
International Journal of Bioprocess & 
Biotechnological Advancements 

IJBBA, 7(5): 426-452 
www.scitcentral.com ISSN: 2380-0259

Original Research Article 

SciTech Central Inc. 
Int J Biopro Biotechnol Advance (IJBBA) 426 

Overview of Physical and Chemical Greywater Treatment Technologies for 
Effective Recycling 

A E Ghaly*, R H Emam, E N Abdelrahman, M S El Sayed, H R Abdellatif, M M Ibrahim, E A Mostafa, M 
A Kassem and M H Hatem 

*Agricultural Engineering Department, Faculty of Agriculture, Cairo University, Giza, Egypt. 

Received October 18, 2021; Revised November 06, 2021; Accepted November 09, 2021

ABSTRACT 
It is predicted that about one third of the world population will face water shortage by 2025 which may cause a reduction in 
agricultural land and increased dissertation resulting in food shortage that leads to poverty, faming, and even wars. Thus, 
treating and reusing greywater can minimize the severity of this water shortage problem. Greywater is a wastewater 
originating from kitchen sinks, showers, baths, washing machines and dishwashers and accounts for 50-80% of the total 
wastewater produced in an average residence. The average production of greywater by a person is in the range of 30-225 
L/day. Greywater is easy to treat and reuse safely for toilet flushing, landscape, crop irrigation. In our previous work, we 
examined the available biological treatment technologies for greywater treatment. In this study, we examined the available 
physical and chemical greywater treatment technologies. Physical treatment of greywater refers to separation of contaminants 
from the water by physical means such as sedimentation and filtration. Sedimentation is the process of allowing particles 
suspended in water to settle out under the effect of gravity forming sludge. Greywaters contain very low concentration of 
suspended solids and, therefore, sedimentation was not considered in this study. Filtration is a process of removing 
particulate matter from water by forcing the wastewater through a porous media that can be natural (sand, gravel and clay) or 
synthetic membranes made of cellulose acetate, cellulose nitrate, polyamide, polycarbonate, polypropylene, and 
polytetrafluoroethylene. The size of contaminants that can be removed from the water depends upon the size of the 
membrane pores. Based on pore size, membrane filtration processes for water and wastewater are divided into four classes: 
microfiltration, ultrafiltration, nanofiltration and reverse osmosis. There are several electrochemical treatment systems that 
have been used for treatment of greywaters for pollution load reduction and water reuse. The most used systems are chemical 
coagulation-flocculation, electrochemical coagulation, electrooxidation and photooxidation. In addition, adsorption is also 
used to treat greywater. This process creates a film of the adsorbate (Pollutants) on the surface of the adsorbent. However, 
when selecting a physical or a chemical treatment process, the characteristics of greywater must be taken into consideration. 
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INTRODUCTION 

It is anticipated that about one third of the world population 
will face water shortage by 2025 [1]. This may cause a 
reduction in agricultural land and increased dissertation 
resulting in food shortage that leads to poverty, faming, 
illegal migration and even wars [2]. Thus, treating and 
reusing greywater can minimize the severity of this water 
shortage problems. Greywater is a wastewater discharge 
originating from kitchen sinks, showers, baths, washing 
machines and dishwashers [3-7] and accounts for 50-80% of 
the total wastewater produced in an average residence [8]. 
Greywater generation rates vary depending on the number of 
occupants, demographic, and personal habits [9,10]. 
Reported greywater values for different countries around the 
world are in the range of 30-225 L/p/d [1,7,11-21]. 

Grey water contains fewer pathogens than domestic 
wastewater and is generally easier to treat and reuse safely 
for toilet flushing, landscape, crop irrigation and other non-
potable uses [9,22-26,27]. In our previous work [2], we 
examined the available biological treatment technologies for 
greywater treatment. In this study, the available physical and  
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chemical greywater treatment technologies were reviewed. 
However, when selecting a physical or a chemical treatment 
process for greywater, the characteristics of greywater must 
be taken into consideration. These include pH, electric 
conductivity, oil and grease, surfactants, suspended solids, 

BOD, COD, nutrients, and microbes. Some characteristics of 
greywater reported in different studies are shown in Table 1 
[28-34]. Microbial contaminants reported in various 
greywater studies are shown in Table 2 [12,35-48]. 

Table 1. Some characteristics of greywater reported in different studies. 

Parameter 
Scheumann 

et al. [28] 

Jefferson 

et al. [29] 

Nolde 

[30] 

Friedler et 

al. [31] 

Burnat and 

Mahmoud 

[32] 

Gross et al. 

[33] 

Dallas et al. 

[34] 

Temperature (oC) 18-30

pH 6.3-7.1 6.7-8.4 6.3-7.0 

Turbidity (NTU) 85 619 32 29 

Conductivity (µS/cm) 664-1046 1585 1040-2720 400 

Oil and Grease 

(Mg/L) 
7 

BOD (mg/L) 37-69 59-149 50-100 95 590 280-690 167 

COD (mg/L) 101-143 92-322 100-200 270 1270 700-980

BOD/COD 0.36-0.48 0.46-0.64 0.50- 0.35 0.46 0.4-0.70 

TSS (mg/L) 1389 1396 85-286

TDS (mg/L) 573 102 

TN (mg/L) 11-22 9.6 5-10 25-45

TKN (mg/L) 9.5-14.3 0-8 11 0.1-0.5 

NH4-N (mg/L) 4.1-9.1 2.7 3.8 17-27

NO3-N (mg/L) 0-1.8 0.24 

TP (mg/L) 0.45-1.5 0-7 0.2-0.6 

PO4-P (mg/L) 0.6-1.4 4.4 16 

BOD/NH4-N/PO4-P 
1/.06/.001-

1/.13/.02 
1/.006/.007 

Mg (mg/L) 0.11 

Ca (Mg/L) 0.13 

Na (mg/L) 32-35

Cl (mg/L) 53 

FC(CFU) (1.2-3.6)103 1-10 3.1x104 5x105 1.5-1.6x104 
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Table 2. Microbial contaminants in reported in various greywater studies. 

Microorganism Concentration (counts/100 mL) References 

Total coliforms From 1.2 × 103 To 8.2 × 108 
Alsulaili et al. [35], Dwumfour-Asare et al. [36], Mandal 

et al. [37], Masi et al. [38] Oteng-Peprah et al. [39]. 

E. coli Up to 6.5 × 106 

Masi et al. [38], Oteng-Peprah et al. [39], Atanasova et al. 

[40], Friedler et al. [41], Khalaphallah and Andres et al. 

[42], Kim et al. [43], Paulo et al. [44]. 

Fecal coliforms Up to 1.0 × 106 Halalsheh et al. [12], Mandal et al. [37]. 

Pseudomonas aeruginosa Up to 1.4 × 104 Benami et al. [45], Khalaphallah and Andres [42]. 

Staphylococcus aureus From 1.2 × 102 To 1.8 × 103 
Kim et al. [43], Benami et al. [45], Maimon et al. [46], 

Shoults and Ashbolt [47]. 

Salmonella typhi Up to 5.4 × 103 Kim et al. [43]. 

Salmonella spp. Up to 3.1 × 103 Oteng-Peprah et al. [39]. 

Legionella pneumophila Blanky et al. [48] 

The reported pH values of greywater are in the range of 6.3-
8.4 depending on the source of greywater and the level of oil 
and grease present [4,12,21]. The electrical conductivity of 
greywater is an indicative of salt (sodium, nitrates, 
phosphates, calcium, magnesium, chlorine and boron present 
in detergents and washing powders) concentration and is 
typically in the range of 300-1500 µS/cm [32]. The source of 
oil and grease in greywater are cooking grease and vegetable 
oil. Typical concentrations of oil and grease are in the ranges 
of 37-78 mg/L and 8-35 mg/L for bathroom and laundry 
sources, respectively [29]. Higher values (230-2000 mg/L)} 
were also reported [10]. The most common surfactants used 
in washing machines and dishwashers’ detergents and in 
personal cleansing products are linear alkylbenzene 
sulfonate, alcohol ether sulphate and alcohol ethoxylate 
[31,32]. The reported concentrations of surfactants in 
greywater are in the range of 17-60 mg/L [33]. Suspended 
solids concentrations of 1389-1396 mg/L were reported 
[30,32]. Greywater also contains BOD, COD and nutrients 
(phosphorous, sulfate, ammonium, sodium, and chloride). 
The ratio of BOD5: COD in greywater vary between 0.25 
and 0.44 [3,29,36] and the average ratio of COD:NH4-
N:PO4--P is 100:5:1 [14]. Typical values of nitrogen and 
phosphorus in greywater are within a range of 5-50 mg/L 
and 4-14 mg/L, respectively [4,15,37]. Greywater contains 
microbial contaminants that come from washing the anal 
area in the bath and shower [31-47]. 

PHYSICAL TREATMENT METHODS 

Physical treatments of greywater refer to the separation of 
contaminants from the water by physical means such as 
sedimentation and filtration. Sedimentation is the process of 
allowing suspended particles to settle out under the effect of 

gravity forming sediment or sludge [8]. Since greywaters 
contain very low concentration of suspended solids, 
sedimentation will not be considered in this study. Filtration 
is a process of removing particulate matter from water by 
forcing the wastewater through a porous media that can be 
natural (sand, gravel and clay) or synthetic (membranes 
made of cellulose acetate, cellulose nitrate, polyamide, 
polycarbonate, polypropylene, and polytetrafluoroethylene) 
[49]. 

Membrane filtration is used for removal of microorganisms, 
particulate matter\s and organic materials which can impart 
color, taste and odor and react with disinfectants to form 
disinfection by-products [50]. The size of materials that can 
be removed from the water depends upon the size of the 
membrane pores. Based on pore size, membrane filtration 
processes for water and wastewater are divided into four 
classes: microfiltration, ultrafiltration, nanofiltration and 
reverse osmosis [51]. Figure 1 shows the behavior of 
membrane filtration in wastewater [52]. Treating and 
recycling greywater with granular and membrane filtration 
processes are technically and economically promising 
techniques for recycling greywater [53-54]. 

