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Abstract 

With many regions in the world facing severe water shortages, water reuse and 

reclamation has emerged as a suitable alternative for conversing and extending the available 

water supply. Water reuse and reclamation projects are mainly used for non-potable uses like 

agricultural and landscape irrigation. As the source for reclaimed water is treated municipal 

wastewater, there is always a concern of human exposure to health hazards. One of the most 

important goals, to be met, in water reclamation is the inactivation or elimination of harmful 

micro-organisms. One of the most widely used methods is the use of disinfection processes. 

Disinfection is the introduction of chemical oxidants like chlorine, ozone, peracetic acid and 

chlorine dioxide or exposure to UV irradiation for the inactivation of harmful microbes. 

Disinfection as a process is very susceptible to the presence of suspended solids and organics. 

These impurities reduce the effectiveness of the disinfection process in question. 

This study aims to investigate the use of tertiary treatment (sand filtration (SF), 

coagulation (CG) and sedimentation (SEDM)) in the removal of suspended solids and 

organics and also observe their impact on the effectiveness of the disinfection processes in 

question. The different tertiary treatments were coupled with disinfection processes in 

different configurations to gauge their effect. The treated water was then tested for different 

micro-organisms (total coliform, Escherichia coli, Clostridium perfringens etc.) Results 

suggested that the coupling of the different tertiary treatments were beneficial and improved 

the effectiveness of the disinfection process. From the results it can be noted that successive 

couplings were better than the preceding ones, especially in terms of UV irradiation. The 

inclusion of tertiary treatments improved the removal of specific micro-organisms like 

Clostridium perfringens, especially for chlorination and ozonation. 

A study was also conducted to investigate the performance of SF, CG and SEDM in 

the removal of physical and chemical parameters. Different parameters were tested like 

chemical oxygen demand (COD), total suspended solids (TSS), turbidity, ammoniacal 

nitrogen, nitrate, total phosphorus (TP) and ortho-phosphate for diverse configurations. It 

could be seen that SF, CG and SEDM was the best configuration in the removal of turbidity 

and COD.  
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1.  Introduction 

1.1  Statement of problem and significance 

In the 21
st
 century, the population explosion due to better medical care and advance 

technology has put a severe stress on various facets of human society. The demand for more 

food, energy and water has increased ten folds in the past decade. The world has been highly 

focused in the mitigating the problems faced by the food and energy sector but water sector 

has been placed on the side-lines as we falsely believe that we have enough water supply to 

meet the demands of the future. Unfortunately we fail to realize the even though the 70% of 

the earth’s surface is covered by water, only a miniscule part is readily available for human 

consumption and use. Due to this acute water shortage, the new paradigm is shifting towards 

water resource management. As the natural sources of potable water are getting exhausted 

and over-tapped, new research has been directed towards finding an alternative. This is where 

water reuse and reclamation promises to be an attractive option for conserving and extending 

the limited supply of water by (Asano et al., 2007), 

a) Substituting reclaimed water for applications that don’t require high quality drinking 

water 

b) Conserving water resources and providing an alternative source of  supply to assist in 

meeting both present and future needs 

c) Protecting aquatic ecosystems 

d) Reducing the need of water control structures like dams and reservoirs  

e) Complying with environmental regulations by water resource management 

For the use of treated wastewater for reuse applications, certain criteria must be met. 

Disinfection is a major criterion that must be taken into account when considering reuse 

applications. Tertiary treatments (sand filtration, coagulation and sedimentation) are 

generally a final polishing step in the wastewater treatment cycle and this study intends to the 

check its feasibility and impact on the various disinfection processes (chlorination, ozonation 

and UV irradiation). 

1.2  Objectives of the study 

a) To perform an in depth review of the current technologies used in tertiary treatment of 

wastewater 

b) Use different post treatment technologies for the removal of suspended solids and 

study its impact on various disinfection processes 
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2.  Literature review 

2.1  Water issues 

 The unprecedented exponential growth of the human population, especially in the 

urban areas, has made global scarcity of potable water a very frightening prospect for the 

future. Due to uncontrolled over exploitation of fresh water resources many important 

questions and concerns are being raised. To address and mitigate these present and future 

problems and prevent future scarcity of water, we need to understand and re-examine the 

process of planning, implementation and management of water resource systems. In the past, 

humans were focused on supplying water for consumption. We believed that the increase in 

the demand for water supply would be solved by technological innovations and solutions but 

after a certain point the folly of this philosophy was realized. Due to severe global water 

shortages, people pushed forward for a different alternative, a new paradigm for water 

resource management, based on principles of sustainability and environmental ethics (Asano 

et al., 2007). 

 Water management in the past was about modifying water storage and changing water 

flow patterns by building dams and reservoirs. However these technological solutions failed 

to stem the rising problem of water scarcity throughout the world. Furthermore, the 

construction of more dams and reservoirs were less feasible and problematic due to its 

environmental, safety and sociological impacts. So the option left was diverting water from 

other sectors like agriculture, industry or finding an alternative source of water like brackish 

water or reclaimed water to fulfil the water requirements.  

 Water reuse and reclamation could provide the needed impetus in bridging this gap 

between water scarcity and technology. Water reclamation is the treatment or processing of 

wastewater to make it reusable with definable treatment reliability and meeting the water 

quality criteria. Water reuse is the use of treated wastewater for beneficial uses (Asano et al., 

2007). The main drawback of using reclaimed water is that its parent source material is 

municipal wastewater (sewage), hence there are concerns for health and safety for indirect 

and direct use and also the problem of public acceptance. So these major problems must be 

properly addressed when designing and executing a water reclamation and reuse project. 

2.1.1  Current and future shortages of water. 

The hydrological cycle is the main source of freshwater for billions of people 

worldwide. The total volume of freshwater available from this global hydrological cycle is 

several times more than global demand of freshwater  but the non-uniform distribution of this 

resource makes it very valued commodity. The important reasons for the design and 
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implementation of water reclamation and reuse project are the acute (existing and projected) 

scarcity of water, saltwater intrusion in coastal areas and the banning of discharge of 

untreated wastewater effluent into ecologically sensitive environments.  

a. Impact of population growth and urbanization 

The population of the world was estimated at 2002 to be 6.2 billion with a growth rate 

of 1.2% per annum and its projected that the population will be in between 7.9 to 10.3 billion 

at 2050 (Asano et al., 2007). Over 90% of this increase will be happening in the developing 

countries. This increase will put an enormous pressure on the already critical water resource 

systems, leading to very critical shortage of freshwater in many parts of the world.  

b. Impact of irrigation 

Irrigation consumes a large amount of water due to the loss of water through 

evaporation from canals, reservoirs, soil and transpiration of plants. The water used for 

irrigation which is not consumed, can either be used for groundwater recharge or contributes 

to drainage. 

2.1.2  Importance of water reclamation and reuse 

The major applications of water reuse projects are for non-potable uses such as 

agricultural and landscape irrigation but there can be indirect potable reuse of reclaimed 

water like for recharging groundwater resources. The important aim of water reuse is to close 

the hydrological cycle on a local level. By this method, wastewater can be converted into a 

valuable resource. Currently, water reclamation and reuse are the most challenging, 

technologically and economically, part of the whole wastewater treatment cycle. By 

integrating the reclaimed water in the water resource management process, we can preserve 

the high quality potable water by substituting reclaimed water for direct non-potable uses. 

General public must be made aware of the sustainable water resource systems. Hence 

common man must be included in the decision making model. More research has to be done 

towards the development of reclamation technologies to make it cost effective. So for the 

propagation of the philosophy of water reclamation and reuse, technology, politics, policy 

and decision making must go hand in hand. The reliability and safety of water reuse systems 

must be put forward to the general public and backed by good policy and decision making.  

2.2  Water Reuse 

2.2.1  Historical and current practices of wastewater reuse 
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Simple and basic waste collection systems (sewers) were used by humankind since 

ancient times. Vertical shafts were used in Mesopotamia to collect and carry the waste to the 

cesspools. Similar systems were found in various other civilizations like the Indus valley in 

India, Ancient Crete etc. So as the waste collection and disposal system were well developed 

in ancient times, the same can be said for the reuse of wastewater. There are indications 

prompting us to believe that the use of wastewater for agricultural purposes went back 3000 

years to the ancient Minoan civilization in Crete, Greece. The advent of wastewater reuse into 

the modern civilization can be traced back to the mid-nineteenth century, with the 

introduction of proper sewer systems and collection and conduction of household wastes far 

away from the city limits and to the nearest water source. The microbiological discoveries 

and innovations in the late 19
th

 century brought about the Great Sanitary Awakening. This led 

people to be more aware of the problems concerning the discharge and reuse of untreated 

sewage. It also precipitated the advent of the use of chlorine as a disinfectant. The 

development of the activated sludge treatment system in 1913 was a significant advancement 

on the technique for treating wastewater (Asano et al., 2007). 

All over the world, countries have formulated various regulations for water 

reclamation and reuse activities. For countries belonging to the European Union, the water 

reuse activities are guided by EU Water Framework Directives (2000). USA works under the 

Clean Water Act of 1972 and Safe Drinking Water Act of 1974. The majority of the activities 

under water reclamation and reuse are for non-potable applications like agricultural, 

landscape irrigation, and industrial reuse. The use of reclaimed water for potable use is highly 

sensitive, especially due to the risk to human health. Presently, reclaimed water is used for 

human consumption in two places. In Windhoek, Namibia treated water is mixed with the 

other drinking water supply and in Singapore water reclamation and reuse had been applied 

to supplement the source of drinking water (Asano et al., 2007).  

2.2.2  Water reclamation and reuse technologies 

As we progress further into the 21
st
 century, due to the shortage of water for human 

consumption and the legislation of stringent regulations for water discharge, use of reclaimed 

wastewater has become a promising solution for the global water scarcity problem. 

Historically, treated water from secondary wastewater treatment plant was being used for 

reuse applications. However the global water standards have changed very drastically in the 

last couple of decades and the use of other water reuse applications has increased. This has 

made the use of additional treatment very necessary. Due to the new developments in 

scientific knowledge, like nanotechnology, we are discovering specific contaminants, like 
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endocrine disruptors, in wastewater and understanding their impact on human health. With 

new risks in the horizon a greater emphasis is placed on better technologies that provide the 

user with higher levels of removal of various contaminants.  

Generally, treatment technologies are categorized according to the type of substances 

(contaminants) removed (Asano et al., 2007). 

a. Removal of dissolved organic matter, suspended solids  and nutrients 

b. Removal of residual particulate matter 

c. Removal of residual dissolved constituents 

d. Removal of residual trace constituents 

e. Removal of pathogens 

a). Removal of dissolved organic matter, suspended solids and nutrients: 

In the secondary treatment phase of a wastewater treatment plant, biological and 

chemical processes are used to remove organic matter. The typical removal rates are in the 

range of 85-90% (Asano et al., 2007) but conventional secondary treatment doesn’t remove 

nutrients like nitrogen and phosphorus. Reuse technology can be used for control or removal 

of these nutrients. The technology for removal of dissolved organic matter, suspended solids 

and nutrients are divided into two categories, non-membrane process and membrane 

processes. 

Non membrane processes for secondary treatment 

Many of the processes used for water reclamation are based on traditional treatment 

processes such as activated sludge, trickling filters etc. These systems are mostly used when 

the volume of water to be reclaimed is quite high. These processes are used in water reuse 

application like agricultural irrigation, landscape irrigation and groundwater recharge (Asano 

et al., 2007). The different types of aerobic biological processes used for water reclamation 

are suspended growth, attached growth and hybrid processes. Conventional activated sludge 

(CAS) is the most commonly used suspended growth process. The various modifications 

used for water reuse applications are plug flow, complete mix and step feed processes. These 

processes are used in medium to large water reclamation plants, for smaller plants oxidation 

ponds or sequential batch reactors (SBRs) can be used. Trickling filters (TF) are one of the 

most commonly used aerobic attached growth processes. The TF don’t produce water with 

quality consistent with the water reclamation goals so TF are used as a tertiary treatment for 

nitrification. 

For developing countries such as India, Brazil etc. with tropical climate, the use of 

anaerobic processes like up-flow anaerobic sludge blanket (UASB), internal circulation (IC) 
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etc. are proving to be more cost effective than the CAS systems. Due to the lack of land 

resources and high temperatures, these technologies are proving to be the apt solution for 

treating wastewater. Unfortunately, removal efficiency of these systems is inadequate for 

water reuse applications. So there is call for innovative tertiary systems to bridge the gap. 

Mahmoud et al. (2011) discussed the use of a down-flow hanging sponge (DHS) reactor. 

DHS has a distinct advantage that it doesn’t require external aeration but DHS reactors are 

not appropriate for the treatment of wastewater with high concentration of suspended solids. 

It showed a higher nitrification rate than CAS and the geometrical mean of faecal coliform 

count was reduced by 1.4log10. Khan et al. (2011) talked about the use of post settling 

processes for UASB post treatment. Overland flow system (OFS) with constant and transient 

hydraulic regime was used in Brazil was mentioned in the paper. It also talked about single 

flow-through polishing pond subdivided by in lanes by using baffles. This system used plug 

flow regime for improved faecal coliform removal but the paper concluded that due to higher 

land requirement, poor nitrogen removal and odour problems, post settling processes were 

not appropriate for UASB effluent treatment. 

Non membrane processes for removal of nutrients 

If the reclaimed water has to be discharged to recreational and sensitive water bodies 

or used for groundwater recharge then nutrient removal is a very important step in the water 

treatment process. The main nutrients of concern are nitrogen and phosphorus. The different 

types of processes for removal/control of nutrients are: 1) nitrogen control 2) nitrogen 

removal 3) phosphorus removal and 4) nitrogen and phosphorus removal. Nitrogen and 

phosphorus are necessary elements for the growth and maintenance of flora and fauna but 

excess of these elements have an adverse effect on the crop quality and it also encourages the 

algal bloom leading to eutrophication. So it is necessary to remove these nutrients from 

reclaimed water before reuse. Once removed these nutrients can be reprocessed and used as 

crop fertilizers. 

