity will increase. 
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5.5. Material and Electro Configuration 

Materials commonly used as electrode in the electrolysis process is 

predominantly aluminum or iron as the anode and aluminum or iron as the 

cathode. Aluminum is generally was found to be more effective as anode in 

respect with the level of passivation of aluminum material compared to iron. In 

the case where the electrolysis is to be generated aluminum and stainless Steel 

(SS) electrode as anode and cathode could be used. If electrolysis is to be 

generated graphite electrodes are used (Dubrawski and Mohseni 2013). 

The most optimum configuration of the electrode is with Monopolar 

configuration. 

5.6. Other additional treatment on Electrocoagulation 

To enhance the electrocoagulation, agitation and high frequency alternating 

current are applied. 

Agitation is usually done by using stirrer this positively affect the flock 

dimension then it could be easily settled. Without stirring floc tend to be lighter 

because floc moreover generally could mix with bubbles formed by the 

electrolysis of the electrodes. Therefore, in certain cases electrocoagulation 

followed by flotation (Gao et al. 2010) will produce a better removal with small 

energy. 

5.7. Discussion 

Additional treatment such as current density, pH, additional electrolyte and electrode 

configuration can be generally useful to increase the removal of contaminants but does 

not prevent passivation which generally occurs due to thickening of the anode 

oxidation. In a study by (Z. H. Yang et al. 2015) revealed that the application of 

ultrasonic vibraion at 25 kHz on the coagulation process can improve algae removal 

efficiency of low turbidity (up to 40 NTU). 

Research has not been found journals: 

• The application of electrocoagulation with vibration at a moderate and high 

frequency for raw water and electrode. 

• The effect of plasma electrification for algal raw water. 

• Derivation of kinetics formulation between current, voltage, electrode area and the 

volumetric of the treated water in more general formula through design perspective 
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which comprise the characteristic of the electrode, type of solution and the 

electrode configuration.  
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Abstract 

Discharge of untreated wastewater containing organic and nutrient contaminant into 

receiving water bodies is a serious environmental and public health risk. Therefore, it is 

necessary to remove these substances from wastewater for reducing their harms to 

environment. In order to improve the quality of treated wastewater and meet the 

environmental standard, modified septic tank for the treatment of wastewater is required. 

This paper aimed to review the performance of on-site domestic wastewater treatment 

system and find gaps to fill in for further research. The results reveal that conventional 

septic tank and other on-site domestic wastewater treatment systems need more 

improvement in order to meet the effluent standard as one of solutions to protect the 

environment. 

Keywords:  On-site Domestic wastewater treatment system, organic and nutrient removal. 

 

 

INTRODUCTION 

Population growth and urbanization rate led to incline clean water consumption and 

generate a great amount of wastewater simultaneously. Discharge of untreated wastewater 

containing organic and nutrient contaminant into receiving water bodies is a serious 

environmental and public health risk. Therefore, it is necessary to remove these substances 

from wastewater for reducing their harms to environment. In order to improve the quality 

of treated wastewater and meet the environmental standard, advanced technologies for the 

treatment of wastewater is required (Calderon et al., 2012). 

An on-site wastewater treatment system is introduced as a suitable solution for 

domestic wastewater treatment in low-density communities and different site conditions 

(USEPA, 1997). In the countryside, people install their own private household wastewater 

treatment facilities. As populations continue to expand beyond the reach of municipal 

sewer systems, more families are depending on individual on-site wastewater treatment 

systems. Consequently, on-site domestic wastewater treatment systems in rural areas play 



Proceeding International Seminar of Sustainable Waste Management ISSN  2654-4679 

Environmental Engineering Department Pelita Bangsa 

 

 

Vol. 1, Tahun 2018 
21 

 

important roles on removing pollution of aquatic environments and sanitation of the local 

environment (Ichinari et al., 2008). 

Due to lack of funds and scarcity of space, most of the developing countries cannot 

afford to construct centralized sewage treatment plants (Meena and Absar, 2015. Hence, 

it’s needed to develop ecologically safer and economically viable on-site domestic 

wastewater treatment technologies (Kumar et al., 2014).Traditionally, the conventional 

septic tank (CST) has been the most commonly used anaerobic system for onsite treatment 

of black water due to its economic affordability, structural and functional simplicity, and 

electricity-free operation. The septic tank is the most commonly used as wastewater 

pretreatment unit for on-site wastewater systems. Tanks may be used separately or in 

combination with other processes to treat raw wastewater before it is discharged to a 

subsurface infiltration system. Shortage of electricity is a major concern in most of the 

rural areas of developing countries Tait, Erler et al., 2013), but the low treatment efficiency 

of the conventional septic tank is a major concern, which cannot be overlooked and 

requires an early solution. Therefore, for the sake of advancement, the present study needs 

to be carried out to do review of on-site domestic wastewater treatment system of organic 

and nutrient removal in order to find the gaps to fill in for further researches. 

DOMESTIC WASTEWATER 

In this part, the source of domestic wastewater and domestic wastewater 

characteristic will be described. 

a. Source of Domestic Wastewater 

The wastewater source comprises the typical wastes from (1) Domestic (household 

wastes) such as toilet, shower, cooking, washing and laundry as well as any other wastes 

that people may accidentally or intentionally pour down to the drain, (2) Commercial 

service such as schools, hospitals, restaurants, offices, hotels, and small businesses and (3) 

Industrial effluents originate from product processing or cooling water (Bansode, 2002). 

b. Characteristics of Domestic Wastewater 

Table 1 Typical characteristic of domestic wastewater (Metcaf and Eddy 2004). 

Contaminants Unit Concentration 

Weak Medium Strong 

Solids, total (TS) mg/L 390 720 1230 

Dissolved, total (TDS) mg/L 270 500 860 

Fixed mg/L 160 300 520 

Volatile mg/L 110 220 340 
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Suspended solid (TSS) mg/L 120 210 400 

Settable solids mg/L 5 10 20 

BOD5 mg/L 110 190 350 

Total organic carbon mg/L 80 140 260 

COD mg/L 250 430 800 

Nitrogen (total as N) mg/L 20 40 70 

Organic mg/L 8 15 25 

Free ammonia mg/L 12 25 45 

Nitrites mg/L 0 0 0 

Nitrates mg/L 0 0 0 

Phosphorus (total as P) mg/L 4 7 12 

Organic mg/L 1 2 4 

Inorganic  mg/L 3 5 10 

Chloridesb mg/L 30 50 90 

Sulfate mg/L 20 30 50 

Oil and grease mg/L 50 90 100 

Volatile organic compounds 

(VOCs) 

mg/L <100 100-400 >400 

Total coliform No./100ml 106-108 107-109 107-1010 

Fecal coliform No./100ml 103-105 104-106 105-108 

Cryptosporidium oocysts No./100ml 10-1-100 10-1-101 10-1-102 

Giardia lamblia cysts No./100ml 10-1-101 10-1-102 10-1-103 

Low strength is based on an approximate wastewater flowrate of 750 L/capita.d 

Medium strength is based on an approximate wastewater flowrate of 460 L/capita.d 

High strength is based on an approximate wastewater flowrate of 240 L/capita.d 
b Values should be increased by amount of constituent present in domestic water supply  

The characteristics of wastewater discharges vary from location to location 

depending on the population and industrial sector served namely, land uses, groundwater  

levels,  and  degree  of  separation  between  storm  water  and sanitary  wastes (Bansode, 

2002). Contaminants found in domestic wastewater is a mix between pollutant loads and 

the amount of water. Common pollutants contained in the domestic wastewater are 

suspended solids, organic matter, and coliform bacteria. The domestic waste contains 

materials in the form of 99.9 percent water and 0.1 percent solid material. Solids contained 

within domestic wastewater can be organic solids (70%) and inorganic solids (30%). 

Organic solids consist of 65% protein, 25% carbohydrate, and 10% fat. While inorganic 

solids consist of sand, salt, and metals (Bacthiar and Handajani, 2013). The typical 

characteristic of domestic wastewater can be shown in Table 1.  

BIOLOGICAL WASTEWATER TREATMENT 

For the treatment of wastewater the, principle biological processes are divided into 

two categories: suspended growth and attached growth processes. 
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a. Suspended Growth Process 

In this system, the organism grows in liquid phase and has to separate from the 

effluent clarifiers. The biomass is well mixed with wastewater and can be operated in a 

smaller space than the fixed film systems that treat the same among waste (Samuelssson, 

2005). The most common type of suspended growth system is activated sludge system. It is 

the most widely used process for wastewater treatment. It consists of two sets of basins. In 

the first, air is pumped through perforated pipes at the bottom of the basin, air rises through 

the water in the form of many small bubbles. These bubbles provide oxygen from the air to 

the water and create highly turbulent conditions that favor intimate contact between cells, 

the organic material in the water and oxygen. The second basin is a settling tank where 

water flow is made to be very quiet so that the cellular material is removed by gravitational 

settling. Some of the cell material collected at the bottom is captured and fed back into the 

first basin to seed the process. The rest of the sludge is taken for anaerobic digestion. Other 

types of suspended growth systems are: oxidation ditch and sequencing batch reactor 

(Abdur-Rahman, 2007). 

b. Attached Growth Process 

The performance of biological wastewater treatment system depends on the total 

biomass concentration on the system (Jianlong et al., 2000). Attached growth process is a 

biological treatment process in which microorganisms grow and build a thin biofilm layer 

in a specially designed inert materials such as gravel, sand, peat, or specially woven fabric, 

plastic or sponges, moving freely in the whole volume of the reactor by absorbing organic 

matter or other harmful constituents in wastewater. The basic principle of the process is 

that the biomass grows on a specially designed mobile carriers introduced in the reactor 

simultaneously with the oxidation of organic or inorganic compounds in wastewater 

(Shrestha, 2013). Certain agitation is setup in the process to make the carriers mobile by 

aeration in aerobic condition or mechanical mixing in anaerobic and anoxic condition.  

Theory of Attached Growth Process 

Biological wastewater treatment process has been performed as one of the most 

effective treatment processes for the removal of organic pollutants from wastewater. The 

biological process has been improved during the last few years and one of these new 

improved process includes the addition of specially designed porous mobile elements 

called carriers into the aeration tank that provides a surface for the biological growth 

(Robescu et al., 2009). The basic principle of the process is that the biomass grows on the 
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specially designed carriers that move into the reactor by the agitation setup by aeration in 

aerobic condition or mechanical mixing in anaerobic and anoxic condition. It might take a 

few days or months to grow biofilm depending on the feed water organic concentration and 

the biomass carrier types. It is very important to control and maintain a healthy biomass on 

the surface of the media (Chaudhary et al., 2003). As shown in Figure 1, a biomass layer 

sticks to the surface of the solid media and start growing. The liquid wastewater passes 

adjacent to the biomass layer forming a liquid layer. During the passage of the wastewater 

in the liquid layer and its contacts with the biofilm layer, the organic matter, ammonia, 

phosphate and DO in addition to other dissolved materials penetrate into the biomass layer 

by diffusion. The biochemical reactions such as organic matter oxidation, nitrification 

occur inside the biofilm layer. The end products such as CO2, H2O and NO3 leave the 

biofilm layer back to the liquid layer and move out with the liquid flow of the effluent 

stream. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic diagram of attached growth Process (Shrestha, 2013). 

 

The bacteria in the biomass layer grow and some will die. The dead bacteria lose its sticky 

characteristics and it is removed from the biomass layer by the action of the moving liquid 

while the fixed bacteria within the media are very stable and active. Denitrification can be 

achieved in the attached growth system in the lower parts of the system where anoxic 

conditions exist (Ngo et al., 2006). In an aqueous environment, microorganisms attach to 

wet surfaces, multiply, and embed themselves in a slimy matrix composed of the EPS they 

produce, forming a biofilm. Attached cells metabolize prevailing energy and carbon 

substrates, consume electron acceptors, grow, replicate, and produce more insoluble 

extracellular polymers, predominantly polysaccharides, thus accumulating a viable biofilm 

community. As the microorganisms grow, the thickness of the biofilm layer in the carrier 

increases that results in the consumption of diffused oxygen and the metabolization of 
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adsorbed organic matter before it can reach the microorganisms near the carrier face. These 

results in the microorganisms near the carrier face entering into an endogenous phase of 

growth and lose their ability to cling to the carrier surface. The liquid flow then washed 

away the biofilm from the carrier, and a new biofilm layer starts to grow (Vayenas, 2011). 

Submerged Fixed Bed Biofilm Reactors 

Fixed-film systems (FFS) are biological treatment processes that employ a medium 

such as rock, plastic, wood, or other natural or synthetic solid material that will support 

biomass on its surface and within its porous structure. At least two types of fixed-film 

systems may be considered; those in which the medium is held in place and is stationary 

relative to fluid flow (trickling filter) and those in which the medium is in motion relative 

to the wastewater (e.g., rotating biological disk). A third classification includes dual-

process systems that encompass both fixed and suspended biomass together or in series. 

A submerged reactor was tested by Bravo and Spyra as a modification to the 

conventional trickling-flow configuration. This modified fixed-film reactor was effective 

when high loadings of diesel were present as an emulsion. Wirthensohn et al. investigated 

physical and biological treatment steps for the remediation of groundwater from a former 

MGP site in a pilot plant. The scope of the study was to test the effectiveness of different 

process steps, which included an aerated sedimentation basin, a submerged fixed film 

reactor (SFFR), a multi-media filter, and an activated carbon filter. The treatment system 

was effective in reducing the various organic and inorganic pollutants in the pumped 

groundwater. 

c. Role of Microorganism in Wastewater Treatment 

The removal of dissolved and particulate carbonaceous BOD and the stabilization of 

organic matter found in wastewater is accomplished biologically using a variety of 

microorganism, principally bacteria. Microorganisms are used to oxidize the dissolved and 

particulate carbonaceous organic matter into simple end product and additional biomass, as 

represented by the following equation for the aerobic biological oxidation.  

( )

( )

3
1 2 2 3 3 4 4

5 6 2 7 2

microorganisms
v organic material v O v NH v PO

v new cell v CO v H O

−+ + + ⎯⎯⎯⎯⎯⎯⎯⎯→

+ +

                   

Eq. 1 
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Based on Eq. 1, v
i

 is the stoichiometric coefficient. Oxygen (O2), ammonia (NH3) 

and phosphate, (PO4
3-) are used to represent nutrients needed for the conversion of the 

organic matter to simple end products such as carbon carbonate and water. The terms 

shown over the directional arrow is used to denote the fact that microorganisms are needed 

to carry out the oxidation process. The term new cells are used to represent the biomass 

produced as a result of the oxidation of the organic matter. Microorganisms are also used 

to remove the nitrogen and phosphorus in the wastewater treatment processes. Specific 

bacteria are capable of oxidizing ammonia (nitrification) to nitrite and nitrate, while other 

bacteria can be oxidized nitrogen to gaseous nitrogen. For phosphorous removal, biological 

processes are configured to encourage the growth of bacteria with the ability to take up and 

store a large amount of inorganic phosphorus. Because the biomass has a specific gravity 

slightly greater than that of water, the biomass can be removed from the treated liquid 

gravity settling. It is important to note that unless the biomass produced from the organic 

matter is removed on a periodic when complete treatment has not been accomplished 

because the biomass which itself is organic, will be measured as BOD in the effluent 

(Metcaf and Eddy, 2004). 

d. Mechanism of Aerobic and Anaerobic Processes 

Biological treatment is basically divided into two main categories such as aerobic 

processes and anaerobic processes. Aerobic means in the presence of air (oxygen) while 

anaerobic means in the absence of air (oxygen). These two terms are directly related to the 

type of bacteria or microorganisms that are involved in the degradation of organic 

impurities in a given wastewater and the operating conditions of the bioreactor (Mittal, 

2011). 

Anaerobic Process 

The four key stages of anaerobic digestion involve hydrolysis, acetogenesis, 

acetogenesis, and methanogenesis. The overall process can be described by the chemical 

reaction, where organic material such as glucose is biochemically digested into carbon 

dioxide (CO2) and methane (CH4) by the anaerobic microorganisms. 

      6 12 6 2 43 3C H O CO CH→ +                                                                

Eq. 2 

• Hydrolysis 
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In most cases, biomass is made up of large organic polymers. For the bacteria in 

anaerobic digesters to access the energy potential of the material, these chains must first be 

broken down into their smaller constituent parts. These constituent parts, or monomers, 

such as sugars, are readily available to other bacteria. The process of breaking these chains 

and dissolving the smaller molecules into solution is called hydrolysis. Therefore, 

hydrolysis of these high-molecular-weight polymeric components is the necessary first step 

in anaerobic digestion (Seat and Mah, 2006). Through hydrolysis, the complex organic 

molecules are broken down into simple sugars, amino acids, and fatty acids. Acetate and 

hydrogen produced in the first stages can be used directly by methanogens. Other 

molecules, such as volatile fatty acids (VFAs) with a chain length   greater   than   that   of 

acetate must first be catabolized into compounds that can be directly used by methanogens 

(Boone and Mah, 2006).            

• Acidogenesis 

The biological process of acidogenesis results in further breakdown of the remaining 

components by acidogenic (fermentative) bacteria. Here, VFAs are created, along with 

ammonia, carbon dioxide, and hydrogen sulfide, as well as other byproducts. The process 

of acidogenesis is similar to the way milk sours. 

Figure 2. The key process stages of anaerobic digestion (Boone and Mah, 2006).            

• Acetogenesis 

 The third stage of anaerobic digestion is acetogenesis. Here, simple molecules 

created through the acidogenesis phase are further digested by acetogens to produce largely 

acetic acid, as well as carbon dioxide and hydrogen. 

• Methanogenesis 

The terminal stage of anaerobic digestion is the biological process of 

methanogenesis. Here, methanogens use the intermediate products of the preceding stages 

and convert them into methane, carbon dioxide, and water. These components make up the 
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majority of the biogas emitted from the system. Methanogenesis is sensitive to both high 

and low pHs and occurs between pH 6.5 and pH 8. The remaining, indigestible material the 

microbes cannot use and any dead bacterial remains constitute the digestate. 

Aerobic Condition 

Among the biological processes used for the construction of bioreactors, there are 

two fundamental types of processes: the aerobic and anaerobic. Aerobic (oxygen-using) 

biological systems, which are considered packaged systems, treat wastewater better than 

the typical anaerobic (no oxygen) septic units (Hoffman et al., 2015), thus improving solids 

separation, releasing volatile chemicals, and reducing sludge volume. These systems are, 

however, more expensive to operate and maintain and are more often subject to problems 

caused by changes in wastewater quality or environmental conditions. Aerobic systems are 

often used because they produce high quality effluent which may be disposed of through 

conventional trenches or drip irrigation, or sprayed on top of the ground. 

There are strict aerobic processes, which are those that can only work if there is 

oxygen, and facultative aerobic processes, which are those that can switch to anaerobic, 

according to the concentration of oxygen available. In general, the aerobic processes is 

showed Figure 3.  

As can be seen in the below reaction, essentially, aerobic metabolism is responsible 

for  catalyzing  larger  molecules  into  carbon  dioxide,  water , and  new  cells. It is 

noteworthy that the different groups of microorganisms have different metabolisms, and 

therefore are able to catalyze a wide range of substances, although sometimes other 

secondary products are obtained in addition to those mentioned. 

Aerobic processes are very efficient, operate at a wide range of possible substances 

to degrade, and in relatively simple cycles are stable; there is rapid conversion of organic 

pollutants in microbial cells and their operation relatively free of odors (Amaya et al., 

2013). 

 

 

 

 

 

 

Figure 3. Mechanism of aerobic processes (Mittal, 2011). 
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BACKGROUND ON CONVENTIONAL SEPTIC TANK 

Domestic wastewater treatment in rural areas is important for preventing pollution of 

aquatic environments as well as sanitation. Because of the high cost of constructing sewage 

systems in rural areas and developing countries, on-site wastewater treatment systems are 

preferred in these situations      (Taylor et al., 2003) and (Tidaker et al., 2007). Several are 

prime driving forces for applying anaerobic technologies in recent environmental 

engineering trends (Van Lier, 2008). Developing countries lack proper wastewater 

collection and treatment facilities, especially in rural areas. The centralized collection and 

treatment systems are apparently too costly and complex to solve their wastewater 

problems. 

In the United States, about 60 million people use some form of on-site wastewater 

treatment systems of which about 20 million use the conventional septic tank system 

(Bradley et al., 2002).Australia is of no difference, where about 12% of the population uses 

septic tank systems to get rid of its wastewater (Ahmad et al., 2005) .In Canada, 

decentralized systems are employed in a number of locations. Around 14% of the 

population in Greece might be served by decentralized systems due to their location in 

rural areas (Tsagarakis et al., 2001) .Turkey tries to avoid centralized treatment due to the 

high cost of construction and operation. Of all the Turkish municipalities, up to 28% are 

served by septic systems. In other areas, the cluster systems and the package systems also 

exist (Engin et al., 2006). In Tanzania, about 90% of the population is served by on-site 

sanitation systems: pit latrines (80%) and septic tanks (10%).In Egypt, more than 95% of 

the Egyptian rural area is not provided with wastewater collection and treatment facilities. 

There are about 4,000 Egyptian rural areas with a population ranging from 1,000 to 20,000 

capital. The wastewater produced from houses in these rural areas is mainly treated in 

septic tanks (Elmitwalli et al., 2003). 

The septic tank has many advantages as this system is inexpensive and simple to 

operate and maintain. In addition to primary treatment, the septic tank can reduce the 

sludge and scum volumes by as much as 40%. The septic tank is used in nearly all on-site 

systems regardless of daily wastewater flowrate or strength. Hydraulic and organic shock 

loads have little effect on treatment efficiency; it has the ability to endure long pauses in 

feeding smaller land area. It does not need skilled labor to operate and has much less 

operation and maintenance requirement as well as involves less construction cost. 
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Septic tank systems can achieve a total suspended solids (TSS) removal of 50 - 70% 

(Metcalf and Eddy, 2003). Furthermore, it stabilizes the sludge by anaerobic digestion, 

reducing the amount of sludge generated. A septic tank removes many of the settleable 

solids, oils, greases, and floating debris in the raw wastewater, achieving 60 - 80% removal 

(Baumann et al., 1978). 

The solids removed are stored in sludge and scum layers. Septic tank effluent varies 

naturally in quality, depending on the characteristics of the wastewater and condition of the 

tank. (Sabry et al., 2010) showed that the treatment system is slightly influenced by the 

drop in the temperature. The performance of the septic tanks is rather poor despite the long 

operated HRT due to their inherent design feature viz. the horizontal flow mode of the 

influent sewage (Lettinga et al., 1991) and (Mgana, 2003). 

RESEARCH ON ON-SITE DOMESTIC WASTEWATER TREATMENT 

According to (Kimleng & Effendi, 2016), the performances of modified septic tank 

systems which consist of anaerobic tank and aerobic tank with plastic media to treat real 

wastewater generated from office building and the results were COD = 50 to 90%, TN = 

3.82 to 3.84%, and TP = 15 %, respectively and it suggests that the types and size of 

packing material is a major factor that effects the performance and operating characteristic 

of submerging attached growth processes. In order to improve the performance of this 

system, the type of media should be changed such polyurethane which is recommended as 

material for suspended fixed film processes. The modified septic tank is like the 

anoxic/aerobic processes.  The effluent should be recycled to anoxic tank to do the 

denitrification process for nutrient removal. 