Granular Filtration 

Granular filtration is a process where water or wastewater 
flows through granular material while suspended solids 
(sand, clay, organic particles and iron and aluminum flocs) 
and pathogenic microorganisms (bacteria, algae and 
protozoa) are removed. The granular media are made of 
sand, fine and course gravels, pebbles, synthetic polymers, 
diatomaceous earth, coal, sponge, charcoal, and cotton. 
Figures 2 and 3 show 2 types of granular filters made from 
sand and gravels [55,56]. 
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Figure 1. Membrane filtration behavior in wastewater [52]. 

Figure 2. Granular filter made up of fine sand, fine gravel 
and coarse gravel [55]. 

Figure 3. Rapid sand filter made of sand and gravel [56]. 

Granular filters are used in combination with sedimentation 
and chemical treatments. Removal efficiencies of granular 
filters are within the range of 90-99%. Pathogen reductions 
are typically >99% with pre-treatment (typically chemical 
coagulation) whereas with no pretreatment, 90-99% 
reductions of larger pathogens (helminth ova and larger 

protozoans) can be achieved and <90% reductions of viruses 
and free bacteria are achieved [57]. 

Sand filters are one of the oldest unit operations used in the 
treatment of potable water and is the most used method for 
the purification of effluents from wastewater treatment 
processes. Typical sand filter consists of predetermined 
column of sand and course materials. Influent is introduced 
to the top of the column, passes through the medium and is 
collected at the bottom of the column. Sand filters are 
typically classified in terms of their feed operation as semi 
continuous or continuous. Semi continuous filters can be 
taken offline periodically for cleaning, while continuous 
filter can be backwashed [58]. 

Conventional sand filters are classified as shallow bed, 
vertical downward flow columns of sand and/or anthracite. 
Since water is added to the top of these filter bed, sand filters 
are greatly affected by wastewater chemical and hydraulic 
loading rates over time. As water/wastewater containing 
contaminants pass through the media, crevices in the media 
begin to fill with particles and bioaccumulation occur 
(Figure 4). The accumulation of contaminants lowers the 
porosity of the media and over time can cause ponding on 
the filter bed. To ensure that granular filter beds run 
smoothly and maintain efficiency, filters must be regularly 
backwashed to loosen and remove the biofilm from the 
cavities in the media [59]. 

Figure 4. Media surface clogging due to biomass 
accumulation [59]. 

To backwash the sand filter, freshwater is pumped in the 
opposite flow of influent into the filter until the filter bed has 
reached full fluidization. After the filter water appears clear, 
the backwash cycle is discontinued, and the filter media 
begins to resettle. Then, the filter must go through a ripening 
period during which the filer media is allowed to settle and 
reform to its previous state [60]. However, the ripening 
period is influenced by many factors including porosity of 
filter media, depth of filter and wastewater contaminants 
loading rate [61]. 

Droste [62] reported that once the turbidity of effluent water 
from sand filter is below 0.2 NTU, the filter is considered 
online and can effectively retreat water or wastewater. 
However, once the turbidity of the effluent reaches 0.2 NTU, 
the filter should be taken offline, and backwashing 
commences. While most treatment operations judge sand 
filter run time based on effluent turbidity, some utilities use 
filter head loss as a need for backwash indicator. However, 
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increased head loss can impact operation cycles and flooding 
of the system can occur. 

Guala et al. [60] conducted study to determine if greywater 
can be reused for flushing hotel toilets after treatment in 
sand filter. The treatment system included additional steps of 
osmosis rejection and pre-chlorination before entering the 
sand filter. Based on the results shown in Table 3, they 
concluded sand filters can remove greywater constituents 
that contribute to turbidity, COD and total suspended solids. 

Table 3. Greywater treated using sand media filtration [60]. 

Parameters 
Raw 

Greywater 

Treated 

Greywater 

Range in 

Literature 

pH 6.8 6.8 6.4-8.1 

SS (mg/L) 32.2 27.3 45.6-120 

Turbidity 

(NTU) 
38.8 32.0 24.3-240 

TOC (mg /L) 41.0 32.8 40-100

COD (mg /L) 72.7 54.6 100-400 

Total-N 

(mg/L) 
4.1 4.1 5-20

Conductivity( 

S/cm) 
921 1008 1200 

UFC/100 ml) 106 - 500-2.4 x107 

Droste [62] reported that typical sand filters can remove 
particles as small as 0.5 micrometer and harmful pathogens 
such as Cryptosporidium and Giardia Cysts. However, since 
the porosity of sand filters is limited to 0.5 micrometer many 
sand filters cannot remove viruses and metal ions. 

Spychala et al. [63] assessed greywater volatile solid 
removal efficiency of a sand filter. They used 9 PVC 
cylinders as filter columns with medium sand as a filtering 
material. Samples of the sand were collected after 6, 14 and 
21 d to determine deposits of volatile solids. The vertical 
distribution of specific deposit in the sand filters was typical 
for gravitationally operated sand filters and maximum 
specific deposit was achieved for a cumulative hydraulic 
load of 363.6 m. Volatile solids removal efficiency of 51-
60% was achieved at relatively low cumulative hydraulic 
load. The average removal efficiency of COD was 26.8%. 

Albalawneh et al. [64] evaluated the efficiency of a granular 
filtration system for greywater treatment under arid and 
semi-arid conditions. Six filtration systems were monitored 
for 13 months, each served a single rural home greywater 
treatment system. Volcanic tuff media were used as the 
filtration media in 3 systems while gravels were used as the 

filtration media the other three. When using gravel media, 
the BOD, COD and TSS removal efficiencies were 73%, 
65%, and 85%, respectively. When using volcanic tuff 
media, the removal efficiencies for BOD, COD and TSS 
were 49%, 51%, and 76%, respectively. In addition, there 
was a significant increase in the electrical conductivity, pH, 
K+, Mg2+, Cl−, Na+, SO42−, HCO3−, sodium adsorption 
ratio, and exchangeable sodium percentage in the effluents 
from the volcanic tuff media systems. 

Abdel-Shafy et al. [65] evaluated different designs of sand 
filter as a secondary treatment step in the treatment of the 
greywater primary sedimentation effluent. Gravel filter 
down flow (GFDF), gravel filter up flow (GFUF), sand filter 
down flow (SFDF), gravel filter followed by sand filter 
(GFSF), and horizontal flow sand filter (HFSF) were 
evaluated. GFDF, GFUF, and SFDF were operated with an 
influent flow rate of 173 m3/m2/d, while GFSF and HFSF 
were operated at influent flow rate of 86.5 m3/m2/d. The 
quality of final effluent from the GFSF and HFSF complied 
with the National Regulatory Standards for Treated Effluent 
Reuse in Irrigation. The residual concentrations of COD, 
BOD5, and TSS were 43, 16, and 7.5 mg/L for GFSF and 40, 
17, and 9 mg/L for HFSF, respectively. 

Jaramillo et al. [66] stated that the use of activated carbon 
filter has been proven to be effective in reducing heavy 
metals and hydrophobic organic compounds but ineffective 
in removal of soluble components such as dissolved organic 
compounds. They indicated that removal of heavy metals 
using activated carbon depended on: (a) properties of the 
activated carbon, (b) amount of surface oxygen complexes, 
(c) properties of metal species as solubility, ion size and
ability to interact with carbon, (d) the solution pH, (e) ionic 
strength and (f) presence of other solutes that could compete 
with absorption sites of the activated carbon. 

Microfiltration 

Microfiltration is a low pressure (100-400 kPa) physical 
separation process where a contaminated fluid is passed 
through a special membrane with a porosity between 0.1 to 
10 μm. to separate microorganisms (Giardia lamblia and 
Crypotosporidium cysts, algae, and some bacterial species) 
and suspended particles from the liquid stream, but it does 
not remove virus and dissolved contaminants. 
Microfiltration filters are made from organic materials 
(polymer-based membranes) and inorganic materials 
(ceramic or stainless steel). Microfiltration has been used in 
water treatment, industrial and municipal wastewater 
treatment and in the dairy and food processing industry [67]. 
The advantages of microfiltration are limiting the 
concentrations and number of chemicals that are applied 
during water treatment and removal of natural and synthetic 
organic matter that cause fouling [51]. 

Microfiltration can be used alone as shown in Figure 5 
[67,68] or in combination with biological process 
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(membrane bioreactor) as shown in Figure 6 [69,70]. In the 
case of membrane bioreactor, the membranes are either 
submerged directly in the bioreactor or kept outside the 
bioreactor. The membrane bioreactors are economically 
attractive, compact, trouble-free operations and have options 
for water reuse with fast delivery time [71]. 

(a). Crossflow microfiltration [67]. 

(b) Tubular microfiltration [68].

Figure 5. Microfiltration.

(a). Submerged membrane bioreactor [69]. 

(b). Membrane bioreactor with outside membrane [70]. 

Figure 6. Membrane bioreactor. 

Bhattacharya et al. [72] investigated the performance of a 
low-cost ceramic membrane for treatment of graywater with 
high concentration of organics. They evaluated the 
efficiencies of microfiltration (MF) and ultrafiltration (UF) 
processes individually and as a two-stage treatment (MF 
followed by UF). About 73-90% COD reduction was 
achieved by UF in single-stage after 30 min of filtration with 
operating pressure of 2 bar, whereas a COD reduction of 84-
94% was achieved by the two-stage treatment. 

Kim et al. [43] treated graywater through a microfiltration 
membrane and an oxidation process, and evaluated the 
removal efficiencies of color, turbidity, COD, suspended 
solids, E. coli, total coliform, Salmonella and 
Staphylococcus. The pH of the treated graywater was in the 
range of 7-7.7. The removal efficiency of the microfiltration 
was 98% for color, 99% for turbidity, 99% for COD, 99% 
for suspended solids and 30% for E. coli, total coliform, 
Salmonella and Staphylococcus. Following the membrane 
filtration process, the removal efficiency of the oxidation 
process was 100% for color, 99% for turbidity, 99% for 
COD, 99% for suspended solids and 100% for E. coli, total 
coliform, Salmonella and Staphylococcus. The treated 
graywater was reused for firefighting, watering plants, 
flushing toilets and car washing. 

de Oliveiraa et al. [73] investigated the use of a dual 
membrane process for greywater treatment (microfiltration 
membrane followed by a reverse osmosis process). The 
microfiltration pretreatment tolerated unfavorable variations 
in greywater and presented high removal efficiencies of 
apparent color, turbidity, and suspended particles thereby 
allowing the reverse osmosis membrane system to operate at 
a higher permeate flux and lower frequency of chemical 
cleaning. The system achieved 90% removals of turbidity, 
apparent color, total suspended solids, linear alkylbenzene 
sulfonate, and organic matter. 