Nitrogen removal can be accomplished by using both suspended growth, CAS system 

with fixed film packing and submerged attached growth process. For suspended growth the 

different types of systems are 1) MLE (modified Ludzack-Ettinger), 2) SBR (sequential batch 

reactor) and 3) oxidation ditch / stabilization ponds (Asano et al., 2007). For submerged 

attached processes, there are two important systems: Biofor and Biostyr. Both are up flow 

submerged aerobic attached growth systems. The process consists of three phases: packing, 

biofilm and liquid. The trapped suspended solids and the biomass must be periodically 

removed. In a CAS system with fixed film packing, the packing material is either fixed or 
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suspended in the aeration tank. This leads to greater biomass concentration and increased 

volumetric nitrification. The different processes used are Captor and Linpor and Kaldnes 

configurations. 

Phosphorus removal can be brought about by 1) filtration through reactive media 

2) chemical precipitation and 3) BPR (biological phosphorus removal). In BPR method, 

phosphorus accumulating bacteria are used in redox conditions. It’s also termed as phoredox 

process. In chemical addition, the phosphorus is incorporated mainly into the total suspended 

solids (TSS). The addition of salts of multivalent ions (Ca
2+

, Al
3+ 

and Fe
3+

) brings about this 

process. In recent literature, there is a lot of interest on the use of microalgae as a medium for 

the removal of both nitrogen and phosphorus. Zhang et al. (2008) talked about the use of 

Scendesnnus sp. entrapped in calcium alginate as algal sheets. It stated the complete removal 

of NH4-N and P in 4 hours present in a sample of domestic secondary effluent. Boelee et al. 

(2011) also proposed the use of microalgae film for treating municipal wastewater. The 

maximum loading rates the system could handle were 1 g/m
2
/day of nitrogen and 0.13 

g/m
2
/day of phosphorus. The nitrogen and phosphorus concentration in the effluent was 

measured as 2.2 mg/l and 0.15 mg/l respectively. Zhang et al. (2013) talked about the 

removal of NH4-N using an aerobic bioreactor integrated with a microbial fuel cell. The 

paper presented a removal percentage of 90.2% for the initial concentration of 100 mg/l. 

Chen et al. (2013) discussed the use of perennial ryegrass/artificial aquatic mat biofilm 

system for removal of nitrogen. Norton-Brando et al. (2013) cited the use of hybrid 

constructed wetland (vertical-baffled flow and horizontal surface flow wetlands) as a viable 

process for removal of nitrogen and phosphorus. The paper presented the removal of 71.7% 

and 68.1% for NH4-N and P respectively. 

Membrane bioreactor (MBR) processes for secondary treatment 

MBRs are one the newest technologies used for water reclamation. MBR combines a 

biological reactor with a membrane system for better removal of organics and suspended 

solids. The different types of MBR systems are: 1) external pressure drive, 2) submerged 

vacuum drive, 3) externally submerged and 4) externally submerged with rotating membrane. 

Jung et al. (2006) talked about using MBR and oyster zeolite packed bed adsorption system 

from treating wastewater. The paper presented a removal percentage of 96% of chemical 

oxygen demand (COD), 71.5% of total nitrogen (TN) and 41.1% of total phosphorus (TP) for 

a standalone MBR system. Arevalo et al. (2009) also proposed the use of a MBR system with 

final effluent COD, total coliforms (TC) and Escherichia coli concentration at 50.5 mg O2 /l, 

3.5 CFU/100 ml and 35 CFU/100ml respectively. Kent et al. (2011) compared MBRs and 
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tertiary microfiltration and stated that MBRs showed a better performance due to higher solid 

retention time. 

b). Removal of residual particulate matter: 

The effluent from the secondary treatment may contain residual suspended and 

particulate matter but the quantity is within the prescribed level for discharge. Reclaimed 

water is often, directly or indirectly, in contact with human population so in most cases, 

government policy dictates the use of disinfection as a measure to safeguard against health 

risks and hazards. Most widely used methods of disinfection are chlorination, ozonation and 

UV irradiation. For these methods to be efficient, the amount of residual suspended and 

particulate matter must be as low as possible. If the concentration of suspended matter is high 

then they shield the pathogenic organisms from disinfection by chlorination or UV 

irradiation. Hence for effective use of disinfection, the residual particulate matter must be 

removed. The typical treatment technologies employed include depth filtration, surface 

filtration, membrane filtration and dissolved air flotation (Asano et al., 2007). 

Depth filtration: It is process of passing the wastewater through a filter bed of 

granular medium. The different types of depth filtration are: 1) conventional downflow, 

2) deep bed downflow, 3) deep bed upflow, 4) pulse bed, 5) travelling bed, 6) synthetic 

medium and 7) pressure filters. Kauppnien et al. (2014) suggested the use of sand filters 

coupled with sedimentation. The paper reported the removal efficiency of phosphorus at 

98%, nitrogen at 55%, COD at 86%, and TSS at 96%. Log removals were reported to be 4.8, 

5.4 and 4.6 for Escherichia coli, faecal Streptococci and Clostridia respectively. Tyagi et al. 

(2009) proposed using slow sand filtration for treating UASB effluent. Removal efficiency 

were found out to be 91.6% for turbidity, 89.1% for TSS, 77% for COD, 99.95% for TC and 

99.99% for faecal Streptococci. Al-Adham (1989) also proposed the use of slow sand 

filtration for the treatment of WWTP effluent. The results showed removal efficiency of 86% 

for BOD5, 69% for COD, 88% for turbidity and 99% for TC. Norton-Brandao et al. (2013) 

talked about using rapid sand filtration and the paper cited log removal for TC, Escherichia 

coli and MS2 bacteriophage to be 0.2   0.05, 0.25   0.06 and 1.59   0.02 respectively. 

Petala et al. (2006) used moving bed sand filter and reported removal of 45% of turbidity, 

20% of phosphorus and 10% of NH4-H. 

Surface filtration: Suspended particulate material is removed by a mechanical sieving 

through a thin septum. The major types are: cloth-media filter and discfilter. 

Membrane filtration: The liquid is passed through a semi permeable membrane to 

remove the suspended solids. The different types are: 1) microfiltration (MF), 
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2) ultrafiltration (UF), 3) nanofiltration (NF) and 4) reverse osmosis (RO). Arevalo et al. 

(2009) suggested the use of UF for removal of suspended solids and pathogens. The final 

concentration for turbidity, TSS, COD and FC (faecal coliforms) were found out to be 0.15 

NTU, 1.2 mg/l, 75 mg/l and 1.4 CFU/100 ml. Tchobanoglous et al. (1998) showed removal 

efficiency of 78.8% and 87.5% for COD and BOD5 (biological oxygen demand) by using UF. 

Gomez et al. (2007) compared the use of sand filters and UV irradiation with UF. The paper 

concluded that UF is better in removal of suspended solids and pathogens. 

Dissolved air flotation: Here pressurized water is released in standard condition in 

order to create bubbles. Theses bubbles are then used to float slow settling particles and 

remove them. The two main types are: pressurization of recycle flow and pressurization of 

full flow. 

One of the traditional methods for removal of suspended particulates is physio-

chemical treatment. It includes the use of coagulation, flocculation, sedimentation and 

filtration in a process chain.  Gomez et al. (2007) proposed the use of coagulation, 

sedimentation, filtration and disinfection and results showed the final concentration for 

suspended solids, turbidity, faecal coliform and COD to be 2 mg/l, 2.53 NTU, 9 CFU/100 ml 

and 40 mg/l respectively. Ustun et al. (2011) also suggested a similar system but included 

flocculation. The removal efficiency was found to be 64% for suspended solids, 39% for 

COD and 81% for turbidity. The log removal for FC was reported as 5. Tassoula et al. (2007) 

reported removal percentages of 50% for COD and 80-95% for phosphorus when using 

coagulation and settling. Ayoub et al. (2011) reported the removal of 97% of TSS, 99% of 

turbidity and 87 % of total phosphorus by the use of lime/bittern for coagulation. 

c). Removal of residual dissolved constituents: 

Dissolved constituents like salts are normally present in treated wastewater but 

depending on the application of the reclaimed water, different treatment technologies must be 

used to reduce the amount of dissolved constituents in reclaimed water. For example, in 

boiler make-up water, high concentration of dissolved constituents may cause scaling or 

corrosion in equipment, piping systems etc. Therefore demineralization becomes a very 

important treatment step before reuse. Presently demineralization is accomplished by 

nanofiltration, reverse osmosis and electrodialysis (ED). 

Nanofiltration is separation process that rejects particles in the range of 300-1000 

molecular weight. NF works at high recovery rates but at lower pressures. The different types 

of NF membranes used are: 1) polyamide thin film composite (TFC), 2) polyamide hollow 

fibre and 3) polyvinyl acetate spiral wound. Miralles-Cuevas et al. (2013) proposed using NF 
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for treating wastewater with emerging contaminants. It reported the removal efficiency for 

carbamazepine, flumequine and ibuprofen to be 92-94%, 90-100% and 100%. For dissolved 

ions like Na
+
, K

+
, Mg

2+
 and Ca

2+
 removal were found out to be 74-85%, 80-87%, 91-97% 

and 93-94% respectively. Andrade et al. (2014) investigated the idea of using NF and MBR 

coupled system for treating dairy wastewater. The paper showed a removal of 99.9% for 

COD and 93.1 % for total solids (TS). Rai et al. (2008) used NF as tertiary treatment for 

distillery wastewater and reported the removal efficiency for COD and TDS to be 96-99.5% 

and 85-95%. 

Reverse osmosis is a membrane separation process which rejects particles with 

molecular weight less than 300. Lopez-Ramirez et al. (2006) treated WWTP effluent with 

two different types of RO membranes: cellulose acetate and polyamide. The paper reported 

100% removal efficiency for FC, TC and total dissolved solids (TDS). Ben Amar et al. 

(2009) compared the effectiveness of RO and NF in treating effluent of the wastewater from 

a dyeing factory. NF rejected 62% of COD and TDS. The RO system increased the rejection 

rate by 30 % but decreased the yield of the system. Liu et al. (2011) also compared the use of 

NF and RO systems for treating the treated wastewater from a textile factory. It concluded 

that NF was better at the removal of COD but RO showed better removal efficiency for 

salinity. 

Electrodialysis is a membrane separation process based on ion selective membranes. 

With the application of electrical potential of across the cathode and anode, ED can be used 

to separate/accumulate different ions. Goodman et al. (2013) investigated the use of 

electrodialysis reversal (EDR) in treating WWTP effluent. The TDS concentration was 

reduced from 1104 mg/l to 328 mg/l.  Rodrigues et al. (2008) used the coupling of photo-

electrochemical oxidation with ED to treat tannery wastewater effluents. The paper reported 

98% removal of all ions present. For different ions like Na
+
, Mg

2+
 and Ca

2+
, the removal 

efficiency are found to be 99%, 99.9% and 99.8% 

d). Removal of trace constituents: 

There are various reuse applications with different requirements. For applications like 

groundwater recharge, surface water augmentation or industrial process water, removal of 

trace elements is very important. The type of treatment technology used can vary from case to 

case basis. The most commonly applied treatment technologies are advanced oxidation, 

adsorption, ion exchange and photolysis. 

Adsorption is the process where atoms, ions or molecules from a solution are attached 

to a solid surface. In water reclamation, adsorption can be used to removal of organics, trace 
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elements and emerging contaminants which cannot be removed by conventional methods. 

The different types of adsorbents used are: 1) activated carbon (AC), 2) activated alumina 

and 3) granular ferric hydroxide (Asano et al., 2007). The adsorbents can be used in different 

configurations: 1) fixed bed granular AC column, 2) expanded granular AC column, 

3) Activated sludge (with powdered AC) and 4) mixed powered AC contactor with gravity 

(or membrane) separation. Petala et al. (2006) investigated the effect of granular AC on 

removal of organics. The paper reported that the use of AC enhanced the removal of organic 

content, removing almost 80 % of total organic carbon present. Mohan et al. (2008) used low 

cost activated carbon like coconut shell carbon (CSC), coconut shell fibres carbon (CSFC) 

and rice husk carbon (RHC), for treating wastewater. CSC removed 47-72%, CSFC removed 

50-74% and RHC removed 45-73% of COD. 

Ion exchange is the substitution of an ion in liquid phase for an ion in solid phase. It’s 

extensively used as a water softening technologies. In water reclamation, it can be used to 

remove nitrogen, heavy metals and TDS (Asano et al., 2007). There are two types of 

materials used for ion exchange. First, natural ion-exchange resins like zeolites, they are 

generally used for water softening and NH4
+
 removal. The other being, synthetic ion-

exchange membranes which are of different types: 1) strong-acid cation, 2) weak-acid cation, 

3) strong-base anion, 4) weak-base anion and 5) heavy-metal (selective) chelating resins 

(Asano et al., 2007). Johir et al. (2011) studied the use of ion exchange membrane for the 

removal/recovery of nutrients. It reported organic removal rate at 85-90% and 95-98% 

recovery of phosphorus and nitrate. Zhang et al. (2007) used submerged magnetic ion 

exchange membrane for treating WWTP effluent. With the combination of FeCl3 aided 

flocculation the removal rate of dissolved organic carbon was found to be 92%. 

Advanced oxidation is a process used to degrade trace elements which cannot be 

oxidised by conventional oxidants. Advanced oxidation processes are able to generate high 

concentration of radical hydroxyl ions. These highly reactive ions are used to degrade trace 

elements. The different methods used by hydroxyl ion for advanced oxidation are: 1) radical 

addition, 2) hydrogen abstraction, 3) electron transfer and 4) radical combination. The most 

widely materials for advanced oxidation are 1) hydrogen peroxide, 2) ozone 3) UV irradiation 

and 4) Fenton reagent. Miralles-Cuevas et al. (2013) suggested the use of NF and photo-

Fenton for treating micro-pollutants and emerging contaminants. The use of NF increased the 

efficiency of Fe
2+

/H2O2 oxidation and the removal of micro-pollutants was reported to be 97 

%. Lucas et al. (2012) compared the oxidation potential of normal Fenton reagent and solar 

photo-Fenton reagent. The former process removed 36% of dissolved organic carbon whereas 

the latter process showed a removal rate of more than 90%. 
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e). Removal of pathogenic organisms: 

In direct and indirect use of reclaimed water, the major goal of any water reclamation 

application would be the reduction of pathogenic content to decrease the risk related to 

exposure to reclaimed water. Disinfection is generally accomplished by using chlorine 

compounds or UV irradiation. Ozone also can be used but it’s a very expensive technology, 

hence it’s cost-effective in large scale application.  

