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Abstract Greywater is a type of wastewater generated from household activities
which include bathing, laundry and kitchen activities. Greywater has a lower quality
than potable water, but it is of higher quality than sewage. This article is a quali-
tative review presenting the quantities and qualitative characteristics of greywater
in developed and developing countries. The chapter aims at highlighting the pres-
ence of nitrogen, phosphorus and pathogenic microorganisms. This paper provides
a comprehensive review of greywater in order to understand the physiochemical and
microbiological composition of greywater which represents the first step in choosing
the most appropriate technology for the treatment process and to best evaluate the
health risks associated with greywater discharge into the environment.
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1.1 Introduction

The rapid increase in the total population in developing countries and their activities
alongside the deficiency in clean water resources as well as the absence of advanced
technology required to produce high quality treated wastewater leads to an increase
in the level of natural water contamination. This is due to the direct discharge of
wastewater into water bodies. In most developed countries, black water and greywater
are treated separately. In contrast, these practices are common in the rural areas in
developing countries in order to reduce the quantity of sewage discharged into the
individual septic tank (IST) due to the absence of a central wastewater treatment
plant. Besides, these practices are common in arid and semi-arid areas because they
use greywater for irrigation purposes.

Research studies in greywater treatment and the reuse or recycling of greywa-
ter have started early since the 1990s and have increased significantly after 2005
(Fig. 1.1).

A review of these publications revealed that most of the studies were performed in
developed countries. In the period between 1990 and 2000, the publications addressed
the characteristics of greywater from different sources. However, in the last few
years, they have shifted to the treatment and reuse of greywater for the production of
biomass as well as for irrigation purposes. Most papers published in the Middle East
region were produced in Jordan which has the best practice in the field of wastewater
treatment among the developing countries in the Middle East region, and they are
also related to arid and semi-arid weather in Jordan. Therefore, the greywater in

80

70

60

50

40

30

Publication numbers

20

10

0
1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Year

Fig. 1.1 Shows the distribution of 426 publications on greywater in the period between 1991 and
2016. The data were collected from Elsevier, Springer and Wiley publishers
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Jordan represents an important alternative source of potable water. In Yemen, which
has the least studies in the field of wastewater treatment, only three publications by
Al-Mughalles et al. (2012) were found. In Malaysia, most papers on greywater were
conducted by researchers working at the universities located in the suburban areas.
Moreover, their work focused on the characteristics, treatment and reuse of greywater.
The differences between developing countries in the Middle East in comparison to
Malaysia are related to the presence of research facilities. There is some reliable
information pertaining to the composition of greywater, treatment technologies as
well as the potential to reuse and recycle greywater (Eriksson et al. 2002; Jefferson
et al. 2004; Palmquist and Hanzus 2005). This gap offers researchers a greater
opportunity to explore the qualitative characteristics of greywater which play an
important role in the proper management of greywater to be used as an alternative
source of fresh water. This chapter aims at viewing the physical, chemical as well
as microbiological characteristics of greywater to provide a comprehensive idea of
greywater composition.