Manoucheri and Kargari [74] treated domestic laundry 
wastewater through a cross membrane filtration process 
using a mixed cellulose ester (MCE) microfiltration 
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membrane with 0.22 μm pore size. The effect of trans-
membrane pressure and feed flow rate on permeate flux, 
rejection characteristics, membrane fouling and the formed 
resistances against permeation that caused flux decline 
(including membrane, cake layer, reversible and irreversible 
resistances) were studied. The results indicated that changes 
in trans-membrane pressure and feed flow rate affected the 
permeate flux and membrane rejection performance. The 
overall resistance increased with an increase in trans-
membrane pressure and decreased with an increase in feed 
flow rate. The highest removal efficiency (93.9, 90.8 and 
98.7% for BOD, COD, TSS and turbidity, respectively) was 
obtained at a trans-membrane pressure of 1 bar and feed 
flow rate of 44 L/h. 

Ahn and Song [75] evaluated the applicability of 
microfiltration in treating domestic wastewater for reuse. 
They used a hollow fiber microfiltration membrane with a 
pore size of 0.1 μm and effective surface area was 20 m2. 
The maximum capacity of the system was 10 m3/d and the 
system could be operated for 120 days without cleaning. The 
bi-directional agitation in the membrane tank significantly 
reduced fouling. Chemical cleaning was effective in the 
recovery of permeate flux and resistance. However, fouling 
slowly progressed despite chemical cleaning. The particles 
in the membrane tank were transformed into smaller size by 
the agitator induced shear force. About 60% of dissolved 
TOC removal was attributed to biodegradation, indicating its 
important role. Suspended solids and colloidal matter were 
removed by the sieve mechanism of the membrane. The 
effluent had lower than 30 mg/L of COD, 10 mg/L of BOD, 
10 mg/L of TOC, 1 NTU of turbidity and 2 mg/L of SS, 
respectively. The effluent quality satisfied the standard for 
wastewater reuse. 

Ultrafiltration 

Ultrafiltration is a pressure-driven physical separation 
process in which a hydrostatic pressure forces a liquid 
against a semi permeable membrane to produce water with 
very high purity. An ultrafiltration membrane has a pore size 

of about 0.01-0.02 μm which can remove large particles, 
most microorganisms (bacteria, protozoa, algae and virus) 
and some natural minerals (divalent ions), but cannot 
remove dissolved substances. Most ultrafiltration 
membranes use polymeric materials (polysulfone, 
polypropylene, polyvinylidene fluoride, polyacrylonitrile, 
cellulose acetate, polylactic acid), but ceramic membranes 
are used for high temperature applications [49,76]. 

Ultrafiltration is frequently used to pre-treat surface water, 
seawater, carwash wastewater and biologically treated 
municipal water upstream. Figure 7 shows flat and tubular 
ultrafiltration units [77,78]. The primary advantages of 
ultrafiltration process include no need for chemicals 
(coagulants, flocculants, disinfectants, pH adjustment), 
constant quality of the treated water (Removal of particles 
and microbes), compactness of process and simplicity of 
automation [79,80]. However, fouling can cause difficulties 
in using ultrafiltration membrane technology for water and 
wastewater treatment [51-54]. 

(a) Flat sheet ultrafiltration [79].

(b) Cross flow tubular ultrafiltration [78].

Figure 7. Ultrafiltration devices. 

Bhattacharya et al. [72] evaluated the efficiency of 
ultrafiltration (UF) process individually and with 
microfiltration (MF). Reduction in COD in the permeate 
stream and permeate flux were observed. About 73-90% 
COD reduction was achieved in the single-stage UF at 30 
min of filtration with operating pressure of 2 bar. The 
combined two stage MF-UF treatment achieved 84-94% 
COD reduction and the permeate quality complied with the 
discharge standards for agricultural reuse of treated water. 

Li et al. [80] evaluated a decentralized greywater treatment 
system that used a submerged spiral-wound ultrafiltration 
(UF) membrane module. The UF membrane filtration 
system was able to maintain a permeate flux between 6 and 
10 L/m2/h. The TOC was reduced from 161 to 28.6 mg/L 
(83.4% removal efficiency). The soluble nutrients (ammonia 

and phosphorus) passed through the UF membrane and the 
total nitrogen and total phosphorus in the permeate were 
16.7 and 6.7 mg/L respectively. The permeate was free of 
suspended solids, had a turbidity below 1 NTU, and can be 
used after disinfection for irrigation of gardens and 
agricultural lands or for toilet flushing. 

Kaminska and Marszalek [81] treated greywater in a 3L 
sequential biological reactor (SBR) operated in a 24 h cycle 
followed by a crossflow ultrafiltration system. The addition 
of ultrafiltration provided high-quality water with very low 
COD (5.8-18.1 mg/L), TOC (0.47-2.19 mg/L), absorbance 
UV254 (0.015-0.048 1/cm), color (10-29 mgPt/L), nitrate 
(0.18-0.56 mg/L), phosphate (0.9-2.1 mg/L), ammonium 
(0.03-0.11 mg/L), and total nitrogen (3.3-4.7 mg/L) as well 
as lack of E. coli and enterococci. The values of these 
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quality parameters did not exceed permissible values for 
treated wastewater discharged to agricultural soil and water 
bodies. 

Schafer et al. [82] investigated the performance of 
submerged and direct ultrafiltration (UF) of synthetic 
greywater with regards to bisphenol A (BPA)) and fouling. 
The synthetic greywater consisted of inorganic particulates 
(kaolin), organic fibers (cellulose), protein (casein), the 
surfactant sodium dodecyl sulphate (SDS), humic acid (HA), 
calcium, sodium chloride electrolyte and sodium bicarbonate 
buffer. The results indicated that UF removed 30-45% of 
BPA. Humic acid and calcium were the main contributors to 
fouling and affected BPA retention. Fouling increased with 
the increase in HA concentration. 

Sumish et al. [83] investigated the treatment of laundry 
wastewater using hydrophilic polyvinylpyrollidone (PVP) 
modified polyethersulfone (PES) ultrafiltration membranes. 
The performances of PES/PVP membranes were assessed 
using commercial PES ultrafiltration membrane with 10 
kDa. The influence of transmembrane pressure (TMP) and 
stirring speed on the wastewater flux were assessed. A 
higher permeate flux of 55.2 L/m2h was obtained for PES 
membrane with high concentration of PVP at TMP of 500 
kPa and stirring speed of 750 rpm. The PES membrane with 
10% of PVP had higher permeate flux, faster flux recovery 
and less fouling when compared with other membranes. 
Higher COD (88%) and TDS (82%) were observed for 
modified membranes due to the improved surface property. 

Lodge et al. [84] described the fouling of a bench-scale, 
hollow-fiber, pressurized ultrafiltration (UF) membrane in 
terms of simple cake resistance theory. The fouling 
properties of biologically pretreated greywater matrix were 
compared with reference to measured values of specific cake 
resistance and cake compressibility. The results obtained 
from constant pressure runs (between 125 mbar and 1 bar), 
constant flux runs (between 30 and 90 L/m2/h, and constant 
flux runs with periodic backwashes were compared. Specific 
cake resistance values were between 1015.5 and 1016.5 m/kg 
throughout. It was not possible to distinguish between the 
values of specific cake resistance for the two matrices 
which, suggests that the bulk properties of the two cakes 
were similar. The cakes were highly compressible, and the 
specific cake resistance increased by an order of magnitude 
as the pressure was increased from 125 mbar to 1 bar. The 
calculated compressibility factor was 0.65 for both matrices. 
Specific cake resistance calculated over short periods 
between backwashes was found to increase much more 
rapidly with pressure than for non-backwashed runs. 

Vani et al. [85] reported on the indigenously synthesized 
titanium dioxide (TiO2) NPs and their amalgamation of 1-
5% (by weight) into polyphenyl sulfone (PPSU) mixed 
matrix membranes (MMMs) for greywater purification by 
ultrafiltration (UF) process. The 3% of TiO2-loaded MMMs 
were optimized. Based on the results obtained from scanning 

electron microscopy (SEM), X-ray diffraction (XRD), 
Fourier transform infrared spectroscopy (FTIR), 40.20% of 
porosity and 31.14 nm pore size by 49.4 contact angle with 
16.97 MPa tensile strength, 10.71% of elongation-at-break, 
92.59 L/m2 h permeation and 99.43% of bovine serum 
albumin (BSA) rejection with an 89.50% of flux recovery. 
The optimized membrane exhibited a low fouling tendency 
with a minimal flux declination. From the experimental 
results, the PPSU-T3 achieved a maximum flux of 45.63 
L/m2 h, with 80% water recovery and the removal of 95.54% 
turbidity, 94.20% color, 95.54% TSS and complete E. coli 
bacterial eradication at an applied pressure of 2 bar. 

Bahaei et al. [86] investigated a new hybrid system using 
multi-layer slow sand filter (MSSF), micro filter (MF) and 
ultrafilter (UF) for removal of the COD, linear alkylbenzene 
sulfate (LAS), TSS and turbidity from the greywater at 
different organic loading (3.15-19.28 gCOD/ (L.d) in a 
laboratory scale over a period of 157 days. The scanning 
electron microscopy (SEM) images confirmed that biofilm 
grew appropriately in the media. The best removal 
efficiencies of MSSF-MF-UF hybrid system for COD, LAS, 
TSS, and turbidity were 98.22, 99.97, 99.99, and 99.98 %t, 
respectively. Increasing the organic loading rate decreased 
the removal efficiency levels of COD, LAS, TSS, and 
turbidity. 

Nghiema et al. [87] stated that most research on the 
utilization of membrane filtration for treatment of various 
wastewaters have shown that UF is the preferred method. 
They also indicated that the biggest contributors to 
membrane fouling of typical greywater were the organic 
matter and calcium present as these can cause ‘caking’ and 
precipitation on the membrane surface. Calcium 
concentrations greater than 3 mM causes significant fouling 
of the membrane. Also, acids and bases can cause significant 
damage to most membranes. 