Chlorine can be directly used as a disinfectant. When chlorine dissolves in water, two 

reactions take place, namely hydrolysis and ionization. By means of hydrolysis, chlorine 

forms hypochlorous acid (HOCl). The ionization of HOCl leads to the formation of 

hypochlorite ion (OCl
-
). The combination of HOCl and OCl

-
 is called free chlorine. The 

HOCl has much higher disinfecting power than OCl
-
. Compounds of chlorine like NaOCl and 

Ca(OCl)2 are also used  produce hypochlorous acid. These compounds are preferred over 

chlorine as chlorine is very toxic and difficult to handle. The main disadvantage of using 

chlorine or its compounds is the formation of disinfection by-products (DBPs). DBPs can be 

easily formed when chlorine reacts with humic acids. The many types of DBPs that are of 

concern are: trihalomethanes (THM), haloacetic chlorite and they are considered to be 

carcinogenic in nature. To control the formation of DBPs the use of free chlorine must be 

avoided and must be replaced by compounds like chloramines. Bandy (2009) concluded that 

free chlorine was a very effective bactericide and virucide but it was ineffective against 

anaerobic spore –forming bacteria like Clostridium perfringens and protozoa. He also 

reported that chloramines are only effective as a bactericide. Ustun et al. (2011) investigated 

the use of NaOCl on TC and FC bacteria. The log removal of 3 was reported for both TC and 

FC. Chlorine dioxide (ClO2) is also used as a disinfectant. The active disinfecting agent used 

is free dissolved Cl
-
. ClO2 is better in achieving destruction of viruses that Cl2 but is highly 

unstable so it’s prepared onsite. 

Ozone treatment is generally used for drinking water treatment; since it can be used 

for the reduction or elimination of trace elements give it an added advantage when used in 

water reclamation applications. It also can be used for the removal of soluble refractory 

organics. Generally, ozone can be produced by electrolysis, photo-chemical reaction and 

radio-chemical reaction by lightning discharge (Asano et al., 2007). HO• and HO2 are the 

active disinfecting agents formed by ozone. Ozone is superior to chlorine as it is not affected 

by NH4
+
 ion and dechlorination is not required after disinfection. Ozone doesn’t form DBPs 

like THMs but it does form others like aldehydes and ketones. These compounds can be 

removed by using a biologically active filter. Norton-Brandao et al. (2013) talked about the 

use of ozone on TC. The paper cited that 18.4 mg O3/ min were used for 8 minutes to reduce 
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the TC count to less than 1000 MPN/100 ml. Bandy (2009) investigated the use of ozone in 

combination with other oxidants like H2O2. He reported that the addition of H2O2 with high 

doses of ozone as detrimental to the disinfection process. He also reported that low doses of 

ozone (2 mg/l) were enough to eliminate MS2 bacteriophages and viruses. 

UV radiation is used in various lamp configurations for disinfection. They are: 1) low 

pressure low intensity, 2) low pressure high intensity and 3) medium pressure high intensity. 

Other emerging UV lamps are 1) pulsed energy broadband xenon lamp, 2) narrowband 

excimer UV lamp and 3) Hg-Ar electrode-less microwave powered UV lamp (Asano et al., 

2007). One of the main problems faced by UV disinfection is the presence of suspended 

particles. They impact the effectiveness by 1) shading, 2) light scattering and 3) reflection 

and refraction. Generally, UV action damages the DNA of the micro-organisms, hence 

rendering them inactive but sometimes micro-organisms can repair the damage to the DNA 

and become active again. Bandy (2009) reported complete inactivation of bacteria with 100 

mJ/cm
2
 of UV radiation. He also reported that the combination of H2O2 and UV increased the 

log reduction by 0.54. Norton-Brandao et al. (2013) cited final TC and FC count to be 6 

CFU/100 ml and 8.7 CFU/100 ml by using 40 mJ/cm
2
 of UV radiation. Liberti et al. (2002) 

investigated the use of low pressure UV lamps and the final TC count was found out to be 2 

CFU/100 ml. 

2.2.3  Water reuse applications  

 The exponential growth of population, the industrial revolution and urbanisation has 

placed a severe pressure on the earth’s water resources. It has increased the water demand 

and the quantity of wastewater generated. With the advancement of technology, it’s possible 

to reclaim water from this wastewater. The quality depends on the usage of this reclaimed 

water. So for developing a water reuse project we must first identify the potential uses of the 

reclaimed water. Reclaimed water can be used as an alternative in traditional practices like 

agricultural irrigation, landscape irrigation, industrial applications, urban uses, groundwater 

recharge, indirect and direct potable uses (Meneses et al., 2010). 

a) Agricultural irrigation 

Reclaimed water can be used for different crops; its use mostly depends on the crop 

type and irrigation method. The reclaimed water is used to reduce the use of potable water for 

agricultural activities. In terms of sheer numbers, the majority of reuse projects are for 

agricultural irrigation. Agriculture is the highest user with about 70 % of the potable water 

withdrawal (Jimenez and Asano, 2008). The basic idea is to replace potable water by treated 
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municipal wastewater for irrigation purposes. There are two types of water reuse; direct and 

indirect irrigation. Direct use is the immediate use of reclaimed water after treatment and 

indirect use is when the treated water is used after long term storage. 

In the Mediterranean and Middle East region Israel, Jordan and Tunisia are the 

leading countries in the use of reclaimed water. In Jordan, around 82 Mm
3
/yr of reclaimed 

water is used for agricultural purposes (Jimenez and Asano, 2008). In Tunisia, 43 Mm
3
/yr of 

reclaimed water is used for irrigation of fodder, fruit trees, industrial crops and cereals 

(Jimenez and Asano, 2008). Another emerging country is Spain with 22 % of collected 

wastewater being used for agriculture. One of the biggest reuse project has been developed in 

Northern Spain with the capacity of 20 Mm
3
/yr. In the United States, California and Florida 

are the leading states in the use of wastewater reuse (Asano et al., 2007) with the production 

capacity of 297 Mm
3
/yr (2002) and 131 Mm

3
/yr (2003) respectively. 

In developing countries like India, Pakistan, Mexico and Morocco partly diluted 

wastewater is used for irrigational purposes. The unhindered use of raw sewage for 

agricultural purposes is posing major health hazard in these countries (Jimenez and Asano, 

2008) but there are many instances of proper use of reclaimed water in developing countries. 

One of the flagship projects is the development of a largest lagooning system in the arid 

region of Mendoza, in Argentina. It treats 160,000 m
3
/day of urban wastewater and produces 

reclaimed water for the irrigation of 3640 ha of land (Asano et al., 2007). 

b) Landscape irrigation 

Landscape irrigation is the second largest user of reclaimed water in United States 

(Asano et al., 2007). Treated and reclaimed water can be used for different urban setting like 

golf courses, public parks, residential areas and gardens, roadway medians and shoulders, 

playgrounds and cemeteries. Since in this type of applications there is indirect or direct 

exposure to human beings so it is necessary to make sure that the reclaimed water must be 

properly treated to meet the water quality standards. The substitution of potable water by 

reclaimed water will reduce the potable water demand and wastewater discharge. In the 

United States, the two largest users of reclaimed water for landscape irrigation are Florida 

and California. Florida produces approximately 3.8 x10
8
 m

3
 of reclaimed water which is used 

in landscape irrigation (Asano et al., 2007). One of the shining examples of the benefits of 

reclaimed water is the city of Abu Dhabi, UAE. Abu Dhabi has implemented a strategy to 

treat 100% of its wastewater and convert it into reclaimed water suitable for landscape 

irrigation. Around 200,000 m
3
/day of reclaimed water is supplied for green space irrigation 

(Jimenez and Asano, 2008). 
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c) Industrial  applications 

Major industries that use reclaimed water are power generation, oil refineries, paper 

and pulp, textile, food processing to name a few. Reclaimed water can be used directly as a 

source for cooling, cleaning and rinsing water. Also it can be used as a source for boiler feed 

water but here it is necessary to treat the water before use. It is necessary to remove total 

suspended solids (TSS), chlorides and biological matter to prevent scaling, corrosion or 

clogging in boilers, piping systems and heat exchangers. The major difference between the 

use of reclaimed water in agricultural irrigation and industrial application is that in the former 

the need is mostly seasonal and in the latter it’s all year around. The most promising water 

reuse technologies here are the membrane bioreactors (MBRs) with or without disinfection. If 

higher quality of water is required then reverse osmosis or nanofiltration should be 

considered after MBR (Jimenez and Asano, 2008). 

d) Groundwater recharge 

Groundwater recharge by reclaimed water is process of augmentation of groundwater 

reservoirs for beneficial uses. The major advantage of this application is the reduction in the 

demand of potable water. The main purposes of artificial recharge are 1) to reduce, stop or 

reverse the decline of groundwater levels, 2) to protect freshwater aquifers in coastal regions 

and 3) aquifer storage and recovery. The three main types technologies used with reclaimed 

water (Asano et al., 2007) are 1) Surface spreading, 2) Injection into the vadose zone and 

3) Direct injection into the aquifer. Pre-treatment is very necessary in terms of ground water 

recharge using reclaimed water. It depends on the use of the groundwater, sources, recharge 

methods used and location. In surface spreading it is necessary to remove nitrogen to prevent 

algal formation. In case of injection wells, it is necessary to remove impurities like TSS, 

chlorides. Normally the source water is stabilized with lime to produce non aggressive water 

(Asano et al., 2007). 

e) Indirect potable uses 

Indirect potable use of reclaimed water is its introduction into raw water supply like a 

water reservoir or a groundwater aquifer. This results in the mixing and assimilation of both 

sources. It is not a very prevalent practice and it’s only done in very small communities. 

Indirect potable use of reclaimed water is also done using surface water augmentation. 

Treated water is introduced into a river upstream and withdrawn for municipal use 

downstream. This is called incidental indirect potable use. In these applications the water is 

treated twice before is ultimate use. First, it’s treated before the discharge to surface water 

and again before the delivery of the potable water.  
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One the example is Singapore’s NEWATER project. In 1999 Singapore’s government 

established a 9842 m
3
/day dual membrane water reclamation plant called Bedok water 

reclamation plant. The plant consists of microfiltration, reverse osmosis and ultra-violet 

disinfection. The water is reclaimed for microelectronics industries and for indirect potable 

reuse (Asano et al., 2007). 

f) Direct potable uses 

The introduction of highly treated reclaimed water either directly into the potable 

water supply downstream of the drinking water treatment plant or into the raw water supply 

upstream of the water treatment plant is termed as direct potable reuse of reclaimed water 

(Asano et al., 2007). The difference between indirect and direct potable reuse is that direct 

potable reuse doesn’t include temporal or spatial separation, like a natural buffer system, 

between the reclaimed water and the end user. This kind of application is normally not 

implemented. It’s implemented under extreme conditions, when there is acute water shortage 

and it cannot be fulfilled by any other means. There is a lot of apprehension on direct use of 

reclaimed water as there is a high degree of human exposure involved and there is also the 

question of public acceptance. The city of Windhoek is the only example for direct potable 

reuse since 1968. The city has got an old water reclamation plant called The Old Goreangab 

water treatment plant with a capacity of 7.5 x10
3
 m

3
/day of reclaimed water. The New 

Goreangab water treatment plant is design on the multiple barrier concept. It has three 

barriers 1) treatment, 2) non treatment and 3) operational (Jimenez and Asano, 2008). 

Treatment barrier consists of the normal water reuse technologies, non-treatment barrier has 

phases like diversion of streams, monitoring and blending of stream. Operational barrier 

helps in improving the removal efficiency by introducing powdered adsorption carbon 

(PAC). 

2.3  Risks and issues faced in water reuse 

2.3.1  Microbial pathogens in untreated and treated wastewater 

Microbes present in wastewater are mostly enteric pathogens, like enteric bacteria, 

protozoa and viruses. The most important infectious agents found in wastewater are divided 

into four groups: 1) bacteria 2) protozoa 3) helminthes and 4) viruses. The occurrence of 

these pathogens depends on various factors, 1) source and original use of the water, 2) health 

of the population, 3) existence of disease carries, and 4) ability of infectious agent to survive 

in harsh conditions (Asano et al., 2007). Various organisms or groups of organisms have been 

used as indicators for the presence and proliferation of microbial pathogens in wastewater. 
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These organisms or groups of organisms are called indicator organism. The most commonly 

used indicator organisms for judging the biological health of the untreated and treated 

wastewater are TC and FC.  

2.3.2  Chemical contaminants in untreated and treated water 

There are two types of chemical substances that can be found in wastewater, organic 

and inorganic chemical compounds. The characterization of untreated wastewater is done in 

terms of biological oxygen demand, chemical oxygen demand and total organic carbon. 

Water used in reclamation and reuse projects mostly come after tertiary or advanced 

wastewater treatment. The constituents remaining after these steps are mostly suspended 

solids (SS) and disinfection by-products (DBP). The impact of remaining constituents after 

various steps of treatment could be very profound on both public health and financial aspects.  

2.3.3  New and emerging contaminants in untreated and treated wastewater 

Emerging contaminants are a large, relatively new group of unregulated compounds 

such as pharmaceuticals, personal care products, plasticizers, surfactants and herbicides about 

which is no or little toxicological information (Matamoros and Salvado, 2013). Conventional 

wastewater treatment plants are designed only to remove organic matter so the emerging 

compounds like pharmaceutically active compounds (PhAC) or endocrine disruptors, are 

seemingly transferred unhindered into effluent of the treatment plant. When this reclaimed 

water is used for different purposes like irrigation or discharged into different water bodies, 

these new contaminants are also released which could adversly impact of the environment. 

Oxidation by chlorination or ozonation can transform these contaminants but these processes 

can be applied under certain conditions. New and advanced tertiary treatment processes, such 

as activated carbon adsorption, advanced oxidation or reverse osmosis, could be a viable 

option in the future. 
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3.  Material and methods 

3.1  Experimental systems 

The wastewater samples for conducting the experiments were collected from the 

secondary clarifiers of the Prague wastewater treatment plant. The wastewater sample was 

stored in a 25 litre vessel. The raw wastewater samples were collected directly from the 

storage vessel. The coagulation and sedimentation experiments were performed in the above 

mentioned vessel. The experiments were conducted in 11 runs as shown in table 3.1. 