1.2 Definition of Greywater

Greywater is a general term referring to different types of wastewater generated
from household activities. Greywater is quite different from toilet wastewater which
is known as black water. Greywater has a lower quality than potable water, but it
is of higher quality than blackwater (Prathapar et al. 2005; Jamrah et al. 2006).
The term of greywater refers to the colour change in water to grey during storage,
but laundry greywater is grey even without the storage period. In some references,
greywater is defined as light wastewater, diluted wastewater (Ledin et al. 2001)
and reclaimed water (Gregory and Hansen 1996). Wilderer (2004) has classified
the wastewater generated from houses into six categories including brown water
(wastewater with faeces), yellow water (urine), blackwater (containing both urine
and faeces), greywater (containing mainly detergents), green water (contains food
particles) and storm water (rainwater). The main difference between black water and
greywater is the high level of organic material, nutrients and infectious agents which
are available in high concentrations in black water (Klammer 2013; Atiku et al. 2016),
while they are lesser by 90% in greywater. In most definitions, kitchen and dishwasher
wastewater are excluded from the category of greywater because it contains high
levels of microbial loads which might be associated with high levels of organic
matter resulting from grease, oil and detergents (Wurochekke et al. 2016). However,
Al-Gheethi et al. (2016a, b) mentioned that those dishwasher, kitchen and restaurant
wastewaters are closer to greywater than black water in terms of their characteristics.
The source of microbial organisms in dishwasher, kitchen and restaurant wastewater
might be caused by the washing of vegetables, fruits and meat. The microbial loads of
these items are low but they may multiply in the kitchen greywater due to the presence
of nutrients necessary for their growth (Friedler 2004). In contrast, the microbial loads
in black water are very high even without the reproduction process. These differences
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might explain the exclusion of kitchen and restaurant wastewater from the black water
category. Nonetheless, more clarifications are needed to justify the classification of
these wastes within the greywater definition. This is because the quality of wastewater
generated from cooking and dishwashers (both in kitchen and restaurant shops) is
also similar to wet market and meat processing wastewater in terms of microbial
loads and organic content as well as its nutrient content. Indeed, the classification
of wastewater from household activities makes the creation of a separate network
transport system for each type more complicated especially in developing countries
in which all household wastewater is discharged without separation. Therefore, in
order to overcome the confusion between greywater from baths and wastewater
from the kitchen, Bodnar et al. (2014) used the term ‘light greywater’ to represent
greywater from baths and dark greywater generated by laundry and cooking. In a
report published by Morel and Diener (2006), 12 out of 15 references included kitchen
wastewater within the greywater definition. Hence, in this chapter, the concept of
greywater will include all the wastewater from household activities except for black
water.

1.3 Sources and Quantity of Greywater in Developing
Countries

The main source of greywater comes from household activities, including baths,
showers, laundry as well as dishwashing. The percentage of greywater generated from
household activities represents 50-80% of the total water usage. So far, quantities of
greywater depend on domestic water consumption. The data depicted in Fig. 1.2 show
that the maximum water consumption is utilized for laundry and shower activities
(33 and 23% respectively). The toilets consumed around 20% while dishwashing
and cooking consumed 11% of the total water usage.

The percentage of greywater compared to black water in developing countries
is more than that in developed countries. For instance, in the UK, the quantities
of greywater and sewage produced are equal, while greywater represents 70-80%
of total domestic wastewater in Jordan and Oman (Prathapar et al. 2005; Jamrah
et al. 2008). In South Africa, greywater is ranging between 65 and 85% of the total
household water consumption (Carden et al. 2007). These differences would be also
explained based on lifestyle. This indicates that the greywater quantity does not vary
greatly.

Al-Mughalles et al. (2012) mentioned that the utilization of Arabic toilets might be
associated with high generation of greywater, while the utilization of Western toilets
with a flushing system might lead to increased black water production. Indeed, the
estimation of greywater quantities in developing countries especially those located in
the Middle East region is difficult because in most of those countries, the greywater
is discharged with the sewage. Therefore, accurate information about the percentage
of greywater in black water is unavailable. However, a more acceptable reason to
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Fig. 1.2 Domestic water consumption per capita per day. (Adopted from Howard et al. 2003)

increase the percentage of greywater in Middle East countries is the ablution water
which is generated from the ablution process and discharged along with greywater
(Efaq et al. 2016; Mohamed et al. 2016a).

Greywater quantity depends on the number of household members, their age,
nature of living, demographics and level of occupancy, geographical location, social
habits and water usage pattern and time (Prathapar et al. 2005; Jamrah et al. 2008).
Hence, the quantity of greywater produced differs in developed countries compared
to developing countries (Fig. 1.3). Bodnar et al. (2014) also indicated that the amount
of generated greywater in large cities (120-130 L/p/d) is higher than that in small
villages (50-70 L/p/d).

Based on the quantities of greywater in different countries presented in Fig. 1.3,
it can be noted that the quantities of greywater generated from household activities
depend on the level of development in that particular country. The maximum quantity
of greywater is recorded in the USA (281 L/p/d), while the lowest quantities were
noted in South Africa (20 L/p/d).