Nanofiltration 

Nanofiltration membrane has a pore size of 0.001 μm and 
can remove most organic molecules, viruses, cysts, bacteria, 
a wide range of salts and humic materials as shown in 
Figure 8 [88]. Pushing water through smaller membrane 
pores requires higher operation pressure of 600-1000 kPa 
[89]. Nanofiltration is used to remove dissolved 
contaminants and viruses from surface and ground water 
[90,91] and various wastewaters [88]. It provides high 
rejection of multivalent ions such as calcium and low 
rejection of monovalent ions such as chloride. The 
nanofiltration membrane rejects various salts in proportion 
to their molecular size, the order of rejection is 
Na2SO4>CaCl2>NaCl [89-91]. 

The advantages of nanofiltration include lower discharge 
volumes, lower retentate concentrations for low salt 
concentrations, reduction of salt and dissolved matter 
contents in brackish water, reduction in heavy metals, 
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reduction of nitrates and sulphates and reduction in color, 
tannins and turbidity. The disadvantages are high energy 
consumption (0.3 to 1 kWh/m³), prefiltration is needed for 
some heavily polluted waters, limited retention for salts and 
univalent ions and high cost of membranes [88]. 

Hourlier et al. [92] conducted a study aimed at selecting a 
tubular nanofiltration membrane to treat greywater in 
buildings for reuse. Three membranes (AFC30, AFC40 and 
AFC80) having distinct molecular weight cut-offs were used 
to treat synthetic greywater at 25°C and two transmembrane 
pressures (20 and 35 bar). The best results were obtained 
with AFC80 membrane at 35 bars and a flux was 50 L/ m² h. 
COD and anionic surfactants retentions of 95% were 
observed and no Enterococcus was detected in the permeate. 
The performance of AFC80 was then evaluated on a real 
greywater and the flux and retention were similar to those 
observed with synthetic greywater. 

Figure 8. Contaminants removed by nanofiltration [88]. 

Ramona et al. [93] studied the potential of nanofiltration 
membranes (200 Da MWCO) for treating low load 
graywater (collected from public showers of a sports center) 
for onsite reuse. The graywater had 29.8 mg/L TSS and 
170.3 mg/L COD. Particle distribution analysis showed that 
colloidal size particles were the dominant fraction, while the 
fewer larger particles make up most of the particle volume 
(mean particle diameter was 0.1 μm). Permeate produced by 
nanofiltration was of high quality with high rejection of 
soluble organic matter (>90%) and ionic species (50%). 

Guilbaud et al. [94] investigated the feasibility of 
implementing nanofiltration process on board a ship to treat 
laundry greywater and recycle 80% of treated water for 
washing of machines. The laundry greywater had a pH of 7, 
a COD of 1300 mg/L and a TSS of 80 mg/L. A direct 
nanofiltration process (without pre-treatment) using a 
tubular PCI-AFC80 membrane at a pressure of 35 bars, a 
temperature of 25°C, and a volume-reduction-factor of 5 
produced a permeate free of microorganisms and SS and 
with only 48 mg/L COD and 7 mg/L TOC. 

Guilbaud et al. [95] investigated the influence of 
nanofiltration operating conditions on COD rejection rates 
and permeate fluxes. The pH and temperature of greywater 
and the transmembrane pressure were fixed to 7 or 9, 25 or 
40°C and 35 or 40 bars, respectively. The AFC80 
membranes showed different COD rejection rates whereas 
permeate fluxes were quasi similar when the same greywater 
(pH 7) was nonfiltered at 35 bars and 25°C. Amongst all the 
tested operating conditions, the nanofiltration of greywater 
by AFC80 membrane at pH 7, 35bars and 25°C achieved the 
highest COD rejection rate (93%) but the best permeate flux 
(85.5 L/h/m2) was obtained at 40 bar and 40°C. Increases in 
temperature (above 25°C) or pressure (above 35 bar) lead to 
a drop in the COD rejection rate. 

Van der Bruggen et al. [96] measured the water flux for two 
nanofiltration membranes (UTC-20 and NF70) using 
aqueous solutions of 11 organic compounds of different 
concentrations. The flux of aqueous solutions declined by 
more than 50% for solutions containing less than 1 g/L of 
some organic compounds as compared to the pure water 
flux. The flux declined as a function of the concentration of 
the organic compound and was related to adsorption on the 
membrane material. 

Reverse Osmosis 

Reverse osmosis is the tightest membrane separation process 
in which water is separated from dissolved salts by filtering 
through a semipermeable membrane at a pressure greater 
than osmotic pressure as shown in Figure 9 [97]. Reverse 
osmosis membrane has a pore size around 0.0001 μm which 
removes all organic molecules, pesticides, cysts, bacteria, 
viruses and all minerals including monovalent ions. Reverse 
osmosis allows removal of dissolved individual ions 
(sodium, chlorine, calcium, and magnesium), metal ions, 
minerals and organics. It produces water that meets most 
demanding specifications [98]. 

The advantages of reverse osmosis are: (a) removal of nearly 
all contaminant ions and most dissolved non-ions, (b) 
insensitive to flow and dissolved solids concentration, (c) 
suitable for small systems with a high degree of seasonal 
fluctuation in water demand, operates immediately without 
break-in period, low effluent concentration of dissolved 
solids, (d) removes bacteria and viruses, and (e) simplicity of 
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operational and automation, (f) require minimum operator 
attention and (g) suitable for small system applications. 

Figure 9. Reverse osmosis [97]. 

Some of the limitations of reverse osmosis are: (a) high 
capital and operating costs, (b) managing the effluent (brine 
solution) is a potential problem, (c) high level of 
pretreatment is required in some cases, (d) membrane 
fouling and (e) clean water produced for use is only 25-50 % 
of the feed [50,53,99]. 

Singh et al. [100] investigated the treatment of greywater 
containing detergent and salinity (∼2,000 ppm) by RO. 
Reusable water with <300 ppm inorganic solutes and trace 
amounts of detergent was produced upon RO treatment of 
greywater. The product flux was influenced by the detergent 
type in the feed greywater. While the product flux was 
unchanged for the feed containing the commercial linear 
alkyl benzene-alfa olefin sulfonate-soda ash-based detergent, 
a significant flux decline (∼25%) was observed for the feed 
containing the commercial C8-C24 primary/secondary 
ethoxylates based detergent. The membrane selectivity for 
salt rejection was slightly higher for the feed with detergent 
than that of the detergent-free feed because the surface-
active agent of the detergent altered the surface potential of 
the membrane. 

de Oliveira et al. [73] used a dual membrane process for 
greywater treatment made of microfiltration (MF) followed 
by a reverse osmosis (RO). The MF pretreatment tolerated 
variations in feed greywater and achieved high removals of 
apparent color, turbidity and suspended solids while the RO 
membrane treatment operated at a higher permeate flux and 
lower frequency of chemical cleaning. The dual process 
achieved 90% removals of turbidity, apparent color, total 
suspended solids, linear alkylbenzene sulfonate, and organic 
matter. 

Senthilmurugan and Venkatesh [101] reported on 
membrane-based greywater treatment for surfactant recovery 
and water reuse. The greywater from washing machine 
discharge had turbidity and contained 45 ppm surfactant and 
720 ppm total dissolved solids. It was processed first 
through a polymeric ultrafiltration (UF) membrane to 
remove the turbidity and then through reverse osmosis (RO) 
membrane for surfactant recovery. The surfactant trapped 

inside the RO spiral wound membrane module was 
recovered through various membrane physical regeneration 
techniques (backwashing, simultaneous backwash–back-
flush and ozone back-flush). The backwash-back-flush was 
found to be the most effective process for surfactant 
recovery. The surfactant recovery was affected by feed 
detergent concentration, backwash pressure, backwash 
temperature and back-flush flow rate. By implementing 
optimal process conditions, the integrated UF-RO system 
produced 300 L of reusable pure water and 80 L of 
concentrated detergent solution and 20 L of turbid water 
while treating 400 L of greywater. The maximum surfactant 
recovery was 82 %. 

Boddu et al. [102] treated graywater using RO filtration after 
microfiltration treatment. The results showed that 
microfiltration in combination with RO treatment can 
achieve adequate reduction of COD but at the cost of 
progressively decreasing water flux through the RO 
membrane. Flux decline during microfiltration was 
attributed to the presence of colloids (>0.2 μm). 
Microfiltration maintained the water permeation capacity, 
but the permeate COD level was higher. 

Reang and Nath [103] used a combination of spiral wound 
ultrafiltration and spiral wound reverse-osmosis membranes 
to treat greywater from washing machine to recover the 
surfactant solution and water. The dirt and dust particles 
were separated from the greywater using the ultrafiltration 
process and later the surfactant solution and water were 
separated from the mixture using the reverse osmosis 
membrane. Several backwash and backwash-backflush 
methods were used to decrease the fouling problem and 
increase the membrane performance. The ultrafiltration 
membrane decreased the turbidity of the mixture but allowed 
the surfactant solution to pass. The reverse osmosis 
membrane decreases both the turbidity and TDS of the 
solution. 

Engin et al. [104] used a compact household RO unit to 
determine the feasibility of treating greywater reuse. The 
results showed COD and BOD removal rates around 80%. 
The conductivity of permeate was reduced to 15 mS/cm 
within 15 min. The permeate obtained was free of suspended 
solids and had an excellent physical appearance. 

DiPaolo [105] stated that RO systems use a pump to increase 
the pressure on the feed side of the equipment and forces the 
water across and through a semipermeable membrane, a 
process that results in approximately 96-99 % total dissolved 
solids removal. A correctly functioning RO system can 
effectively reduce levels of salt, hardness and minerals, and 
provides a pure mineral-free water. 

ELECTROCHEMICAL TREATMENT METHODS 

There are several electrochemical treatment systems that 
have been used for treatment of greywaters for pollution 
load reduction and water reuse. These are chemical 
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coagulation-flocculation, electrochemical coagulation, 
electrooxidation and photooxidation. 

Chemical Coagulation-Flocculation 

Coagulation and flocculation processes are used for 
treatment of a variety of wastewaters containing colloids and 
metal ions. In coagulation, particles aggregate with 
themselves by a change in pH while in flocculation, particles 
aggregate using polymers to bind them together [10,107]. 