Table 3.1: Different configurations of the experiments performed 

No. Description No. Description 

Run 1 Sand filtration Run 7 Sand filtration + coagulation + chlorination 

Run 2 Sand filtration + coagulation Run 8 
Sand filtration + coagulation + sedimentation 

+ chlorination 

Run 3 Sand filtration + UV irradiation Run 9 Sand filtration + ozonation 

Run 4 
Sand filtration + coagulation + UV 

irradiation 
Run 10 Sand filtration + coagulation + ozonation 

Run 5 
Sand filtration + coagulation + 

sedimentation + UV irradiation 
Run 11 

Sand filtration + coagulation + sedimentation 

+ ozonation 

Run 6 Sand filtration + chlorination   

 

The samples were collected after 11 different runs. They were subjected to physical, 

chemical and microbiological determinations which have been discussed below. 

3.1.1  Sand filtration studies  

The sand filtration was conducted in a polypropylene tube with internal diameter of 7 

cm. For the filtration process, two material were used, sand and gravel. The sand used had 

grain size between 0.5 to 1 mm and the gravel of grain size between 0.4 - 0.7 cm was used. 

The height of gravel was 5 cm from the bottom of the tube. The height of the sand was 16.5 

cm above the gravel layer and the water level was maintained at 12.4 cm above the sand 

layer. A pump was used to transport the wastewater from the storage vessel to the filtration 

column. The filtration rate in the column was set at 2.5-3 m
3
/m

2
.hr. The sand filtration was 

conducted for 1 hour. The change in filtration rate was recorded every 15 minutes and 

samples were collected for the same timeline. Samples were collected in 250 ml bottles and 

put in cold storage. 

3.1.2  Coagulation and sedimentation studies 

Coagulation and sedimentation systems are normally used for the reducing the 

suspended solids, biodegradable organics and nutrients (nitrogen and phosphorus) (Ustun et 
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al., 2011). For coagulation, we mixed 0.5 ml of ferric sulphate (Fe2(SO4)3), of 41% 

concentration, as the coagulation agent. A constant fast stirring is applied by means of 

impeller, to make sure that the coagulation agent doesn’t form large flocs. Coagulation was 

coupled with sand filtration. For coagulation and sedimentation combined system, we add the 

same coagulation agent in the same quantity. Here we varied the mixing speed; first we have 

fast mixing for 30 seconds and then slow mixing for 3 minutes. After this we completely stop 

the mixing and let the sample stand for 45 minutes to promote sedimentation. 

3.2  Disinfection studies 

3.2.1  Chlorination 

For the purpose of this experiment the chlorine compound used for disinfection is 

sodium hypochlorite (NaOCl), also called liquid bleach. It usually contains 12.5 to 17 % of 

available at the time of manufacture (Asano et al., 2007). 10 ml of NaOCl is added to 2 litres 

of the sample. The flash is shaken well and placed in a thermostat at 25 ºC for 25 minutes to 

promote chlorination. 

3.2.2  UV irradiation 

For UV irradiation of the sample, UVC lightning 1G UV lamp was used. The 

optimum flow-rate for operating the UV lamp is 0.12 m
3
/hr (2 l/min). At this flow-rate the 

UV dose is 40 J/m
2
. Since the operational flow-rate of the pump was limited to 1.12 l/min 

(mean), we approximated the actual dose to be 22.4 J/m
2
. 

3.2.3  Ozonation 

Ozonation was carried be exposing the treated effluent to 10 mg/l of ozone for a 

time period of 20 minutes.  

3.3  Physical, chemical and microbiological determinations 

3.3.1  Physical determinations 

The pH value and conductivity of the sample is measured by WTW multi 3430 pH, 

conductivity and DO meter. The physical parameters of the wastewater, colour and turbidity 

are evaluated using Hach Lange DR 2800 spectrophotometer.  

a) pH value and conductivity 

The pH value is measured by the IDS pH sensor and the conductivity is measured 

using the IDS conductivity sensor.  
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b) Colour (Eaton et al., 1998) 

Two cells are filled with 10 ml each of distilled water and the sample. We use the 

Platinum-Cobalt Standard method and the range of the measurement is 15 to 500 mg/l Pt. The 

blank cell (distilled water) is inserted in the spectrophotometer to bring the machine to zero. 

Then the sample cell is inserted and value for colour is read from the system. The wavelength 

used is 455 nm. 

c) Turbidity (ISO 7027:1999) 

Two cells are filled with 10 ml each of distilled water and the sample. We use the 

absorptometric method and the range of the measurement is 5 to 40 FAU. The blank cell 

(distilled water) is inserted in the spectrophotometer to bring the machine to zero. Then the 

sample cell is inserted and value for turbidity is read from the system. The wavelength used is 

860 nm.                                              

d) Total suspended solids 

Total suspended solids present in sample solution are determined by using filtration 

over a filter paper with a specified pore size. A filter paper of pore size 0.45 μm is taken. Its 

dry weight is measured and recorded. We measure 50/100 ml of the sample solution in a 

measuring cylinder. The measured volume of the sample solution is filtered over the filter 

paper using a vacuum filter. Then the filter paper is dried for 2 hours in an oven for 105 ⁰C. 

After the drying process, the filter paper is brought down to room temperature in a desiccator 

and weighed again. The change in the weight of the filter paper is taken as the TSS 

concentration in mg/l.   

3.3.2  Chemical determinations 

The chemical parameters were analysed suing WTW photolab 6100 VIS and WTW 

photolab spectral spectrometer. 

 Chemical oxygen demand (ISO 6060:1989) 

Since the sample for the analysis is the final effluent from the WWTP, we use the 

COD analysis for low concentrations. The range of this analysis is from 10 to 80 mg/l. 

Reagents: 

1. Oxidizing reagent – 1.022 g K2Cr2O7, 167 ml concentrated H2SO4 and 33.33 g HgSO4 

in 1 l volumetric flask fill by distilled water 

2.  Catalysing reagent - 10 g AgSO4 in 1 litre concentrated H2SO4 
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A test tube is filled with 2.5 ml of the sample. To this 1.5 ml of the oxidizing reagent 

and 3.5 ml of the catalysing reagent is added. The test tube is closed and gently shaken. The 

test tube is then placed in the mineraliser for 2 hours at 150 ⁰C.  After mineralization, the 

samples are brought to room temperature. A spectrophotometer is used to evaluate the 

absorbance for the wavelength of 350 nm. 

 Species of nitrogen 

Ammoniacal nitrogen (NH4-N) (Eaton et al., 1998) 

Reagents: 

1. Nessler’s reagent - 25 g HgI2 and 17.5 g KI is dissolved in distilled water. The solution 

is then added to NaOH solution (40 g of NaOH in 125 ml distilled water). The total 

volume is then brought to 250 ml by adding distilled water 

2.  Seignette’s salt – 2.5 g of KNaC4H4O6 is dissolved in 50 ml of distilled water 

A test tube is filled with 5 ml of sample. To this we add 100 μl of the Seignette’s salt 

solution and 100 μl of Nessler’s reagent. The test tube is closed and shaken well. It is allowed 

to stand still for 10 minutes then the absorbance is evaluated using a spectrophotometer. The 

wavelength used is 425 nm. The range of measurement is 0.6 to 3.6 mg/l. 

Nitrite nitrogen (NO2-N) (ISO 6777:1984) 

Reagents: 

1. SANED solution – 10 g of sulphanilamide and 0.5 g of N-(1-naphthyl)-1,2-

ethylenediamine-dihydrochloride is dissolved in 25 ml of H3PO4. After dissolution the 

volume is increased to 250 ml by adding distilled water 

A test tube is filled with 5 ml of sample. To this we add 125 μl of SANED solution 

and 1100 μl of distilled water. The test tube is closed and shaken well. It is allowed to stand 

still for 20 minutes then the absorbance is evaluated using the spectrophotometer. The 

wavelength used is 540 nm. The range of measurement is 0.05 to 0.3 mg/l.  

Nitrate nitrogen (NO3-N) (ISO 7890-1:1986) 

Reagents: 

1. Sulphamic acid – 0.8 g of Sulphamic acid is dissolved in 100 ml of distilled water. 

2. Mixture of acids – concentrated sulphuric acid and phosphoric acid is mixed in the ratio 

of 1:1 

3. DMP – 0.24 g of 2,6-dimethylphenol in 200 ml of concentrated acetic acid 
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A test tube is filled with 0.5 ml of the sample. To this we add 50 μl of Sulphamic 

acid, 3.5 ml of mixture of acids and 500 μl of DMP. The test tube is closed and shaken well. 

It is allowed to stand still for 10 minutes and the absorbance is evaluated using the 

spectrophotometer. The wavelength used is 360 nm. The range of measurement is 2.3 to 

13.5 mg/l.  

 Species of phosphorus 

Ortho-phosphate (P-PO4) (ISO 6878:2004) 

Reagents: 

1. H2SO4 – 70 ml of conc. H2SO4 in 500 ml of distilled water 

2. Ammonium heptamolybdate – 6 g of (NH4)6MoO244H2O in 200 ml of distilled water 

3. Potassium antimonyl tartrate hydrate (Vinan) – 0.136 g of K(SbO)C4H4O6.1/2H2O in 

200 ml of distilled water 

4. Ascorbic Acid – 2.16 g of ascorbic acid in 100 ml of distilled water 

A test tube is filled with 5 ml of the sample. We prepare the reagent by adding 5 ml 

of H2SO4, 2 ml of Ammonium heptamolybdate, 1 ml of Vinan and 2 ml of ascorbic acid. 0.5 

ml of this reagent is added to the sample. The test tube is closed and shaken well. It is 

allowed to stand still for 15 minutes and the absorbance is evaluated using the 

spectrophotometer. The wavelength used is 880 nm. The range of measurement is 0.25 to 1.5 

mg/l. 

Total phosphorus (ISO 6878:2004)  

Reagents: 

1. 4.5 M H2SO4 – Add 500 ml of 9 M H2SO4 in 500 ml of distilled water 

2. Potassium persulphate – 5 g K2S2O8 in 100 ml of distilled water 

3. 10 M sodium hydroxide – 80 g NaOH in 200 ml of distilled water 

4. Phenolphthalein indicator  

5. Ascorbic acid – 10 g ascorbic acid in 100 ml of distilled water 

6. Ammonium heptamolybdate – 13 g (NH4)6Mo7O24 . 4 H2O in 100 ml of distilled water, 

0,35 g K(SbO)C4H4O6.½ H2O in 100 ml of distilled water. The solution of 

(NH4)6Mo7O24.4 H2O is added into the solution of 70 ml of distilled water and 230 ml of 9 

M H2SO4. Into that the solution of K(SbO)C4H4O6.½ H2O is added 

7. 9 M H2SO4 – add 500 ml of concentrated H2SO4 in 500 ml of distilled water 
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40 ml of the sample is transferred into a test tube. To this we add 4 ml of Potassium 

persulphate and 5 drops of H2SO4. To the mixture we add glass beads and then it is placed on 

the hot plate for boiling for 30 minutes. After the 30 minutes duration, the sample is cooled to 

room temperature. 1-2 drops of phenolphthalein are added to the mixture. NaOH is added 

drop by drop till a pink colour change is seen. The solution is then transferred to a graduated 

cylinder and the volume is increased to 40 ml by adding distilled water. To this we add 1 ml 

of ascorbic acid and 2 ml of Ammonium heptamolybdate. The cylinder is closed and shaken 

well. It is allowed to stand still for 15 minutes and then the absorbance is evaluated using the 

spectrophotometer. The wavelength used is 880 nm. The range of measurement is 0.1 to 

0.8 mg/l. 

 Iron (Eaton et al., 1998) 

Two cells are filled with 10 ml each of distilled water and the sample. We use the 

FerroVer Method and the range of measurement is from 0.02 to 3.00 mg/l. FerroVer reagent 

is added to the blank cell and mixed well. It is allowed to stand for 3 minutes. After 3 minutes 

the blank cell is inserted into the spectrophotometer to bring the machine to zero. Again 

FerroVer reagent is added to the sample cell and it’s allowed to stand for 3 minutes. The 

sample cell is inserted into the spectrophotometer and the value for iron is read from the 

system. The wavelength used is 510 nm. 

3.3.3  Microbiological determinations 

 Total coliforms (ČSN 75 7837 (757837)) 

10 ml of the sample is filtered over a 0.45μm filter paper. This filter paper is then 

placed on m-Endo agar medium. This agar plate is then placed in the thermostat for 24 hours 

at 37 ⁰C. After 24 hours for the confirmation of total coliforms, we transfer the bacterial 

sample onto a filter paper immersed in COT (cytochrome oxidase) agar medium. The sample 

is allowed to stand for 30 seconds to 3 minutes. The bacterial colonies that turn dark blue in 

colour are not total coliforms and the ones that retain the light pink coloration are confirmed 

to be total coliforms. 

 Escherichia coli (ČSN 75 7835 (757835)) 

10 ml of the sample is filtered over a 0.45μm filter paper. This filter paper is then 

placed on an mFC (membrane faecal coliform) agar medium. This agar plate is then placed in 

a thermostat for 24 hours at 43 ⁰C. After 24 hours, the blue coloured colonies are faecal 

coliforms. For the confirmation of Escherichia coli, we transfer the filter paper onto the 
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MUG (4-methylumbelliferyl-β-D-glucuronide) agar medium and place in a thermostat for 2 

hours at 37 ⁰C. After 2 hours, the bacterial samples are placed under UV lamp; the colonies 

that show fluorescence are confirmed to be Escherichia coli. 