Based on Vandith et al., (2016) , lab-scale model of Johkasou system which consists 

of anaerobic filter tanks, contact aerobic tank and sedimentation tanks to treat synthetic 

wastewater which has been characterized based on characteristic of real wastewater from 

office building. The results were COD = 90 to 94%, TN = 56 %, and TP = 86%, 

respectively. It suggests that lab-scale reactor was operated using synthetic wastewater, it 

would obtain more accurate result if it is operated using the real domestic wastewater. This 

research was carried out using bio ball (ball type and rambutan type) as biofilm carriers. It 

would be necessary to compare the removal efficiency using different types of biofilm 

carriers such as biochips, pall rings, and AnoxKaldnes Biofilm ChipTM. The fix-bed 
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bioreactor was used in aeration tank in this research, therefore conducting in different types 

of bioreactor such as Moving Bed Biofilm Bioreactor (MBBR) would also be beneficial. 

According to Maulidiany and Soewondo (2015), Organic and nutrient removal in 

domestic wastewater by moving bed biofilm reactor (MBBR) system using biochip. The 

reactor was divided into five tanks main process from equalization tank, denitrification 

tank 1, nitrification tank, denitrification tank 2, and clarifier to treat synthetic wastewater. 

The system was operated with initial COD concentration 120 mg/l, 250 mg/l, 300 mg/l, 

350 mg/l and 4.7 h of HRT. The results indicated that COD = 76%, TN = 74.77%, and TP 

= 50.02%, respectively. 

Based on Sharma et al., (2016), on-site treatment of source separated domestic 

wastewater employing anaerobic package system which consists of two anaerobic 

bioreactors. The second chamber of this system was packed with pall ring media to treat 

the real wastewater with influent concentration COD: 927 mg/L, TN: 117.5 mg/L, and TP: 

44.5 mg/L. The results showed that COD tot, CODss, BOD and TSS were 72.6, 90.2, 78.4 

and 83.2%, respectively. 

According to (Anil and Neera, 2016), modified septic tank treatment system which 

consists of anaerobic digestion and disinfection by zeolite as absorbent to treat synthetic 

wastewater with the influent concentration BOD: 340.9 mg/L, TkN: 112 mg/L, Phosphate: 

24 mg/L and total coliforms (CFU/100 ml) 6.4 × 109. The results showed 46.83% ammonia 

nitrogen, 31.08% of nitrate nitrogen, 48.39% of total Kjeldahl nitrogen, 71.74% of 

Phosphate, 94.4% of BOD and 99.99% of total coliform, respectively. 

Based on (Shivendra and Ramaraju, 2015), impact of onsite sanitation system on 

Groundwater at different geological settings of Peri-Urban areas. Anaerobic (Pit latrine and 

septic tank) which is suspended growth to treat the original wastewater. The parameters to 

be analyzed such as TDS, Chloride, Nitrates, Total coliform M.P.N/100ml and E-coli. The 

analysis of results revealed that concentration of critical parameters exceeds the 

permissible limits of drinking water. 

According to Moussavi et al., (2010) , performance of a pilot scale up-flow septic 

tank for on-site decentralized treatment of residential wastewater which consists of 

anaerobic process as suspended growth to treat real wastewater with influent concentration 

COD: 243 mg/L, BOD: 178 mg/L, TSS: 400 mg/L with  6 h, 12 h and 24 h of HRT. The 

results showed that 85, 77, and 86% of BOD, COD and TSS were achieved, respectively. 
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According to Sabry (2010), evaluation of decentralized treatment of sewage 

employing Upflow Septic Tank/Baffled Reactor (USBR in developing countries which 

consists of anaerobic process as suspended growth to treat the real wastewater with the 

influent concentration BOD: 170 mg/L, COD: 1350 mg/L, and TSS: 1192 mg/L. The 

results showed that COD, BOD, and TSS were 84%, 81% and 89%, respectively. 

According to (Zheng et al., 2016)  , the nitrification performance of biofilm reactor 

for treating domestic wastewater under high dissolved oxygen which consists of aerobic 

process with Kaldnes ring as media to treat synthetic wastewater with influent 

concentration NH4:70 mg/L, NaHCO3: 840 mg/L and the result showed  90% removal of 

NH4. 

According Mansouri et al., (2014), kinetic evaluation of simultaneous CNP removal 

in an up-flow aerobic/anoxic sludge fixed film (UAASFF) bioreactor operated with 

intermittent aeration with Pall-ring media and the influent concentration COD: 1000 mg/L, 

TN: 250 mg/L, TP: 50 mg/L and 2h, 4.25h and 6.5h of HRT to treat synthetic wastewater 

and the results showed that COD: 95.42%, TN: 79%, TP: 79.1% were achieved, 

respectively. 

FUTURE RESEARCH DIRECTION 

Novel aspects of the proposed research are: the study of on-site domestic wastewater 

treatment system on extension and in-depth experiment which more comprehensive than 

existing sharing experiences and lesson learned from the previous researches; 

differentiation of characteristic of domestic wastewater from  low income, medium 

income, and high income area which can be used as new information for the design of on-

site domestic wastewater treatment systems; the new modified septic tank with moving bed 

biofilm reactor, intermittent aeration, recirculation process and running with the real 

wastewater which will fill the gaps in the previous researches (Vandith et al., 2016). 

CONCLUSION 

This literature review reveals that conventional septic tanks and other on-site 

domestic wastewater treatment systems need more modification to order to meet the 

effluent standard as one of solutions to protect water local environment. 

 

 



Proceeding International Seminar of Sustainable Waste Management ISSN  2654-4679 

Environmental Engineering Department Pelita Bangsa 

 

 

Vol. 1, Tahun 2018 
33 

 

REFERENCES 

Abdur-Rahman, S. O. (2007). Nitrogen Reduction in Lulea kommu Wastewater Effluent. 

Master Thesis, Luleu University of Technology, Civil And Environmental 

Engineering. 

Ahmad, W., Neller, R., & Katouli, M. (2005). Evidence of septic system failure 

determined by a bacterial biochemical fingerprinting method. J. Appl. Microbiol, 

98, 910-920. 

Amaya, O. M., Maria, T. B., & Francisco, J. T. (2013). Microbial Biomass in Batch and 

Continous System. In:s.1:Almendariz, et al., licensee In Tech. 

Anil, R., & Neera, A. L. (2016). Modified Septic Tank Treatment System. Procedia 

Technology, 24, 240-247. 

Bacthiar, W., & Handajani, M. (2013). Determination of Optimum Conditions for The 

Establishment Biogranular Aerobic by Sequencing Batch Reactor. ITB, 

Environmental Engineering, Bandung. 

Bansode, R. (2002). Treatment of organic and inorganic pollutant in municipal wastewater 

by agricultural by-product based granular activated carbons (GAC). B.Tech., 

Osmania University, Department of Food and Science. 

Baumann, E. R., Jones, E. E., Jakubowski, W. M., & Nottingham, M. C. (1978). Septic 

Tanks. Proceedings of the Second National Home Sewage Treatment Symposium, 

Illinois, American Society of Agricultural Engineers, St. Joseph, MI. Chicago. 

Boone, D., & Mah, R. (2006). Transitional bacteria in anaerobic digestion of biomass.  

Bradley , B. R., Daigger, G. T., Rubin, R., & Tchobanoglous, G. (2002). Evaluation of 

onsite wastewater treatment technologies using sustainable development criteria. 

Clean Technol. Environ. Policy, 4, 87-99. 

Calderon, K., Martin-Pascual, J., Poyatos, J. M., Rodelas, B., Gonzales-Martinez, A., & 

Gonalez-Lopez, J. (2012). Comparative Analysis of the Bacterial Diversity in a Lab 

Scale Moving Bed Biofilm Reactor (MBBR) Applied to Treat Urban under 

Different Operational Condition. Bioresource Technology, 121, 119-126. 

Chaudhary, D. S., Vigneswaran, S., Ngo, H. H., Shim, W. G., & Moon, H. (2003). 

Biofilter in water and wastewater treatment. Korean Journal Chemical 

Engineering, 20(6), 2054-1065. 

Elmitwalli, T. A., Sayed, S., Groendijk, L., van Lier, J., Zeeman, G., & Lettinga, G. 

(2003). Decentralized treatment of concentrated sewage at low temperature in a 

two-step anaerobic system: Two upflow-hybrid septic tanks. Water Sci. Technol, 

48(6), 219-226. 

Engin, G., & Demir, I. (2006). Cost analysis of alternative methods for wastewater 

handling in small communities. J. Environ. Manage, 79, 357-363. 



Proceeding International Seminar of Sustainable Waste Management ISSN  2654-4679 

Environmental Engineering Department Pelita Bangsa 

 

 

Vol. 1, Tahun 2018 
34 

 

Hoffman, D., Harris, B., & Mazac, F. (2015). Reducing Contamination by Improving 

Household Wastewater Treatment. s.1.:s.n. 

Ichinari, T., Ohtsubo, A., Ozawa, T., Hasegawa, K., Oguch, K., & Kiso, Y. (2008). 

Wastewater Treatment Performance and Sludge Reduction Properties of a 

Household Wastewater Treatment System Combined with an Aerobic Sludge 

Digestion Unit. Process Biochem, 43, 722-728. 

Jianlong, W., Hanchang, S., & Yi, Q. (2000). Wastewater treatment in a hybrid biological 

reactor (HBR): Effect of organic loading rates. Process Biochemistry, 36, 297-303. 

Kimleng, T., & Effendi, A. J. (2016). COD removal kinetic and microorganism growth 

kinetic using lab-scale batch condition for toilet wastewater treatment in modified 

septic tank with plastic media. Bandung Institute of Technology of Cambodia, 

Environmental Engineering, Bandung. 

Kumar, T., Rajpal, A., Bharagava, R., & Prasad, K. (2014). Performance evaluation of 

vermifilter at different hydraulic loading rate using river bed material. Ecol. 

Eng(62), 77-82. 

Lettinga, G., van Knippenberg, K., Veenstra, S., & Wiegant, W. (1991). Final Report " 

Upflow Anaerobic Sludge Blanket (UASB) Low-Cost Sanitation Project in 

Bandung, Indonesia. IHE, Delft, Agricultural University Waneningen, St. 

Borromeus Hospital , Bandung. 

Mansouri, A. M., Zinatizadeh, A. L., & Akhbari, A. (2014). Kinetic Evaluation of 

Simultaneous CNP Removal in an up-Flow Fixed Film (UAASFF) Bioreactor. 

Iranica Journal of Energy & Environment, 5(3), 323-336. 

Maulidiany, N. D., & Soewondo, P. (2015). Organic and nutrient removal form domestic 

wastewater by moving bed biofilm reactor (MBBR) system using biochip. Bandung 

Institute of Technology, Environmental Engineering, Bandung. 

Meena, K. S., & Absar, A. K. (2015). Anaerobic onsite treatment of black water using 

filter-based packaged system as an alternative to conventional septic tank. 

Ecological Engineering(75), 457-461. 

Metcaf , L., & Eddy, H. (2004). Wastewater Engineering, Treatment and Reuse. Table 3-

15 ( 4 ed.). 

Mgana, S. M. (2003). Towards Sustainable and Robust On-site Domestic Wastewater 

Treatment for All Citizens. PhD. Thesis, Wageningen University, Wagenignen, The 

Netherlands. 

Mittal, A. (2011). Biological Wastewater Treatment. Retrieved May 6, 2016, from 

http://www.watertoday.org/Article%20Archieve/Aquatech%2012.pdf 

Moussavi, G., Kazembeigi, F., & Farzadkia, M. (2010). Performance of a pilot scale up-

flow septic tank for on-site decentralized treatment of residential wastewater. 

Process Safety and Environmental Protection, 88, 47-52. 



Proceeding International Seminar of Sustainable Waste Management ISSN  2654-4679 

Environmental Engineering Department Pelita Bangsa 

 

 

Vol. 1, Tahun 2018 
35 

 

Ngo, H. H., Nguyen, M. C., Sangvikar, N. G., Hoang, T. L., & Guo, W. S. (2006). Simple 

approach towards a design of an attached-growth sponage bioreactor (AGSB) for 

wastewater treatment and reuse. Water Science Technology, 54, 191-197. 

Pipeline. (2004). The attached growth process- An old technology takes on new forms. 

Pipeline winter 2004, vol.15 no1.  

Robescu, D., Calin, A., & Nasaramb, B. (2009). Simulation of attached growth biological 

wastewater treatment process in the mobile bed biofilm reactor. Proceeding of 10th 

WASEAS international conference on mathematic and computers in biology and 

chemistry. Bucharest, Romania. 

Sabry, T. (2010). Evaluation of decentralized treatment of sewage employing Upflow 

Septic Tank/Baffled Reactor (USBR) in developing countries. Journal of 

Hazardous Materials, 174, 500-505. 

Samuelssson, P. (2005). Control of nitrogen removal in activated sludge process. Doctoral 

Thesis, Uppsala University, Sweeden. 

Seat , R., & Mah, R. (2006). Hydrolytic Bacteria in Anaerobic digestion of biomass.  

Sharma, M. K., Tyagi, V. K., Saini, G., & Kazmi, A. A. (2016). On-site treatment of 

source separated domestic wastewater employing anaerobic package system. 

Journal of Environmental Chemical Engineering, 4, 1209-1216. 

Shivendra, B. T., & Ramaraju, H. K. (2015). Impact of on-site sanitation system on 

Groundwater in different Geological setting of Peri-Urban areas. Aquatic Procedia, 

4, 1162-1172. 

Shrestha, A. (2013). Specific Moving Bed Biofilm Reactor in Nutrient Removal from 

Municipal Wastewater. Master's Thesis, University of Technology, Sydney. 

Tait, D., Erler, D., Dakers, A., & Davison, L. (2013). Nutrient processing in a novel on-site 

wastewater treatment system designed for permeable carbonate sand environment. 

Ecol.Eng(57), 413-421. 

Taylor, M., Clarke, W. P., & Greenfield, P. F. (2003). The treatment of domestic 

wastewater using small-scale vermicompost filter beds. Ecol.Eng, 21, 197-203. 

Tidaker, P., Soberg, C., & Jonsson, H. (2007). Local recycling of plant nutrients from 

small-scale wastewater systems to farmland : A Swedish scenario study. Resour. 

Conserv. Recycl, 49, 388-405. 

Tsagarakis, K. P., Mara, D. D., & Angelakis, A. N. (2001). Wastewater management in 

Greece: Experience and lessons for developing countries. Water Sci. Technol, 6, 

163-172. 

University of Wisconsin. (1978). Management fo Small Waste Flows. EPA-600/2-78-173, 

U.S. Environmental Protection Agency, Cincinnati, OH. 

USEPA. (1997). Response to congress on use of decentralized wastewater treatment 

systems.  



Proceeding International Seminar of Sustainable Waste Management ISSN  2654-4679 

Environmental Engineering Department Pelita Bangsa 

 

 

Vol. 1, Tahun 2018 
36 

 

Van Lier, J. B. (2008). High-rate anaerobic wastewater treatment: diversifying from end-

of-the-pipe treatment to resource-originated conversion technique. Water Sci. 

Technol, 57, 1137-1148. 

Vandith, V., Bophann, P., Soewondo, P., & Setiyawan, A. S. (2016). Kinetics of organic 

and nutrient removal in Johkasou system as an on-site domestic wastewater 

treatment system. Bandung Institute of Technology, Environmental Engineering, 

Bandung. 

Vayenas, D. V. (2011). Attached Growth Biological Systems in the Treatment of Potable 

Water and Wastewater. Comprehensive Biotechnology, 29(10), 2293-2298. 

Zheng, Z., Li, Z., Ma, J., Du, J., Chen, G., Bian, W., . . . Zhao, B. (2016). The nutrition 

performance of biofilm reactor for treating domestic wastewater under high 

dissolved oxygen. Journal of Environmental science, 42, 267-274. 

 

  



Proceeding International Seminar of Sustainable Waste Management ISSN  2654-4679 

Environmental Engineering Department Pelita Bangsa 

 

 

Vol. 1, Tahun 2018 
37 

 

ALGAE BLOOM IN WASTE WATER POND 

 

*Martin Darmasetiawan,  

Environmental Engineering, Bandung Institute of Technology, Indonesia;  

*air_bersih@yahoo.com 

 

 

Abstract 

This paper precedes series of researches in effort to develop a model for removing 

algae from raw water which is contaminated by domestic waste water. Several water 

body in the form of waste water pond and storage reservoir are observed with the 

purpose to characterize the water body in relation with the algae species dominating 

the water.  

Methods which are applied in this research are quantitative descriptive and 

comparative descriptive. Exploration survey methods were applied which subsequently 

describe the relation between the parameter BOD and N/P ratio with the dominant 

algae exist in the water. Graphical and k-NN (k nearest neighbor) analysis are used in 

mapping the relation between the parameters. Analysis from secondary data located in 

Australia, India and Indonesia and 4 field observation primary data are exercised.    

It is concluded through the observation that in high BOD and high N/P ratio the most 

probable algae species dominating the water bodies are  Euglena, Crococcus, 

Oscillatoria dan microcytis; in high BOD and low N/P ratio are Sprirulina, Clorella 

dan microcytis; in low BOD and high N/P ratio are Clorella , Crococcus, Sprirulina 

dan microcytis and in low BOD and low N/P ratio are Sprirulina, Clorella dan 

microcytis. 

Based on the obeservation it is concluded that semi stagnant pond receiving domestic 

waste water in the tropical climate would generate algae bloom. Water characteristic of 

stagnant pond after 15 day of HRT generally consist of 20 mg/L BOD and N/P ratio 

below 20 with dominant algae growing in the pond are Sprirulina, Clorella dan 

microcytis. 

    Keywords: Alga, BOD dan rasio N/P.   
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1. INTRODUCTION 

This paper precedes series of researches in effort to develop a model for removing algae 

from raw water which is contaminated by domestic waste water. Several water bodies in 

the form of waste water ponds and storage reservoirs are observed with the purpose to 

characterize the water bodies in relation with the algae species dominating the water. 

Algae blooming are problem in various pond and lagoon which receive waste water 

from domestic urban area especially in tropical countries. Algae blooming water would 

generate problem especially in effort to treat the water in becoming clean potable 

water[1]. 

Some cases have shown that algae in water storage affect the hygiene and aesthetic of 

water [2]. Identification of type of algae would be essential in the effort of removing 

algae from the water  [3].  

Water bodies that received wastewater would develop an ecosystem consisting of 

organisms and environments that interact with each other. According to Tansley1, all the 

organisms and the environment that exist in a particular location are the elements that 

ecologists call ecosystems. The ecosystem must consist of one or several communities 

and each community comprises producers, consumers and decomposers. The 

relationship between producers, consumers and decomposers forms a network and in 

each of these chains there is an energy flow. Side effects of these community activities 

lead to a series of biochemical cycles involving C, N and P[4]. 

With the influx of wastewater from human activities as C, N and P as the main nutrients 

contained therein, the ecosystem will flourish with algae. Nutrients that have an 

important role in the growth and metabolism of phytoplankton are N and P [1]. The 

carbon is supplied as carbon dioxide (CO2) from air and from microorganism 

metabolic. Nitrogen and phosphorus, which is the macro nutrient, both have the benefit 

of being a limiting nutrient for the growth of phytoplankton[5] [6]. 

There for the number of microorganisms reflected by BOD (Biological Oxygen 

Demand) and ratio of N/P hypothetically is important for identifying the most dominant 

algae. 

For this purpose secondary data from previous researches located at Soedirman 

Reservoir, Kabupaten Banjarnegara Central Java[1], Mysore in India[7] and Lyndoch[8] 

Australia are analysed and primary data from recent field observation were conducted in 

                                                             
1 The term Ecosystem was first introduced A.G Tansley (1935) 
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ITDC-Nusadua-Bali, Water Water Pond Bojongsoang Bandung West Java, KBN 

(Kawasan Berikakat Nusantara) Cakung DKI Jakarta and Situ Rawa Binong Cikarang 

Kabupaten Bekasi West Java.     

          

2. METHOD AND PROCEDURE 

This research uses qualitative approach. The type of research conducted is descriptive 

research in which to create a representation of the situation or events associated with other 

events. This type of research consists of descriptive quantitative and comparative 

descriptive. Quantitative descriptive is used to describe the relationship between BOD 

parameters and N / P ratio with dominant algae. The steps in the study of this description 

are: 

• collecting specimens, 

• Water quality analysis 

• description, identification, classification 

This research uses survey method with exploration technique that is meant to establish 

thorough research and documentation. From this result then formulate the relationship 

between the water quality represented by the main parameters (BOD and N/P ratio) and the 

type of algae [9]. 

2.1. Sampling Method 

Sampling took place on the following location: 

• wastewater inlet to the lake which is generally anaerobic 

• In the middle which is at facultative stage 

• At the pond outlet of the maturation stage  

Sampling technique in this research use purposive sampling. 

This technique was used to determine the point of observation in the field adjusting to 

the theory to be used. The observation area of the research spread along the pond at three 

observation point, in the upstream, the middle, and the downstream. In which represent the 

anaerobic, facultative and maturation conditions. 

The observation points performed on the bottom of the pond and the surface of the pond so 

that all samples were 2x3 sets. 

Sampling was carried out during the late morning until the late afternoon and carried out 

field analysis. The samples have been taken there are checked directly in the field and 

some are taken to the laboratory. 
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Water directly analyzed in the field are pH, temperature, DO, TDS, ORP and algae type 

identification. Also identified field examination NO3 NH3 PO4. Then the laboratory 

examination includes NO3 NH3 PO4 this is done as cross checking against field 

examination and BOD and COD. 

Samples were taken from various water bodies using the following tools: 

• Sampling tools; Water Sampler Vertical 

• Plastic Sample Bottle 

• The tools used are microscopes, glass cover glass objects, pipettes, petri dishes, and 

tweezers 

2.2.  Analysis Method 

Types of algae are determined based on the graphical mapping method and k-NN. 

2.2.1. Graphical Cluster Mapping Method 

The cluster graphical mapping method is a conventional method of mapping the algae 

corelating to the N/P and BOD positions.  

The coordinate of mapping is expressed in the ratio of N/P as absis and BOD as 

ordinate. The maximum N/P ratio obtained from field sampling is 100, and the maximum 

BOD is 100 ppm. This area of mapping is divided by 4 evenly see figure 1.  

By sorting the mapping in 4 sections of the quadrant then algae grouping was made and 

taken in conclusion. 

2.2.2. The K-Nearest Neighbor (KNN) Method 

The K-Nearest Neighbor (KNN) method is this classification method is a systematic 

grouping of an object or object into a particular class or pattern based on similarity of 

features [10]. This approach is to search for the characteristics by calculating the proximity 

between the new case and the old case, based on matching the weight of a number of 

features. Where in this case is looking for algae species on a certain water characteristics. 