Particles in water are electrically charged as shown in 
Figure 10 [108]. The area nearest to the particle is divided 
into two layers: (a) the first layer is the closest to the 
electrically charged particle and in which counter ions gather 
to create the stern layer and (b) the next layer is composed of 
both counter-ions and co-ions, but with a surplus of counter-
ions. The bulk (the surrounding water) has an equal 
distribution of counter-ions and co-ions [109-111]. In 
coagulation, the two layers around the particle cause it to be 
stable in the water. When the conditions within the water are 
changed by a change in pH or conductivity, the number of 
ions in the water changes and affects the amounts of ions in 
the two layers, thereby affecting the stability of the particles 
and force them to settle as shown in Figure 11-top [108]. In 
flocculation, electrically charged particles precipitate by 
flocculation polymers with charged sites. By using a 
polymer with the opposite charge to that of the particles to 
be flocculated, the particles will bound to the polymer 
making larger particles that cannot stay suspended as shown 
in Figure 11-bottom [108]. When particles are precipitated 
from the solution (Figure 12), further filtration treatment is 
necessary to obtain the desired water quality [112]. Figure 
13 shows a system having the processes of coagulation, 
flocculation, and sedimentation [113]. 

Polymers are a large range of natural and synthetic water-
soluble macromolecular compounds that can enhance 
flocculation of the water constituents. Natural polymers have 
long been used as flocculants because they are free of toxins, 
biodegradable and often locally available. However, the use 
of synthetic polymers is more widespread because they are 
more effective and easier to control. Synthetic polymers are 
available in various forms including solutions, powders, 
beads, oils and water-based emulsions. One problem with 
synthetic polymers relates to potential toxicity issues arising 
from unreacted monomer residual [107,109]. 

The commonly used metal coagulants fall into two 
categories: those based on aluminum (Al) and those based 
on iron (Fe). The Al coagulants include aluminum sulfate, 
aluminum chloride, and sodium aluminate. Pre-hydrolyzed 
aluminum forms include aluminum chlorohydrate, poly-
aluminum chloride, polyaluminum sulfate chloride, 
polyaluminum silicate chloride and forms of polyaluminum 
chloride with organic polymers. The Fe coagulants include 
ferric sulfate, ferrous sulfate, ferric chloride, and ferric 
chloride sulfate. Pre-hydrolyzed iron forms include 

polyferric sulfate and ferric salts with polymers and also 
polymerized aluminum-iron blends. The Al and Fe 
coagulants are effective because of their ability to form 
multi-charged polynuclear complexes with enhanced 
adsorption characteristics. 

Figure 10. Electrically charged particle in water [108]. 

Figure 11. Coagulation and flocculation [108]. 

Figure 12. Coagulation of wastewater impurities [112]. 
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Figure 13. Coagulation and flocculation treatments followed 
by sedimentation [113]. 

The nature of the complexes formed can be controlled by the 
pH of the system. When Al and Fe coagulants are added to 
water, the metal-ions hydrolyze rapidly forming a series of 
metal hydrolysis species. Rapid mixing, pH, temperature and 
the coagulant dosage determine which hydrolysis species is 
effective. Usually, lower dosages of pre-hydrolyzed 
coagulants are required to achieve treatment goals and fewer 
chemical residuals are produced resulting in lower final 
water total dissolved solids [108-110]. 

Bolto et al. [112] reported that organic polymeric flocculants 
were used in water purification as coagulant aids or floc 
builders to replace inorganic coagulants like alum, iron salts 
and lime. The increased use of cationic polyelectrolytes as 
primary coagulants instead of inorganic is due to their faster 
processing, lower content of insoluble solids to handle (by 
sedimentation, filtration, flocculation or biological 
conversion) and smaller volume. 

Oldegard [113] showed that coagulation with metal salts 
was very efficient but can lead to excessive sludge 
production and demonstrated how the use of cationic 
polymers can reduce sludge production considerably.  

Jekel and Heinzmann [114] reported that coagulation and 
flocculation can be used for removal of dissolved solids and 
suspended particles including pathogens (Giardia and 
Cryptosporidium, a parasite that cases diarrhea), virus, 
arsenic, phosphorus, and fluoride. They showed that the 
efficiency of the coagulation-flocculation process was 
dependent on the type of coagulant, coagulant dosage, 
coagulant feed concentration, type and dosage of chemical 
additives, sequence of chemical addition, pH and time lag 
between dosing points, intensity and duration of mixing, 
velocity gradients applied during flocculation stage, 
flocculator retention time, type of stirring device and 
flocculator geometry. 

Pidou et al. [115] investigated the potential of coagulation 
and magnetic ion exchange resin processes for the treatment 
of low and high strength greywaters. The results revealed 
that magnetic ion exchange resin and coagulation were 
suitable treatment solutions for low strength greywater but 
were unable to achieve the required level of treatment for the 
reuse of the high strength greywaters The effectiveness of 

coagulants was greatly dependent upon contact time, pH, 
temperature, the dose of the coagulant, and mixing speed. 

De Feo et al. [116] conducted several tests to determine the 
optimal pH and dose of various coagulants (aluminum 
sulfate, Ecofloc CP, PAC, ferric chloride, sodium aluminate) 
used in both wastewater and drinking water treatments. The 
coagulants doses were 10, 20, 30, 40 and 50 mg/L. The 
coagulants were rapidly mixed for 5 min at 120 rpm, 
followed by slow mixing for 5 min at 30 rpm and then 
allowed to flocculate for 15 min. Most inorganic salts used 
as coagulants have a high removal rate (60-80%) of natural 
organic molecules. 

Pidou et al. [115] stated that natural organic molecules are 
typically comprised of anionic hydrophobic humic and 
fulvic acids that are easily removed by typical coagulants. 
On the other hand, typical greywater organics are mainly 
hydrophilic which are difficult to form larger particle groups 
due to their lower molecular weight and composition. 

Thompson et al. [117] compared wood-based biochar (a 
low-cost sorbent) to activated carbon in removing dissolved 
organic carbon (DOC) from graywater and evaluated the 
impact of pretreatments by coagulation and biodegradation 
on the final greywater quality. The results indicated that the 
biochar was effective for graywater treatment, but the 
activated carbon removed more dissolved organic carbon. 
However, graywater regulations could not be met by 
sorption alone but could be met with pre-treatment before 
sorption. 

Vinitha et al. [118] treated greywater by chemical 
coagulation using polyaluminium chloride. They conducted 
140 jar tests on greywater of varying characteristics to 
determine the optimum coagulant dosage. The average 
removal efficiencies of turbidity, COD and TSS were 91, 73 
and 83% using alum and 93, 74 and 89%, respectively. 

Ghaitidak and Yadav [119] investigated the effect of 
coagulation treatment using alum on greywater 
characteristics under variable pH conditions (8.5, 7.5, 6.5 
and 5.5). Turbidity removal was above 88%, BOD reduction 
was 53-77%, and Escherichia coli removal was 95-99% 
under the pH conditions examined. The alum-treated 
greywater satisfied most of the reuse standards for the 
discharge of effluents into land for irrigation and industrial 
cooling in India. 

Chitra and Muruganandam [120] evaluated the coagulating 
efficiencies of various natural coagulants for greywater 
treatment. Powdered coagulants obtained from tamarind 
seeds, moringa oleifera, banana peels and fly ash were 
compared with the conventional commercial coagulant alum. 
The results showed that turbidity removal efficiency for 
alum, tamarind seeds, moringa oleifera, banana peels and fly 
ash were 96.49, 61.33%, 85.75%, 90.42% and 94.27%, 
respectively. 
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Alharbi et al. [121] used alum coagulation followed by batch 
and continuous activated carbon adsorption to treat ablution 
greywater (greywater produced at mosques from cleaning 
certain parts of the body before performing prayers) for 
recycling. In coagulation experiments, optimal removals of 
turbidity (95.8%), COD (31.6%) and BOD (50.0%) were 
achieved at an alum dose of 20 mg/L. Using the activated 
carbon adsorption further enhanced the overall removal 
efficiencies for COD by 70.8% and BOD by 57.2% at 20 
min adsorption equilibrium time with 0.2 g/L of optimal 
activated carbon dose. Maximum adsorption capacities were 
175 mg/g COD and 88 mg/g BOD. Continuous treatment of 
greywater resulted in residual turbidity less than 1 NTU and 
COD and BOD values less than 10 mg/L. The treated 
greywater was suitable for irrigation, toilet flushing, and 
firefighting. 

Bielski and Giermek [122] treated greywater from a small 
household using coagulation and oxidation with hydrogen 
peroxide and ultra-violet radiation (H2O2/UV). Doses of 
coagulant (poly-aluminum chloride) ranging from 12.5 to 
200 g Al3+/m3 were used. The results indicated that 
coagulant doses within the range of 25-100 g Al3+/m3 
produced the best removal of turbidity, COD and TOC. The 
lowest concentration of residual aluminum (about 0.1 g 
Al3+/m3) was found during coagulation with the doses of 25-
50 g Al3+/m3. The lowest turbidity (1 NTU) was observed 
with the doses of 50-100 g Al3+/m3. 

Electrocoagulation 

Electrocoagulation (EC) is an electrochemical process that 
simultaneously removes heavy metals, suspended solids, 
emulsified organics and many other contaminants from 
water and wastewater using electricity instead of chemicals. 
The EC device operates continuously and performs 
automated coagulation, flocculation, flotation, separation, 
and removal of contaminants in a single enclosed reactor as 
shown in Figures 14 [123]. No polymer addition, settling or 
flotation tanks or filters are required [124]. 

The advantages of EC are: (a) it removes any size of 
suspended solids including the destructive >30 µm particles 
that pose environmental hazard (b) it requires no filters, no 
daily maintenance and no additives, (c) it removes 
suspended solids, oil, grease and heavy metals, (d) it 
requires simple equipment and is easy to operate (e) it 
results in clear, colorless and odorless water with low total 
dissolved solids content, (f) the formed sludge tends to be 
settable and easy to de-water, (g) formed flocs tend to be 
much larger, contain less bound water, acid- resistant, more 
stable, and can be separated faster by filtration, (h) it has 
little if any impact on sodium and potassium ions in solution 
and (i) the gas bubbles produced during electrolysis can 
conveniently carry the pollutants to the top of the solution 
where it can be more easily concentrated, collected, and 
removed by skimmer [124,125]. 

Figure 14. Electrochemical coagulation [123]. 