 Faecal streptococci (ISO 7899-2 (757831)) 

10 ml of the sample is filter over a 0.45μm filter paper. This filter paper is then 

placed on a Slanetz and Bartley agar medium. This agar plate is then placed in a thermostat 

for 48 hours at 37 ⁰C. After 2 days, we flip and transfer the filter paper onto the bile-esculin 

agar (BEA) medium and make impressions of the bacterial colonies onto the BEA medium 

and place them in thermostat for 2-4 hours at 43 ⁰C. After 2-4 hours, the bacterial samples are 

checked; the colonies that form dark rings are confirmed to be faecal streptococci 

 Clostridium perfringens (Union 1998) 

10 ml of the sample is filter over a 0.2μm filter paper. This filter paper is then placed 

on a mCP agar medium. This agar plate is then placed into an evacuated chamber, as 

Clostridium perfringens only grows in anaerobic conditions. This chamber is then placed in a 

thermostat for 24 hours at 43 ⁰C. After 24 hours, the bacterial samples are exposed to 

ammonium hydroxide (NH4OH). The bacterial colonies that show colour change (bright 

pink) are confirmed to be Clostridium perfringens. 

 Cultured bacteria at 22 ºC and 36 ºC (ČSN 6222 (757821))  

For the cultivation of bacteria at 22 ⁰C and 36 ⁰C 1 ml of the sample is taken and 

spread over a petri dish. We heat the TEA medium (tryptone and yeast extract agar) to 30-35 

⁰C and pour over the sample in the petri dish. The petri dish is gently shaken to ensure that 

the sample is completely covered by the agar solution. The samples are then allowed to stand 

still the agar solution solidifies. After that we place the samples into two thermostats with 

temperatures 22 ⁰C and 36 ⁰C for incubation. 
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4.  Results  

4.1  Characterization of Prague WWTP effluent 

The secondary effluent from Prague WWTP can be regarded as a typical effluent 

subjected to conventional activated sludge treatment process. Table 4.1 outlines the basic 

parameters of this effluent before disinfection and table 4.2 shows EPA standards for water 

reuse (Asano et al., 2007). Table 4.3 summarises the EU health based targets for drinking 

water (Union 1998). 

Table 4.1: The basic parameters of the final effluent of the WWTP 

Parameters Value Parameters Value 

pH 7.12 TC (CFU/10 ml) 39,591 

TSS (mg/l) 9 Faecal streptococci (CFU/10ml) 2,309 

COD (mg/l) 41 22 ⁰C (CFU/ml) 193,136 

Turbidity (FAU) 8.47 36 ⁰C (CFU/ml) 14,318 

Escherichia coli 

(CFU/10 ml) 
6,595   

Table 4.2: The water reuse standard from EPA 

Parameters pH TSS (mg/l) BOD (mg/l) Turbidity(NTU) FC (CFU/10 ml) 

Landscape irrigation 6.0-9.0 -        N.D 

Surface or Spray 

irrigation (food eaten 

raw) 

6.0-9.0 -        N.D 

Pasture for milking 

animals 
6.0-9.0         -      

Incidental contact 

(fishing, boating etc.) 
6.0-9.0 -        N.D 

Groundwater recharge 

by injection wells 
6.5-8.5 - -    N.D 

Augmentation of 

surface bodies 
6.5-8.5 - -    N.D 

 

Table 4.3: The health based targets for drinking water from EU 

Parameters Value Parameters Value 

NO3
-
 (mg/l) 50 Escherichia coli (CFU/250 ml) 0 

NO2
-
(mg/l) 0.5 Faecal streptococci (CFU/250 ml) 0 

Iron   (mg/l) 0.2 Colony count 22 ⁰C (CFU/ml) 100 

TC (CFU/100 m l) 0 Colony count 36 ⁰C (CFU/ml) 20 

 

It can be clearly seen from the comparison of the three tables that the Prague WWTP effluent 

is not appropriate for direct use in water reuse applications. In order to reduce the pollutant 

concentrations present in the effluent, tertiary treatments must be done with the best 

configuration of physical, chemical and disinfecting treatments. 
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4.2  Microbial inactivation by disinfection 

 

By evaluating the effluent of Prague WWTP, we realise that the treated wastewater 

here does not meet the guidelines set by the EPA or the EU. The treated effluent has very 

high levels of microbial contamination which makes it unfit for reuse applications. Coliform 

bacteria are used as a primary indicator organism to gauge the impact of human activities on 

receiving water bodies. The results are presented for different target organisms and the 

performances of different disinfection processes are compared. For this study, three different 

forms of disinfection were used, namely 1) chlorination, 2) UV irradiation and 3) ozonation. 

4.2.1  Total coliform bacteria 

Asano et al. (2007) suggests that for nitrified effluent, the following dosages have to 

be applied to achieve certain reduction level of TC bacteria as show in table 4.4. In this study, 

5 mg/l of NaOCl was used as source for free chlorine. The amount of free chlorine measured 

at the beginning was in the range of 0.8-1.7 mg/l. The dosage used for ozone and the UV 

irradiation were 10 mg/l and 22.4 mJ/cm
2 

respectively. These dosages were chosen in order to 

have basis to observe the effect of tertiary treatment on disinfection, which is the premise of 

this study. 

Table 4.4: The effective dosage for TC reduction (Asano et al. 2007) 

Treatment Dosage (<2.2 MPN/100 ml) Dosage (<23 MPN/100 ml) 

Chlorination (free chlorine) – mg/l 3.0-5.0  0.9-1.4 

UV irradiation – mJ/cm
2 

70-80 80-100 

Ozonation – mg/l 16-20 8-10 

 

 

 

 

 

 

 

 

 

Figure 4.1: Effect of disinfection processes on TC bacteria 
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From figure 4.1, it is quite evident that chlorination seems to be a better form of 

disinfection when compared to ozonation and UV irradiation. From the results, we can see 

that chlorination has highest mean log reduction of 3.8    . On the other hand, UV 

irradiation shows the lowest mean log reduction of 2.3    . Also ozonation is the most 

consistent process in removal of TC bacteria with a log reduction of 2.3       

4.2.2  Escherichia coli 

10% of the total coliform bacteria in wastewater are faecal coliforms. The indicator 

organism used to test water samples for faecal contamination is Escherichia coli.  The figure 

4.2 compares the effect of the proposed disinfection processes on the removal or inactivation 

of Escherichia coli. The figure 4.2 shows that both chlorine and ozone to be a good 

disinfectant against Escherichia coli. Chlorination and ozonation show a mean log reduction 

of 3.3     and 2.9     respectively. Again ozonation seems to be the consistent process in 

removing Escherichia coli. 

 

 

 

 

 

 

 

 

Figure 4.2: Effect of disinfection on Escherichia coli 

 

4.2.3  Clostridium perfringens 

Clostridium perfringens is an anaerobic, spore-forming bacterium. They are 

normally found in decaying vegetation, marine sediment and intestinal tracts of humans and 

other vertebrates. Bandy (2009) suggests spore-forming bacteria are resistant to chemical 

disinfection like chlorine and its compounds. Figure 4.3 shows the effect of the action of 

chlorination, ozonation and UV irradiation on Clostridium perfringens. As read in the 

literature, chemical disinfection is ineffective in deactivating or elimination Clostridium 
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perfringens populations. Figure 4.3 shows that UV irradiation is the highest and consistent 

form of disinfection with log reduction of 1.2      as seen the figure below. 

 

 

 

 

 

 

 

Figure 4.3: Effect of disinfection processes on Clostridium perfringens 

4.2.4  Faecal streptococci 

Faecal streptococci are a genus of lactic acid bacteria. The two most common 

species of faecal streptococci found in human intestines are Enterococcus faecalis and 

Enterococcus faecium. This genus is also used along with total coliforms and Escherichia 

coli to serve as an indicator organism for the health and quality of water bodies. The results 

show that chlorination and UV irradiation are effective in reducing the population of faecal 

streptococci present in the treated effluent. The mean log reductions for chlorination and UV 

irradiation were found out to be 3.3     and 3    . Ozonation with log reduction of 2      

was the most consistent process but was not as effective as the other two processes. 

 

 

 

 

 

 

 

Figure 4.4: Effect of disinfection processes on faecal streptococci 
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4.2.5  Cultured bacteria at 22 °C and 36 °C 

Bacteria at 22 °C and 36 °C are cultivated to understand the general level of 

contamination of a particular wastewater sample. It is also called a colony count. The result 

suggests that the dosage selected for conducting these experiments were not enough to show a 

high level of reduction for these bacteria. The log mean reduction for chlorination, UV 

irradiation and ozonation were found to be 1.4    , 2.1     and 1.5     respectively for 

cultured bacteria at 36 °C. The log mean reduction for chlorination, UV irradiation and 

ozonation were found to be 1.2     , 1.8      and 1.4      respectively for cultured 

bacteria at 22 °C. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5: Effect of disinfection on bacteria cultured at 22 °C                              Figure 4.6: Effect of disinfection on cultured bacteria at 36 °C 

The results suggest the given dosage for the disinfection agents were ineffective in 

reducing the microbial population to the level mentioned in the EPA and EU standards. In 

order to achieve that goal, either the dose of the agents must be increased or supplementary 

technologies (tertiary treatments) must be applied in order to improve the removal efficiency. 

Increasing the dosage might lead to the increase in the formation of DBPs and the operational 

costs. Taking that into account, this study investigates the impact of simple tertiary processes 

like rapid sand filtration, coagulation and sedimentation on the effectiveness of these 

disinfecting agents. 

4.3  Impact of tertiary treatments of disinfection process 

4.3.1  Effect of sand filtration on chlorination 

Chlorination is very susceptible to impurities that are found in wastewater. 

Impurities like ammoniacal nitrogen, suspended solids could react with or hinder the action 
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reducing the overall effectiveness of the free chlorine. Sand filtration (SF) can be used to 

reduce these impurities and improve the performance of the system. Figure 4.7 shows that 

sand filtration doesn’t complement chlorination in the removal of microbial populations from 

wastewater. In many cases, it seems to have a slight detrimental effect. In the case of 

Enterococcus sp. log reduction reduces from 3.26 to 2.95. Although in the case of total 

coliforms, an increase in the log reduction from 3.79 to 4.86 can be seen. 

 

 

 

 

 

 

 

 

 

           Figure 4.7: Effect of sand filtration (SF), coagulation (CG) and sedimentation (SEDM) on chlorination 

4.3.2  Effect of sand filtration and coagulation on chlorination 

Coagulation can be used to remove suspended solids present in the wastewater. 

These suspended solids could shield the micro-organisms from disinfecting agents. In this 

study we use ferric sulphate as a coagulating not only for the removal of suspended solids but 

also to facilitate the removal of phosphorus and its species. With the addition of coagulation 

to sand filtration and chlorination, a vast improvement of removal efficiency can be seen for 

the system as seen in figure 4.7. Especially for Clostridium perfringens, when compared to 

simple chlorination we see an increase of almost 1100 %.  The inclusion of coagulation in the 

treatment train improves the log reduction of almost all the tested microbial populations. Log 

reductions for TC, Escherichia coli, faecal streptococci and Clostridium perfringens were 

found to be 5.33, 4.35, 4.04 and 1.72 respectively. 
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4.3.3  Effect of sand filtration, coagulation and sedimentation on chlorination 

Sedimentation is the process by which particles in suspension tend to settle out of 

the fluid and come to rest against a physical barrier. In this study, we use simple gravity 

sedimentation to investigate its effect on chlorination. Figure 4.7 shows that even with the 

addition of sedimentation; the removal efficiency is not on par with coagulation in most of 

the tested microbial populations but for cultured bacteria at 22 °C it shows a slight increase in 

the log reduction from 1.18 to 1.43. 

4.3.4  Effect of sand filtration on ozonation 

Figure 4.8 illustrates that the addition of sand filtration has a positive effect on the 

overall process. Sand filtration complements ozonation better in removal of the tested micro-

organisms than chlorination. Sand filtration increases the log reduction for Clostridium 

perfringens by 400%, when coupled with ozonation. 

 

 

 

 

 

 

 

 

Figure 4.8: Effect of sand filtration (SF), coagulation (CG) and sedimentation (SEDM) on ozonation. 

4.3.5  Effect of sand filtration and coagulation on ozonation 

As seen with chlorination, the addition of coagulation increases the log reduction for 

all examined micro-organisms but it is not high when compared to the chlorination treatment 

chain.  In most the increase in the removal capacity is almost similar to that of sand filtration 

and chlorination as shown in the figure 4.8. 

4.3.5  Effect of sand filtration, coagulation and sedimentation on ozonation 
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Figure 4.8 shows that the addition of sedimentation has a positive effect on the 

removal of cultured bacteria (at 22 °C), Escherichia coli, and faecal streptococci. It also 

improves the log reduction of Clostridium perfringens from 0.12 to 1.37. As seen with 

chlorination, the addition of sedimentation doesn’t affect the removal rate of TC. 

4.3.6  Effect of sand filtration on UV irradiation 

As seen in the figure 4.9, the addition of sand filtration doesn’t have the desired effect. Since 

UV irradiation is very susceptible to the presence of suspended solids in the treated water, it 

is fair to assume that sand filtration has failed to properly reduce the amount of suspended 

solids. For Clostridium perfringens, the opposite can be said, as seen with both chlorination 

and ozonation the introduction of sand filtration considerably increase the removal efficiency 

of the whole process. The log reduction for Clostridium perfringens was found to 2.47. 

  

 

 

 

 

 

 

 

Figure 4.9: Effect of sand filtration (SF), coagulation (CG) and sedimentation (SEDM) on UV irradiation 

4.3.7  Effect of sand filtration and coagulation on UV irradiation 

The inclusion of coagulation in the treatment chain was very pronounced effect of 

the overall process as seen in the figure 4.9. We can see an increase in the removal efficiency 

for all three indicator organisms. The log reduction for TC, Escherichia coli and faecal 

streptococci were found to be 3.76, 3.22 and 3.48 respectively. 

4.3.8  Effect of sand filtration, coagulation and sedimentation on UV irradiation 

As seen in the figure 4.9, it is the first treatment chain where we can see an increase 

in the log reduction for all tested microbial populations. Although the maximum log 

reduction is not analogous to that seen with chlorination but this treatment should be further 
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investigated as it shows positive reduction for all the micro-organisms specified in the EPA 

and EU guidelines. 