The k-NN classification method is a nonparametric classification method. In the 

process, k-NN examines all algae in the "training data" document to calculate its similarity 

to the document to be classified (test document). 

In this research the method used is K-Nearest Neighbor (K-NN) which is a method to 

classify objects based on training data using the closest distance or similarity to the object. 

In the learning phase, this algorithm only stores the feature vectors that are classified from 

the learning data. In the classification phase, the same features are calculated for the test 

data (the classification is unknown). The distance from this new vector to all vectors of 
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learning data is calculated, and a number of k kits closest are drawn. 

The point taken is the value of BOD and Ratio N/P where in the case will be taken four 

points closest. Based on these three closest points it will be possible to determine which 

algae will dominantly grow in certain BOD and N / P (Y) categories. 

This algorithm will be operated with xls spreadsheet software package. 

3. DATA AND MAPPING 

In accordance with the methodology described earlier, the analysis is based on literature 

studies, cases studied and field research. From this parameter expected to be able to find 

relation between main water quality in which is BOD Nitrogen and Phosphate ratio (N/P). 

3.1 Data of N/P ratio, BOD and Alga  

As a summary of the survey results data can be concluded as in table 1. 

Table 1 The relationship between N / P and BOD with dominant algae 

N/P BOD mg/L Algae Location 

13.76 112.2 Chroococcus 

Mysore 7.17 58.6  Spirulina sp. Microcysti 

20.5 55.1 Chlorella vulgaris 

11.76 110 Euglema/Spirulina 

Lyndoc 
10.61 107.5 Chlorophyta 

7.01 15 Chlorophyta 

43.63 83.13 Euglena/Crococcus 

ITDC-Nusadua-Bali 11.13 62.81 microcytis/spiruina 

19.15 45.54 Sprirulina/Clorella 

16.43 83 Euglena/Crococcus 

Bojongsoang 

5.88 68 Sprirulina/Oscillatoria 

1.91 48 Sprirulina 

101.97 78.99 microcytis 

KBN-Cilincing 

73.07 58 microcytis/Crococcus 

91.28 21.87 microcytis 

14.02 67 Sprirulina Situ Rawa Binong 
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9.49 32.1 microcytis/Sprirulina 

10.21 15.2 Sprirulina 

 

3.2. Mapping The Relation between N / P ratio, BOD and Alga 

The division of the quadrant field is adjusted to the BOD and N/P ratio levels. Where 

the base and ordinate maximum is 100 mg/L BOD and ratio of 100 N/P. this is prepared 

since the maximum BOD observed in the wastewater pool is around 100 mg/L and the 

maximum N/P observed is 100. Determination of BOD quadrant scale division is 0-50 

and 50-100 and division of N / P quadrant scale is 0-50 and 50-100. Figure 1 map the 

relation between BOD-N/P and type of algae. 

 
Fig 1 Relation between BOD-N/P and type of algae 

 

 

4. DISCUSSION 

Using the k-NN algorithm and in "training" using the xsl spreadsheet, the presence of algae 

in the quadrant condition is as in table 2. 

Table 2 Training Data with kNN  in quadrant 1 up to quadrant 4 

quadrant 1 quadrant 2 

microcytis/Sprirulina Euglena/Crococcus 

Sprirulina Sprirulina 

Chlorophyta microcytis/spiruina 

Sprirulina/Clorella Euglena/Crococcus 

quadrant n3 quadrant 4 

microcytis/Crococcus microcytis 

microcytis microcytis/Crococcus 

Euglena/Crococcus Sprirulina/Clorella 

microcytis microcytis 
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In general it can be concluded that common algae grow and dominate in wastewater ponds 

at temperatures of 28o to 32o Celsius are Sprirulina, Clorella, Euglena, Crococcus and 

microcytis. 

• In high BOD and high N / P ratios are likely to grow and dominate are Euglena, 

Crococcus, Oscillatoria and microcytis. 

• At high BOD and at low N / P ratios are likely to grow and dominate are Sprirulina, 

Clorella and microcytis. 

• At low BOD and high N / P ratios likely to grow and dominate are Clorella, Crococcus, 

Sprirulina and microcytis. 

• At low BOD and at low N / P ratio the possibility to grow is Sprirulina, Clorella and 

microcytis. 

The dominance can occur in several types of algae or singly dominates. 

From the above table it can be seen that many sprulina appear in quadrant 1 and quadrant 

2. It shows that at BOD below 100 with N / P ratio below 50 is possible to grow large 

number of spirulina. 

The appearance of spirulina is not much in quadrant 3 and in quadrant 4. This shows that at 

BOD above 50 with ratio N/P above 50 lots of possibility to grow microcytis crococcus 

and euglena. While at BOD below 50 with a N P ratio above 50 it is possible to grow 

microcytes, Crococcus, Spirulina and Chlorella are numerous. 

At the maturation stage or at the end of a wastewater pond it is seen that most of the water 

has met the standard of wastewater Regulation of the Minister of Environment of the 

Republic of Indonesia Number 5 Year 2014 (Minister of Environment 2014) on the quality 

standard of waste water. This is where the maximum BOD waste water quality is 50 mg / L 

has been achieved. Thus, water conditions in quadrant 1 and quadrant 4 are BOD below 50 

mg/L that have met the effluent standard. 

The occurrence of algae in quadrant 1 (BOD below 50 mg / L) where this occurs in 

maturation ponds has a relationship with algae as follows: 

• In the Bojongsoang case the wastewater goes into the pond with a total retention time 

(HRT) of a total of 17 days and in the 7.29 day maturation pool. In the maturation pool 

it has been observed that the dominant algae is Spirulina / Mikositis. 

• In the case of ITDC-Bali where waste water enters the pond with a total retention time 

(HRT) is 25 days and in a 12-day maturation pool. At that time it has been observed 

that the dominant algae is Spirulina / Chlorella. 



Proceeding International Seminar of Sustainable Waste Management  ISSN  2654-4679 

Environmental Engineering Department Pelita Bangsa 

Vol. 1, Tahun 2018 
44 

  

• In the case in Situ Rawa Binong where wastewater into the ecosystem with retention 

time (HRT) is 296 days and in a maturation pool 200 days it has been observed that the 

dominant algae is spirulina. 

 

5. CONCLUSION 

The occurrence of algae in quadrant 4 with BOD above 50 mg / L is common in anaerobic 

ponds. 

• In the case of Bojongsoang and ITDC Bali where wastewater into the ecosystem with 

retention time (HRT) 17 days and 25 days with HRT in anaerobic ponds was 2 days 

and 3 days it has been observed that the dominant algae was Euglena / Crococcus. 

• In the case of BTDC and Cakung where wastewater into the ecosystem with retention 

time (HRT) of 14.2 days HRT in anaerobic ponds was 1.8 days and it has been 

observed that the dominant algae is microcytis / Crococcus. 

At the anaerobic phase protozoa and bentos commonly exist. In the case of Bojongsoang 

occasionally the pond is dominated by spirulina blooming. 
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Abstract 

 

Garbage is waste material (waste) which is considered no longer useful and produced 

from human activities. Waste material that is placed in landfills and / or garbage 

collection, because it is less professional in its management, can have an impact on health. 

Trash piles are habitat for flies, mosquitoes, rats, cockroaches and bacteria that can be 

vectors of various infectious diseases. Factually, the solid waste phenomenon in DKI 

Jakarta is classified as emergency waste, in terms of (a) the amount of daily garbage 

volume, (b) not having a landfill in its own administrative area and (c) in its management 

has not shown optimal results, as mandated in the policy (Invite Law Number 18 of 2008 

and DKI Jakarta Regional Regulation Number 13 of 2013) and other supporting solid 

waste policies. It is well known that garbage problems in Jakarta have emerged since the 

1980s. Now more than 35 years (7 Governors' positions) have not yet managed to 

completely handle and control it. A question arises, what exactly happened (?). Legal 

umbrella (invitation) and local government policies are clear, and budget is available. 

However (a) the lack of interest in handling waste (the people and the Government of 

DKI), because it seems unwell, even though the level of success that will be achieved is 

very large and global. (b) A slogan that Jakarta has road facilities that are on par with 

developed cities in the world thanks to the ideas and steps of Ali Sadikin (Alm), becak-free 

Jakarta and Jakarta Hijau Royo-royo Twitter because of the ideas and steps of Governor 

Setiyoso. The success of handling waste seems now is the time to become a cleanliness 

monument to zero waste. 

Keywords: Garbage, landfill, Zero waste, Garbage Bank, Incenerator. 

 

INTRODUCTION 

In Law Number 18 of 2008 concerning waste management, that the meaning of 

waste is the residual daily activities of humans or natural processes in the form of material 

in the form of organic and / or inorganic substances, can be decomposed and / or cannot be 

decomposed which are considered useless and discharged into the environment. Garbage 

can come from several places, both from residential areas and public places, such as offices 

and urban centers, industries and home industries. 

Domestic waste in DKI Jakarta, in addition to sourced from settlements, apartments 

/ flats, also natural waste derived from plants around the settlements. The type of waste 

produced usually tends to be organic such as wet and / or dry food waste, ash, plastics and 
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other inorganic waste. Meanwhile, waste from public places and urban activity centers has 

considerable potential in producing waste. In these places it is possible for many people to 

do various kinds of activities that produce waste.  

The increase in the amount of waste that is not balanced with its management, in 

addition to having a negative impact on the life (socio-economic) of the community, due to 

incomplete waste management, also affects physical, chemical and biological conditions. 

This existence seems to be one of the factors causing damage to the environment which 

until now still remains a major problem in Indonesia and in Jakarta in particular. These 

problems, especially in the case of waste disposal and management which have an impact 

on the environment and have the potential to pose a danger to health. 

The urgency of examining the order of solid waste phenomena in DKI Jakarta are:  

(1). Factually the phenomenon of waste in Jakarta, has been classified as emergency waste, 

in terms of (a) the amount of daily waste volume, (b) not having a landfill in the 

administrative area of DKI Jakarta, (c) in its management has not shown optimal results, as 

mandated in the policy (Invite Law Number 18 of 2008 and DKI Jakarta Regional 

Regulation Number 13 of 2013) and other supporting solid waste policies. (2). Waste 

management in Jakarta, not in the Downstream (TPA, River, Reservoir and Sea), but is in 

the Upper, which is the source of waste generation. So far, the government has only 

focused on resolving waste in upper, so that it has never found a solution for effective and 

efficient waste management and is environmentally friendly. For that reason, the regional 

government together with the community must "Change the Paradigm of Managing Waste" 

as one of the solutions for handling waste that must be done professionally. On the other 

hand, the problem of waste is not only a burden and responsibility of the regional 

government, but also a burden and responsibility of the community, and even an industry 

initiator. (3). Academic review and study of the garbage order in Jakarta, aims to provide 

answers and solutions as well as a basic reference for handling and controlling 

environmentally friendly waste, in addressing the meaning of emergency waste. (4). The 

application of effective, efficient and environmentally friendly technology (point 3), 

technology should be chosen that does not require extensive land requirements, has a 

considerable destruction capacity (> 3 thousand tons / day), and has been tested in several 

cities in the world, and not using technology that has not been effectively implemented, in 

the sense that it is still trial and error. (5). Effective and efficient steps, waste management 

must be carried out comprehensively, based on studies and studies conducted, to utilize 
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"environmentally friendly" technology. The hope that the use of this technology will be 

able to answer the phenomenon of solid waste in DKI Jakarta, so that waste is no longer a 

burden and a problem, but it becomes an environmental blessing and has commercial 

value. 

WASTE MANAGEMENT POLICY ARRANGEMENT 

The problem of urban waste in Indonesia as in Jakarta, has emerged since the 

1980s. However, the strategic policy that has been set by the government is only at a stage 

that is closely related to the technical aspects, namely: making a reduction in landfill by 

applying the concept of 3R (Reduce, Reuse and Recycle), with the hope that by 2025 "zero 

waste" will be achieved. The rise of solid waste phenomena in Jakarta, the right effort that 

must be done in waste management focuses on (a) solidification of solid waste policies, (b) 

application of waste management, (c) spurring community wisdom towards solid waste 

phenomena, and (d) utilization of friendly waste management technology environment. 

1. Waste Management Policy 

The management of waste carried out by the Jakarta Government, its operations are 

carried out regionally, namely rubbish throughout the DKI Jakarta area, transported and 

disposed of in the Batar Gebang (Bekasi) landfill area. However, now the time has come to 

be designed and placed in the Jakarta area, so as not to cause social impacts. In addition to 

being effective and efficient in the collection and transportation process, it is also 

considered very profitable, because it will reach an economic scale meaning on the level of 

waste management at TPS and transport from TPS to TPA. 

The legal basis that covers waste management in Indonesia in general and in DKI 

Jakarta in particular, in addition to Per-Invitation, Government Regulations, related 

Ministerial Decrees and several other policies, including regional policies. Solid waste 

policy in DKI Jakarta in the form of Regional Regulation Number 13 of 2013 concerning 

Jakarta Waste Management. The regional regulation horizontally, has harmony and / or 

harmony both directly and indirectly, with Law Number 18 of 2008, as well as several 

other laws. 

2. Waste Management Application 

The problem of handling waste in DKI Jakarta is not due to the unavailability of 

solid waste regulations, but the Jakarta Sanitation Department is not yet optimal in 

implementing waste management as mandated by Regional Regulation Number 3 of 2013 
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concerning Jakarta Waste Management. In essence, in the regulation, it is no longer 

possible to transport waste on a large scale to the landfill except B3 waste. Garbage should 

be managed at the source of generation, by waste management groups formed at the 

initiative of citizens and facilitated by the Regional Government as mandated in (a) 

Government Regulation Number 81 of 2012, concerning Household Waste Management 

and Household Waste, (b) Regulations Minister of Environment Number 13 of 2012 

concerning Guidelines for Implementing Reduce, Reuse, Recycle through a waste bank, (c) 

Minister of Home Affairs Regulation Number 33 of 2010 concerning Waste Management 

Guidelines, specifically Article (14 and 15) where the government may no longer 

monopolize waste management but must involve the community directly as a waste 

producer, and (d) Minister of Public Works Regulation Number 03/PRT/M/2013 

concerning the Implementation of Waste and Handling of Household Waste Infrastructure 

and Facilities and Household Waste. 

Description of aspects of waste management in DKI Jakarta, in order to be able to 

accommodate several of the above policies, including among others; (a) waste 

transportation, (b) empowering the community to care about the phenomenon of waste, (c) 

the availability of an ideal location for adequate stockpiling, and (d) processing waste 

disposal. 

3. Building Community Wisdom Against Solid Waste, 

Solid waste phenomenon seems not a simple thing, because as long as there is 

human life, the problem will always arise. Although solid waste policy is available, 

coupled with the form of the institution, as well as performance indicators and constants of 

funding allocations, it does not seem to be a guarantee of solid waste management, if 

community awareness is not built. This is because the success of handling waste is very 

much determined by the "intentions of the seriousness of the community" who consciously 

care to take care of it. The lack of awareness about the phenomenon of solid waste, can be 

overcome by conducting waste socialization and/or empowerment initiated by the Regional 

Government. In the socialization of the importance of awareness of the phenomenon of 

waste, in order to spur the intentions of public sincerity, can be done through both formal 

and informal channels. 

(1). Formal awareness, given to young people in schools (elementary, junior high and 

SLA) through strengthening weekly Krida activities. (2). Awareness through informal 

channels is given to the community in relation to environmental health-based waste 
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management, therefore the need for (a) public awareness, to respect the natural 

environment, so that no longer dispose of domestic waste (solid waste and liquid waste) is 

not the place, (b ) the community should begin to be aware of and take part in sorting out 

waste by type, in order to avoid sources of infectious diseases, as a result of decaying 

domestic waste, and (c) the government has an obligation to foster the community through 

waste banks and / or garbage cooperatives . 

In addition to facilitating forms of public awareness dissemination and training 

forms, it also initiated infrastructure facilities for organic waste management at Garbage 

Banks in all processing locations. This is based on the Minister of Home Affairs 

Regulation No. 33 of 2010 concerning Waste Management Guidelines, specifically Article 

(14 and 15) where the government can no longer monopolize waste management, but must 

directly involve the community as a waste producer. On the other hand, the Regional 

Government is also obliged to provide a Tipping Fee to the Waste Bank for the reduction 

of waste done. Including directing and facilitating the establishment of Waste Bank 

Cooperatives to ensure the continuity of marketing of recycled products. 

4. Utilization of Environmentally Friendly Waste Management Technology. 

Paying attention to the amount of daily waste in DKI Jakarta is 7,500 tons / day or 

22.5 million tons / year with an increase rate of between 2% and 3% per year. Based on 

daily data 62% of garbage was transported and stockpiled, 6.7% of garbage was buried, 

9.3% of waste was processed into compost, and 13% was not managed. Based on the type 

of waste, 63% is in the form of organic waste (food / plant waste), 13% metal (cans, 

rubber, cloth and glass), 7% paper, and 17% plastic. Based on the origin of waste, 58% of 

household waste, 18% of traditional markets, 9% of commercial areas, and 15% of public 

facilities, schools, offices, and roads / parks. 

The problems faced by these conditions are; (a) accumulating untreated waste, (b) 

handling sanitation landfills processed in Bantar Gebang, seems ineffective, even though it 

produces 26 Mega watts of electricity, (c) air pollution (stinging smell) invites public 

protest, thus the case with leachate pollution against shallow ground water, up to 1.2 km. 

For this reason, concrete efforts that must be carried out by the Regional Government and 

the people of DKI Jakarta are: (1) changing the waste management paradigm in an 

integrated way by utilizing environmentally friendly technology, and (2) fostering the 

community to remain active and develop in sorting waste through waste banks and solid 

waste cooperatives. 
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One of the environmentally friendly waste management technologies and has been 

tested by more than 400 major cities in the world, is the latest generation incinerator. The 

superiority of this garbage disposal tool, in addition to not having to sort the garbage early, 

also does not remove smoke (pollution). The capacity is very dependent on needs. 

Through the utilization of incinerator technology that is managed professionally, as 

well as in line with the waste bank program and solid waste cooperatives, it seems that the 

zero waste target in DKI Jakarta has an opportunity to be realized. Because eliminating 

garbage means all waste in 24 hours is clean, completely managed, both in TPS-T and 

TPS-3R and in combination. Aside from being comfortable, comfortable viewing, and no 

air, soil or water pollution disturbances, it means having the meaning of waste does not 

have an impact on health. 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusion 

(1). Garbage is waste material (waste) which is considered no longer useful and produced 

from human activities. Waste material that is placed in landfills and / or garbage 

collection, because it is less professional in its management, can have an impact on 

health. Because the pile of garbage is hábitat from flies, mosquitoes, rats, cockroaches 

and bacteria that can become vectors of various infectious diseases. 

(2). It is generally known that the problem of garbage in DKI Jakarta has emerged since 

the 1980s. Now more than 35 years (7 Governor positions) have not been able to 

completely handle and control waste. A question arises, what exactly happened (?). 

Local government laws and regulations are clear, and budgets are available. However 

(a) the lack of interest in handling waste (the community and the DKI Government), 

because it seems unwell, even though the level of success achieved is very large and 

global. (b) A claim that Jakarta has road facilities that are on par with developed cities 

in the world thanks to the ideas and steps of Ali Sadikin, becak-free Jakarta and green 

of Jakarta of the ideas and steps of Governor Setiyoso. The success of handling waste 

seems now time. Do the regional leaders in power have ideas and steps to handle and 

control waste optimally. This is a big question and the results are at stake, because the 

success rate achieved is the same level as building Monas-II. 

(3). Inadequate waste management produces derivative waste, namely leachate and 

chemical content and B3 waste. Besides being rooted in the lives of both humans and 
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other lives, waste also affects aquatic ecosystems and land ecosystems. The 

consequences of (a) decreasing water quality and (b) decreasing soil productivity. 

(4). To deal with the problem of waste as a whole, it is necessary to do an alternative 

treatment of waste properly and correctly, as a form of intentions of the public and the 

Government of DKI Jakarta, to change the waste management paradigm effectively, 

efficiently, and environmentally friendly, with a zero waste final target. 

(5). Towards effective, efficient and environmentally friendly waste management, it seems 

that it has been supported by policies both related legislation and DKI Regional 

Regulation on Jakarta Waste Management. In order for the policy umbrella to be used 

as a reference for handling and controlling waste in the field, it is necessary to improve 

its derivative policy. 

Recommendation 

(1). Legal umbrella that is operational in the form of a Governor Regulation, should be 

immediately published and defined, as an operational basis for handling and controlling 

waste that is environmentally friendly. 

(2). Realizing zero waste in Jakarta is highly anticipated by all parties, because of the 

changing environment of a better environment. These expectations will be created up 

to all corners of the Greater Jakarta area, because it is in line and in line with the BMW 

Moto / Slogan (Clean, Humane and Authorized). 

(2). In order for the Sanitation Office to be able to move more freely, make DKI Jakarta 

waste management and control, becoming a Regional Public Service Agency (BLUD) 

for Waste Management. 

(3). The use of the latest generation of incinerator technology without smoke, seems to be 

superior in achieving zero waste in 2025 (RTRW-2030) compared to other methods. 
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ABSTRACT 

Electrocoagulation is another alternative of water treatment in effort to reduce 

concentration of contaminant in the water. The purpose of this paper is to review 

previous research that has been conducted on electrocoagulation to develop 

parameters that could be used in the desisgn of electrocoagulation system. The review 

had evaluate 37 papaers concerning on the relation between the 

solution/species/contaminant parameter, electrode dimension, distance between 

electrode, electric current and voltage as a independent variables and the reduction of  

the solution/species/contaminant parameter. This relation could be expressed within 

the equation ln(Ct/Co) =k4/(,A.D)  I.V.(t-to) where Ct/Co = removal of contaminant, A 

= area of the electrode D = distance between electrode I =electric current and 

V=electric potential. 

From various laboratorium research it was concluded that electrocoagulation 

threatment requires a large amount of energy compared to the chemical coagulation.  

There is consistency in the above equation where k4 values from various studies could 

be used as a parameter to the design of electrocoagulation devise.From laboratory 

studies it can be concluded that electrocoagulation treatment requires considerable 

electrical energy when compared to conventional treatment with chemical 

coagulation. Keywords: electrocoagulation, electricity consumption, kWh / m3 

Keywords: electrocoagulation, electric consumption, kwH/m3 

 

 

INTRODUCTION 

The main issues concerning on raw water generally is about the degradation of its 

quality.  In effort to enhance the currently widely used water water treatment process, 

the use of electrocoagulation procces would be one of the promising treatment 

processes which besides coagulate the water electrolically electrolysis reducted the 

pollutant in the water. Problem in the application is the high amount of power required 

for the electrocoagulation and up to this moment numerous researches concerning that 

mater had been conducted. Water treated varies from high turbidity raw water caused 
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by erosion, algal water, raw water contaminated by domestic and industrial waste 

water.(Holt, Barton, and Mitchell 2005) 

Electrocoagulation applied consists of electrocoaguation with iron electrode, aluminum 

and copper in DC and AC current with various variation of electrode configuration and 

geometric. 