The quantities of greywater in the countries which face a scarcity in freshwater
resources such as Yemen (35 L/p/d), Syria (33.8 L/p/d) and Mali (30 L/p/d) are
less compared to countries which have several water resources such as Malaysia
(125 L/p/d). However, this situation depends on the level of the country’s degree of
economic development and the availability of facilities in the countries. For instance,
in Jordan, the total amount of greywater generated from households is 50 L/p/d. In
contrast, in Oman which is located in the same geographical area, the quantity of
greywater generated is 184 L/p/d. This might be related to desalinated seawater.
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Fig. 1.3 Quantities of greywater (L/p/d) in selected countries. Source Faruqui and Al-Jayyousi
(2002), Adendorff and Stimie (2005), Alderlieste and Langeveld (2005), Helvetas (2005), Busser
et al. (2006), Jamrah et al. (2008); Mourad et al. (2011), Al-Mughalles et al. (2012), Harikumar and
Mol (2012), Antonopoulou et al. (2013), Mohamed et al. (2013)

In Saudi Arabia, 15.1 billion cubic metres of desalinated seawater is provided per
day (BCM) compared to 1.2 BCM per day of non-renewable groundwater resources
(Al-Saud 2010). In Malaysia, greywater generated is estimated to be 100-150 L/p/d
(Mohamed et al. 2016b). The common practices among the community might play an
important role in the quantities of discharged greywater. Adendorff and Stimie (2005)
stated that the low production of greywater in South Africa (20 L/p/d) is due to the
lifestyle of the people who use rivers or lakes for washing clothes, utensils and to clean
themselves. In comparison to developed countries, the average greywater volume
is 113 L/p/d in Australia, 110 L/p/d in Switzerland (Helvetas 2005), 100 L/p/d in
Hungary (Bodnar et al. 2014) and between 35 and 150 in Europe (Boyjoo et al. 2013).

The main resources for greywater include bathroom, laundry and kitchen. Greywa-
ter from baths constitutes the main percentage of the greywater. It has been reported
that the greywater from bathrooms makes up 55% of the total greywater, followed
by laundry wastewater (34%) and kitchen wastewater (11%) (Katukiza et al. 2015;
Laghari et al. 2015). According to Mara and Cairncross (1989), bathroom greywater
is the main greywater source with 54% of the total greywater generated by houses,
while laundry greywater makes up 38% of the total greywater generated. In a study
conducted by Ghaitidak and Yadav (2013), the percentages of bathroom, laundry
and kitchen greywater were 47, 26 and 27% respectively. Mohamed et al. (2016b)
revealed that the maximum generation of greywater in Malaysia was recorded from
bathing activity, with an average of 50% of total greywater. It was due to frequent
bathing among the occupants of more than three times daily. This is also related to
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the hot and humid weather in Malaysia. The study also found that laundry greywater
contributed 22% of the total greywater. In contrast, the kitchen greywater quantity
represented 28% of total greywater. The quantity of greywater during weekends is
higher than greywater produced during weekdays (Mohamed et al. 2016b). These
differences are due to more household activities on weekends, especially cooking
activities. On weekdays, most people have their meals at their workplace thus less
kitchen grey water is produced in the absence of cooking.

1.4 Qualitative Characteristics of Household Greywater

1.4.1 General Composition

Greywater is mixed with soap, shampoo, toothpaste, food waste, cooking oil and
detergent depending on the utilization of resources by each household (Mohamed
et al. 2016b). The main composition for different types of greywater is presented in
Table 1.1. The quality of greywater depends mainly on the health status and personal
hygiene of the users (Jamrah et al. 2008; Laghari et al. 2015).

The main parameters of greywater include biochemical oxygen demand (BOD),
chemical oxygen demand (COD), suspended solids, turbidity, total nitrogen (TN),
total phosphorus (TP), pH, alkalinity, electrical conductivity, heavy metals, disinfec-
tants, bleach, surfactants and detergents (Adendorff and Stimie 2005). The quality
of organic matter in greywater is similar to that in domestic wastewater but differs
in terms of concentration. Moreover, the utilization of low quantities of water for
household activities is associated with heavy pollution while high quantities of grey-
water show that pollutants are subjected to dilution. Previous studies have revealed
that the pollutant loads of greywater from developing countries are higher than that
reported in developed countries (Carden et al. 2007). This might be explained based
on the quantities of greywater in developed countries which are higher in comparison
to that in developing countries. Thus, more dilution for pollutants takes place with