EC technology has been increasingly used worldwide for 
treatment of wastewater from metal processing industries, 
mining industry, pulp and paper industry, wastewater 
containing foodstuff and oil, wastewater containing dyes and 
synthetic detergent, wastewater from public transit, marinas, 
chemical and mechanical polishing industries, land fill 
leachates and carwash wastewater [123,124,126-133]. 

An et al. [123] used a simple and efficient electrocoagulation 
treatment method for the removal of oil from wastewater. 
The process involved the electro-dissolution of sacrificial 
anodes and formation of hydroxo-metal products as 
coagulants, while simultaneously producing hydrogen at the 
cathode to facilitate the removal of pollutants by flotation. 
The electrocoagulation treatment was effective in 
destabilizing oil-in-water emulsions by neutralizing charges 
and bonding oil to generated flocs and hydrogen bubbles. 

Ansari and Shrikhande [134] reviewed the recent 
electrocoagulation studies on greywater treatment, examined 
electrode arrangement, cell design, treatment facilities and 
economic concern. They also suggested recommendations to 
boost the technology to maximize resource conservation. 

Barzegar et al. [135] applied an electrocoagulation/ozone 
process for the removal of COD and TOC from greywater. 
The results showed that 85% of COD and 70% of TOC were 
removed during 60 min electrolysis time at a pH of 7.0 and 
a current density of 15 mA/cm2, using 47.4 mg/L ozone. EC 
with Fe electrode exhibited high catalytic activity for ozone 
activation in contrast with Al electrode. Ozone was superior 
compared to other chemical oxidant such as peroxydisulfate, 
peroxymonosulfate and hydrogen peroxide. 

Barisci and Turkay [136] investigated the treatment of 
greywater by an electrocoagulation process and evaluated 
eight different electrode combinations and the effect of 
current density, initial pH and supporting electrolyte 
concentration on the treatment efficiency. The highest COD 
removal was obtained with the Al–Fe–Fe–Al hybrid 
combination and a current density of 1 mA/cm2. The original 
pH value (7.62) was found to be the most suitable condition 
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and the supporting electrolyte concentration did not affect 
the removal efficiencies. 

Sahu et al. [137] reviewed the mechanism, affecting factors, 
process, and application of the electrocoagulation process. 
They found the electrocoagulation process to be widely 
accepted over other physicochemical processes due to its 
ability to treat large volume and its low cost. The 
electrocoagulation process was able to remove pollutants 
such as pesticides, radionuclides and harmful 
microorganisms. 

Karichappan et al. [138] used electrocoagulation process to 
treat grey wastewater under different pH values (4-8), 
current densities (10-30 mA/cm2), electrode distances (4-6 
cm) and electrolysis times (5-25 min) using stainless steel
anode in batch mode. The process variables had significant 
effects on the efficiency of the electrocoagulation treatment 
process. The optimal operating conditions were initial pH of 
7, current density of 20 mA/cm2, electrode distance of 5 cm 
and electrolysis time of 20 min. 

Electrooxidation Treatment 

Oxidation is the loss of electrons whereas reduction is the 
acquisition of electrons. The species being oxidized is 
known as the reducing agent or reductant, and the species 
being reduced is called the oxidizing agent or oxidant. 
Electrooxidation (EO) is an advanced oxidation process used 
for wastewater treatment [139]. The most general layout 
comprises two electrodes (anode and cathode) connected to 
a power source as shown in Figure 15 [140]. When an 
energy input and sufficient supporting electrolyte are 
provided to the system, strong oxidizing species are formed 
and interact with the contaminants to degrade them into 
water and CO2 by complete mineralization [141-145]. 

EC has grown in popularity because it’s easy to set-up, is 
effective in treating harmful and recalcitrant organic 
pollutants which are difficult to degrade with conventional 
wastewater remediation processes, and does not require 
external addition of chemicals because the required reactive 
species are generated at the anode surface [146-148]. 

EC has been used to treat harmful and non-biodegradable 
contaminants including aromatics, pesticides, drugs, and 
dyes [144-149]. Electrochemical oxidation has also been 
used in several studies to treat different types of wastewaters 
and carwash wastewater [146-149]. However, due to its 
relatively high operating costs, it is often combined with 
other technologies such as biological remediation [143]. 

Butkovskvi et al. [151] identified six compounds frequently 
found in personal care and household products 
(methylparaben, propylparaben, bisphenol A, triclosan, 
galaxolide, and 4- methylbenzilidene camphor (4-MBC)) in 
the effluent of the aerobic graywater treatment system. The 
effluent was then treated with an electrochemical cell 
operated in batch mode with 3 different anodes and 5 

different cathodes. Among the anodes, Ru/Ir mixed metal 
oxide showed the best performance. Ag and Pt cathodes 
worked slightly better than Ti and mixed metal oxide 
cathodes. Compounds containing a phenolic ring (parabens, 
bisphenol A, and triclosan) were completely transformed on 
this anode at a low electric charge (Q = 0.03 Ah/L) whereas 
compounds containing a benzene ring and multiple side 
methyl groups (galaxolide, 4-MBC) required high energy 
input (Q ≤ 0.6 Ah/L) for transformation. 

Figure 15. Electrochemical oxidation unit [140]. 

Ghanbari and Martinez-Huitle [152] treated a washing 
machine effluent by four electrochemical advanced 
oxidation processes (electro-Fenton (EF) and photoelectro-
Fenton (PEF) processes, EF combined with 
peroxymonosulfate (PMS) and DEF combined with PMS). 
Heterogeneous iron-based catalyst (Fe3O4, MNPs) was 
synthesized as catalyst for all processes. PEF/PMS process 
removed 99.5% of COD and 97.1% of total organic carbon 
under a pH of 5.0, current density of 30 mA/cm2, MNPs of 
100 mg/L, PMS of 2 mM and reaction time of 180 min. 

Drennan et al. [153] evaluated the impacts of EC cell 
configuration, current density, and cathode material on COD 
removal and disinfection by-product (DBP) formation in 
greywater. The formation and/or cathodic removal of active 
chlorine, perchlorate, halo acetic acids, and trihalomethanes 
were assessed during EC treatment. The results showed that 
DBP formation was proportional to current density in 
undivided EC cells. Sequential anodic-cathodic treatment in 
divided EC cells resulted in COD removal in the catholyte 
and anolyte. The anodic COD removal rate (using a mixed 
metal-oxide anode) was greater than the cathodic removal 
rate (using boron-doped diamond (BDD) or graphite 
cathodes). However, anodic and cathodic COD removal was 
similar when a stainless-steel cathode was used. The overall 
energy demand required for 50% COD removal was 24% 
less in the divided cells using the graphite or BDD cathodes 
(13 W-h./L) compared to undivided cells (20 W-h/L). 
Perchlorate formation was observed in undivided cells (>50 
μg/L), but not detected in divided cells. While halo acetic 
acids (HAAs) and trihalomethanes (THMs) were generated 
anodically, they were removed on the cathode surface in the 
divided cell. 
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Patidar and Srivastava [154] performed critical analysis of 
reported studies from 1996 to 2020 on the treatment of 
wastewater using the sono-electrooxidation process for the 
degradation of the persistent organic pollutants. They found 
that coupling these two techniques (sonolysis and 
electrooxidation) increases the mineralization degree by 
increasing the mass transport rate and the chemical reaction 
rate and reduces the electrode passivation and fouling 
problem. 

Zhang et al. [155] studied photocatalytic (PC) and 
electrochemical (EC) oxidation of ammonia/ammonium 
pollutants in water/wastewater. Depending on the 
contamination level, water matrix characters, and regulatory 
consideration, the PC and EC oxidation of wastewater 
pollutants exhibit their own advantages and disadvantages at 
specific conditions. The PC oxidation of ammonia primarily 
relies on in situ generated strong oxidants such as hydroxyl 
radicals and holes, but their reactivities with ammonia are 
relatively slower at environmentally relevant pH conditions. 
In contrast, EC oxidation of ammonia based on active 
chlorine species is more efficient and exhibits some 
advantages compared to the chemical chlorination approach. 

Photooxidation 

Photooxidation is an advanced oxidation processes for 
effective treatment of recalcitrant organic products in 
wastewaters. In this process, the hydroxyl radical (OH•), 
which is highly reactive due to its high oxidation potential, is 
formed. In the presence of organic matter, these radicals 
trigger a series of chemical reactions that end up in the 
complete mineralization of organic compounds to CO2 and 
water. The advanced oxidation processes have several 
advantages including a high reactivity with most organic 
compounds, complete oxidation of both organic and 
inorganic compounds and emission of harmless compounds 
since all oxidants are destroyed in the process [156-158]. 

Photolysis is based on irradiating the effluent with 
ultraviolet light (170-230 nm) so the chemical compounds 
absorb it and form free radicals. The lower the radiation 
wavelength, the more energy is absorbed and the greater the 
efficiency of destroying contaminants. Radiation causes 
oxidation reactions by forming free radicals in the presence 
of oxidizing species (ozone and hydrogen peroxide). The 
combination of ultraviolet radiation with ozone or hydrogen 
peroxide is very effective in providing a free radical source 
for non-selective oxidation of most organic molecules. They 
are also environmentally sustainable compounds as they 
break down into oxygen and water [159]. 

Photocatalytic oxidation destroys contaminants by using 
ultraviolet radiation with catalysts (salts of iron such as 
chlorides, fluorides and bromides, or semiconducting oxides 
such as TiO2, Al2O3 or ZnO.) to increase the formation of 
hydroxyl radicals which oxidise the chemical contaminants. 
Titanium dioxide is particularly efficient as it has another 

free radical production mechanism for the OH. radical. In the 
presence of ultraviolet radiation in aqueous medium, the 
electrons in one valence band of TiO2 migrate to a 
conduction band, leaving a corresponding hole in the 
valence band thereby producing so-called electron-hole pairs 
(h+- e-). The energy required to excite TiO2 is 3.2V, 
corresponding to the absorption of ultraviolet light ( < 
385nm). Electron-hole pairs can recombine (and thus cancel 
each other out) or move to the catalyst surface. To prevent 
the h+- e- pairs from recombining, an oxidant (usually 
oxygen) acting as an electron acceptor is required, which 
forms the superoxide ion (O2-•). An organic molecule (MO) 
adsorbed in the holes can also be oxidised by electron 
transfer as shown in Figure 16 [160,161]. 