In this paper derivation of the kinetics and the parameter influencing the kinetics are 

discussed. Through the derivation hopefully a model could be constructed which 

accommodate various parameter for design purpose. 

THE MODEL 

Review of several kinetic models, Faraday model on the excitation of electron through 

electrification could assumably apply. It is expressed by the model that the electrode 

exited from the electrode depends on the Molecular weight times the electric charge 

divided by the Faraday 96500 Constant and the amount of valences (Benaissa, Kermet-

Said, and Moulai-Mostefa 2016).   

𝒅𝒎 =
𝑩𝑴

𝑭. 𝒛
. 𝒆… . . (𝟏) 

  Where : 

.m = elektroda mass 

BM=Molecular weight 

F=Faraday constant 

.z=valencies of the electrode 

.e=Number of electric charge 

If the amount of electric charge is the clectric current times the time duration, then it 

could be expressed as follow. 

e=I.dt   ……….(2) 

If (2)➔(3) then 

𝒅𝒎 =
𝑩𝑴

𝑭. 𝒛
. 𝑰. 𝒅𝒕… . . (𝟑) 
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If the amount of contaminant removed by coagulation is dX where its proporsionally 

linar with dm then 

dX=k1.dm ……….(4) 

where k1 is conversion constant between the removal and the amount of dissolve 

electrode material. 

Then if (3)➔(2) then 

dX=k1. 
𝑩𝑴

𝑭.𝒛
. 𝑰. 𝒅𝒕 ……….(5) 

if C is the concentration of solution and 
𝒅𝑿

𝑿
= 

𝒅𝑪

𝑪
 and k2=k1. 

𝑩𝑴

𝑭.𝒛
 with X=C.Vol where 

Vol is the Volume of the solution then: 

𝒅𝑪

𝑪
 =k2.

𝑰

𝑪,𝑽𝒐𝒍
 . 𝒅𝒕 ……….(6) 

Puthiya (Nidheesh and Gandhimathi 2014) and (Takdastan et al. 2015) discovered that 

the voltage (V) applied to the solution (V.C) in a constant power is proporsionally 

invert in equation (6) then : 

𝑪𝑽 = 𝒂.
𝟏

𝒕
+ 𝒌𝟑  ………….(7) 

In extended period of time t, CV will be close to 𝒌𝟑 

then  C=𝑘3/V 

if V=is the voltage of the electrification of the solution then: 

 
𝒅𝑪

𝑪
 =

.𝒌𝟐

𝒌𝟑,𝑽𝒐𝒍
 . 𝑰. 𝑽. 𝒅𝒕 ……….(8) 

If k4= k2 /k3 where k4 is the characteristic coeficient of a certain solution that is 

electrogoagulate then : 

𝒍𝒏(
𝑪𝒕

𝑪𝒐
) =

𝒌𝟒

,𝑽𝒐𝒍
 . 𝑰. 𝑽. 𝜟𝒕 ……….(9) 

If Vol=A.D where A is the ½ the total area of the elektrode and D is the hydraulic 

distance between elektroda. Then at time t equation (9) will be : 
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𝒍𝒏(
𝑪𝒕

𝑪𝒐
) =

𝒌𝟒

,𝑨.𝑫
 𝑰. 𝑽. (𝒕 − 𝒕o) ……….(10) 

else: 

𝒍𝒏(
𝑪𝒕

𝑪𝒐
) =

𝒌𝟒

,𝑨.𝑫
 𝑰. 𝑽. 𝒕 −

𝒌𝟒

,𝑨.𝑫
 𝑰. 𝑽. 𝒕𝒐 ……….(11) 

      If  I.V.t =𝑬𝒕 is the energy needed at time t 

I.V.𝒕𝒐 =𝑬𝒐 is the initial energy to coagulate up to time 𝒕𝒐 

Else :  

𝒍𝒏(
𝑪𝒕

𝑪𝒐
) =

𝒌𝟒

,𝑨.𝑫
𝑬𝒕 −

𝒌𝟒

,𝑨.𝑫
𝑬𝒐 ………………(12) 

Through this equation the value k4 that reflect  k1 in which is the conversion 

coefficient of the electrode, k2 is proposrional k1to the Molecular weight equivalent of 

the electrode (see eq 4-5) and k3 refects the invert relation between C and the voltage 

applied at a constant power rate.  

The value k4 is expected to be used for designing the electrocoagulation device in 

conjuction with the kinetics parameter such as, electrification power, removal rate dan 

the type of solution.  

1. Attaining k4 

k4 could be generated through eq (10) where if  𝒍𝒏(
𝑪𝒕

𝑪𝒐
) =Y, 

𝒌𝟒

,𝑨.𝑫
 𝑰. 𝑽 = 𝒂 and  

−
𝒌𝟒

,𝑨.𝑫
 𝑰. 𝑽. 𝒕𝒐=b the eq (10) could be expressed as : 

Y=a.t+b    ……….(13) 

The value a could be estimated by using linear regresion of certain species removal 

data. If 𝑎 =
𝒌𝟒

,𝑨.𝑫
 𝑰. 𝑽 and A.D and I , V is the independent variable then k4 could be 

estimated by k4=.
𝒂.𝑨.𝑫

𝑰.𝑽
. Since k4 could be calculated then to could be calculated through 

to= 
𝒃..𝑨.𝑫

𝑰.𝑽.𝒌𝟒
. As an ilustration the value k4 could estimated as shown in figure  1. 
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y = -0.0025x - 0.5871
R² = 0.8511

y = -0.0029x + 0.0392
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Figure 1 Linear regression 

2. THE RAW WATER 

The value k4 could be calculated from researches data from 2010 to 2016 on 

electrocoagulation on suspended solid, heavy metal, color, NOM and fat oil & grease. 

(see table 1) 
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Table 1. The Value Of K4 For Various Researches 

No Type of solution 
Species/ 

Parameter 

Anode/ 

Catode 

K4 

(m3/Joule) 

I 

(Amp) 

V 

(volt) td max to activation Reference 

  Max Max minute minute 

1 Ionic Heavy Metal         

1.1 Ionic Cr Al/Al -3.45E-09 30.7 60 30 - 

(Sarkhosh et al. 

2016) 

1.2 Ionic Fr Al/Al -2.859E-06 5.0 30 40 - 

(Takdastan et al. 

2015)  

1.3 Ionic Fr Fe/Fe -8.843E-07 5.0 30 40 - 

1.4 Ionic Ni Al/Al -2.671E-09 1.8 60 40 - 

1.5 Ionic Ni Al/Al -1.765E-09 1.6 50 35 2.15 

((Dehghani, 

Seresht, and 

Hashemi 2014)  

2 Ionic Industial Waste        

2.1 Ionic  Chloride Al/Al -3.087E-11 10.0 30 90 >> (Sasane and 

Korke 2015)  2.2 Ionic  Hardness Al/Al -4.737E-11 10.0 30 90 >> 

4 Ionic Organic Waste        

4.1 Ionic NH3 Al/Al -1.404E-09 0.5 30 60 27.34 

(Yang, Shen, and 

Zhang, n.d.) 

4.2 Ionic NH3 Al/Al -5.516E-10 0.7 30 90 29.60 

(Ding et al. 

2015) 

4.3 Ionic NO3 Al/Al -3.121E-09 0.3 30 90 26.74 (Pak 2015) 

4.4 ionic NO3 Al/Al -6.75E-07 0.1 15 40 6.44 (El-Shazly and 

Daous 2013) 4.5 ionic PO4 Al/Al -8.045E-07 0.1 15 40 4.73 

4.6 ionic-PO4 PO4 Fe/Fe -3.214E-08 0.5 7 140 12.24 

(Lacasa et al. 

2011) 

4.7 ionic-PO4 PO4 Al/Fe -5.342E-09 1.0 20 175 31.68 

(Shalaby et al. 

2014) 
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No Type of solution 
Species/ 

Parameter 

Anode/ 

Catode 

K4 

(m3/Joule) 

I 

(Amp) 

V 

(volt) td max to activation Reference 

  Max Max minute minute 

4.8 Ionic-Urine PO4 Al/Al -2.373E-07 0.2 1 600 15.27 

Alain Bourgeois 

et al 

4.9 ionic-SO4 SO4 Al/Al -2.319E-09 2.4 14 35 1.59 

Michael A. 

Layton et al 

4.10 Ionic  SO4 Al/Al -5.252E-11 10.0 30 90 >> 

(Sasane and 

Korke 2015) 

2 Suspension-Organic-Alage        

2.1 Suspension- Algae Al/Fe -4.623E-07 0.0 30 75 0.07 (Gao et al. 2010) 

2.2 Suspension- Algae Al -1.714E-08 4.0 60 40 0.0008 

(Tumsri and 

CHAVALPARIT 

2011) 

3 Various Organic Waste (COD)        

3.1 

Suspension 

Organic Textile 

WW COD Fe/Graphite -3.48E-05 0.3 30 75 0.29 

(Tyagi, Mathur, 

and Kumar 2014) 

3.2 Ionic Ind. Waste COD Al/Al -1.188E-10 10.0 30 90 >> 

(Sasane and 

Korke 2015) 

3.3 

Suspension-

Organic COD 

BDD-

Pt/CSteel -1.257E-07 1.2 24 90 0.24 

(Shrivastava and 

Soni 2012) 

3.4 

Suspension-

Organic COD 

BDD-

Pt/CSteel -5.998E-10 9.7 30 120 1.13 

Rumi 

Chaudhary1 et al 

3.5 

Suspension-

Organic COD Al-Fe/Al -1.564E-08 0.5 30 60 0.28 

(Dehghani, 

Seresht, and 

Hashemi 2014) 

3.6 

Suspension-

Organic COD Fe/Fe -1.231E-09 2.3 16 60 0.52 

(Zongo et al. 

2012) 
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No Type of solution 
Species/ 

Parameter 

Anode/ 

Catode 

K4 

(m3/Joule) 

I 

(Amp) 

V 

(volt) td max to activation Reference 

  Max Max minute minute 

4 Color          

4.1 

Suspension-Org-

BRR Color+NaCl BDD -2.106E-09 0.2 20 160 1.24 

(Nidheesh and 

Gandhimathi 

2014) 

4.2 

Suspension-Org-

BRR Color+NaSO4 BDD -1.834E-09 0.2 20 160 1.33 

(Cruz-Rizo et al. 

2017) 

5 Oil          

5.1 Suspension-Oil Oil-Hysol-X Al/Al -1.207E-09 2.3 15 200 - 

(Sangal, Mishra, 

and Kushwaha 

2013) 

5.2 

Suspension-

Olive Oil OilOlive-COD Al/Al -2.141E-08 0.1 30 90 0.14 (Salameh 2015) 

6 

Suspension 

Organic          

6.1 

Suspension-

Organic Imidapclopid SS/SS -4.729E-10 0.0 20 90 0.18 

(Bassam and 

Farhat 2015)  6.2 

Suspension-

Organic Fenamiphos SS/SS -3.453E-10 0.0 20 90 2.72 

6.3 Liquid Fertilzer Phosphor CI Fe/CI Fe -6.095E-10 1.4 120 50 0.31 (Akyol 2012) 

6.4 

Suspension 

Organic Rh B Fe/Graphite -4.15E-10 - 8 180 1.55 

(Nidheesh and 

Gandhimathi 

2014) 

6.5 

Suspension-

Organic Sludge SS/Graphite -2.251E-08 2.7 50 45 0.63 

(Rahmani et al. 

2013) 

6.6 Liquid Fertilzer TOC CI Fe/CI Fe -5.244E-10 1.4 120 50 1.16 (Akyol 2012) 

6.7 Suspension- TOC -BDD -2.602E-10 1.0 30 540 - (Trellu et al. 
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No Type of solution 
Species/ 

Parameter 

Anode/ 

Catode 

K4 

(m3/Joule) 

I 

(Amp) 

V 

(volt) td max to activation Reference 

  Max Max minute minute 

Organic 2016) 

source :  Review on 28 journal 

The value k4 and the duration of electrocoagulation could be summaries in table 2. 

  Table 2 The value k4 and the optimum duration of electrocoagulation logarithmic scale 

Type of Solution Log(-k4) Td (Minute) 

-5 -6 -7 -8 -9 -10 Min Max 

Organik                 

Oil        OilOlive- 

Hysol-X 

  15 30 

Color    Dye         100 160 

Various Organic Waste 

(COD) 

            60 120 

                  

Suspension                 

Suspension Organic       Sludge   Suspension 45 180 

Suspension-Organic-Alage     Algae       45 75 

                  

Ionik                 

Heavy Metal   Fr   Cr-

Ni 

  30 40 

NH3-SO4         NH3-SO4 35 90 

PO4     PO4-NO3   60 175 

  Source : summary on table 2 
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3. Electric Consumption 

Theoritically the power consumption is Current x Voltage x Time ÷volume of water yang diolah yaitu I.V.td/Vol. From the above 

observed data the power consumption from each species and parameter could be seen in table 3. 

Table 3 Electric consumption for Ellectrocoaagulation 

No Type of Solution 
Species/ 

Parameter 

Anode/ 

Katode 

I  

(Amp

) 

V 

(volt) 
Vol td 

max 
Energy consump 

Max Max Liter sec kJ/L KWh/m

3 
1 Ionic Heavy Metal         

1.1 Ionic Cr Al/Al 30.7 60 Cont 1800   

1.2 Ionic Fr Al/Al 5.0 30 3.375 2400 106.7 29.63 

1.3 Ionic Fr Fe/Fe 5.0 30 3.375 2400 106.7 29.63 

1.4 Ionic Ni Al/Al 1.8 60 0.25 2400 1,036.8 288.00 

1.5 Ionic Ni Al/Al 1.6 50 5.8 2100 28.7 7.98 

2 Ionic Industial Waste        

2.1 Ionic Ind Waste Chloride Al/Al 10.0 30 1.5 5400 1,080.0 300.00 

2.2 Ionic Ind Waste Hardness Al/Al 10.0 30 1.5 5400 1,080.0 300.00 

3 Ionic Organic Waste         

3.1 Ionic NH3 Al/Al 0.5 30 1.5625 3600 35.5 9.85 

3.2 Ionic NH3 Al/Al 0.7 30 0.1 5400 1,166.4 324.00 

3.3 Ionic NO3 Al/Al 0.3 30 1 5400 54.4 15.12 

3.4 ionic NO3 Al/Al 0.1 15 Continuous 2400   

3.5 ionic PO4 Al/Al 0.1 15 1 2400 2.7 0.75 

3.6 ionic-PO4 PO4 Fe/Fe 0.5 7 5 8400 5.9 1.63 

3.7 ionic-PO4 PO4 Al/Fe 1.0 20 2 10500 104.9 29.13 

3.8 Ionic-Urine PO4 Al/Al 0.2 1 1 36000 9.7 2.69 
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No Type of Solution 
Species/ 

Parameter 

Anode/ 

Katode 

I  

(Amp

) 

V 

(volt) 
Vol td 

max 
Energy consump 

Max Max Liter sec kJ/L KWh/m

3 
3.9 ionic-SO4 SO4 Al/Al 2.4 14 Continuous 2100   

3.10 Ionic Ind Waste SO4 Al/Al 10.0 30 1.5 5400 1,080.0 300.00 

          

4 Suspension-Organic-Alage        

4.1 Suspension-Organic-

Alage/Flotasi 
Algae Al/Fe 0.018 30 1 4500 2.4 0.68 

4.2 Suspension-Organic-

Alage/Sedimentasi 
Algae Al 4.0 60 15 2400 38.4 10.67 

5 Various Organic Waste (COD)        

5.1 Suspension Organic 

Textile WW 
COD Fe/Graphite 0.3 30 1.5 4500 24.1 6.69 

5.2 Ionic Industial Waste COD Al/Al 10.0 30 1.5 5400 1,080.0 300.00 

5.3 Suspension-Organic COD BDD-Pt/ 

CarbonSteel 
1.2 24 600 5400 0.3 0.07 

5.4 Suspension-Organic COD BDD-Pt/ 

CarbonSteel 
9.7 30 1 7200 2,098.3 582.86 

5.5 Suspension-Organic COD Al-Fe/Al 0.5 30 2.304 3600 24.8 6.89 

5.6 Suspension-Organic COD Fe/Fe 2.3 16 cont 3600   

4 Color         

4.1 Suspension-Organic-

BRR 
Color+NaCl BDD 0.2 20 4 9600 9.5 2.65 

4.2 Suspension-Organic-

BRR 

Color+NaS

O4 
BDD 0.2 20 4 9600 9.5 2.65 

5 Oil         

5.1 Suspension-Oil Oil-Hysol-

X 
Al/Al 2.3 15 4.5 12000 90.6 25.17 

5.2 Suspension-Olive Oil Oil-Olive-

COD 
Al/Al 0.1 30 102 5400 0.1 0.03 

6 Suspension Organic         

6.1 Suspension-Organic Imidapclopi

d 
SS/SS 0.0 20 0.1 5400 38.9 10.80 

6.2 Suspension-Organic Fenamiphos SS/SS 0.0 20 0.1 5400 38.9 10.80 

6.3 Liquid Fertilzer Phosphor CI Fe/CI Fe 1.4 120 0.8 3000 643.5 178.75 
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No Type of Solution 
Species/ 

Parameter 

Anode/ 

Katode 

I  

(Amp

) 

V 

(volt) 
Vol td 

max 
Energy consump 

Max Max Liter sec kJ/L KWh/m

3 
6.4 Suspension Organic Rh B Fe/Graphite - 8 1 10800 - - 

6.5 Suspension-Organic Sludge SS/Graphite 2.7 50 11.25 2700 32.0 8.90 

6.6 Liquid Fertilzer TOC CI Fe/CI Fe 1.4 120 0.8 3000 643.5 178.75 

6.7 Suspension-Organic TOC boron-

doped 

diamond-

BDD 

1.0 30 0.33 32400 2,945.5 818.18 

Source : Analysis 

From the above data it is concluded that the amount of per consumed averagely is above 1 KwH/m3 of treated water



Proceeding International Seminar of Sustainable Waste Management  ISSN  2654-4679 

Environmental Engineering Department Pelita Bangsa 

Vol. 1, Tahun 2018 
66 

  

CONCLUSION 

From table 4 most of the electrocoagulation power consumption is above 1 kWh/m3, in 

some cases exceeded 10 kWh/m3. Therefor key parameter for the design of the 

electrocoagulation system should be identified.  

In effort to optimize the electrocoagulation system, 28 previous researches had be 

evaluated and reviewed in terms of the relation between the electrical properties, the 

solution properties with the removal kinetics. The Electrical properties consist of the 

electrical current and voltage applied and the configuration and the dimension of the 

electrode. The solution properties consist of the type of species, concentration and 

additional treatment applied. These additional treatment such as the variation of pH, 

additional electrolyte, vibration and others are to be represented by the coefficient k4. 

Derived from eq (8) k4 could be formulated as : 

 

 

 

 In which : 

 

 

Where: 

o

t

C

C

=% removal 

Co=Initial Concentration 

vF
=vibration frequency 

vP
=Vibration Power 

pF
=plasma Frequency 

pP
=Plasma Power 

Ce=Additional Electrolyte  

pH=pH adjusted 

 

 By identifying the characteristic parameter k4 more accurate design could be 

accomplished.  
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Abstract 

Chemical detoxification is a treatment technology as the sole treatment procedure or used 

to reduce the hazard of a particular waste prior to burial and incineration. Chemical 

procedure cannot magically make a toxic chemical disappear from the matrix (sludge, 

wastewater, etc). The spectrum of chemical methods includes complexation, neutralization, 

oxidation, precipitation, and reduction. Those Method would be fast and leave no residual 

reagent, which itself would be a pollution problem. Solutions neutralized by a simple 

application of the law of mass balance to bring about an acceptable pH values. Sulfuric or 

hydrochloric acid is added to basic solutions and caustic soda or slaked lime is added to 

acidic solutions. Though a waste is hazardous at pH values less than 2 or greater than 

12.5, and it would be seem that simply bringing the pH values into the range 2 – 12.5 

would be adequate, good treatment practice requires that final pH values be in the range 6 

until 8 to protect natural biological population. Chlorine is the oxidizing agent frequently 

used. Oxidation must be conducted under alkaline conditions to avoid the generation of 

hydrogen cyanide gas. Hence, this process is often referred to as alkaline chlorination. 

Metals are often removed from plating rinse waters by precipitation. This is a direct 

application of the solubility product principle. By raising the pH values with lime or 

caustic, the solubility of the metal is reduced and the metal hydroxide precipitates. 

Optimum removal is achieved by selecting the optimum pH values. 

Keywords: Chemical Methods, Neutralization, Oxidation, Precipitation, Reduction    

 

1. Introduction 

     Genesis regarding activity of descriptive research of waste management with a 

review studies, focus on hazardous waste management think about hazardous waste 

designation system. The list of hazardous wastes includes spent halogenated and  

nonhalogenated  solvents, wastewater treatment sludges from many individuals 

production processes heavy ends, side cuts from various distillation processing 

technology such as enriching section at compartment level. Some commercial 

chemical products are also listed as being hazardous wastes when discarded. These 

include ”acutely hazardous” wastes  such as arsenic acid, cyanides, and many 

pesticides, as well as  toxic wastes such as benzene toluene and phenols. 
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Environmental Protection Agency has designated five hazardous waste categories. 

Each hazardous waste is given an EPA hazardous waste number, often referred to 

the coding of hazardous waste. Each of the five categories may be identified by the 

prefix letter assigned by EPA. Describes as follows, 

1.1. The especially of wastes from nonspecific sources, examples include 

halogenated solvents, nonhalogenated solvents. electroplating sludges, and 

cyanide solutions from plating batches. These wastes have a waste code prefix 

letter F. 

1.2.Characteristics wastes, which are wastes not specifically identified elsewhere, 

that exhibit properties of ignitability, corrosivity, reactivity, and toxicity. These 

wastes have a waste  code prefix letter D. 

1.3.Specific types of wastes from specific sources, examples include oven residue 

from the production of chrome oxide green pigments and brine purifications 

muds from the mercury cell process in chlorine production where separated, 

prepurified brine is not used. These wastes have a waste code prefix letter K. 

1.4.Chemical product or intermediate, off specification product, or residue than has 

been identified as hazardous waste. Include xylene, DDT, and carbon 

tetrachloride. These wastes have a waste code prefix letter U.         

1.5.Any commercial chemical product or intermediate, off-specification product, or 

residue that has been identified as an acute hazardous waste. 

                  Examples include potassium silver cyanide, toxaphene, and arsenic oxide. 

                  These wastes have a waste code prefix letter P.    

                  Those wastes that appear on one of lists specified in items one through 

four are called characteristics wastes. Cradle to grave hazardous waste 

management is an attempt to track hazardous waste from its generation point to its 

ultimate disposal point. The system requires generators to attach a manifest form 

to their hazardous waste shipments. This procedure is designed to ensure that 

wastes are directed to, and actually reach, a permitted disposal site. 