4.4  Effect of tertiary treatment on physical and chemical properties of treated effluent  

As discussed earlier, the physical and chemical parameters of any treated effluent 

plays an important role in determining if it can be used for any water reuse applications.The 

presence of nutrients, like nitrogen and phosphorus, could lead to problems like 

eutrophication. The occurrence of suspended solids could affect industrial reuse applications 

and increase the amount of disinfection required (UV irradiation) due to shielding. So this 

study aims to investigate the effect of different tertiary treatments on following properties, 

colour, turbidity, ammoniacal nitrogen, NO3-N, total P and COD. The significance of Run # 

in the figure is explained in the table 3.1 

4.4.1  Removal of colour 

Colour of the reclaimed water is a very important aspect of water reuse application 

as it is a visible feature that establishes if the water has been treated properly or not. Colour is 

often caused by dissolved organic matter, e.g. humic acid, and fulvic acid, present in the 

wastewater. The level of colour can be used as an indicator for the amount of organic matter 

present in the wastewater. From the figure 4.10, we can see that the highest removal 

percentage can be achieved in 15-30 minutes of running the sand filtration column. After the 

30 minutes mark the removal rate is either constant or starts reducing. The highest removal 

percentage of 35.34% was achieved in Run 1. 

 

 

 

 

 

 

 
Figure 4.10: Removal of colour by sand filtration 
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Figure 4.11 indicates that, the addition of coagulation increases the removal rate of 

colour and the peak removal rate was achieved at the end of the 60 minute time period. The 

highest removal percentage of 68.15% was achieved in Run 4. After 60 minutes of runtime, 

the overall trend suggests that the filter column will be able to remove more before reaching a 

constant plateau. 

 

 

 

 

 

 

Figure 4.11: Removal of colour by sand filtration and coagulation 

From figure 4.12, sedimentation doesn’t have a huge impact on the removal of 

colour as it removes colour on par with the coupling of coagulation and sand filtration. The 

peak removal was also achieved at the end of the 60 minute time period. The highest removal 

percentage of 67.52 was attained on Run 5. 

 

 

 

 

 

 

 

 

 

Figure 4.12: Removal of colour by sand filtration, coagulation and sedimentation 

4.4.2  Removal of turbidity 

Turbidity is the measure of the clarity of a liquid. Highly turbid liquid are cloudier 

and will contain more suspended solids and sediments. These suspended solids and sediments 

are the particles that scatter the light and make the liquid in question appear turbid. Turbidity 
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is a key criterion for determining quality of water. Figure 4.13 shows a positive trend on the 

removal of turbidity. The sand filtration column was run for a time period of 60 minutes and 

in the majority of the runs, the maximum efficiency was achieved at the end of that period. 

The peak removal rate of 67.45% was achieved in Run 6. 

 

 

 

 

 

 

 

Figure 4.13: Effect of sand filtration on removal of turbidity 

As seen in figure 4.14, the inclusion of coagulation helps the system in retaining 

considerably higher amount of turbidity than a standalone sand filtration unit. The maximum 

removal efficiency was attained at the end of the runtime of 60 minutes. The peak removal of 

82.85% was realized in Run 4. 

 

 

 

 

 

 

 

Figure 4.14: Effect of sand filtration and coagulation on removal of turbidity 

The treatment chain of sand filtration, coagulation and sedimentation shows the best 

results in terms of removal of turbidity as seen in figure 4.15. The highest removal rate was 

reached at the end of the time period of 60 minutes. The peak removal rate of 91.41% was 

realized in Run 5. 
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Figure 4.15: Effect of sand filtration, coagulation and sedimentation on removal of turbidity 

4.4.3 Removal of NO3-N 

Nitrogen in the form of nitrate is a very important part of any life cycle processes in 

an aquatic or terrestrial ecosystem. They are abundantly found in soils and water bodies. 

They are used by plants for their metabolic processes. Human-made nitrate is generally used 

as agricultural fertilizers. Due to over applications of fertilizers, the runoff water from 

agricultural lands may contain high amount of nitrate which might lead to eutrophication if 

not treated properly. Figure 4.16 shows that the high removal of NO3-N can be seen at the 

early stages of the column experiments. The rate of removal decreases due the over saturation 

of the column. The peak removal rate of 14.87% was attained in Run 9. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.16: Effect of sand filtration on removal of NO3-N 
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A similar trend can be seen with this treatment chain as show in the figure 4.17, the 

highest removal rate can be seen at the early stages of the time period 60 minutes. There is 

gradual decrease in the removal efficiency of the column. The peak removal of 13.61% was 

reached in Run 10. 

 

 

 

 

 

 

 

Figure 4.17: Effect of sand filtration and coagulation on removal of NO3-N 

The addition of sedimentation in the treatment chain has an opposite effect on the 

overall process. The highest removal rate can be seen on the end of the runtime of 60 minutes 

as seen in the figure 4.18. This could be due the sedimentation of setteable solids which 

contained/adsorbed nitrate particles. 

 

 

 

 

 

 

 

 

 

 

Figure 4.18: Effect of sand filtration, coagulation and sedimentation on removal of NO3-N 
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4.4.4 Removal of NH4-N 

Ammoniacal nitrogen is a measure for the amount of ammonia in waste products 

like sewage, manure. It is also used to measure the quality of water bodies. The figure 4.19 

shows that sand filtration was not very effective in removing NH4-N from the wastewater. It 

is seen that if the concentration of NH4-N in the treated effluent was high then there was 

positive removal as seen in Run 1. If the concentration was less than 5 mg/l, the filtration 

column was not very effective, as in Run 3 where the concentration was 0.95 mg/l. 

 

 

 

 

 

 

 

Figure 4.19: Effect of sand filtration on removal of NH4-N 

Figure 4.20 shows, the inclusion of coagulation with sand filtration make the 

performance of the system better. The maximum removal rate was achieved in the beginning 

of the runtime with a drop in the rate and then a gradual increase. This can be attributed to the 

over saturation of the column. The peak removal of 63.83% was achieved in Run 7. 

 

 

 

 

 

 

 

Figure 4.20: Effect of sand filtration and coagulation on removal of NH4-N 
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Figure 4.21 indicates that the addition of sedimentation into the treatment changes 

the trend. We see that the highest removal rate was attained at 30 minutes and the rate either 

gradually decreases or remains constant after that. The peak removal of 36.86% was achieved 

in Run 8. 

 

 

 

 

 

 

Figure 4.21: Effect of sand filtration, coagulation and sedimentation on removal of NH4-N 

4.4.5 Removal of total phosphorus (TP) 

Phosphorus is used by organisms as a nutrient for growth. It occurs in natural water 

in form of phosphates. Man-made sources of phosphorus are agricultural fertilizers, domestic 

wastewater, detergents and industrial process water. The presence of phosphorus in the 

discharged water leads to the growth of algae. Figure 4.22 shows sand filtration is quite 

effective in removing TP. We can see a gradual increase in the rate of removal of TP. The 

maximum removal rate was achieved at the end of the runtime of 60 minutes. The peak 

removal rate of 67.38% was attained in Run 6. In Run 9, the low concentration of TP in the 

treated effluent leads to low or no removal of TP. 

 

 

 

 

 

 

 

Figure 4.22: Effect of sand filtration on removal of TP 
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The inclusion of coagulation makes the overall process more consistent as seen in 

the figure 4.29 since Fe2(SO4)3 is used for the removal of  phosphorus. The maximum 

removal is again achieved at the end of the runtime of 60 minutes. The peak removal of 

69.50% was attained in Run 4. 

 

 

 

 

 

 

 

Figure 4.23: Effect of sand filtration and coagulation on removal of TP 

Figure 4.24 points out that sedimentation further strengths the removal capacity of 

the system. Even though this treatment chain doesn’t achieve higher rate of removal than the 

previous setup but it proves to be more consistent. The maximum removal rate was achieved 

at the end of the runtime of 60 minutes and the peak removal rate of 65.62% was attained in 

Run 11. 

 

 

 

 

 

 

 

Figure 4.24: Effect of sand filtration, coagulation and sedimentation on removal of TP 
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4.4.6 Removal of chemical oxygen demand (COD) 

COD is the amount of oxygen required to for complete oxidation of all the organic 

substance found in water. It can be indirectly used to quantify the amount of organic 

compounds present in water. Figure 4.25 doesn’t paint a proper picture on removal of COD 

by sand filtration. In the majority of the runs we can observe that the rate of removal is high 

in the early stages in the run but then it reduces reaching the lowest point and then gradually 

increases. The removal rate of 15.45% was achieved in Run 3. 

 

 

 

 

 

 

Figure 4.25: Effect of sand filtration on removal of COD 

Figure 4.26 indicates that the addition of coagulation slightly improves the 

performance of the system. The removal process appears to be more consistent than sand 

filtration. The peak removal rate of 42.06% was achieved in Run 2. 

 

 

 

 

 

 

 

 

Figure 4.26: Effect of sand filtration and coagulation on removal of COD 
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Figure 4.27 indicates that the inclusion of sedimentation reduced the mean removal 

rate when compared to the previous setup. In the majority of the run we see a high removal 

rate at the beginning of the runtime. The peak removal rate of 21.78% was achieved in Run 5. 

 

 

 

 

 

 

 

 

Figure 4.27: Effect of sand filtration, coagulation and sedimentation on removal of COD 

 

5. Discussions 

5.1 Effect of disinfection on microbial populations 

Three types of disinfection processes were used for treating the effluent from the 

Prague WWTP. They were chlorination, ozonation and UV irradiation. The dosages used 

were 5 mg/l (chlorination), 10 mg/l (ozonation) and 22.4 J/m
2
 (UV irradiation) in accordance 

to literature and conditions of the experiments. It could be seen that chlorination yielded the 

highest log reduction for all indicator organisms, namely total coliforms, Escherichia coli and 

faecal streptococci. Ozonation appeared to be the most consistent method of disinfection for 

the above mentioned bacteria. A definitive conclusion cannot be put forward on which 

disinfection technique is most suitable and efficient as the operating conditions vary for 

different experimental runs so the replication of the results would not be possible due to the 

limitation of the experiments.  

Generally, the most of the operating conditions of the experiment were left constant, 

e.g. the depth of the sand filter, the filtration rate, dosage etc. but the source of the sample 

changed with every run. As the effluent sampled was not the same, the microbiological 

population at the start of the experiment would not be the same. Hence a proper comparison 

and conclusion cannot be drawn between the techniques. By studying the graphs, two 
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inferences can be drawn: 1) Non effectiveness of the chosen disinfectants in removal of 

microbes and 2) Non effectiveness of chemical disinfection on the removal of Clostridium 

perfringens. 

The results of the experiments clearly indicated that the disinfectants used, with the 

considered dosages, were not effective enough to meet the guidelines specified by the EPA 

and EU. So in order to make the process successful, there are two options to be considered: 1) 

increment in the applied dosage or 2) use of supplementary processes. If the dosage of the 

disinfectants is increased it could prove to be efficient in the removal of the tested micro-

organisms but the application of increased disinfectants could have a detrimental effect on the 

reclaimed water.  

Increasing the amount of chlorine used could enhance the formation of DBPs. On 

the other hand increase of UV dosage would increase the financial capital. The other option is 

the introduction of tertiary or polishing steps like sand filtration, coagulation and 

sedimentation to enhance the effectiveness of disinfection by removal of suspended solids 

and organics. Ustun et al. (2011) discussed the role of suspended solids in shielding the 

micro-organisms and preventing the action of disinfectants. Gomez et al. (2007) also hinted 

at the dependency of UV disinfection on quality of wastewater being treated.  

Results also suggested that chemical disinfection, like chlorination or ozonation, was 

not very effective against spore-forming bacteria like Clostridium perfringens. Bandy (2009) 

also stated that anaerobic spore-forming bacteria were very resistant to the action of chemical 

disinfectants like chlorine, ozone, peracetic acid etc. The inclusion of these polishing steps 

could reduce the amount of suspended solids and organics in the wastewater and could also 

help in the removal of anaerobic spore-forming bacteria, hence making disinfection a more 

effective process. 

5.2 Effect of tertiary treatments on disinfection processes 

5.2.1 Sand filtration 

Results suggested the inclusion of sand filtration in the treatment chain with 

disinfection doesn’t have a substantial effect on the improvement of the process. Asano et al. 

(2007) suggested that for a standalone sand filtration system, the removal of TC is of the 

order of 0-1 logs. So the main task of the sand filtration unit would be the removal of 

suspended solids and organics. Figure 4.19 showed that there is a constant removal of 

suspended solids by the filtration column but this didn’t improve the disinfection process. 

This could be attributed to the following reasons: 1) Filter bed depth, 2) filtration rate and 3) 

use of sand and gravel medium. 
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 The depth of the sand filtration column used was 21.5 cm (16.5-sand and 5 cm-

gravel). The results point out that the assumed depth proved to be inadequate for 

complimenting the disinfection process. Literature showed that pilot scale studies, for sand 

filtration, were done with the filter medium depth  of ~100 cm (Kauppinen et al. (2014), 

Hamoda et al. (2004), Al-Adham (1989)) but Tyagi et al. (2009) cited the effective filter 

media depth to be 0.54 m and Tassoula et al. (2007) also cited the effective filter depth of be 

0.35 m for removal of turbidity. The insufficient filter medium depth could explain the 

ineffectiveness of the filter column. 

The filtration rate was fixed at 2.5-3 m
3
/m

2
 hr. When compared to the filtration rate 

mentioned in literature, we saw that the assumed filtration rate is quite high. Kauppinen et al. 

(2014) used a mean filtration rate of 0.0035 m
3
/m

2
.hr for performing experiments. Similarly 

Tyagi et al. (2009) used 0.14 m
3
/m

2 .
hr as the filtration rate for post treatment of UASB 

reactor effluent. Norton-Brandao et al. (2013) cited that loading rate of 12.2 m
3
/m

2
.hr and 

24.4 m
3
/m

2
hr resulted in the decrease in the removal efficiency but there were cases where a 

higher filtration rate was also used with positive results. Hamoda et al. (2004) cited an 

average filtration rate of 5 m
3
/m

2
hr used in Rikka WWTP, Kuwait city and Tassoula et al. 

(2007) used the filtration rate of 7 m
3
/m

2
.hr in conducting contact filtration experiments.  