The destruction of contaminants by photooxidation has a 
number of advantages including: (a) toxic pollutants are 
destroyed by converting them into harmless substances 
(water, CO2 and mineral salts), (b) the process is non-
selective and can decompose virtually any organic 
molecules, (c), additional pre-treatment or post-treatment 
processes are not required, (d) energy consumption is very 
low as the process takes place at moderate temperatures (30-
80°C), (e) the radiation source could be solar energy, and (f) 
the chemicals used are relatively low cost and available. 
Therefore, photooxidation treatment technique is of great 
importance for different sectors (including municipal, 
chemical, food, pharmaceutical, textile and electroplating 
industries) for removing species such as cyanide, Zn, Ni, 
antibiotics, hormones, organochlorides, organic 
polyphosphates, heterocycloaliphatics, nitrogenous and 
aromatic organics and heteroaromatic compounds [156-158]. 

Chong et al. [161] stated semiconductor photocatalytic 
process are a low-cost, environmentally friendly and 
sustainable treatment technology for the water and 
wastewater industries and can remove persistent organic 
compounds and microorganisms in water. They reviewed the 
R&D progresses of engineered-photocatalysts, photoreactor 
systems, process optimizations and modellings of the 
photooxidation processes and discussed several commercial 
photocatalytic reactor configurations. The effects of key 
photoreactor operation parameters and water or wastewater 
quality on the photo-process performances in terms of the 
mineralization and disinfection were also assessed. 

Reviro et al. [162] investigated the process of 
photooxidation as an attractive technology for treating 
recalcitrant organic compounds in greywater. The 
photocatalytic process oxidized organic reactants at the 
catalyst surface in the presence of ultraviolet light into 
carbon dioxide and water. 

Lopez et al. [163] reported that treating greywater using 
photooxidation over TiO2 films resulted in catalytic 
reactions, which can be either enhanced or inhibited by 
xenobiotic contaminants in the greywater. Analysis of TiO2 

film and reaction conditions indicated that photoactivation 
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was caused in part by contact of the films with water and 
degradation products were produced during the initial cycle 
of photooxidation. Aging of these films over a prolonged 
period did not alter film photocatalytic activity and prior 
exposure of the films to UV irradiation in water decreased 
subsequent photocatalytic activity of the films compared 
with the un-irradiated films. 

Figure 16. Photooxidation [160]. 

TiO2 + hν → TiO2 (e-+h+)

OH- + h+ → •OH 

H2O +h+ → •OH + H+

•OH + organic compounds → CO2+H2O

Alrousan et al. [164] investigated the mineralization of total 
organic carbon (TOC) in greywater using TiO2-based 
advanced photooxidation processes in a stirred tank reactor. 
The combinations of H2O2, O3, and immobilized TiO2 under 
either dark or UVA irradiation conditions were evaluated. 
This included TiO2/dark, O3/dark (ozonation), H2O2/dark 
(peroxidation), TiO2/UVA (photocatalysis), O3/UVA (Ozone 
photolysis), H2O2/UVA (photo-peroxidation), O3/TiO2/dark 
(catalytic ozonation), O3/TiO2/UVA (photocatalytic 
ozonation), H2O2/TiO2/dark, H2O2/TiO2/UVA, H2O2/O3/dark 
(peroxonation), H2O2/O3/UVA (photo-peroxonation), 
H2O2/O3/TiO2/dark (catalytic peroxonation), and 
H2O2/O3/TiO2/UVA (photocatalytic peroxonation). The 
results indicated that combining different treatment methods 
with UVA irradiation dramatically enhanced the organic 
mineralization efficiency. The optimum TiO2 loading was 
0.96 mg/cm2 with the highest TOC removal (54%) achieved 
using photocatalytic peroxonation under optimal conditions 
(0.96 mg TiO2/cm2, 25 mg O3/min, and 0.7 H2O2/O3 molar 
ratio). 

Boyjoo et al. [165] performed a pilot scale study of 
photocatalytic degradation of impurities in shower water 
using a 31 L reactor with titanium dioxide as the 
photocatalyst. The reactor was operated in a continuous 
slurry recirculation mode and several operational parameters 
(slurry initial pH, catalyst concentration, air flow rate, and 
slurry recirculation rate) were evaluated. Up to 57% of total 

organic carbon elimination was obtained after 6 h of 
treatment at optimum condition (initial pH of 3, catalyst 
concentration of 0.07 mg/cm2, air flow rate of 1.8 L/min, 
and slurry recirculation rate of 4.4 L/min). 

Dubowski et al. [166] investigated the removal of triclosan 
and oxybenzone micropollutants in deionized water and 
greywater using combined UVC/VUV or UVC only 
radiation in a continuous-flow reactor. Degradation kinetics 
of these micropollutants and their transformation products 
were evaluated as well as bacterial growth inhibition of the 
resulting effluents. In deionized water, micropollutants 
degradation was much faster under the combined UVC/VUV 
irradiation. In treated greywater, the combined radiation 
successfully removed both micropollutants but at lower 
efficiency. as particles and dissolved organic matter acted as 
radical scavengers. Filtration prior to irradiation improved 
the process efficiency and reduced energy requirements 
under the combined radiation (from 1.6 and 167 to 1.1 and 
6.0 kWh/m3 for triclosan and oxybenzone, respectively). 

Grcic et al. [167] investigated the possibility of treating 
greywater by solar photocatalysis followed by flocculation 
with special emphasis on hair colorants and accompanying 
chemicals. The greywater was collected from the bathroom 
after hair dyeing, washing and rinsing. Then, surface 
tension, light absorption and scattering, TOC, COD, BOD5 
and toxicity toward yeast and Vibrio fischeri were 
determined. Greywater was then treated in a reactor with a 
constant recirculation over photocatalytic layer exposed to 
direct sunlight. The photocatalytic layer consisted of TiO2-
coated textile fibers prepared by applying TiO2–chitosan 
pasteous dispersion on polyester/wool blend textile (75% 
polyester, 25% wool). The results showed significant 
decrease in organic content, COD, toxicity, emulsifying 
compounds and surfactants and complete degradation of dye 
molecules and certain aromatic compounds over a period of 
4 h. 

Amanious et al. [168] treated aqueous solutions of 
tetraethyleneglycol dimethylether, spiked with different 
inorganic salts in concentrations found in biologically 
treated greywater, with TiO2 flocculation and photocatalytic 
oxidation. Flocculation of the photocatalyst primarily 
depended on pH (which was affected by the salts). 
Photocatalyst agglomeration was maximum at a pH of 5.5. 
With salt concentrations >7 mmol/ L, flocculation was 
strong due to electric double layer compression. Increasing 
pH caused deterioration of photocatalytic oxidation 
efficiency as a result of impaired absorbability of negatively 
charged oxidation intermediates and the enhanced CO2 
absorption with increasing pH and subsequent formation of 
HCO3

− anions which are OH radical scavengers. 

Agullo-Barcelo et al. [169] assessed the disinfection of a 
secondary effluent from a municipal wastewater treatment 
plant using H2O2 (20-50 mg/L), TiO2 (100 mg/L) and photo-
Fenton under natural solar radiation in compound parabolic 
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collector photo-reactors. The naturally occurring 
Escherichia coli, spores of sulfite-reducing clostridia, 
Somatic coliphages and F-specific RNA bacteriophages 
were tested before and along the different solar treatments. 
The best treatments efficiency for E. coli was photo-Fenton 
at a pH of 3 followed by H2O2 (20 mg/L)/solar, TiO2/solar 
and solar photo-inactivation. On the other hand, for viral 
indicators the ranking was: photo-Fenton pH 
3>TiO2/solar>H2O2(20 mg/L)/solar>solar photo-
inactivation. Sulfite-reducing clostridia was the most 
resistant microorganism in all the evaluated processes. 

ADSORPTION TREATMENT 

Adsorption is the adhesion of atoms, ions or molecules from 
a gas or liquid to a surface, creating a film of the adsorbate 
on the surface of the adsorbent. Adsorption differs from 
absorption in which a fluid (the absorbate) is dissolved by a 
liquid or solid (the absorbent). Thus, adsorption is a surface 
phenomenon, while absorption involves the whole volume 
of the material (Figure 17). Sorption encompasses both 
adsorption and absorption processes, while the desorption is 
the reverse of it [170-172]. 

Adsorption is a consequence of surface energy. In a bulk 
material (ionic, covalent or metallic), all the bonding 
requirements of the constituent atoms of the material are 
filled by other atoms in the material. However, atoms on the 
surface of the adsorbent are not wholly surrounded by other 
adsorbent atoms and therefore can attract adsorbates. The 
exact nature of the bonding depends on the details of the 
species involved, but the adsorption process is generally 
classified as physisorption or chemisorption. It may also 
occur due to electrostatic attraction [173,174]. 

Siyal et al. [175] stated that treating wastewater containing 
surfactants by adsorption is effective and activated carbon is 
the most suitable adsorbent for removing surfactants. 
However, activated carbon is expensive and, therefore, a 
variety of new adsorbents such as zeolites, nanomaterials, 
resins, biomaterials and clays have been used as alternatives. 

Thompson [117] compared biochar to activated carbon for 
removing dissolved organic carbon from graywater and 
evaluated the impact of pre-treatments (coagulation, 
biodegradation) on the removal efficiency. A wood-based 
biochar was effective for graywater treatment, but activated 
carbon removed more dissolved organic carbon. Graywater 
regulations could not be met by sorption alone but could be 
met with pretreatment before sorption and the treated water 
was suitable for After pretreatment, irrigation and toilet 
flushing targets could be achieved with activated carbon 
doses less than 0.7 g/L, while a biochar dose of about 1 g/L 
was needed to achieve the irrigation treatment targets. 

Sales et al. [176] carried out a qualitative and quantitative 
investigation on the effluent of the water treatment plant by 
determining its physical and chemical parameters, 
comparing the results to what is allowed by the current local 

legislation. They prepared activated charcoal of coco-da-baia 
mesocarp and tested it as adsorbent material in a filter 
system in a column with a continuous flow. The results 
showed reductions of 50% in hardness, 87.5% in chloride 
and 66.6% in acidity. The effluent was qualified for use in 
agricultural.

(a) Adsorption and absorption.

(b) Adsorption and desorption.

Figure 17. Adsorption, absorption, and desorption [172]. 