            2.  Treatment, Storage, and Disposal Requirements     

                  TSDs facilities (include Treatment, Storage, and Disposal) are the last link in the 

cradle to grave hazardous waste management system. All TSD handling 

hazardous waste must obtain an operating permit and abide by the TSD 

regulations. The TSD regulations establish performance standard that owners and 
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operators must apply to minimize the release of hazardous waste into 

environment. A TSD facility may perform one the following function (US 

EPA,1986), include: 

2.1.Treatment. 

Method, technique, or process, including neutralization, designed to change 

the chemical. physical, or biological character or composition of any 

hazardous. Waste so as to neutralize. It or render it nonhazardous or less 

hazardous, to recover it, make it safer to transport, store, or dispose of, or 

make it amenable for recovery, storage, or volume reduction. 

2.2.Disposal, the discharge, deposit, injection dumping, spilling, leaking, or 

Placing of any solid waste or hazardous waste into or on any land or water so 

that any constituent thereof enter the environment including groundwaters.  

2.3. Storage, the holding of hazardous waste for a temporary period, at the end of 

which the hazardous waste is treated, disposed, or stored elsewhere. The 

objective of technical requirements is to minimize the potential for threats 

resulting from hazardous waste treatment, storage, and disposal at existing 

facilities waiting to receive in operating permit. 

                    Underground Storage Tank (UST) system includes an 

underground Storage tank, connected piping, underground ancillary 

equipment, and containment system. All UST systems must have corrosion 

protection, which can be accomplished in one of three ways: 

               2.3.1. Construction of fiberglass-reinforced plastic. 

               2.3.2. Steel-and fiberglass-reinforced plastic composite  

               2.3.3. A coated steel tank with cathodic protection. Cathodic protection  

                         Systems must be regularly tested and inspected. All owners and operators 

must also provide spill and overfill prevention equipment and a certificate of 

installation. Release(leak) detection must be instituted for all UST. Several 

different methods are allowed for petroleum UST. Systems. However, some 

systems have specific requirements, for instance, a pressurized delivery system 

must be equipped with an automatic line leak detector and have an annual line 

tightness test.All new or upgraded UST systems storing hazardous substances 

must have secondary containment with interstitial monitoring. 

        When release is confirmed, owners and operators must begin corrective   
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action . Immediate corrective action measures include mitigation of safety soils 

and floating free product and an assessment of further corrective action needed. 

As with any remediation situation, a corrective action plan, required for long 

term cleanups of contaminated soil and groundwater. 

3. The Hazardous Waste Management. 

         A logical priority in managing hazardous waste would be to : 

3.1.Reduce the amount of hazardous wastes generated in the first place. 

3.2.Stimulate waste exchange. 

3.3.Reycle metals,the energy content,and other useful resources contained 

In hazardous wastes. 

               3.4.Detoxify and neutralize liquid hazardous waste streams by  chemical and 

                     Biological Treatment. 

3.5.Reduce the volume of waste sludges generated in  item four by  

      dewatering. 

               3.6 Stabilize or solidify sludges and ash from items five and six to reduce 

                     leachability of metals. 

               3.7 Stabilize or solidify sludges and ash from items five and six to reduce 

                     leachability of metals. 

               3.8 Dispose of remaining treated residues in specially designed landfills. 

4. Waste Minimization. 

 Senior Management have got commitment is the first element that must be  in area. 

Efforts to establish the other elements can follows. The organizational structure adopted 

should promote communication and feedback from participants. Every event,often the best 

ideas come from line  operators who work with the processes everyday. Some firms set 

quantitative waste minimization goals. Other firms are more qualitative in their goal 

setting. 

           The key question at the outset of a waste audit “ why is this waste being generated. 

Next, must first establish the primary cause(s) of waste generation before attempting to 

find solutions. The audit should be waste stream oriented to produce a list of specific 

minimization options can be formulated. An efficient materials and waste tracking system 

that allows computation of mass balances is useful in establishing priorities. Knowing how 

much material is going in and how much of it is ending up as waste allows you to decide 

which process and which waste to address first. 
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      The First Four Phase of the waste audit allow the system to generate a 

comprehensive set of waste management options following the hierarchy of source 

reduction first, waste exchange second, recycling third, and treatment last. The screening 

of options begins with source control. The source control investigation should focus on 

changes in (1) input materials (2) process technology (3) the human aspect of production. 

Input material changes can be classified into three separate elements: purification, 

substitution and dilution. 

          Purification of input materials is performed to avoid the introduction of inert 

materials into the production process engineering. Such an introduction results in waste 

because the process inventory must be purged to prevent the undesirable accumulation of 

impurities. Examples of purification of feed materials to lower waste generation include 

the use of deionized rinse water in oxychlorination reactors for production of ethylene 

dichloride. The replacement of a toxic material with one characterized by lower toxicity or 

higher environmental desirability, include using ingredients phosphates in place of 

dichromates as cooling water corrosion inhibitors or the use of alkaline cleaners in place of 

chlorinated solvents for degreasing. Dilution is a minor component at input material 

changes and is exemplified by use of more dilute plating solutions to minimize drag out 

(material carried out of one tank and into another). Technology changes are those made to 

the physical plant, include process changes, equipment, piping or layout changes, changes 

to process operational settings, additional automation, energy conservation, and waste 

conservation. Procedural changes consist of improvements in the ways people affect the 

production process. Also referred to as good manufacturing practices include procedures, 

loss prevention, waste segregation and material handling dynamics improvements.                                      

              Waste minimization by consignment of excess unused materials to an independent 

party for resale to a third party, save both in waste production and in the cost 

environmental of production from new materials. The difference between manufacturing 

by-product, which is costly to treat or dispose, and a usable or salable by product involves 

opportunity, knowledge of processes outside the generator’s immediate production line, 

and comparative pricing of virgin material. Waste exchanges serve as information 

clearinghouse through which the availability and need for various types of materials can be 

established. 

    That a material is recycled if it is used, reused or reclaimed. A material is used or reused 

if it is either employed as an ingredient including its use an intermediate to make a product 
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however a material will not satisfy this condition if distinct component of the material are 

recovered as separate end products,as when  metals are recovered from metal containing 

secondary materials,or employed in a particular function as an effective substitute for a 

commercial product.A material is reclaimed if it is processed to recover a useful product or 

if it is regenerated,include the recovery of lead from spent batteries and the  regeneration of 

spent solvents. 

     Distillation processes can be used to recover spent solver.The principal characteristics 

that determine the potential for recovery are the boiling points of the various useful 

constituents and the water content.The more dilute the waste solvent,the less economical it 

is to recover.Recovered solvents can be reused by the generator,and also sold for at least a 

substantial fraction of the cost of virgin material,and the credit for recovered solvent can 

more than offset the cost of recovery. There are several technologies for recovery of metals 

from metal plating rinse water.Most are applicable only to waste streams containing a 

singke metal constituent,include ion exchange,electrodialysis,evaporation for vapor 

technology,and reverse osmosis.(Badger,and Banchero,2005)The basic requirement for a 

separation of components by distillation is that the composition of the vapor be different 

from the composition of the liquid with which ir is in equilibrium.If the vapor composition 

is the same as the liquid composition,distillation processes will not effect a separation. 

Distillation can never yield a component in absolutely pure form,although practically the 

product made of any purity that is economically warranted. 

     Environmental Protection Agency policy not to list used oil collected for recycling as a 

hazardous waste.Prior to that ruling,Contaminated oils,petroleum industry sludges,and 

leaded tank  bottoms were the only oils regulated.The majority of oil and oily wastes 

generated were not classified as hazardous  under EPA regulations.These wastes  are 

amenable either to recovery for use as fuel  or to  refinement for use the kind of 

lubricants.Although all waste oil  is now deemed hazardous ,these oils that were formerly 

recovered may still be recovered,but the requirements  for tracking them are more 

stringent. 

5. Chemical Treatment. 

     In the first step,the pHvalues is maintained above 10 and the reaction proceeds in a 

matter of minutes.In this step,great care must be taken to maintain relatively high pHvalues 

because at lower  pHvalues there is a potential for the evolution of highly toxic hydrogen 

cyanide gas.The second reaction step proceeds most rapidly around a pHvalues of 8 , but it 
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is not as rapid as the first step. Higher pHvalues selected for the second phase to reduce 

chemical consumption in the following precipitation steps. This increases the reaction 

time. Often the second reaction is not carried out because the CNO is considered nontoxic. 

     Ozone also used as the oxidizing agent. Ozone has a higher redox potential than 

chlorine,thus there is a higher driving force toward  the oxidized state. When ozone is used, 

the pHvalues considerations are similar to those discussed for chlorine. Ozone cannot be 

purchased. It most be made on site as part of the process. 

     This Technology can be applied to a wide range of cyanide wastes, copper, zinc, 

cuprum, and cadmium as a brass plating solutions, cyanide from cyanide salt heating baths, 

and passivating solutions. The process has been practiced on an industrial scale. For 

extremely high cyanide concentrations more than one percent, oxidation not be desirable. 

Cyanide complexes of metals, particularly iron, and to some extent, nickel, cannot be 

decomposed easily by cyanide oxidation techniques. 

     Electrolytic oxidation of cyanide is carried out by anodic electrolysis at High 

temperature, The Theoretical basis of the process is that cyanide reacts with oxygen in 

solution in the presence of an electrical potential to produce carbon dioxide and nitrogen 

gas. Normally, the destruction is carried out in a closed cell. Two electrodes are suspended 

in the solution and a DC current is applied to drive the reaction. The bath temperature must 

be maintained in the range of 50 degree Celcius  until 95 degree Celcius.  

     Technology which used for the destruction of cyanide in concentrated spent stripping 

solutions. It has been more successful for wastes containing high concentrations of 

cyanide, but it has also been successfully used for concentration as low as 500 miligrams  

every liter. Chemical oxidation methods for treating organic compounds in wastewater 

have received extensive study. Generally, the apply only to dilute solutions and often are 

considered expensive compared with biological methods, include wet air oxidation, 

hydrogen peroxide, permanganate, chlorine dioxide, chlorine, and ozone oxidation (Masten 

and Mackenzie,2014). 

     Known as a Zimmerman process, operates on the principle that most organic 

compounds can be oxidized by oxygen given sufficient temperature and pressure. Wet air 

oxidation may be described as the aqueous phase oxidation of dissolved or suspended 

organic particles at temperatures of 172 to 322 degree celcius and sufficiently high 

pressure to prevent  excessive evaporation. Air is bubbled through the liquid. The process  

is fuel efficient, once the oxidation reaction has started, it usually  self sustaining. Because 
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this method is not limited by reagent cost. It is potentially the most widely applicable of all 

chemical oxidation methods. The method has been shown to be of use in destroying a wide 

range of organic compunds, including some pesticides. Although wet oxidation can 

provide acceptable levels of destruction for many  hazardous compounds, it is generally 

not as the destruction efficiency or allow the process to be run at lower temperature or 

pressure.  Adsorption process is a mass transfer process in which gas vapors or chemicals 

in solution are held to a solid by a intermolecular forces. Pressures vessels having a fixing 

bed  are used to hold the adsorbent. Activated carbon, molecular sieves, silica gel, and 

activated alumina are the most common absorbents. The active sites become saturated at 

some point in time. When the organic material has commercial value, the bed is then 

regenerated by passing steam through it. The vapor-laden steam is condensed and the 

organic fraction is separated from the water. If the organic compound s have no 

commercial value, the carbon either incinerated or shipped to the manufacturer for 

regeneration. Carbon systems for recovery of vapor from degreasers and for polishing 

wastewater effluents have been in commercial  application for more than 42 years. (Masten 

and Mackenzie,2014) 

     The separation of more volatile materials from less volatile ones by a process of 

vaporization and condensation is called distillation. When a liquid mixture of two or more 

components is brought to the boiling point of the mixture, a vapor phase is created above 

the liquid phase. If the vapor pressures of the pure components are different which is 

usually the case then the constituents having the lower vapor pressures. If the vapor is 

cooled to yoeld a liquid,a partial separation of the constituents will result. The degree of 

separation depends on the relative differences in the vapor pressures. The larger the 

differences, the more efficient the separation. If the difference is large enough, a single 

separation cycle of vaporization and condensation is sufficient to separate the components. 

If the difference is not large enough, multiple cycles stages are required. Four types of 

distillation used. batch distillation, fractionation, steam stripping, and thin film 

evaporation. Both batch distillation and fractionation are well proven technologies for 

recovery of solvents. Batch distillation is particularly applicable for wastes with high solids 

concentrations. Fractionation is applicable when multiple constituents should be separated 

and when the waste contains minimal suspended solids. 

     When the volatility of the organic compound is relatively high and the concentration 

relatively low, some form of stripping appropriate. Air stripping has been used to purge 
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large quantities of contaminated groundwater of small concentrations of volatile organic 

matter. The behavior of the process  is the inverse of absorption. Air and contaminated 

liquid are passed  counter currently through a packed tower. The volatile compounds 

evaporate into the air,leaving a clean liquid  stream. The contaminated air stream must then 

be treated to avoid an air pollution problem. Frequently this is accomplished by passing the 

air through an activated carbon column. The carbon is then incinerated. Air stripping has 

been used to remove tetrachloroethylene, and toluene from water. For gases  higher 

concentration greater than 100 part per million steam stripping had been employed. The 

physical arrangement of the process is much like that of an air stripper, except that steam is 

introduced instead of air.  

 The addition of steam enhances the stripping process by decreasing the solubility of 

the organic compound in the aqueous phase and by increasing the vapor pressure. Steam 

stripping has been used to treat aqueous phase and by           increasing the vapor pressure. 

Steam stripping  has been used to treat aqueous waste contaminated with chlorinated 

hydrocarbons, xylenes, acetone, methyl ethyl ketone, methanol, and pentachlorophenol. 

Concentrations treated range from  100 part per million  to 10 percent organic chemical. 

Evaporation is usually performed  under  vacuum to prevent thermal degradation of 

additives and to reduce the amount of energy required for evaporation of the water. Four 

types of evaporators,(1)Rising Film,(2) Flash Evaporator  Using Waste Heat,(3)Submerged 

Type,and (4) Atmospheric Pressure. 

            Metals and ionized organic chemicals can be recovered by ion exchange. In ion 

exchange, the waste stream containing the ion to be removed  is passed through a bed of 

resin. The resin is selected to remove  either cations or anions. In the exchange process, 

ions of like charge are removed  from the resin surface.       

     In exchange for ions solution. Typically, either hydrogen or sodium is exchanged for  

cations (metal) in solution. When the bed becomes saturated with the exchanged ion, it is 

shut down and the resin  is regenerated by passing a concentrated solution containing the 

original ion (hydrogen or sodium) back through the bed. The exchanged pollutant is forced 

off the bed in a concentrated form that recycled. A typical ion exchange  column , a 

prefilter is required to remove suspended material that would be  hydraulically foul the 

column. It also removes organic compounds and oils that would foul the resin.       

     Ion exchange systems are suitable for chemical recovery applications in which the rinse 

water feed has a relatively dilute concentration less than 1000 mg perliters and a relatively 
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low concentration is required for recycle. Ion exchange has been demonstrated 

commercially for recovery of plating chemicals from acid_ copper, acid_ zincum, tin, 

nickel, cobalt and chromium plating baths. In full scale operation ,the resin bed is not 

allowed to reach saturation because the concentration of the solute will exceed most 

discharge standards before this occurs. Normal operation then requires either an operating 

cycle that will allow regeneration of the spirit resin during nonworking hours. During ion 

exchange, the normal flow pattern is downward through the bed. The hydraulic loading 

may range from 25 to 600 meters cubic per day per square meter. Lower hydraulic 

loadings result in longer contact periods and better exchange efficiency. Because the 

surface of the bed acts like a filter, regeneration is often countercurrent, that is the 

regenerating solution is pumped into the bottom of the column. This results in a cleansing 

of the column much like the backwashing of a rapid sand filter. Regeneration hydraulic 

loadings range from 60 to 120 meter cubic per day per square meters. Electrodialysis unit 

uses a membrane to selectivity retain or transmit specific molecules. The membranes are 

thin sheets of ion exchange resin reinforced by a synthetic fiber backing. The construction 

of the unit is such that anion membranes are alternated with cation membrane in stacks of 

cells in series. An electric potential is applied  across the membrane to provide the motive 

force for ion migration. Cation membranes permit passage of only positively charged ions. 

The flow is directed through the membrane in two hydraulic circuits. One circuit is ion 

depleted and the other is ion concentrated. The degree of purification achieved in the dilute 

circuit is set by the electric potential. The ability to pass the charge is proportional to the 

concentration  of the ionic species in the dilute stream. Because ion migration is 

proportional to electric potential, the optimum system is a trade off between energy 

requirements and degree of contaminant removal. Electrodialysis has been in commercial 

operation for more than four decades in the production of potable water from brackish 

water. Also, It has been used in deashing of sugars, desalting of food products such as 

whey,and to recover waste developer in the photo processing industry and nickel from a 

metal plating rinse water. Typically, electrodialysis can separate a waste stream containing 

1000 – 5000 milligram per liter inorganic salts into a dilute stream that contains 100 until 

500 milligrams per liter salt and concentrated stream that contains up to 10,000 milligrams 

per liter salt.(Masten and Mackenzie,2014). 

     Reverse Osmosis. Osmosis is the spontaneous transport of a solvent from a dilute 

solution to  concentrated solution  across an ideal semipermeable membrane that impedes 
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passage of the solute but allows the solvent to flow. Solvent flow can be reduced by 

exerting pressure on the solution side of the membrane. If the pressure  is increased  above 

the osmotic pressure on the solution side, the flow reserves. Pure solvent will then pass 

from the solution into the solvent. As applied to metal finishing wastewater, the solute is 

the metal and the solvent is pure water. Many configurations of the membrane are possible. 

The driving  pressure is on the order of 2900 to 5600 kPa. No commercially available 

membrane polymer has demonstrated tolerance to all extreme chemical factors such as 

pHvalues, strong oxidizing agents, and aromatic hydrocarbons. However, selected 

membranes have been demonstrated on chrome baths, zincum,copper, and nickel. Solvent 

extractions is also called liquid extraction and liquid_liquid extraction. Contaminant can be 

removed from a waste stream using liquid_liquid extraction if the wastewater is contacted 

with a solvent having a greater solubility for the target contaminants than the waste water. 

The contaminants will tend to migrate from the wastewater into solvent. Although 

predominately a method for separating organic materials, it may also be applied to remove 

metals is the solvent contains a material that will react with metal. Liquid on exchange is 

one kind of these reactions. In the solvent reaction process, the solvent and the waste 

stream are mixed to allow mass transfer of the constituents from the waste to the solvent. 

The solvent,immiscible in water is then allowed to separate from the water by gravity. The 

solvent solution containing the extracted contaminant is called the extract. The extracted 

waste stream with the contaminants removed is called the raffinate.As in distillation,the 

separation need to be done in one or more stages. In general,more stages result in a cleaner 

raffinate. The degree of complexity of the apparatus varies from simple mixer-settlers to 

more exotic contacting devices. If the extract is sufficiently enriched,it may be possible to 

recover useful material. Distillation is often employed to recover the solvent and reusable 

organic chemicals. For metal recovery,the ion-exchange material is regenerated by the 

addition of an acid.The process has found wide application in the ore processing industry.       

6. Conclusion and Recommendation. 

     Chemical Treatment with Tittle Chemical Detoxification as a spectrum methods 

for hazardous waste management  concern about waste engineering,which 

hydrochloric acid is added to basic solution,and slaked lime is added to acidic 

solutions.Though a waste is hazardous  at pHvalues less than 2 or  greater than 

12.5,and it would be seem that simply bringing the pHvalues into the range 2 until 



Proceeding International Seminar of Sustainable Waste Management  ISSN  2654-4679 

Environmental Engineering Department Pelita Bangsa 

Vol. 1, Tahun 2018 
81 

  

12.5 would be adequate,good processing practice needs that final pHvalues be in 

range 6 to 8 so that protect natural biota.Chemical ingredients such as : 

 

Chemical Ingredient       pHvalues 

Pumblum 10.5 

Zincum 10.6 

Argentum 10.7 

Cuprum 10.8 

Nickel 10.9 

Cadmium 10.95 

 

                 Hazardous waste management for sustainability need solution with waste   

            minimization such as chemical treatment as scope treatment              

            technologies, proceeds include fluid mechanics, material balance and flow  

            scheme for determining if waste is hazardous.                                                                  

                 Reduction is usually processed with sulfur dioxide, because the   

           reaction.Proceeds rapidly at low pHvalues and acid is added to control  

           pHvalues 2. 
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Abstract 

This paper is about the role of the Environmental Management Unit (EMU) to increase 

the carrying capacity of the environment in an economic confined area. The 

Environmental Management Unit studied is a imaginary organization which is a business-

oriented environmental management model which recycles residential waste, animal 

husbandry and agriculture to be reused by the settlement, farming and agriculture as 

transaction able commodities by applying Input Output Cycle Model in a confine 

environment. The problem is whether the transaction-able environmental commodities 

value which is recyclable managed by the Environmental Management Unit (EMU) affects 

Environment Carrying Capacity (ECC or DDL) economically. Environment carrying 

capacity increment model can be done by increasing the maximum population that is 

supported by the environment through the reuse of waste generated from transaction able 

environmental commodities. Based on the model derived from Leontief input output model 

and Hall and Day ECC model it is shown that the increment ratio of ECC before and after 

being manage by the EMU is the sum of the earning increment ratio and the increment 

ratio of personnel working in the EMU times the increment of environmental awareness. 

Keywords— Economic Confined Area, Environmental Management Unit, Carrying 

Capacity. 
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INTRODUCTION 

This paper is about the role of the Environmental Management Unit (EMU) to 

increase the carrying capacity of the Environment Situ Binong and surrounding areas.  

The Environmental Management Unit studied is a imaginary organization which is a 

business-oriented environmental management model which recycles residential waste, 

animal husbandry and agriculture to be reused by the settlement, farming and agriculture as 

transaction able commodities by applying Input Output Cycle Model in a confined 

economic environment. 

It is assumed that before to the existence of EMU natural exploitation of the 

confined area produces waste that is disposed into the environment, after the establishment 

of EMU waste from the exploiting nature around the confined area are reused and is 

expected to generate added value. 

The population growth will over exploit of the natural environment. Environment 

carrying capacity increment can be done by increasing the maximum population that is 

supported by the environment through the reuse of waste generated from transaction able 

environmental commodities. 

The problem is would the transaction-able environmental commodities value which 

is recyclable managed by the Environmental Management Unit (EMU) have the affects to 

the Environment Carrying Capacity (ECC) economically?  

METHODOLOGIES 

Transaction 

Transaction according to Grand Indonesian Dictionary is “Approval of the sale and 

purchase in trade between the buyer and seller". Whereas according to (Walther and 

Skousen 2010) in in his book; " Budgeting : Planning for Success Budgeting and 

Decision Making " states that: "The exchange of goods and services between the (good 

of individuals, corporations and other organizations) that have the economic effect on 

business." 