Sand and gravel are the most commonly used materials for the filter media. The 

problem also could lie with the removal capacities of these media. The literature suggested 

the use of atleast a dual media or more. Kauppinen et al.(2014) used the combination of sand, 

gravel and biotite in three configurations. Similarly Asano et al. (2007) suggested the use of 

different materials like anthracite, garnet and synthetic fibres as filter medium. 

It can be inferred that a balance must be maintained between the filter depth and 

filtration rate to ensure an efficient removal of suspended solids and organics. For bench 

scale experiments, it would be difficult to maintain a large filtration column. So the filtration 

rate must be controlled to prevent a flush out of the entrapped suspended solids. The use of 

multi-media filter column could prove to be beneficial as shown by Kauppinen et al. (2014) 

where the filtration column composed of sand, gravel and biotite. 

It must be noted that the removal efficiency for Clostridium perfringens shows a 

marked difference on the addition of sand filtration to UV irradiation. This can be attributed 

to the removal of suspended solids which could have increased the effectiveness by reducing 

the shielding effect. 

 

5.2.2 Sand filtration and coagulation (contact filtration) 
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The addition of coagulation complemented the action of all tested disinfecting 

agents. We used 0.5 ml of 41% ferric sulphate to act as the coagulating agent. Coagulation is 

generally used to help in removal of suspended solids by destabilization of colloids by 

neutralizing the forces that keeps them apart. The particles collide to form larger particles 

called flocs. These flocs can easily be entrapped in the sand filtration leading to removal. Due 

to the inclusion of coagulation, the system was able to achieve a higher log reduction for 

same dosage of disinfectant. In figure 4.7, the removal of Clostridium perfringens by 

chlorination can be seen to be negligible but when sand filtration with coagulation was added, 

the log reduction (for the same dosage) increased by 1100%.  The application of coagulation 

also improved the log reduction for TC, Escherichia coli and faecal streptococci. The 

disinfection by chlorination is very susceptible to the presence of organics. Winward et al. 

(2008) mentioned that the presence of organics affected the chlorine demand for inactivation. 

Figure 4.26 showed a mean removal of 26% for COD which could explain why sand 

filtration with coagulation improves the performance of chlorination. 

With ozonation we cannot see a considerable increase in the log reduction with the 

introduction of coagulation. Even ozone disinfection is very susceptible to presence of natural 

organics so in theory, the removal of organics by sand filtration and coagulation should 

improve the performance of ozonation but the addition of coagulation yields a similar result 

to that of a standalone sand filtration system. According to Macauley et al. (2006), ozone 

disinfection curves have a similar shape to that of chlorination disinfection and ozone 

decomposition is only reported at higher concentration. So the most probable explanation for 

this discrepancy would be improper bacterial determination and analysis. 

The presence of suspended solids in the wastewater would have the most 

pronounced effect on the efficiency of UV irradiation. Theoretically, the removal of 

suspended solids by a contact filtration process would have improved the effectiveness of UV 

irradiation. Figure 4.9 showed this assumption to be true. The inclusion of coagulation greatly 

enhanced the removal capacity of the system. 

 

5.2.3 Sand filtration, coagulation and sedimentation (physio-chemical treatment) 

From figure 4.15, it can be seen that the introduction of sedimentation to the 

treatment chain vastly improved the removal of turbidity. A peak removal rate of 91.41% was 

achieved and the system demonstrated a more consistent performance. Furthermore, figure 

4.27 illustrated that the system achieves the removal of organics in the form of COD. 
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The addition of sedimentation on the treatment chain doesn’t improve the 

performance of chlorination when compared to sand filtration with coagulation as seen in the 

figure 4.7. This lack of improvement could be explained to the variation of the source of 

effluent. The turbidity of the effluent for run 8 was 5.59 FAU, one of the lowest encountered. 

So due to the low turbidity, coagulation and sedimentation were not very effective hence 

every successive tertiary treatment achieved similar log reduction levels. 

For UV irradiation and ozonation, the introduction of sedimentation had a positive 

effect. Figure 4.8 showed that the chain of sand filtration, coagulation and sedimentation was 

very capable in reducing the level of organics consequently improving the performance of 

ozonation. Likewise figure 4.9 illustrated that the inclusion of sedimentation further 

improved the removal efficiency of UV irradiation as a disinfection process. Similar findings 

were reported in literature that indicated an improvement of removal efficiency of UV 

irradiation with the inclusion of physio-chemical process (Ustun et al., 2011, Gomez et al., 

2007). 

The introduction of tertiary treatments has a positive effect on the disinfection 

process as we were able to achieve log reduction level which was on par with the level 

reported by using high amount of disinfection agents. The addition of a sand filtration system 

doesn’t have a significant effect on the disinfection processes. This could be due to the choice 

of filter depth and filtration rate. Another important factor would be the characteristics of the 

effluent (e.g. turbidity); this could make the treatment chains ineffective in handling the 

removal of micro-organisms. 

 

5.3 Effect of tertiary treatment on physical and chemical properties of treated effluent 

5.3.1  Colour 

A standalone sand filtration system, as seen in figure 4.10, showed satisfactory 

removal of colour. The peak removal of 35.34% can be seen after 30 minutes of runtime. 

After that time period the removal capacity either started to decrease or remained constant. 

This could be ascribed to the deterioration of the sand column leading to the leaching of 

entrapped particles. 

The inclusion of coagulation with sand filtration considerably increased the removal 

capacity. The coagulating property of ferric sulphate helped the formation of larger colloids 

which the sand column is easily able to entrap. Another factor for high removal of colour 

could be the use of different reference value. For sand filtration, the colour of effluent was 

used as the reference value for calculation of removal percentage but for sand filtration with 
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coagulation the colour value of coagulated water was being used as coagulation was being 

done before sand filtration. 

The treatment train of sand filtration, coagulation and sedimentation has the most 

positive effect of the removal of colour. As seen in the figure 4.12, the peak removal of 

67.52% was seen and the consistency made it the most efficient system. The slight decrease 

in peak removal percentage could be attributed to the change in the reference value for its 

calculation. Here, the colour value of water after sedimentation was used as the reference 

point for the calculation. 

5.3.2 Turbidity 

Figure 4.13 showed that sand filtration is a satisfactory method for the removal of 

turbidity. The system’s highest removal rate was achieved after 30 minutes of operation. 

After that time the removal rate slowed down. The mean removal percentage was found to be 

58%. Gomez et al. (2007) cited a removal percentage of 40% using a classic sand filter. 

Koning et al. (2007) also citied similar results, sand filter was used to remove 43.9% of the 

turbidity present. 

As seen with colour, the addition of  coagulation significantly improved the removal 

efficiency of the system. The removal rate tends to improve over time, with the highest 

removal efficiency seen at the end of the runtime of 60 minutes. The higher removal rate also 

could be attributed to the change in the reference value for the calculation of removal 

percentage. Tassoula et al. (2007) also used contact filtraton (sand filtration with coagulation) 

and the removal of turbidity was reported to be 50-55%. The results observed in this study 

were much higher, the mean removal of 82.99% was measured. The use of different 

coagualting agents could explain the difference in the removal capacity. Furthermore, the 

inclusion of coagulation made the system uniform. 

Physio-chemical treatment (sand filtration, coagulation and sedimentation) further 

improved the performance of the system in the removal of turbidity. Gomez et al. (2007) also 

reported the striking difference in the removal capacity between  physio-chemical treatment 

and classical sand filter treatment. Illueca-Munoz et al. (2008) reported 82% removal of 

turbidity using phyiso chemical treatment. 

5.3.3 NO3-N 

Figure 4.16 illustrated that sand filtration was ineffective in the removal of NO3-N.  

We saw that the maximum removal occurred at the beginning of the experiment when the 
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sand filter was fresh and as the experiment progress we saw a steady decrease in the removal 

efficiency. A slight increase was seen at the end of the runtime but the change was negligible 

to make any proper conclusions. Asano et al. (2007) suggested that final concentration of 

nitrate achieved after the application of sand filtration to be 10-30 mg/l. In this study, the 

mean input nitrate concentration was 11.88 mg/l. This concentration might have been too low 

for the proper functioning of the sand filtration column. Furthermore the choice of the depth 

and the filtration rate also could have affected the removal efficiency for NO3-N. The 

introduction coagulation had a negligible effect on the removal of NO3-N. We still saw a high 

degree of removal at the beginning of the experiment and a gradual reduction in the removal 

rate. 

The addition of sedimentation showed the opposite effect, we saw high removal 

efficiency at the end of runtime of 60 minutes but the peak removal rate for all three 

configurations were very similar. This suggested that the chosen sand filtration unit has a 

removal capacity limit as the input NO3-N concentration was too low for proper removal. 

Further studies must be conducted with a longer runtime in order to achieve a steady state and 

see a concrete effect on removal of NO3-N. 

5.3.4 NH4-N   

As seen with nitrate removal, sand filtration was very ineffective in removing 

ammoniacal nitrogen. Asano et al. (2007) also suggested that the final concentration of 

ammoniacal nitrogen that could be achieved by sand filtration was 1-6 mg/l. The mean 

ammoniacal nitrogen for the Prague WWTP effluent was observed to be 4.11 mg/l. Due to 

such a concentration in the input, sand filtration was very inefficient in its removal. Figure 

4.19 illustrated, when the effluent concentration was greater than 10 mg/l (as in Run 1) we 

could detect a positive and constant removal of NH4-N.  If NH4-N concentration was very 

low (as in Run 3) a negative trend was seen. 

With the inclusion of coagulation in the treatment chain, the system was able remove 

NH4-N considerably well. Aguilar et al. (2002) reported that coagulation by ferric chloride 

has very low removal efficiency for ammoniacal nitrogen. However the coupling of sand 

filtration and coagulation proved to be a potent process for removal of NH4-N. The physio-

chemical treatment showed a fair removal of NH4-N as seen in the figure 4.21. The reduction 

in the peak removal of NH4-N could be explained by the change in the reference value for the 

calculation of removal efficiency. 
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5.3.5 Total phosphorus (TP) 

As seen in figure 4.22, sand filtration was quite effective in the removal of TP. The 

average removal efficiency for TP was 53.23%. Kauppinen et al. (2014) also reported high 

degree of TP using a dual medium sand filter (sand and gravel). The introduction of 

coagulation in the configuration considerably improved the removal of TP. Ferric sulphate 

was used as a coagulating agent for the improved removal of phosphorus. Contact filtration 

reported the mean removal of 58.02% in this study. Aguilar et al. (2002) reported the use of 

ferric sulphate as a coagulating agent. The paper reported a very high degree of removal for 

TP when coagulation was coupled with coagulating aids like activated silica, powdered 

activated carbon, polyacrylic acid. With the inclusion of sedimentation in the configuration, 

we don’t see a change in the removal efficiency but the system became more consistent. 

5.3.6 Chemical oxygen demand (COD) 

Figure 4.25 showed that sand filtration was inefficient in removing COD. Illueca-

Munoz et al. (2008) reported that sand filtration was very ineffective in removal of COD. 

This study shows very low removal of 12.69 % for COD. Similar results were reported by 

Koning et al. (2008), with removal of 12.5%. One of the reasons for low removal rate could 

the input concentration of COD. Kauppinen et al. (2014) reported removal of 83 % of COD 

with the input concentration of 320 mg/l. For this study the average COD concentration in the 

WWTP effluent was 39.11 mg/l. Similar correlation can be drawn from Hamoda et al. (2004), 

where the input concentration was 32.6 mg/l and the removal efficiency was 20%. 

The introduction of coagulation improved the performance of the system by 

increasing the mean removal rate and making the system consistent, as seen in figure 4.26. 

Koning et al. (2008) also reported removal of 11.7% using coagulation and filtration. Irfan et 

al. (2013) cited the use of different coagulating agent for the removal of COD. The paper 

reported 75% removal of COD. In this study we observed 28.47% removal of COD. The 

discrepancy in the values could be due to different input concentration of COD and the use of 

coagulating aids. The physio-chemical treatment made the removal of COD more consistent 

as seen in figure 4.27. A mean removal efficiency of 16.31% was observed in the experiment. 

Similar results were also reported by Illueca-Munoz et al. (2008), who reported a removal 

rate of 21.5 %. 
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6. Conclusions 

In order to improve the final quality of biologically treated wastewater, different 

tertiary treatment processes are being implemented. One of the most commonly used 

techniques for production of reclaimed water is disinfection. In order to meet the guidelines 

setup by the EPA for wastewater reuse, disinfection dosages of agents like chlorine, ozone 

and UV irradiation must be considerably high. The increment in dosage will reduce the 

pathogens present in the wastewater but in doing so it will increase human risk associated 

with use of reclaimed water. The increase in dosage will intensify the formation of DBPs like 

trihalomethanes and also increase the financial capital required. 

The coupling of different tertiary treatments with disinfection seems to be the 

solution for this predicament. From the results, we can concluded that the introduction of 

successive treatments have a positive effect on the overall performance of disinfection. The 

inclusion of treatments, like sand filtration, coagulation and sedimentation, has a striking 

effect on the removal of some bacteria. For example, Clostridium perfringens is a spore 

forming bacterium which cannot be effectively removed by chemical disinfection but with 

the addition of these polishing steps, we observe a vast improvement in the removal 

efficiency of the disinfection processes. The improvement produced by these tertiary 

treatment systems must be attributed to their capability in removal of suspended solids and 

organic matter.  The combination of sand filtration, coagulation and sedimentation is very 

effective in the removal of suspended solids which in turn optimizes and improves the 

performance of disinfecting agents like UV irradiation which are very susceptible to the 

presence of suspended solids.  

Like every process, these treatments also have their drawbacks. They are very 

dependent of the characteristics of the treated effluent. If the concentration of the impurities 

is lower than the system can handle, it might lead to unwanted results. The operating 

parameters like filter depth, filtration rate and use of coagulation aids also play a very 

important role in determining the performance of the system. In order to assess the feasibility 

of using physio-chemical treatment before disinfection, all perspectives must be considered. 

The design and the management of these projects must be very site specific, catering to the 

needs of the particular plant in question.  

In short, the introduction of successive post–treatment processes proves to be an 

interesting alternative for improving removal capacity of standalone disinfection processes. 

This study proves that these systems have the potential to meet the guidelines setup by the 

EPA for water reuse but in regards to meeting the drinking water standards proposed by EU, 
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the tested systems still seem to be inadequate. Further studies must be conducted in order to 

arrive to more concrete conclusion. 