Patel et al. [177] reported on batch and continuous 
adsorption studies for the treatment of greywater using 
activated carbons prepared from sawdust, sugarcane bagasse 
and pine needles. The optimum conditions in batch mode for 
the removal of contaminants were a pH of 7, a contact time 
of 240 min. and an adsorbent dose of 8 g/L with initial 
greywater COD of 554 mg/L and BOD of 120 mg/L. The 
sawdust activated carbon was found to be the most efficient. 

Topkava et al. [178] treated greywater from laundry washing 
by adsorption process using different adsorbents. To 
synthesize the adsorbents, walnut shell, seed hull (SH), 
hazelnut shell (HS) and rice husk (RH) were carbonized and 
then supported with polyaniline (PA). KIO3 and K2S2O8 
were used as oxidizing agents in the polymerization of 
aniline monomers. Adsorption experiments were conducted 
with 100 mL of wastewater and 1 g of adsorbent, for a 2 h 
reaction time at room temperature and a mixing speed of 150 
rpm. The highest removal efficiencies for the PA/RH+KIO3

adsorbent were 98%, 70% and 96% for color, turbidity and 
detergent, respectively. The highest removal efficiencies for 
the PA/SH+K2S2O8 adsorbent were 58%, 3% and 95% for 
the same parameters, respectively. 

Guo et al. [179] studied the adsorption mechanisms of 
mercury ion (Hg2+) in contaminated water by different 
fractions (inorganic carbon (IC), organic carbon (OC), 
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hydroxyl-blocked carbon (BHC), and carboxyl-blocked 
carbon (BCC)) of biochar prepared from corn straw. The 
reaction mechanisms of biochar for Hg2+ removal included 
electrostatic adsorption, ion exchange, reduction, 
precipitation, and complexation. The equilibrium adsorption 
capacity of biochar for Hg2+ was 75.56 mg/g, and the 
adsorption contribution rates of IC and OC were 22.4% and 
77.6%, respectively. Despite the lower rate, IC shows the 
largest adsorption capacity of 92.63 mg/g which is attributed 
to all the mechanisms involved in Hg2+ adsorption by IC, 
with ion exchange being the main reaction mechanism 
accounting for 39.8%. The main adsorption mechanism of 
OC is the complexation of carboxyl and hydroxyl groups 
with Hg2+ which accounted for 71.6% of the total OC 
contribution. BHC and BCC adsorbed mercury mainly via 
the reduction–adsorption mechanism, accounting for 54.6% 
and 54.5%, respectively. 

SUMMARY AND CONCLUSION 

One third of the world population will face water shortage 
by 2025 that may result in reductions in agricultural lands, 
increased dissertation and inadequate food supply leading to 
poverty, faming, migration and even wars. Treating and 
reusing greywater, originating from kitchen sinks, showers, 
baths, washing machines and dishwashers, can minimize the 
severity of the water shortage problems. There are several 
physical and chemical greywater treatment technologies for 
safe reuse. 

Physical treatment of greywater refers to the separation of 
contaminants from the water by physical means such as 
sedimentation and filtration. Sedimentation is the process of 
allowing particles in water to settle out of suspension by 
gravity and cannot be considered for greywater treatment 
due to its very low concentration of suspended solids. 
Filtration is a process of removing contaminants from water 
and wastewater by forcing the water through a porous media 
that can be natural (sand, gravel and clay) or synthetic 
(membranes made of cellulose acetate, cellulose nitrate, 
polyamide, polycarbonate, polypropylene, and 
polytetrafluoroethylene). Based on pore size, membrane 
filtration is divided into four classes: microfiltration, 
ultrafiltration, nanofiltration and reverse osmosis. 
Electrochemical treatment systems that have been used for 
treatment of greywaters for pollution load reduction and 
water reuse include: chemical coagulation-flocculation, 
electrochemical coagulation, electrooxidation and 
photooxidation. In addition, the adsorption process has been 
used very successfully for treating greywater, sand filters 
have been proven to be an effective method of water and 
wastewater treatment, have low capital and maintenance 
costs, and require little skill for operation. However, the 
efficiency of sand filters decreases with increased hydraulic 
and chemical loading rates and they require large quantities 
of water for backwashing and large land areas to house the 
filter beds. 

Microfiltration is a low-pressure physical separation process 
used for treating water, industrial wastewater and dairy and 
food processing wastewaters municipal wastewater and 
greywater. The use of microfiltration limits the 
concentrations and number of chemicals that are applied 
during treatment and removes natural and synthetic 
suspended particles and microorganisms. 

Ultrafiltration is a pressure-driven physical separation 
process used to pre-treat surface water, seawater, carwash 
wastewater and greywater. It removes large particles, 
bacteria, protozoa, algae, virus and divalent ions. It does not 
require chemicals (coagulants, flocculants, disinfectants, pH 
adjustment), maintains constant quality of the treated water 
and is simple to operate and automate but fouling can cause 
difficulties. 

Nanofiltration is a high-pressure physical separation process 
that can remove dissolved solids, most of the organic 
molecules, all viruses, cysts, bacteria and wide range of salts 
and humic materials from surface and ground water as well 
as various types of wastewaters. Nanofiltration provides 
high rejection of multivalent ions such as calcium and low 
rejection of monovalent ions such as chloride. It has lower 
discharge volumes, lower retentate concentrations for low 
value salts, high reduction of salt content and dissolved 
matter content in brackish water, high reduction of heavy 
metals, nitrates and sulphates and high reduction in color, 
tannins, and turbidity. However, it has higher energy 
consumption, requires pre-treatment for heavily polluted 
waters and membranes are expensive. 

Reverse osmosis is the tightest membrane separation process 
in which water is separated from dissolved salts at a pressure 
greater than osmotic pressure. It removes all organic 
molecules, pesticides, cysts, bacteria, viruses and all 
minerals including monovalent ions. The advantages of 
reverse osmosis include removal of nearly all contaminant 
ions and most dissolved non-ions, insensitive to flow and 
total dissolved solids levels, suitable for small systems with 
a high degree of seasonal fluctuation in water demand, 
operates immediately without break-in periods, and 
simplicity of operational and automation allow for less 
operator attention. However, it has high capital and 
operating costs, managing the effluent is a potential 
problem, requires high level of pre-treatment, and is prone to 
fouling. 

Coagulation and flocculation processes are used for 
treatment of a variety of wastewaters and can be used for 
removal of dissolved and suspended solids including 
pathogens (Giardia and Cryptosporidium), virus, arsenic, 
phosphorus, and fluoride. In coagulation particles aggregate 
with themselves by a change in pH while in flocculation 
particles aggregate using polymers to bind them together. 
Polymers are natural and synthetic water-soluble 
macromolecular compounds that enhance flocculation of 
constituents. Natural polymers are free of toxins, 
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biodegradable and locally available. Synthetic polymers are 
more effective and easier to control. The metal coagulants 
fall into two categories: aluminum based (aluminum sulfate, 
aluminum chloride, and sodium aluminate.) and iron based 
(ferric sulfate, ferrous sulfate, ferric chloride, and ferric 
chloride sulfate). The efficiency of the coagulation-
flocculation process is dependent on the type of coagulant, 
coagulant dosage, coagulant feed concentration, type and 
dosage of chemical additives, sequence of chemical addition, 
pH and time lag between dosing points, intensity and 
duration of mixing, flocculator retention time, type of 
stirring device used and flocculator geometry. 

Electrocoagulation is an electrochemical process that 
removes heavy metals, suspended solids, oil, grease, 
emulsified organics and other contaminants from water and 
wastewaters using electricity instead of chemicals. The 
electrocoagulation device performs coagulation, 
flocculation, flotation, separation, and removal in a single 
enclosed reactor.  Electrocoagulation requires no filters and 
no daily maintenance, and is simple and easy to operate. 
Wastewater treated by electrocoagulation results in clear, 
colorless and odorless water and the sludge formed tends to 
be settable and easy to de-water. 

Electrooxidation is an advanced oxidation process 
comprising of two electrodes (anode and cathode) connected 
to a power source and sufficient electrolyte and in which 
strong oxidizing species are formed, interacting with the 
contaminants and converting them into water and CO2 by 
complete mineralization. Electrochemical oxidation is easy 
to set-up, effective in treating harmful and recalcitrant 
organic pollutants and does not require addition of 
chemicals. It has been used to treat a wide variety of harmful 
and non-biodegradable contaminants including aromatics, 
pesticides, drugs, and dyes. However, due to its relatively 
high operating costs, it is often combined with other 
technologies such as biological remediation. 

Photooxidation is an advanced oxidation processes that is 
used in treating recalcitrant organic products in wastewaters 
by forming the hydroxyl radical (OH•) which triggers a 
series of chemical reactions that end up in complete 
mineralization of organic compounds to CO2 and water. 
Photolysis is based on irradiating the effluent with 
ultraviolet light (170-230 nm) which is absorbed by the 
chemical compounds to form free radicals. The lower the 
radiation wavelength, the more energy is absorbed and the 
greater the efficiency in destroying the contaminants. For the 
oxidation reactions to occur, oxidizing species (ozone and 
hydrogen peroxide) must be present. Photocatalytic 
oxidation can destroy contaminants using ultraviolet 
radiation with catalysts (salts of iron, usually chlorides, 
fluorides and bromides, or semiconducting oxides such as 
TiO2, Al2O3 or ZnO) to increase the formation of hydroxyl 
radicals. Photooxidation has several advantages including: 
the process is non-selective and can decompose virtually any 

organic molecules, pre- or post-treatment processes are not 
required, energy consumption is very low, the radiation 
source could be solar energy, the chemicals used are 
relatively low cost and freely available, complete oxidation 
of organic and inorganic compounds and emission of 
harmless compounds. 

Adsorption is the adhesion of atoms, ions or molecules in the 
medium to a surface, creating a film of the adsorbate on the 
surface of the adsorbent. Adsorption is widely used in 
industrial applications such as catalysts, activated charcoal 
capturing and use of waste heat to provide cold water for air 
conditioning, synthetic resins, ion exchange, 
chromatography, water purification, pharmaceutical industry 
applications and water and wastewater treatments. 

Treating and recycling greywater with physical or chemical 
treatment technologies is economically and environmentally 
sustainable. However, when selecting a physical or a 
chemical treatment process for greywater treatment, the 
characteristics of greywater must be taken into 
consideration. 
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