Input Output Model in Natural Environment Terms 

Input-Output Model in this term describes the relationship between the exploitation of 

natural resource and financial sector. Input Output System is based on the assumption 

that economic behavior is a simplified framework for measuring the input stream (input) 
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and output (output) various factors of economic activity in an environment activities. It 

account the flow of goods and services from one production sector to other production 

sectors. 

Input-Output analysis was introduced by Wassily Leontief of Harvard University in the 

1930s. Although the basic idea of input-output analysis techniques first by Leon Walras 

in 1877. To examine the inter-sector activity in the structure of the economy in the 

United States, Leontief draw up tables, known as Economic Overview (Tableu 

Economique) with General Equilibrium Theory (General Equibrium Theory). 

 

Based on these theories, Leontief construct the relationship between economic activity 

and other economic activity quantitatively. The relationship is based on direct 

observation of economic activities in the United States. Input-output analysis is used to 

determine the linkages between sectors in an effort to understand the complexities of the 

economy as well as the conditions necessary to maintain the balance between demand 

and supply. 

IO models is basically a description of financial data in the form of a matrix that 

represents information about the transactions of goods and services as well as 

interconnections between units of economic activity (sector) in a region at a certain time 

period. Figures along the lines of a matrix showing how the output of an economic 

sector is allocated to other sectors to meet the demand for intermediate and final 

demand, while figures in the column showing the use of intermediate inputs and 

primary inputs by a sector of the production process. 

As a quantitative model, IO tables will provide an overall picture on: 

(1) The structure of the regional economy that includes the structure of output and 

value added in each sector; 

(2) Intermediate input structure, namely the use of a variety of goods and services by 

sectors of production; 

(3) Goods and services structure provided either in the domestic production or goods 

that are imported; 

(4) Goods and services structure, in both demand among the sectors of production and 

final demand for consumption, investment and exports in and out of the region. 
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Thomas Mattila (Mattila 2013) in a book extended the use of the concept of input and 

output on the system of forest natural and social environment. Where mainly discuss the 

economic analysis that analyzes the input-output relationship between the scale of 

production output (x) and input from outside the system (f). 

Mathematically this relationship can be expressed by an equation which accounts the 

demand for products manufactured by the producers in the natural and social 

environment. 

Mathematically it can be expressed as follows: 

 

𝑥 = 𝐴. 𝑥 + 𝑓…………………1 

Where the demand is expressed by matrix A. This equation describes the amount of 

product required from other sectors (and from) other production sectors for the 

production of one unit of product. A is a square matrix with dimensions equal to the 

number of sectors in the model. (Scale production rates demand vector x and end with a 

length equal to the number of sectors.). 

This model is expected to describe the internal transactions within a confine natural 

environment economic system similar to an island that is confined naturally nor 

economically.. 

In accordance with the theory proposed by Harry, W, and Richardson (1973) stated that 

the main determinants of economic growth of a region is directly related to the demand 

for goods and services from outside the area. 

By creating surplus transaction value between the internal and the external it would be 

obvious that the economy would be better. 

Based on the Glasson (2007) economic base concept consists into two sectors: 

 

a. Base Sectors are sectors that export goods and services sold outside the confined 

community economy boundary. 

b. Non base sectors are the sectors that provide goods sold and needed by the people 

residing within the confined community's economy. 

 

The IO models is expected to be identified transactions performance on non base such 

as water supply and waste water treatment sector, and base sector such as fishing, tourism, 

hydroponics cultivations.  
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Determaining the Optimal Unit Price 

According to Don Hofstrand (2008) for determining the correct price of a product is 

important to calculate the breakeven unit sales price (break-even selling price). Where the 

break-even price is as follows: 

Break Even Price = (
Total Fix Cost 

Production Volume
+ Variable Cost) …….2. 

 

In this case the breakeven price is the total cost to produce a product Xi divided by the 

volume of production is the break-even price. 

 

Break Even Price = Marginal Production Cost of X………..3. 

For example the cycle consists of ix activities operate by the EMU in which seven of its 

activities are base sector and seven more are non-base sector activities. If Xi is the sum of 

the production costs of the present (Xi(t)) activities and these activities consists of the parts 

𝑋𝑖(𝑡−1)
other activities in the EMU which the parts is defined as a(i,j) where at given i➔j is 

1≤j≤ix  , plus the cost of external EMU Fi which remain constant over the time, the 

relationship value of these activities are as follows: 

 [𝑋𝑖𝑡
] = [𝑎𝑖𝑗𝑋𝑖(𝑡−1)

] + 𝐹𝑖………..4. 

At equilibrium stage t=t-1 

If there are ix=14 activities which are link to each other, it can be express in the form of 

input-output matrix as follows: 

 

[

𝑋1

𝑋2

⋮
𝑋14

] = [

𝑎1.1𝑋1 𝑎1.2𝑋2

𝑎2.1𝑋1 𝑎2.2𝑋2
⋯

𝑎1.14𝑋14

𝑎2.14𝑋14

⋮ ⋱ ⋮
𝑎14.1𝑋1 𝑎14.2𝑋2 ⋯ 𝑎14.14𝑋14

] + [

𝐹1

𝐹2

⋮
𝐹14

]…..5 

Or If : 

𝑋𝑖 = 𝐻𝑆𝑖. 𝑉𝑖..............6 

Whre:  HSi is the unit price i 

  Vi is the production Volume i 

then :  [𝐻𝑆𝑖 . 𝑉𝑖] = [𝑎𝑖𝑗 . 𝑉𝑖][𝐻𝑆𝑖] + 𝐹𝑖 . . . . . . 7. 

or else  [𝐻𝑆𝑖] = [𝑎𝑖𝑗 . 𝑉𝑗/𝑉𝑖][𝐻𝑆𝑖] + 𝐹𝑖/𝑉𝑖 . . . . 8. 
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In form of matrix:  

[

𝐻𝑆1

𝐻𝑆2

⋮
𝐻𝑆14

] =

[
 
 
 
 
 𝑎1.1

𝑉1

𝑉1
𝑎1.2

𝑉2

𝑉1

𝑎2.1
𝑉1

𝑉2
𝑎2.2

𝑉2

𝑉2

⋯
𝑎1.14

𝑉14

𝑉1

𝑎2.14
𝑉14

𝑉2

⋮ ⋱ ⋮

𝑎14.1
𝑉1

𝑉14
𝑎14.2

𝑉2

𝑉14
⋯ 𝑎14.14

𝑉14

𝑉14]
 
 
 
 
 

. [

𝐻𝑆1

𝐻𝑆2

⋮
𝐻𝑆14

] +

[
 
 
 
 
 

𝐹1

𝑉1

𝐹2

𝑉2

⋮
𝐹14

𝑉14]
 
 
 
 
 

..9 

Thus [HS]i is the breakeven unit price for product i for i activities. 

The calculation process [HS] 𝑖𝑡−1
will generate [HS] 𝑖𝑡 again to be iterated until it 

reached[HS] 𝑖𝑡−1
= [HS] 𝑖𝑡 . To obtain the final [HS]i it is necessary to set an initial 

value. This iteration will converge if and only if at least one component of [𝐻𝑆𝑖]_has a 

constant value. Human resource is an activity that is configured the same for each 

iteration commonly expressed as boundary condition,(Kamp, Morandi, and Estergård 

(2016) and (Rocco 2014)  

If reserve value (D) is define as the total value of all production ∑𝑋𝑖 subtracted by the 

total external cost ∑ 𝐹𝑖 is accumulated in the confined system controlled by the EMU.   

The reserve value (D) obtained by EMU in a period of time could be expressed by: 

 

𝐷 = ∑[𝐻𝑆. 𝑉] − ∑𝐹𝑖. . . . 10. 

 

This will be one of the indicators of success in maintaining the 

continuity/sustainability EMU. 

• Through I-O simulation it is demonstrated that the more waste is utilized in the 

system the smaller ΣFi will be and if Σ[HS.V] is constant then the higher D will be. 

Maximizing the Environmental Value 

The break-even price within the EMU would be different prices compare to the 

similar products in the market outside the confined area, especially on the base sector 

commodities. EMU price may be higher or may be lower. By regulating the volume of 

production and adjusting personnel salaries/income within the EMU optimal competitive 

price could be achieved. According to the pricing theory (Walter Nicholson & 

Christopher Snyder 2008) by minimizing the unit price of a product, competitiveness 

will increase.  

If unit price of a certain commodity i in the confined area is 𝐻𝑆𝐸𝑀𝑈𝑖 and unit price or 

market price of a certain commodity i outside the confined area is 𝐻𝑆𝑀𝑅𝐾𝑖
and if then  
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𝐻𝑆𝐸𝑀𝑈𝑖
≤ 𝐻𝑆𝑀𝑅𝐾𝑖

for the same commodity (i) the price in the confined area would be 

competitive.  

Constructing the model of the Environmental Carrying Capacity 

According to (Hall, Charles A S, John W. Day 2008) the environmental carrying capacity 

is the maximum population that can be supported by the environment. Mathematically it 

can be expressed as follows:    

ECC =
Maximum Population supported by the Environment

Population
≥ 1.… 11. 

Where ECC  = Environment Carrying Capacity 

Environmental carrying capacity is function of the natural resources and ecosystems that 

can support human populations. In that case maximum population supported by the 

environment is equal to ecosystem natural resource (Hui 2015). Thus the above 

equation could be expressed by the following equation.    

ECC =
Function(Ecosystem,Natural Resource)

Population
≥ 1……… 12 

Carrying capacity of the environment (Widodo et al. 2015) among them consist of: 

• The availability of water in terms of quality and quantity to meet the daily needs of 

the population. 

• The availability of natural resources and ecosystems to meet the daily needs of the 

population in terms of both physical and economic. 

 

To improve the ECC the EMU in one hand should rely on economic principles in 

other hand has the obligation to maintain the natural environment capacity. The IO 

models indirectly increases the number of people benefit from the environment as labor 

involved in the EMU and also indirectly increase the carrying capacity compared before 

the involvement of the EMU. There for it could be expressed as: 

 

ECC =
F(Ecosystem,Natural Resource+EMU)

Population
≥

F(Ecosystem,Natural Resource)

Population
… 13 

 

If the EMU activity cycles are related with the amount of human resources (HR) 

which are employed by the EMU the EMU reserve value will increase, the HR would 

the decisive factor in determining the carrying capacity (ECC). If the population (P) is 

the total population supported by the confined environment and if PDEV is the maximum 
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population that can be finance or supported by the reserve value (D) or in other 

word the maximum popupation that could be supported by the confined area and 

PHR are the employees in the EMU then in economic-demographic term: 

 

𝐸𝐶𝐶 =
F (PDEV+PHR)       

𝑃
……… 14 

And if Dp is the average Domestic Income Per Capita and D is the reserve value 

generate by the EMU then the population equivalent could be supported by the EMU 

could be expressed by eq 2.15.   

 

PDEV  =
D    

𝐷𝑝 
……… 15 

By substituting 2.15 to 2.14 and applying the factor δ which represent the level of 

awareness of the people in caring the environment. The value δ is an intangible value that 

greatly depend to the culture of the people built environment in the confined area (Opoku 

2015).  

𝐸𝐶𝐶 =
F(

D    

𝐷𝑝 
+PHR)       

𝑃
=

δ(
D    

𝐷𝑝 
+PHR)       

𝑃
…… 16 

Where  

D  = Reserved value within the confined system 

Dp = Domestic income per capita 

PHR = Number of personnel living in the confined area employed by the EMU  

δ Sensitivity factor Between the Population awareness to the environment 

δ>> High awareness 

δ<< Low awareness 

P Total population in the confined area 

 

Equation 2.16 could act as the main parameter to determine the Environmental Carrying 

Capacity level. 

In cases where the  

• ECC0= is the carrying capacity value (ECC) before the establishment of 

EMU 
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• ECC1= is the carrying capacity value (ECC) after to the establishment of 

EMU 

Then the effcct of the increament of  ECC could be reflected by ∝ in which is the 

increamental value or the benefit ratio could be expressed as 

∝𝐸𝐶𝐶=
ECC1

ECC0
    . . . . . . . . . . . . . . . . . 17 

And if 

 ECC0 =
δ𝑜(

Do   

𝐷𝑝0 
)       

Po
 . . . . . . . . . . . . . . . . . 18 

and 

ECC1 =
δ1(

D1   

𝐷𝑝1 
+PHR)       

𝑃1
 . . . . . . . . . . . . . . . . . 19 

If eq 3,2 dan 3.3 ➔ 3.1. then  

∝ECC=
ECC1

ECC0
=

(
D1   

𝐷𝑝1 
+PSDM)       

(
Do   

𝐷𝑝0 
)       

.
𝛿1

𝛿𝑜
.
𝑃𝑜

𝑃1
 ………...20 

If the population is at constant state (P1=Po)  and then  Dpo=Dp1 or in other word is 

constant also. Then the benefit ratio could be expressed as :  

∝𝐸𝐶𝐶=
ECC1

ECC0
= [

D1   

Do 
+

PHR
Do

𝐷𝑝
⁄

] .
𝛿1

𝛿𝑜
   ………...21 

Then if  15 ➔21 then 

∝𝐸𝐶𝐶=
ECC1

ECC0
= [

D1   

Do 
+

PHR

PDEVo
] .

𝛿1

𝛿𝑜
      …….22  

If, 

D1   

Do 
= 𝜋1, ➔is the increase of reserve value level  
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PHR

PDEVo
= 𝜋2, ➔is the ratio between the people working in the EMU and the 

maximum population that could be supported by the confined area  

𝛿1

𝛿𝑜
= 𝜋3➔is the increase of the level of awareness   

 

Then finally the model of the effect of EMU to the environment carrying capacity 

would be  

 

∝𝐸𝐶𝐶= [𝜋1 + 𝜋2]. 𝜋3 

Discusion and Conclusion 

Based the model formulated above that the effort in increasing the environmental carrying 

capacity depends on the land available for cultivation  (Pahuluan, Soeprobowati, and 

Hadiyanto 2017) and . Beyond the maximum land availability ECC could be increased by 

the following effort: 

The increase of reserve value level 
D1   

Do 
= 𝜋1 in which that the reserve value could be 

increased by the means of : Increasing the base value. Therefor the incremental value of 

αECC will reach an asymptotic point where the carrying capacity increment stops.  

At this point αECC=1 or it is [π1+ π2].π3=1 or in other words it is in the state of equilibrium 

between π1, π2 and π3. 
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Abs t ra c t  

Pyrolysis is an attractive technology to convert low-cost carbonaceous waste 

materials into fuels, energy and other value added products goods. During 

pyrolysis, the inorganic minerals present in the feedstock can cause problems to 

the equipment and give side reactions. Besides, the minerals present in the chars 

can hinder their possible applications. Therefore, it seems necessary to 

eliminate said contaminants in order to valorise the aforementioned goods. 

Demineralisation is a process widely used for purifying materials that are 

contaminated with inorganic matter. Although this technique is commonly used 

with waste materials that will undergo pyrolysis, or the products obtained from 

it, the studies analysing this practise are rather scattered. The aim of this paper 

was to compile and review the current literature concerning the 

demineralisation of carbonaceous from tyre waste materials. The chemistry 

involved, feedstock type and the effect of performing the purifying step before or 

after pyrolysis were addressed in this work. The review revealed that biomass 

samples should be demineralised before pyrolysis in order to affect not only the 

char but also the bio-oil quality. Depending on the form in which the minerals 

are linked to the structure, the solvent chosen will vary (from water to strong 

acids). However, water is the most popular option due to its price and easy 

disposal. In tyres, demineralisation should be performed after pyrolysis using 

strong acid and subsequently base. Due to the crosslinked chemical structure, 

rubber is highly resistant to chemicals thus the pre-treatment has to be avoided. 

Keywords: demineralization, valorisation, pyrolisis char, waste tyres 

1. Introduction 

We live in a consumer society where due to the fast way of life, products have a 

very short service life. The world population is increasing together with the 

lifestyle development and urbanisation. Urban area dwellers produce higher 

waste levels than rural area inhabitants, who tend to reuse and recycle more 

(Hoornweg and Perinaz, 2012). Therefore, the waste production rate is increasing 

and will continue doing so in the future. As a case in point, due to the high amount 

of cars required nowadays, >1.5 billion tyres are produced per year in the world 

(ETRMA, 2014; JATMA, 2016; RMA, 2015), which sooner or later they will become 



Proceeding International Seminar of Sustainable Waste Management  ISSN  2654-4679 

Environmental Engineering Department Pelita Bangsa 

Vol. 1, Tahun 2018 
94 

  

a waste (Karakurt, 2014). Although tyres do not present a danger to the health on 

their own, the inappropriate disposal and mismanagement of big amounts can cause 

serious problems not only to the environment but also to human beings. 

Tyres are thermoset materials that cannot be melted and reprocessed and are 

infusible, insoluble and have very high strength and resistance to abrasion, heat, 

chemicals and degradation. These properties make waste tyres highly difficult to 

recycle. Therefore, the handling of used tyres is gaining a lot of attention (Torretta 

et al., 2015).There are several alternatives for tyre recycling such as reclaiming and 

retreading, but they have limited applicability. Recycling cannot address the full 

problem, as it is a very high cost process resulting in products with question- able 

characteristics (Antoniou et al., 2014). 

The energy content of waste can be recovered by means of either biological 

processes (e.g. anaerobic digestion) or thermochemical processes (combustion, 

pyrolysis or gasification). Owing to its simplicity and environmental benefits, 

pyrolysis is proving to be a promising form of waste recycling, with the production 

of potentially valuable products (Collard and Blin, 2014; Danon et al., 2015b). 

Pyrolysis is an attractive solution for reducing waste volume, to conserve landfill 

space while allowing energy recovery. It consist on the thermal decomposition of a 

material in the absence of oxygen (inert atmosphere) to produce gas (non-

condensable low-molecular-volatiles including C1-C6 hydrocarbons, hydrogen, CO, 

CO2 etc.), oil (hydrocarbon liquid containing water) and char (pyrolytic solid) 

fractions.Yields and composition of pyrolysis products are affected by the 

conversion conditions and the chemico-physical properties of the raw material, 

type of reactor, residence time, etc. (Williams, 2013). For example, fast pyrolysis 

(high heating rates and short vapour residence times) is preferred to maximise 

the oil yield (Bridgwater, 2012a), opposed to slow pyrolysis which enhances char 

production (Hodgson et al., 2016). 

For pyrolysis to be an attractive process from a commercial point of view, all 

the products obtained should have a market. The gas fraction can be used as a fuel 

in industrial combustion processes. For instance, it can be used to partially fulfil the 

energy requirements of the pyrolysis process itself. The liquid fraction can also be 

used as fuel (due to its high calorific value) or as a potential source for valuable 

chemical such as: benzene, toluene, xylene or limonene (Antoniou and Zabaniotou, 

2013). These chemicals can be used as precursors for the manufacture of chemicals 
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with more complex structure, as solvents in laboratory and industrial applications 

or in the case of limonene even as cleaning or fra- grance agent (Danon et al., 

2015b). The gas and liquid fractions have a potential market however, the solid 

product has to be upgraded and valorised so it can be used for more demanding 

applications, for example as reinforcing filler or activated carbon. In its raw form, 

char consist of a carbon matrix containing most of the inorganic compounds 

present in the raw material (ash) and some condensed organic by-products 

generated during sec- ondary reactions in the reactor. 

There are different waste materials; thermoplastics, tyres and biomass that 

are appropriate for undergoing pyrolysis, due to their combustible properties and 

high volatile matter content and because they are rich in long polymer chains that 

can be easily cracked into smaller molecules (hydrocarbon gas and pyrolysis oil) 

(Bernardo, 2011). Thermoplastics pyrolysis char yields are so low that so far no work 

has been published (according to our knowledge) on polymer demineralisation, thus 

it will not be further analysed in this review. 

During pyrolysis of waste tyres, the chemical additives in the sample 

evaporate first and then rubber fraction devolatilises by 

depolymerisation/condensation, leaving only the carbon black and minerals (Danon 

et al., 2015a). The gas and TDO (tyre derived oil) originate from the volatiles fraction 

emerging from the process, while the char consists of the solid fraction (Martinez 

et al., 2013). The solid obtained (commonly known as pyrolytic char) is a 

heterogeneous, porous structure with a low surface area, mainly made of carbon 

black added during processing. The char is much coarser than the carbon black 

added to the tyre during processing, due to the fact that volatile products formed 

during pyrolysis tend to get absorbed on the surface of the char as carbonaceous 

materi- als increasing its size (Senneca et al., 2000). Char consists of many undesired 

elements [<15 wt% is ash, resulting from the additives used for tyres manufacturing 

(Helleur et al., 2001)] that reduce its commercial value. Tyre derived char must be 

upgraded by removing contaminants such as TDO, sulphur, metals and silicon, 

from the carbon structure,  so it can be used in more demanding applications. For 

example, the high ash, sulphur and zinc concentrations of the raw char impedes its 

utilisation as carbon black in the conservative tyre industry. 

The demineralisation of the feedstock can also help reducing the corrosion and 

formation of toxic species during thermal processes (Yu et al., 2014). 
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Demineralisation through leaching is the most popular technique used regarding 

the complete removal or minimisation of the quantity of metals present in the 

chars and raw materials. 

In this context, demineralisation performed on waste tyres before and after 

pyrolysis is the focus of this comprehensive review. Demineralisation is defined, 

followed by the conditions and parameters that can be modified (paying special 

attention to the chemistry and solvent choice) for adjusting the procedure to the 

material to be treated. The literature regarding the demineralisation of tyre waste 

materials and its effect on the final products are exhaustively reviewed and the 

convenience of performing demineralisation on waste materi- als before or after 

pyrolysis is discussed. 

2. Demineralisation 

Demineralisation of solid materials is performed via leaching of the undesired 

phase. Leaching is a type of liquid-solid extraction whereby a soluble fraction 

(leachant or solute) is partially or totally removed from an insoluble, permeable 

solid phase by use of a liquid lixiviant (Richardson et al., 2002). A schematic 

diagram of the demineralisation procedure is given in Fig. 1. 

This technique of extracting a solid using a solvent has been used since ancient 

times and it is known by many names: lixivia- tion, leaching, solid-liquid 

extraction, percolation, etc. It has been widely used for the extraction of minerals 

from their ores (hydrometallurgy) or to obtain valuable chemicals present in 

plants. It can also occur naturally due to the rain, causing the dis- placement of 

wastes towards the rivers and oceans (Yadav and Yadav, 2014). The material to be 

treated will influence the conditions applied for demineralisation since it will 

depend on the surface chemistry, roughness, volume, soluble solid distribution, etc. 

2.1. Conditions of demineralisation 

The major process parameters for demineralisation that must be 

selected/determined, to obtain the most cost and energy efficient method, are 

discussed below.  
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Fig. 1. Schematic diagram of demineralisation mechanism 

2.1.1. Surface area 

The higher the surface area and the easier the accessibility to the pollutants 

via high porosity, the more favoured the demineralisation will be. The surface area of 

the feedstock is determined by the particles size and shape. 