7. Recommendations 

7.1  Filter bed depth and filtration rate 

In this study, we used the filter depth of 21.5 cm which proved quite ineffective in 

removal of various substances like ammoniacal nitrogen, COD. The removal of these 

substances improved due to the inclusion of other processes like coagulation and 

sedimentation. Further studies must be conducted with different filter depths to discover the 

appropriate depth for bench scale studies. Literature suggested the filter depth of 100 cm but 

these filters were used in pilot scale studies. Filtration rate was another issue that greatly 

affected the performance of the sand filter. The filtration rate of 2.5-3 m
3
/m

2
hr was used for 

our experiments. In literature, very low filtration rates were used in order to conduct sand 

filtration studies.  For an efficient system a balance must be maintained between the filter 

depth and filtration rate. If a high flow rate is being used than a longer filtration column must 

be used in order to get an efficient system. 

7.2 Use of coagulation aids  

Literature suggests the addition of coagulation aids, like activated silica, powered 

activated carbon and polyacrylamide, could improve the process of coagulation. Hence the 

inclusion of flocculation in the treatment chain could have beneficial effect on the removal of 

phosphorus, turbidity and organics. 

7.3 Runtime of the experiment 

The experiments in this study were conducted for the duration of 60 minutes. The 

time period proved to be inadequate in understanding the removal patterns of various 

substances. A longer runtime would have given a better insight on the effect of different 

tertiary treatments on the removal of substances like ammoniacal nitrogen, nitrate, COD, 

phosphorus. 

 

 

 

 

 

 



~ 53 ~ 
 

8.  References 

 

ČSN 6222 (757821), Water quality - Enumeration of culturable microorganisms - Colony count by 

inoculation in a nutrient agar culture medium. 

 

ČSN 75 7835 (757835), Water quality - Determination of thermo-tolerant coliforms and Escherichia 

coli. 

 

ČSN 75 7837 (757837), Water quality - Determination of coliform bacteria in water. 

 

ISO 6060:1989, Water quality - Determination of the chemical oxygen demand. 

 

ISO 6777:1984, Water quality - Determination of nitrite - Molecular absorption spectrometric 

method. 

 

ISO 6878:2004, Water quality - Determination of phosphorus - Ammonium molybdate spectrometric 

method. 

 

ISO 7027:1999, Water quality - Determination of turbidity 

 

ISO 7890-1:1986, Water quality - Determination of nitrate, Part 1: 2,6-Dimethylphenol spectrometric 

method. 

 

ISO 7899-2 (757831), Water quality - Determination of faecal streptococci, Part 2: Membrane 

filtration method. 

 

Aguilar, M., Saez, J., Llorens, M., Soler, A. and Ortuno, J. (2002) 'Nutrient removal and sludge 

production in the coagulation-flocculation process', Water Research, 36(11), 2910-2919. 

 

Al-Adham, S. S. (1989) Tertiary treatment of Municipal Sewage via slow sand Filtration, 

unpublished thesis King Fadh University of petroleum and minerals. 

 

Andrade, L., Mendes, F., Espindola, J. and Amaral, M. (2014) 'Nanofiltration as tertiary treatment for 

the reuse of dairy wastewater treated by membrane bioreactor', Separation and Purification 

Technology, 126, 21-29. 

 

Arevalo, J., Garralon, G., Plaza, F., Moreno, B., Perez, J. and Gomez, M. (2009) 'Wastewater reuse 

after treatment by tertiary ultrafiltration and a membrane bioreactor (MBR): a comparative study', 

Desalination, 243(1-3), 32-41. 

 

Asano, T., Burton, F. L., Leverenz, H. L., Tsuchihashi, R. and Tchobanoglous, G. (2007) Water 

reuse: Issues, Technologies and Applications, Metcalf and Eddy. 

 

Ayoub, G. M., Hamzeh, A. and Semerjian, L. (2011) 'Post treatment of tannery wastewater using 

lime/bittern coagulation and activated carbon adsorption', Desalination, 273, 359-365. 

 

Bandy (2009), J. C. (2009) ‘Innovative treatment technologies for reclaimed water’, unpublished 

thesis Duke University. 

 



~ 54 ~ 
 

Ben Amar, N., Kechaou, N., Palmeri, J., Deratani, A. and Sghaier, A. (2009) 'Comparison of tertiary 

treatment by nanofiltration and reverse osmosis for water reuse in denim textile industry', Journal of 

Hazardous Materials, 170(1), 111-117. 

 

Boelee, N., Temmink, H., Janssen, M., Buisman, C. and Wijffels, R. (2011) 'Nitrogen and phosphorus 

removal from municipal wastewater effluent using microalgal biofilms', Water Research, 45(18), 

5925-5933. 

 

Chen, C., Zhang, R., Wang, L., Wu, W. and Chen, Y. (2013) 'Removal of nitrogen from wastewater 

with perennial ryegrass/artificial aquatic mats biofilm combined system', Journal of Environmental 

Sciences-China, 25(4), 670-676. 

 

Eaton, A. D., Clesceri, L. S., Greenberg, A. E., and Franson, M. A. H. (1998) 'Standard methods for 

the examination of water and wastewater' Washington, DC, American Public Health Association. 

 

Gomez, M., Plaza, F., Garralon, G., Perez, J. and Gomez, M. A. (2007 ) 'A comparative study of 

tertiary wastewater treatement by physio-chemical- UV process and macrofiltration-ultrafiltration 

technologies', Desalination, 202, 369-376. 

 

Goodman, N., Taylor, R., Xie, Z., Gozukara, Y. and Clements, A. (2013) 'A feasibility study of 

municipal wastewater desalination using electrodialysis reversal to provide recycled water for 

horticultural irrigation', Desalination, 317, 77-83. 

 

Hamoda, M., Al-Ghusain, I. and Al-Mutairi, N. (2004) 'Sand filtration of wastewater for tertiary 

treatment and water reuse', Desalination, 164(3), 203-211. 

 

Illueca-Munoz, J., Mendoza-Roca, J., Iborra-Clar, A., Bes-Pia, A., Fajardo-Montanana, V., Martinez-

Francisco, F. and Bernacer-Bonora, I. (2008) 'Study of different alternatives of tertiary treatments for 

wastewater reclamation to optimize the water quality for irrigation reuse', Desalination, 222(1-3), 

222-229. 

 

Irfan, M., Butt, T., Imtiaz, N., Abbas, N., Khan, A. R. and Shafique, A. (2013) 'The removal of COD, 

TSS and colour of black liquor by coagulation-flocculation process at optimized pH, settling and 

dosing rate', Arabian Journal of Chemistry,http://dx.doi.org/10.1016/j.arabjc.2013.08.007. 

 

Jimenez, B. and Asano, T. (2008) 'Water Reuse An International Survey of current practice, issues 

and needs' in Jimenez, B. and Asano, T., eds., Water Reuse: an International Survey of Current 

Practice, Issues and Needs, London: Iwa Publishing, XIII-XVI. 

 

Johir, M., George, J., Vigneswaran, S., Kandasamy, J. and Grasmick, A. (2011) 'Removal and 

recovery of nutrients by ion exchange from high rate membrane bio-reactor (MBR) effluent', 

Desalination, 275(1-3), 197-202. 

 

Jung, Y., Koh, H., Shin, W. and Sung, N. (2006) 'A novel approach to an advanced tertiary 

wastewater treatment: Combination of a membrane bioreactor and an oyster-zeolite column', 

Desalination, 190(1-3), 243-255. 

 

Kauppinen, A., Martikainen, K., Matikka, V., Veijalainen, A., Pitkanen, T., Heinonen-Tanski, H. and 

Miettinen, I. (2014) 'Sand filters for removal of microbes and nutrients from wastewater during a one-

year pilot study in a cold temperate climate', Journal of Environmental Management, 133, 206-213. 



~ 55 ~ 
 

 

Kent, F., Citulski, J. and Farahbakhsh, K. (2011) 'Water reclamation using membranes: Permeate 

water quality comparison of MBR and tertiary membrane filtration', Desalination, 274(1-3), 237-245. 

 

Khan, A., Gaur, R., Tyagi, V., Khursheed, A., Lew, B., Mehrotra, I. and Kazmi, A. (2011) 

'Sustainable options of post treatment of UASB effluent treating sewage: A review', Resources 

Conservation and Recycling, 55(12), 1232-1251. 

 

Koning, J., Bixio, D., Karabelas, A., Salgot, M. and Schafer, A. (2008) 'Characterisation and 

assessment of water treatment technologies for reuse', Desalination, 218(1-3), 92-104. 

 

Liberti, L., Notarnicola, M. and Petruzzelli, D. (2002) ‘Advanced treatment for municipal wastewater 

resue in agriculture. UV disinfection: parasite removal and by-product formation', Desalination, 152, 

315-324. 

 

Liu, M., Lu, Z., Chen, Z., Yu, S. and Gao, C. (2011) 'Comparison of reverse osmosis and 

nanofiltration membranes in the treatment of biologically treated textile effluent for water reuse', 

Desalination, 281, 372-378. 

 

Lopez-Ramirez, J. A., Oviedo, M. D. C. and Alonso, J. M. Q. (2006) 'Comparative studies of reverse 

osmosis membranes for wastewater reclamation', Desalination, 191, 137-147. 

 

Lucas, M., Peres, J., Amor, C., Prieto-Rodriguez, L., Maldonado, M. and Malato, S. (2012) 'Tertiary 

treatment of pulp mill wastewater by solar photo-Fenton', Journal of Hazardous Materials, 225, 173-

181. 

 

Macauley, J., Qiang, Z., Adams, C., Surampalli, R. and Mormile, M. (2006) 'Disinfection of swine 

wastewater using chlorine, ultraviolet light and ozone', Water Research, 40(10), 2017-2026. 

 

Mahmoud, M., Tawfik, A. and Ei-Gohary, F. (2011) 'Use of down-flow hanging sponge (DHS) 

reactor as a promising post-treatment system for municipal wastewater', Chemical Engineering 

Journal, 168(2), 535-543. 

 

Matamoros, V. and Salvado, V. (2013) 'Evaluation of a coagulation/flocculation-lamellar clarifier and 

filtration-UV-chlorination reactor for removing emerging contaminants at full-scale wastewater 

treatment plants in Spain', Journal of Environmental Management, 117, 96-102. 

Meneses, M., Pasqualino, J. and Castells, F. (2010) 'Environmental assessment of urban wastewater 

reuse: Treatment alternatives and applications', Chemosphere, 81(2), 266-272. 

 

Miralles-Cuevas, S., Arques, A., Maldonado, M., Sanchez-Perez, J. and Rodriguez, S. (2013) 

'Combined nanofiltration and photo-Fenton treatment of water containing micropollutants', Chemical 

Engineering Journal, 224, 89-95. 

 

Mohan, D., Singh, K. and Singh, V. (2008) 'Wastewater treatment using low cost activated carbons 

derived from agricultural byproducts - A case study', Journal of Hazardous Materials, 152(3), 1045-

1053. 

 



~ 56 ~ 
 

Norton-Brandao, D., Scherrenberg, S. and van Lier, J. (2013) 'Reclamation of used urban waters for 

irrigation purposes - A review of treatment technologies', Journal of Environmental Management, 

122, 85-98. 

 

Petala, M., Tsiridis, V., Samaras, P., Zouboulis, A. and Sakellaropoulos, G. (2006) 'Wastewater 

reclamation by advanced treatment of secondary effluents', Desalination, 195(1-3), 109-118. 

 

Rai, U., Muthukrishnan, M. and Guha, B. (2008) 'Tertiary treatment of distillery wastewater by 

nanofiltration', Desalination, 230(1-3), 70-78. 

 

Rodrigues, M., Amado, F., Xavier, J., Streit, K., Bernardes, A. and Ferreira, J. (2008) 'Application of 

photoelectrochemical-electrodialysis treatment for the recovery and reuse of water from tannery 

effluents', Journal of Cleaner Production, 16(5), 605-611. 

 

Tassoula, E., Diamadopoulos, E. and Vlachos, C. (2007) 'Tertiary physio-chemical treatment of 

secondary effluent from the Chania municipal Wastewater Treatment Plant', Global Nest Journal, 

9(2), 166-173. 

 

Tchobanoglous, G., Darby, J., Bourgeous, K., McArdle, J., Genest, P. and Tylla, M. (1998) 

'Ultrafiltration as an advanced tertiary treatment process for municipal wastewater', Desalination, 

119(1-3), 315-321. 

 

Tyagi, V., Khan, A., Kazmi, A., Mehrotra, I. and Chopra, A. (2009) 'Slow sand filtration of UASB 

reactor effluent: A promising post treatment technique', Desalination, 249(2), 571-576. 

 

Union, C. o. E. (1998) 'COUNCIL DIRECTIVE 98/83/EC', 33, 33-54. 

 

Ustun, G., Solmaz, S., Ciner, F. and Baskaya, H. (2011) 'Tertiary treatment of a secondary effluent by 

the coupling of coagulation-flocculation-disinfection for irrigation reuse', Desalination, 277(1-3), 

207-212. 

 

Winward, G., Avery, L., Stephenson, T. and Jefferson, B. (2008) 'Chlorine disinfection of grey water 

for reuse: Effect of organics and particles', Water Research, 42(1-2), 483-491. 

 

Zhang, E., Wang, B., Wang, Q., Zhang, S. and Zhao, B. (2008) 'Ammonia-nitrogen and 

orthophosphate removal by immobilized Scenedesmus sp isolated from municipal wastewater for 

potential use in tertiary treatment', Bioresource Technology, 99(9), 3787-3793. 

 

Zhang, R., Vigneswaran, S., Ngo, H. and Nguyen, H. (2007) 'A submerged membrane hybrid system 

coupled with magnetic ion exchange (MIEX (R)) and flocculation in wastewater treatment', 

Desalination, 216(1-3), 325-333. 

 

Zhang, X., Zhu, F., Chen, L., Zhao, Q. and Tao, G. (2013) 'Removal of ammonia nitrogen from 

wastewater using an aerobic cathode microbial fuel cell', Bioresource Technology, 146, 161-168. 