For example, penetrating tyre rubber surface can be practically impossible due 

to its chemical structure and physical properties (Martinez et al., 2013). The release 

of volatile organic components, during pyrolysis, increases the development of a 

porosity network and surface area of char making it more easily accessible to 

solvents. In the case of tyre, the values reported in literature range from 0.059 to 3.5 

m2/g (Selbes, 2009) in the case of crumb (rubber before pyrolysis) and 56.5–85 m2/g 

in the case of char (after pyrolysis) (Shah et al., 2006; Ucar et al., 2005). Regarding 

biomass, raw material before undergoing pyrolysis ranges from 1.188 10 5 of 

empty fruit bunches to 1.46 m2/g of waste wood, and 1.6 m2/g of sawdust 

(pyrolysed at 500 C) (Messina et al., 2016) to 299 m2/g of coconut coir (pyrolysed 

at 600 C) (Shen et al., 2012). The concentration of ash is also higher in the char (Hadi 

et al., 2016) and more reachable to be removed. 

2.1.2. Particle size 

Smaller particle size is generally desired due to an increase in the contact area 

between the solid and the liquid, thus increasing the mass transfer rate. In 

addition, the distance that the solute must travel through the interior of the solid 

is smaller, which assists with the leaching. Crushing and grinding some solid 

particles can make the soluble portion more accessible to the solvent accelerating 
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the leaching. However, for wastes such as tyres, the processing cost of generating fine 

particles is pro- hibitive, as it may require grinding to be done under cryogenic con- 

ditions (Karger-Kocsis et al., 2013). In biomass, the smaller fractions contain higher 

ash content (Arvelakis and Koukios, 2002) making the larger fraction a better choice 

for further upgrad- ing. In any case, extremely small particles are not desired as they 

entail problems in the separation steps. 

2.1.3. Temperature 

In general, it is desirable to use as high leaching temperature as possible, due to 

the higher solubility of the solute in the solvent, thus achieving higher solute 

concentrations in the liquid product. The lower viscosity of the lixiviant at high 

temperature, also favours mass transfer. The temperature chosen will depend on 

the material to be treated (Yu et al., 2014). When natural products are leached, too 

high temperatures can lead to the deterioration of the solid. The increased energy 

requirements and processing costs associ- ated with higher temperatures should 

also be taken into account to decide the most suitable value. 

2.1.4. Contact time and leaching rate 

Leachability is a function of time and it typically changes in the long term. Time 

depends on the reaction kinetics. Generally, at the beginning, leaching is very fast but 

after a while, the leaching rate decreases. There are two main reasons for the high 

initial rate of dissolution; the concentration of the solvent is usually at maximum 

and the greatest possible surface of soluble mineral is exposed. As dissolution 

proceeds, the rate slows down due to: the decrease in contact surface because 

most minerals will already be dissolved and the depletion of the solvent strength  

2.1.5. Operation mode 

The choice will depend on the stage of the study; batch is the best option for 

preliminary lab scale work since it is cheaper and more convenient, while 

continuous processing is the best at industrial scale (Green and Perry, 2008). There 

is plenty of work published on demineralisation in small-scale (Deng et al., 2013; 

Liu and Bi, 2011; Yu et al., 2014), as the design of a leaching process is based on 

laboratory results. Nevertheless, when these results have to be scaled up, this has to 

be carried out empirically. 
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2.1.6. Agitation/mixing/mass transfer 

There are mainly two methods of contacting the solid and liquid phases: 

percolation and dispersing the solid into a liquid phase and then separating from it 

(Green and Perry, 2008). The design of the reactors changes from column to 

horizontal and it also varies the method of agitating from impellers such as, 

turbines, paddles or propellers to air agitation such as, Pachuca tanks or autoclaves. 

Whatever the contact method, leaching will be favoured by increasing the surface 

per unit volume of solid to be extracted. 

Stirring of the solvent is important as it increases the transfer of material from 

the surface of the particles to the mass of the solution. 

2.1.7. Method of operation 

If leaching equipment is to be fully defined four categories must be assigned: 

operating cycles (Liaw and Wu, 2013) (batch, semi continuous or continuous), 

method of contacting (percolation or solid dispersion), direction of streams 

(concurrent, countercurrent or hybrid flow) and by staging (single stage or multiple 

stages). Taking all these factors into account there are several types of reactors 

that are based on different geometries and features: Bollman type, Ken- nedy, 

Bonotto, Rotocell, Screw-conveyor extractors, column type, etc. (Green and Perry, 

2008). These reactors are mainly used in industrial scale processes such as metals 

extraction from ores by hydrometallurgy. In laboratory experiments the majority of 

tests are performed using more simplistic approaches like a single stage batch 

reactor, consisting of a temperature controlled vessel with or without stirring 

(Ravichandran et al., 2013). 

 

2.1.8. Solvent and pH 

Leaching can be performed using many different solvents at several pH values. 

In the case of the organic volatiles (hydrophobic aromatic compounds) trapped on 

the pores of the chars after pyrolysis, organic solvents such as acetone, toluene or 

dichlorometane are used due to their nature (Dutta et al., 2017). The choice of the 

solvent and pH used, will depend on the sample nature and the chemicals targeted 

during the demineralisation process, and there- fore the choice of solvent will be 

analysed more in depth together with the chemistry of the process in Section 2.2. 
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Although the use of organic solvents might help increasing the accessibility to 

the minerals present in the solids they will not be analysed in this review as they 

cannot be considered demineralisation agent per se. Demineralisation has to be 

analysed case by case as changing some parameter might change the optimum 

conditions to carry out leaching. 

2.2. Chemistry 

The chemical composition of the elements present in the materials to be 

pyrolised or after pyrolysis, vary strongly from sample to sample, thus the treatment 

that should be applied to remove them, will also differ greatly. These materials are 

usually contaminated by several chemicals which come for instance, from the 

inorganic matter added to biomass during harvesting (Vassilev et al., 2010) and 

processing and the chemicals used to vulcanise and give the tyres their desired 

prop- erties (Kreider et al., 2010). The major inorganic elements, macro 

components, found in these materials are: Al, Ca, Fe, K, Mg, Na, P, S, Si and Zn. In 

some cases traces of other elements such as Cl, Cr, Cu, Mn and Ti may also be 

present. The chemical compositions of the materials addressed in this work are 

detailed in. These elements can appear in their elemental form or either forming 

oxides, carbonates, sulphates or salts (Alexandre-Franco et al., 2010; Vassilev et 

al., 2012).  

In general, the mineral matter present in the raw material before undergoing 

pyrolysis stays in the char. The biggest difference lies in the higher concentration of 

these elements in the char due to the decrease of the organic phase (Yargicoglu et 

al., 2015). 

2.2.1. Water 

Water leaching is the most preferred solution. Besides its low cost, it also has a 

low environmental impact given the possibility of disposing the leachate back into 

the field in some biomass sample cases. This practise allows the retention of 

nutrients on site, avoiding the depletion of inorganic nutrients in the soil and there- 

fore the use of fertilisers (Sochacki et al., 2013). In the case of more contaminant 

species, such as heavy metals from waste tyres, the water is recovered by 

distillation or reverse osmosis. 

Water leaching provides the removal of water-soluble inorganic elements, such as 

Ca, K, Mg and Na. Inorganic salts also get dis- solved in water. Some examples of the 
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chemical reactions (Zhao, 2015) taking place during water demineralisation are 

given below 

CaO + H2 O→ Ca(OH)2 

MgO + H2 O → Mg(OH)2 

Na and K also form soluble hydroxides. 

There are also a number of additional solvent properties that must be taken into 

account because they affect the overall cost of the entire operation: corrosiveness, 

flammability, toxicity, recoverability, etc. The specifics of each application will 

determine the interaction and relative significance of the factor mentioned above. 

Depending on the pH, solvents can be classified in three groups: Water, acidic and 

alkaline. 

2.2.2. Acidic 

Non water-soluble elements need acid solutions to be removed. Low pH values 

are generally favourable for metal ion solubilisation. Most metals and metal ions are 

basic and only react with an acid, thus, acids have the leading role in leaching 

(Meshram et al., 2015). These reactions occur generally through reduction-

oxidation (REDOX) reactions. The reactivity of the elements depend on their 

capacities as reducing agents. Metals from group 1 in the periodic table are highly 

reactive and thus they even react with water. 

The most commonly used acids in leaching are H2SO4 and HCl. They are both 

very strong, relatively cheap and abundantly available. Their leaching reactions 

take place by replacing the H+ ion with metal cations (Tian et al., 2016). In some 

cases, the problem is that undesirable Cl and S enter the sample with the strong 

acids, contaminating the final product. On the other hand, HNO3 and HF are weaker 

acids, but they can act as oxidising agents. Nitric acid can act both as oxidising and 

nitrat- ing agent. Hydrofluoric acid, is a relatively weak acid because it forms strong 

interactions with hydronium ions in solution (Lai et al., 2016). However, fluoride (F 

) ion is a strong oxidising agent and it is highly reactive towards metals, inorganic 

salts, and sili- cates. HF is even able to dissolve SiO2, not due to its acidic nature but 

rather through the oxidising effect of its anion (Steel and Patrick, 2003). The rest of 

the acids are unable to dissolve SiO2 even at very severe conditions (Shi et al., 2012). 
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+ 

Analysing the literature, (Goodman et al., 2000; Kim et al., 2009; Underwood et 

al., 2001; Zhu et al., 2016), the following possible chemical reactions (schematic) 

can be hypothesized: 

 

Al2 O3 + 3HX Ac →Al2 (Ac)3 + 3H2 O  

Fe2 O3 + 3HX Ac → Fe2 (Ac)3 + 3H2 O 

ZnS + HX Ac → ZnAc + H2 S 

TiO2 + 2HCl →TiOCl2 + H2 O 
 

Fe2 O3 + 6HNO3 → 2Fe(NO3 )3 + 3H2 O  

SiO2 + 6HF → H2 SiF6 + 2H2 O 

Fe2 O3 + 10HF → 2H2 FeF5 + 3H2 O  

FeS2 + 2HNO3 → Fe(NO3 )2 + H2 S + S  

MY O + H2 Ac → YMAc + H2 O 
 

where X = 1 or 2 depending on the acid; Ac = SO4 for sulphuric, NO3 for nitric and Cl 

for hydrochloric acid; M = Ca, Cu, K, Na Mg and Zn; and Y = 2 for Na K and Zn. 

2.2.3. Alkaline 

The most well-known alkali solvents for demineralisation are; NaOH, Ca(OH)2, 

KOH, Na2CO3 and NH4, with NaOH having the strongest leaching capacity. 

Sodium carbonate is actually a salt, but it acts as a weak alkali after dissolving in 

water. Alkali are more selective towards dissolving some elements than acids Alkali 

can dissolve silica (at elevated temperature), alumina and also remove different 

forms of sulphur (Mukherjee and Borthakur, 2003). The reactions can be repre- 

sented in a simplified way as (Miki et al., 2016; Mukherjee, 2003) 

Al2 O3 + 2MOH → MAlO2 + H2 O 

FeS2 + 2MOH →M2 S + Fe(OH)2 + S  

SiO2 + 2MOH → M2 SiO3 + H2 O 

ZnO + NH4 Cl → Zn(NH3 )2 Cl2 + H2 O 

where M = Na or K. 

Compared with the acid leaching, alkaline leaching has advan- tages of faster 
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kinetics as well as a simpler impurity removal pro- cess. Nevertheless, the higher 

price of caustic soda makes the alkaline leaching method less competitive than 

acidic leaching. Therefore, although alkaline solvents show reasonable metals 

extraction capacity, they are generally combined with acid leaching to decrease the 

overall cost of the process. 

4. Demineralisation of waste tyres and its pyrolysis char 

4.1. Metal content of waste tyres 

Tyre industry uses a wide variety of different compositions in order to obtain 

highly durable and trustable products. To obtain tyre, the untreated weak and soft 

rubber must be vulcanised. This process consists of heating the rubber in the 

presence of sulphur and initiators in order to get cross links between the polymer 

chains, thus creating a three dimensional chemical network (Mark et al., 2005). 

Tyres are composed of several constituents: 60–65 wt% rubber [generally consist of blends of 

styrene butadiene rubber (SBR), polybutadiene (PBD), and natural rubber (NR)], 

25–35 wt% rein- forcing agent or filler [mainly carbon black (CB) but it can also be a 

mixture of CB and silicon dioxide], chemical additives [vulcanising system 

comprising sulphur, peroxides, accelerators and activators (ZnO) and 

antidegradation agents] steel and textile (Wik and Dave, 2009).  

A wide variety of rubber compositions are used in the tyre industry. Their 

chemical composition is proprietary and change from brand to brand and model to 

model. The elements found in the waste tyres and waste tyre pyrolysis char are 

gathered in Table 1. 

The chemical composition of the tyres varies greatly depending on the type of 

sample used. The entire tyre that has not been torn apart contains a large amount of 

metals associated with the metal structure that shapes the tyre. These metals are 

also found in the case of using pieces of tyre in which the casing is not removed. 

When using crumb the elements that are part of steel such as Fe and Mg are 

drastically reduced. The chemical composition of the tyres is also altered due to the 

different nature (car or truck) and brand that produces them.  

These contaminants originate from the compounds added to the tyre in order 

to meet specific tyre performance requirements. In the char, the carbon content is 

very high (>80 wt%), but sulphur content is about half of the amount initially 
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present in the tyre (<3 wt%) where it is performing as the crosslinking agent 

between elastomer chains (Mark et al., 2005). The most common metals found in 

the crumb and char are Zn, S, Si, Fe, Mg, Al and Ca. Those metals appear mainly in 

their elemental form or in their corressponding oxide or sulphide. Zn derives from 

the zinc oxide added to the rubber to control vulcanization and enhance the 

physical properties. To reduce the cost and for ecological reasons, some tyre 

manufactures replace some carbon black with silicon or SiO2 thus the high amount 

of Si present in the crumb or char. Due to the high boiling point of SiO2, it does not 

leave the sample with the volatiles during pyrolysis therefore it stays in the solid 

residue.
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Table1 

Metal content of waste tyres and waste tyres pyrolysis char in ppm 

Ref San Miguel et 

al. (2002) 

Quek and 

Balasubram

anian, 

(2011) 

Undri et 

al. 

(2013) 

Selbes et 

(2015) 

al. San 

Miguel 

et al. 

(2002) 

Quek and 

Balasubram

anian (2011) 

Chan 

et al. 

(2011) 

Mui et 

al. 

(2010a) 

Shah et 

al. 

(2006) 

Undri 

et 

(2013) 

al. López 

et al., 

(2013) 

 Tyre     Char        

    Crumb Chips         

Al 956 680 - 2220 520 1988 1300 1380 - - - - 2040 

Ba – – 34 – – – – 70 – – 5 5 – 

Ca 1544 38,900 – 1720 540 5755 3680 0.3 5894 24,000 – – 4527 

Co 38.7 – 1 – – 86.3 – 130 – – 144 13 – 

Cr 49.4 – 4 3 41 119 – 100 – – 25 8 – 

Cu 68.5 50 6 40 310 119 80 340 – – 144 360 44 

Fe 28,188 300 453 1400 110,000 4895 890 3820 1329 – 23,37

0 

15,08

0 

760 

K – 990 – 420 590 – 1420 800 937 – – – 800 

Mg 444 400 – 290 150 970 860 740 – – – – 747 

Mn 13.9 – 11 20 660 642 – 60 – – 164 110 – 

Ni 5.9 – 4 10 50 10.5 – 60 – – 27 13 – 

P – – – 160 170 – – – – – – – 300 

Pb 59 – 130 50 40 120 – 110 – – 77 113 – 

S 16,200 – 18,000 1440 1160 18,690 – 16,000 – 26,000 23,00

0 

20,00

0 

33,000 

Si – 5630 – – – – 26,620 – – 16,000 – – 33,472 

Ti 105 – – – – 135 – – – – – – 330 

Zn 12,700 10,240 1299 15,900 11,500 30,950 25,250 20,260 58,539 42,000 58,28

0 

45,13

0 

28,482 

Others 16.9 400 8 524 312 67.9 4500 850 – – 26 22 8786 
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4.2. Demineralisation of waste tyres 

Several demineralisation works performed on waste tyres crumb and waste tyre 

derived chars have been summarised in Table 2. Both, waste tyre crumb and the 

char obtained by pyrolysis have several applications. Crumb can be used as a filler in 

rubber (Karger-Kocsis et al., 2013) and concrete (Atahan and Yücel, 2012), or as 

lightweight aggregate for flowable fill (Pierce and Blackwell, 2003). While char can 

be used to replace carbon black (Martínez et al., 2013) in pigments (Pilusa and 

Muzenda, 2013) or bitumen (Feng et al., 2016) or activate it and use it to remove 

organic (Gupta et al., 2011a) and inorganic (Helleur et al., 2001) pollutants. 

Nevertheless, the minerals present in their composition can pose some problems to 

their applicability. 

The leaching of tyre constituents may pose environmental concerns when using 

them in civil/environmental applications. Selbes et al. (2015) studied the leaching 

of organic and inorganic compo- nents from waste tyres crumb and chips under 

different pH conditions, similar to the ones encountered in natural environments. 

They observed that for smaller size tyre chips, the leaching of organics was higher 

however, the leaching of inorganic con- stituents was independent of the size. At 

basic pH conditions the leaching of organics increased, whereas acidic pH 

conditions led to elevated concentrations of metals. Leaching was minimal around 

the neutral pH values.  

Solano et al. (2012) studied the use of recycled-tyre crumb rubber, as a lightweight 

material for amending green roof media. Despite its advantages as a recycled 

product, crumb leaches Zn in potentially toxic quantities for green roof plants and 

the overall ecosystem. They observed a large sample to sample variation, which 

reflects the variability of Zn in the crumb samples. During the first 12 h 

significantly more Zn was released from the acid water treatment than the neutral 

pH one, but thereafter no signif- icant differences were found in the cumulative Zn 

leached. 

Activated carbon is very efficient in waste water treating application, but the 

commercial adsorbents are still very expensive. Therefore, using a cheap starting 

material such as waste tyres will reduce the price and make it more attractive. 

Activation of char obtained from pyrolysis of waste tyres has gained a lot of 

attention (Gupta et al., 2011b; Manocha et al., 2013; Mui et al., 2010a). The surface 

area of the char is low (SBET < 100 m2/g) and thus, it has a low adsorption capacity. 
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However, they are mainly mesoporous (Tanthapanichakoon et al., 2005) (around 

90% of pores) and this might help the adsorption of pollutants on that range of 

sizes. The char has to be activated either by physical or chemical activation processes 

to create new porosity and/or to enhance the one present in the sample. The 

demineralisation step can be performed before (Chan et al., 2012) or after (Gupta et 

al., 2012, 2014) the activation phase.  

Shah et al. (2006) demineralised waste tyre pyrolytic char using HCl or H2SO4 

before the activation step. The surface area of the adsorbent increased from 85 

m2/g to 870 and 800 m2/g (HCl and H2SO4 respectively) before the activation step. 

Further improvement was observed after the activation step, reaching values of 

940 and 910 m2/g (HCl and H2SO4 respectively) that are in the same range of the 

commercially available activated carbons which specific surface area values range 

between 800 and 1100 m2/g. 

Before the activation, a demineralisation step to get rid of the maximum amount 

of contaminant metals is desired. Removing the minerals present in the surface 

before the activating step can lead to a better development of the porosity as the 

activating agent will have easier accessibility through the new created pores. 

However, the reactivity of the activated carbon can decrease due to the removal of 

some elements such as Ca and Zn as they might have some kind of catalytic effect 

during activation (Antoniou et al., 2014). 
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Table 2 

Summary of leaching conditions used in different chars derived from pyrolysis of waste tyres demineralisation. 
 

Material Temp. 

[ C] 

Time 

[h] 

Demineralisation 

agent 

Sample to 

Demineralisation 

agent ratio 

Removed 

ash [wt.%] 

Observation and comments Ref. 

Demineralisation 

before pyrolysis (pre-

treatment) 

       

Tyre plugs (ø = 10.2 

cm) 

– 31 

days 

Lake water 2900 g/16L – Zn was the higher concentrated 

element in the leachate 

Nelson et al. 

      followed by Ca, Pb, Cu and Cd. (1994) 

Tyre crumb (<3 mm) – 18 Water 2 g/40 ml – Zn, Se, Pb and Cd (trace 

amounts) were on the 

leachates. 

Mattina et al. 

   pH 4.2 water   Decreasing the pH, all the 

elements dissolved in the 

(2007) 

      solution increased.  

Tyre debris (10–80 
lm) 

– 24 pH 3–7 ultra pure 50 and 100 g/L – These leachates contain a much 

higher quantity of Zn 

Gualtieri et al. 

   water   than scrap leachates. Acid rains 

influence the elution 

(2005) 

      process.  

Tyre chips (car and 

truck) 

– 3x7 5, 15, and 25‰ 140 g/2.8L – At higher salinity level there 

was less leaching of metals. 

Hartwell et al. 

  days salinity water   Salinity may affects either the 

leachability of toxic 

(1998) 

      constituents or the interaction 

of salts and the toxic 

 

      chemicals.  
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Truck tyre (0.4–3.3 

mm) 

Room 6–96 Tap water 25 g/500 ml – Studied the zinc leaching from 

the crumb. The zinc 

Rhodes et al. 

 Temp.  DI- H2O   leaching decreases with 

increasing tyre particle radius 

(2012) 

      but increased linearly with the 

time. 

 

Tyre (90% car + 10% 

truck) crumb 

Room 28 

days 

pH 4 water (HCl) 100 g solid/2L 

solution 

73.0 Zn, Al, Ca, Mg, K and S leached 

more from crumb 

Selbes et al. 

 Temp.  pH 7 water  34.7 rubbers, as they are associated 

with the rubbery portion 

(2015) 

   pH 10 (NaOH)  9.0 of the tyre  

Tyre (90% car + 10% 

truck) chips (2.5x2.5 

mm) 

  pH 4 water (HCl)  12.8 Big amount of Fe and Mn 

leached due to the wires 

 

   pH 7 water  0.2 present in the sample. More Fe 

and Mn present in the 

 

   pH 10 (NaOH)  0.5 leachate than the solubility 

limits, thus there must be 

 

      chelating between the leaching 

organics and those 

 

      metals.  

Demineralisation after 

pyrolysis (post-

treatment) 

       

Char pyrolised at 

500 C 

– 24 1 M H2SO4 10 g/1L >90 Chars pre-treated prior to 

activation have higher yield, 

Mui et al. 

(2010a) 
      surface area and micropore 

volume. 

 

   1 M HNO3 1 g/100 ml >90 It might be possible to prepare 

carbons having different 

Mui et al. 

(2010b) 

      pore size distribution via acid 

leaching. 

 

Tyre char 60 1.5 70 wt% H2SO4 – 91.7 – Pilusa and 

       Muzenda (2013) 
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Char pyrolised at 

450 C 

105 1.5 5 M HCl – 86.3 The reactivity of the 

demineralized char was on 

average 

Cunliffe and 

Char pyrolised at 

475 C 

    81.9 22% less than untreated char. 

After demineralisation, the 

Williams (1999) 

Char pyrolised at 

500 C 

    87.4 surface area increased slightly, 

reaching a value of 

 

Char pyrolised at 

525 C 

    83.9  

75 m2/g. 

 

Char pyrolised at 

560 C 

    91.0   

     78.5   

 Room 24 1 N HCl – 82.4 Acid treatment and activation 

increased the surface 

Shah et al. 

(2006) 

Char pyrolised at 

600 C 

Temp. 

Room 

 

24 

1 N H2SO4 

1 N HCl 

 

– 

34.2 

– 

areas and decreased the 

concentration of contaminants. 

The surface area increased 

from 80 m2/g to 800 m2/g 

 

Shah et al. 

(2007) 

Tyre char Temp.       

Char treated with 

69% HNO3 24 h 

Room 2 1 N H2SO4 20 g/L 69.6 Dem. treatments increased the 

BET surface from 37 m2/g 

López et al. 

(2013) 

 Temp.  D- H2O  73.2 in the untreated char to 38 
m2/g in the case of HNO3/ 

H2SO4 system and 57 m2/g in 
the case of HNO3/ H2O 

 

Char pyrolysed at 

500 C 

Room 24 Conc. HF – 52.4 Activated carbon from acid 

treated char has higher pore 

Zhu et al. (2009, 

 Temp.     volumes and surface areas than 

the one derived from the 

2011) 

      untreated char.  
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Passenger car tyre 

char 

100 2 10 wt% HCl – 5 The high amount of ash is due to 

the high Si amount 

Ucar et al. 

(2005) 

      (38 wt%) that is not possible to 

remove with acids. 

 

Truck tyre char     64–73 This is more suitable for 

activation due to low ash 

 

      content.  

Char pyrolysed at 

500 C 

Room 24 1 M HCl 2–3 g/100 ml 57.3 Acid treatment improved the 

porous properties of the 

Ariyadejwanich 

 Temp.     activated carbon. et al. (2003) 

 

Char pyrolysed at 550–

600 C 

– 336 3 N NaOH – 25.2 – Manocha et al. 

   3 N HNO3  19.2  (2013) 

   3 N H2SO4  15.6   

   3 N HCl  22.2   

Tyre char – – H2SO4 3 ml/g 15.8 The extent of demineralisation 

increased with increasing 

Chaala et al. 

    4 ml/g 37.0 acid to char ratio and the optimal 

ratio (10 ml/g) was 

(1996) 

    8 ml/g 48.6 determined when the extracted ash 

reached a plateau. 

 

    10 ml/g 53.4   

    12 ml/g 56.2   

 – – 0.1 N H2SO4 10 ml/g 4.1 Using an acid concentration higher 

than 1 N appeared to 

 

   0.9 N H2SO4  39.7 have a minor effect on the residual 

ash content of the 

 

   9.8 N H2SO4  55.5 char, thus, the optimal 

concentration was fixed at 1 N 
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 20 – 1 N H2SO4 10 ml/g 30.8 The optimal value for the heating 

temperature was 

 

 40    50.0 found to be 60 C.  
 60    53.4   
 60 0.17 1 N H2SO4 10 ml/g 37.7 Increasing the reaction time 

provided a char with a 

 
  0.33   46.6 lower ash content. The optimal 

time at this temperature 

 
  0.5   53.4 was found to be 30 min.  
  0.67   55.5   
  0.83   56.8   
  1   56.8   
 60 0.5 Once reused 1 N 10 ml/g 52.0 When the recovered acid is used 

once the values are 

 
   H2SO4 

Twice reused 1 N 

  

46.6 

similar to the fresh acid but using it 

more times, the removal efficiency 

is lower and lower. 

 

   H2SO4 

3 times reused 1 N 

  

32.2 

  

 

Waste tyres char 

pretreated with 1 N 

H2SO4 at 60 C, 

 

60 

 

0.5 

H2SO4 

1 N NaOH 

 

10 ml/g 

 

60.2 

 

The optimal concentration of 

NaOH was found to be 5 N. 

 

30 min, 10 ml/g acid to 

char ratio 

  2 N NaOH  67.2 After acid/alkali combined 

treatment, the resulting salts 

 

   3 N NaOH  69.5 essentially consisted of sulphates 

(in solution) and 

 

   4 N NaOH  71.9 hydroxides (deposits).  

   5 N NaOH  79.0   

   10 N NaOH  79.4   

Char pyro 500 C 70 3 2 N HCl – 75.7 The acid treatment used has 

removed inorganics such as 

Choi et al. (2014) 

Char pyro 600 C     77.5 zinc oxides that might play a 

catalytic role during 

 

Char pyro 700 C     75.8 activation to remove volatiles and 

develop the pore 

 

Char pyro 800 C     76.5 structure of activated char.  

%30 pine+%30 tyre+ 

%40 plastic mixture 

char 

60 1 1 M HCl 1 g/100 ml 70 – Bernardo et al. 

%50 tyre+ %50 plastic 

mixture char 

    64  (2012) 

Truck tyre derived 

char from South 

African industry 

20 24 5 M HNO3 10 g char/ 100 g 

solvent 

68.3 HCl and HNO3 show the highest 

ash removal but non- 

Henry (2015) 

   5 M HCl  69.5 ash products found in the char are 

also extracted. H2SO4 
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   5 M H2SO4  65.8 results were a bit confusing due to 

its high dehydrating 

 

   5 M CH3COOH  45.1 effect (acid remnants uptaking 

humidity). 

 

   5 M H2O2  43.9   

   5 M NaOH  20.7   

Char treated with HCl 80 1 1 M NaOH 10 g char/ 100 g 

solvent 

82.9 Sequential extraction removed 

more minerals than a 

 

Char treated with 

H2SO4 

    48.2 single demineralisation procedure.  

Char treated with 

HNO3 

    75.0   
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Upgrading used tyres char to carbon black has not been broadly studied, as it is much 

easier to produce activated carbon. Comparing to activated carbon, carbon black has 

many more applications (Harber and Young, 2001): it is largely used as 

reinforcement in rubber, as a pigment in inks and as coating due to its electrical 

conductive properties (Huang, 2002). It is used in polymer filler applications due to its 

stabiliser effect enhancing the thermal (Wen et al.,2012) and ultraviolet radiation 

stability. Although it is used in less demanding applications such as in conveyor belts, 

footwear or reinforcement in road bitumen (Feng et al., 2016), the main use of CB is 

as filler in tyres. They exist many grades (tyre industry alone uses about 40 different) 

depending on the application. In order to use pyrolysis-derived char as a reinforcing 

material, size reduction together with purification have to be achieved. 

During milling or pulverisation processes to obtain small particles, undesired 

metals were also removed (Pilusa and Muzenda, 2013). Since the bond work index 

of silica is higher than that of carbon black it make it possible to separate them by 

physical methods. Regardless of the minerals removed by physical methods, the 

char samples should undergo a more exhaustive demineralisation to fulfil the CB 

specifications: low ash [<0.5 wt% (De Marco Rodriguez et al., 2001)] and sulphur 

contents. 

Akyildiz et al. (2010) performed demineralisation experiments to reduce the 

sulphur and ash content of the char derived from waste tyres. A HCl and HNO3 

mixture resulted in the highest degree of demineralisation (60.5%) and 

desulphurisation (95.3%), but was not enough for reaching the commercial carbon 

black values. Therefore, they used acid digestion to reduce the S value to <0.5% 

attaining the value of N330 commercial carbon black. 

The chemical composition of the tyres varies greatly depending on the type of 

sample analysed from passenger car having 18.5 wt% ash to truck with 5 wt% ash (Ucar 

et al., 2005), whole tyres, chips, strips or crumb. If the metal casing is removed, the 

amount of Fe and Mg is significantly reduced, from 1.1 wt% and 0.07 wt% 

respectively in chips containing metal wires to 0.14 wt% Fe and 0.0002 wt% Mn when 

wires were removed (Selbes et al., 2015). The mayor elements present are Zn, S, Si, 

Fe, Mg, Al and Ca. They originate from the compounds added to the tyre during 

processing. S will be part of the structure of the vulcanized rubber because it is the 

linking agent between the polymer chains, while other chemicals (i.e. ZnO or SiO2) 

will only be physically attached to the rubber, therefore being more easily accessible 
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to be removed. 

There are no papers (to the best of our knowledge) that analyse the effect of the 

demineralisation using chemicals performed on waste tyre (whole, pieces or 

crumb) prior to pyrolysis. The difficulty of penetrating the surface of this very 

resistant material together with the large amount of solvent necessary to treat 

such volume of product make this practice expensive and at the same time 

difficult to execute. The study of the demineralisation of waste tyres focuses on the 

leaching of elements during their use in civil engineering applications, such as 

noise barriers and artificial reefs. The biggest concern of reusing scrap tyres in those 

appli- cations is the leaching of tyre constituents with time and their potential 

harmful impact in the environment. As those uses are usually performed 

outdoors, the leaching agent studied has always been water. The more reactive 

strong acids might result in rubber degradation. The element that causes more 

concern because it rep- resents 1–2 wt% of the tyre and has been analysed more in 

depth is Zn. Zn leaches from tyres in all cases studied: lake water, deionised water 

and different pH water. Although this element can be toxic for some organisms, in 

general, the small amount leached and the big surfaces affected make its 

utilisation safe. 

 

 

 

 

 

 

 

 

 

Fig. 2.  Proposed process diagram for waste tyres demineralisation. 

When demineralisation was performed as a post-treatment on the char derived 
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from waste tyre rubber pyrolysis, the use of strong acid proved to be effective in the 

removal of a big amount of inorganic minerals (Zn, Ca, K, Fe) and some organic 

phase. The ash content was reduced >90% (Mui et al., 2010a; Pilusa and 

Muzenda,2013). Alkali solvents also remove metals and metal oxides in some 

cases, even more than acids reaching 25.2% removal for NaOH against 22.2% of HCl 

(Manocha et al., 2013). NaOH seems to be the most effective solvent removing Si 

compounds. Sequential extraction using different acids or acid and alkali remove 

higher amounts of minerals. The ash content was reduced to 3 wt% (Chaala et al., 

1996) because their combination creates salts that are soluble in water based 

solutions. 

Demineralisation lead to higher fixed carbon contents and higher calorific values 

of the chars, increasing their value as energy source. The acid or acid/alkali leaching, 

increases the surface area values of char. Shah et al. (2006) increased the surface 

area of the tyre pyrolysis char up to 870 m2/g by demineralising with HCl. 

Demineralisation also increases micro- and mesopore volumes not only after 

activation step but also in pyrolysis derived chars and in activated carbons treated 

after activation process, although in this case to a lower extent. Activated carbons 

coming from demineralised chars show lower reactivity when activated. This 

phenomenon might be attributed to the removal of inorganic compounds (Ca, Zn, 

etc.), which appear to allow the thorough diffusion of steam into inner carbon 

matrix generating more active sites. Higher yields obtained for treated chars are 

also linked to the lower reactivity. The recommended method to treat scrap tyres is 

summarised in Fig. 2. 

5. Conclusions 

Waste tyres are easily available and relatively cheap renewable energy 

resources, making them good candidates to undergo pyrolysis. In this review, 

some demineralisation treatments applied to waste materials for their valorisation 

have been overviewed. 

If the demineralisation is performed before pyrolysis, undesired reactions derived 

from the presence of minerals during pyrolysis could be avoided, and the quality 

and yield of all the final products will be improved. The biggest drawback for this 

practise is the big volume of sample to be treated. Pre-treatment is not performed in 

tyres as the raw material is highly unreactive, but it the most pop- ular choice 
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when it comes to biowaste. 

On the other hand, if the demineralisation is carried out after pyrolysis only the 

char will be affected. The lower volume needed to treat the char will reduce the 

price of the treatment significantly. The higher porosity of the chars compared to 

the feedstocks makes post-treatment the preferred option when the main 

objective is to improve the quality of the solid fraction. 

The choice of one or the other system will depend on the final use of the products. 

In any case, it is necessary to carry out the demineralisation in as optimal manner as 

possible to minimize the cost of chemicals, as well as to minimize capital costs. 

The current literature is lacking a deep study on the economic feasibility of the 

demineralisation process. In this respect, we suggest to focus the future work on the 

following direction: 

a. The energy demands and cost associated to all the steps involved in 

demineralisation (stirring, drying, produced waste management, etc.) should 

be taken into account. 

b. The study of the disposal and recovery of the leachate (acid or base) from an 

economic and ecological point of view has to be addressed. 

c. The drying step must be analysed from an industrial perspective as small batch 

drying does not pose the same problems as large scale continuous processes 

do. 

d. More work regarding the large-scale demineralisation of waste materials is 

necessary as an implemented industrial method might affect the whole 

process commercial value. 
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Abstract 

Ultrasonic cavitation for algae for algae-water separation is the main focus of this paper. 

By the assumption that cavitation could be enhanced by vacuuming the air above the water 

exposed by ultrasonic vibration the destruction of algae cell could be increased.  Leighton 

(2007) derived that the greater the frequency (f) the smaller the bubble (Ro) will be in 

which the cavitation effect approximately would occur at  rate of 3.3 Hz m, for Ro>10-5 m, 

it means that cavitation bubble occur Ro>10-5 m at the frequency range of 20kHz<f<330 

kHz. The model/equation derived concluded that when pressure amplitude exceeds the 

borderline of water-vapor and the tensile strength of liquid in the rarefaction regions, 

small vapor-filled voids are formed. Cavitation bubbles depends on the frequency, the 

power generating the ultrasonic intensity (Pow/Ac), the atmospheric pressure above the 

liquid/water Patm and depth x of the transducers. The equation is assumed to fulfilled the 

first order pseudo equation shown on the graph observed by Yamamoto et al. (2015). The 

experimental configurations are conducted in a batch algal solution contained in a clear 

glass tube sonificated by a 20-300 kHz transducer. The tube will be depressurized 1/8 atm, 

¼ atm , ½ atm and ¾ atm using a depressurizing piston, with the depth of the transducer 

(x) at every pressure event vary from 0.1, 0.2, 0.3, 0.4 and 0,5 of the maximum depth. 

Keyword : Ultrasonic, cavitation, depressurized  Introduction 

 

Introduction 

Ultrasonic cavitation for algae for algae-water separation is the main focus of this paper. 

By the assumption that cavitation could be enhanced by vacuuming the air above the water 

exposed by ultrasonic vibration the destruction of algae cell could be increased.   

Leighton (2007) derived that the greater the frequency (f) the smaller the bubble (Ro) will 

be in which the cavitation effect approximately would occur at  rate of 3.3 Hz m, for 

Ro>10-5 m, it means that cavitation bubble occur Ro>10-5 m at the frequency range of 

20kHz<f<330 kHz. 
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The model/equation derived concluded that when pressure amplitude exceeds the 

borderline of water-vapor and the tensile strength of liquid in the rarefaction regions, small 

vapor-filled voids are formed. Cavitation bubbles depends on the frequency, the power 

generating the ultrasonic intensity (Pow/Ac), the atmospheric pressure above the 

liquid/water Patm and depth x of the transducers. The equation is assumed to fulfilled the 

first order pseudo equation shown on the graph observed by Yamamoto et al. (2015). 

Spirulina sp as the algae speciment was used in the experiment. It was abstracted and 

isolated from a pond which is contaminated by domestic waste ataer. After suficient 

breeding the speciment was exposed by untrasonic. 

1. The Model Ultrasonic Cavitation 

There are many parameters which affect the cavitation and bubble collapse process and are 

listed as follows (Wu et al. 2013). 

a) External pressure: Higher external pressure will reduce the vapor pressure of liquid 

and increases the intensity needed to induce cavitation. In the contrary if the 

frequency and displacement remain constant the magnitude of the cavitation could 

be increased by reducing the external pressure.   

b) Sound wave frequency: High ultrasonic frequency will reduce cavitational effect 

because the negative pressure produced by rarefaction cycle is insufficient in 

duration and/or intensity to initiate cavitation or compression cycle occurs faster 

than the time for microbubbles to collapse. At lower frequency, more violent 

cavitation will be produced, resulting in higher localized temperatures and pressure. 

c) Intensity of sound wave: Increasing intensity will increase the acoustic amplitude, 

resulting in a more violent cavitation bubble collapse  

d) Solvent characteristics: Cavities are more readily formed in solvents with high 

vapor pressure, low viscosity, and low surface tension. However, the higher the 

vapor pressure, the less violent the bubbles collapse would be due to more vapor 

entering the bubbles. 

e) Gas properties: Presence of soluble gases will result in the formation of larger 

number of cavitation nuclei. However, higher gas solubility would cause more gas 

molecules to diffuse into cavitational bubble, causing its collapse to be less violent. 
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Heat capacity ratio (Cp/Cv) or polytropic ratio (c) and thermal conductivity of the 

gas will also affect the amount of heat release during the collapse. 

f) Temperature: For non-volatile substrates (that react through radical reaction in 

solution), reducing the reaction temperature will result in an increase in 

sonochemical reaction rates. The increase in cavitation intensity is caused by the 

lowering of vapor pressure and thus, reducing the amount of vapor diffusing into 

the bubbles to cushion the cavitational collapse. 

If it is assume at the cavitation potential is proportional to the biomass removal rate then 

the equation could be express through the following equation: 

%Remova Rate= 𝑲𝟓.
𝟏

𝒙
. √

.𝝆.𝒄.𝑷𝒐𝒘

𝟐.ф.𝝅.
− 𝑲𝟔. 𝝆. 𝒈. 𝒙.−𝑲𝟕[𝑷𝑨𝑻𝑴 − 𝑷𝒔𝒗𝒑]>0……Eq. 1  

If  it is assumed that the most effective pressure occur at 1/3 of the length after its emission 

(see figure 4.3.)  and K’5=𝐾5.
1

3
. √

.𝜌.𝑐

2.𝜋.
 and 𝐾′6 =

2

3
. 𝐾6  then : 

%Remova Rate= 𝑲′𝟓.
𝟏

𝒙
. √

𝑷𝒐𝒘

ф.
− 𝑲′𝟔. 𝝆. 𝒈. 𝒙.−𝑲𝟕[𝑷𝑨𝑻𝑴 − 𝑷𝒔𝒗𝒑]>0…… Eq. 2 

This equation express that the removal of biomass is equivalent to the power, depth (x) and 

the atmospheric applied (PATM). K5 is a coefficient converting the power (Pow), and the 

depth of water (x) to the biomass removal rate and the K6 is a coefficient converting the 

atmospheric pressure to the biomass removal rate. 

The removal observed by Yamamoto et al. (2015) by applying power variation the 

equation fulfill the first order pseudo equation. 

𝒅𝑪

𝒅𝒕
= −𝑲𝟖. 𝒇. 𝑪 ………Eq  3 

If it is assumed that K8 is equivalent to the cavitation potential then 

∫
𝒅𝑪

𝑪

𝑪𝟏

𝑪𝒐
= −(𝑲′𝟓.

𝟏

𝒙
. √

𝑷𝒐𝒘

ф.
− 𝑲′𝟔. 𝝆. 𝒈. 𝒙. −𝑲𝟕[𝑷𝑨𝑻𝑴 − 𝑷𝒔𝒗𝒑]) . 𝒇. ∫ 𝒅𝒕

𝒕

𝒐
➔  

𝒍𝒏 (
𝑪𝒕

𝑪𝒐
) = −(𝑲′𝟓.

𝟏

𝒙
. √

𝑷𝒐𝒘

ф.
− 𝑲′𝟔. 𝝆. 𝒈. 𝒙.−𝑲𝟕[𝑷𝑨𝑻𝑴 − 𝑷𝒔𝒗𝒑]) . 𝒇. 𝒕.……. Eq  4 

 

If 𝐾′5.
1

𝑥
. √

𝑃𝑜𝑤

ф.
− 𝐾′6. 𝜌. 𝑔. 𝑥 = 𝐾9 = constant then 
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𝒍𝒏 (
𝑪𝒕

𝑪𝒐
) = (𝑲𝟕[𝑷𝑨𝑻𝑴 − 𝑷𝒔𝒗𝒑] − 𝑲𝟗). 𝒇. 𝒕    ……………………………….Eq  5 

if PATM-Psvp is maintained to be constant K9 =0, then: 

𝒍𝒏 (
𝑪𝒕

𝑪𝒐
) = −(𝑲𝟕[𝑷𝑨𝑻𝑴 − 𝑷𝒔𝒗𝒑]). 𝒇. 𝒕 …………………….……Eq  6 

 

2. Method of Determining Parameter equation  

2.1. The Algae Preparation 

Spirulina will be incubated in sterilized 10 liter plastic pail. Samples were incubated at 28 

± 1 oC under light at 500 Liter. Exponential growth was attained after 5 days, and the algae 

cell density would be 107 cell /liter. 

2.2. Ultrasonic chamber 

Spirulina colonies solution are poured to a 1500 ml jar. It will subsequently grow in the 

transparent glass container with continuous lighting 500 lx at 28 °C.  

The experimental configuration is a batch algal solution contained in a clear glass tube 

with inner diameter 100 mm and wall thickness 3 mm. A section of the tube in a water bath 

will be sonificated by a 20-300 kHz transducer. This frequency provided a beam width that 

covered the cross section of the tube. The alignment of the transducer relative to the tube 

was determined by transmitting a pulse to a water-filled tube with a certain depth from the 

surface to the transducer. 

The tube will be depressurized 1/8 atm, ¼ atm , ½ atm and ¾ atm using a depressurizing 

piston, with the distance/depth of the transducer (x) at every pressure event differ from 0.1, 

0.2, 0.3, 0.4 and 0,5 of the maximum depth (see eq 17). 
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3 Results and Conclusions 

3.1. Results 

The impact of ultrasonic irradiation on the algae in raw water was examined in order to 

identify the optimal ultrasound para-meters for enhancing coagulation. Various irradiation 

durations were applied during the water treatment. The ultrasound frequency and power 

supply were pre-set at 20 kHz and 60 W respectively. It was found that both number of cel 

reduced and TOC increased when the irradiation duration was extended.  

The increase of and TOC is attributed to the breakdown of algal cells and the release of 

double-bond organic substance into the water (Heng et al. 2009). Usually in such cases the 

precipitability of the algal cells will decrease, thus affecting the removal of organic 

substance. However, when the irradiation duration is set properly, only the gas vesicles in 

algae cells will be destroyed while aggregation and sedimentation will be increased. The 

study shows that the irradiation duration is controlled within 600 s to deliver best algae 

removal. 

4. Conclusions 

The theory of eutrophication management and control is based primarily on limiting the 

nutrient release into the water bodies (Smith, Tilman, and Nekola 1999). While pre- 

venting nutrient release is a long-term mission, the ultrasonic irradiation can serve as an 

emer- gency solution as it can ensure continuous water supply even if the eutrophication 

exists. Never- theless, proper operating conditions shall be pre- set for algae removal by 

coagulation. The ultra- sonic frequency, power supply and irradiation duration are 

considered the key parameters for determining the degrees in which the algae cells are 

destroyed. This study suggests that ultrasonic irradiation in vacuum contition works more 

effectively for algae enhancing removal. 
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