Table 1.1 Composition of household greywater from three main resources

Source of greywater General composition

Bathing Represents real greywater and contains soaps, toothpaste, shampoos,
body care products, shaving waste, body fats, skin, hair, lint, urine
and faeces (which are common if there are children in the house),
hair dyes, toothpaste, bacteria

Laundry Sodium, phosphorous, surfactants, nitrogen, foam, bleaches,
suspended solids, oils and grease, paints, solvents, fibres, bacteria,
viruses, lint

Cooking and Food residues, oil and fat, detergents, suspended solids, nutrients,
dishwashing salt, bacteria, foam
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high quantities of greywater. In some developed countries, the term ‘diluted waste’
is used to represent greywater.

1.4.2 Physical Characteristics

The physical characteristics of greywater include temperature, colour, turbidity, sus-
pended solids and total dissolved solids. These characteristics depend upon the grey-
water source. Some of the physical characteristics such as temperature and colour
vary depending on the environmental climate and conditions. For instance, wastew-
ater temperature in cold regions ranged from 7 to 18 °C, while in warmer regions
it is between 13 and 24 °C. The variations in their values affect the wastewater
composition due to their role in chemical and biological reactions. The variations
in temperature are associated with the changes in pH, conductivity and saturation
level of gases. Besides, the higher temperature of greywater might provide a suitable
environmental condition for infectious agents which have a temperature between 20
and 40 °C (Eriksson et al. 2002; Al-Gheethi et al. 2013). Therefore, these parameters
should also be considered for the assessment of the quality of greywater. The colour
parameter is an indicator of the level of total suspended solids and dyes in wastewa-
ter Dubey et al. (2013). In fact, greywater parameters interact and the evaluation for
each parameter separately does not reflect greywater quality and the expected effects
on the environment as well as the selection of treatment technology. Besides, the
composition of wastewater varies seasonally and geographically based on the local
activities and total population in the specific area, as well as the presence or absence
of the wastewater transport system.

The main physical parameters of greywater are presented in Table 1.2. It can
be noted that greywater has a wide range of physical characteristics. Turbidity is a
physical parameter which reflects the presence of suspended solids resulting from
clothes washing and cleaning dirty floors and leads to cloudiness in greywater.

In contrast, the ‘total dissolved salts’ is a term used for the expression of total
concentration of dissolved substances (organic and inorganic) in greywater. The
turbidity and TSS are high in greywater generated from laundry and the kitchen
due to the presence of solids, fabric softeners and laundry detergent residues. Jong
et al. (2010) revealed that the turbidity in mixed greywater from washing, cooking,
bathroom and shower ranged from 152 to 4400 NTU, this value is associated with
high TSS ranging from 72.5 to 4250 mg L~'. The authors also indicated that kitchen
greywater has a high content of TDS ranging between 412.57 and 1232.14 mg L™!
(Bodnar et al. 2014).

In a comparison between developed and developing countries, the concentrations
of physical characteristics in greywater from developing countries are higher than
those in developed countries with some exceptions. For example, TSS in greywa-
ter from the USA and the EU as well as Australia ranged from less than 10 to a
maximum of 400 mg L~!. These concentrations are also shown in greywater from
India, Malaysia and Yemen, but it was more than 1500 mg L~! in Uganda, Jordan
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and Bangladesh (Al-Mughalles et al. 2012; Abedin and Rakib 2013; Katukiza et al.
2014). Similar trends were observed for turbidity and TDS but with little differ-
ences between the greywater in developed and developing countries. However, the
data in Table 1.2 show that in some countries such as Korea, the turbidity ranges
from 152 to 4400 NTU whereas in Yemen it was between 266.24 and 618.60 NTU
(Jong et al. 2010; Al-Mughalles et al. 2012). Finally, it has to be mentioned that the
physical properties of greywater might give a general idea of greywater while the
real composition needs to be evaluated based on the chemical and microbiological
characteristics.

1.4.3 Chemical Characteristics

The chemical characteristics of greywater are illustrated in Table 1.3. These param-
eters including pH, chemical oxygen demand (COD), biochemical oxygen demand
(BOD), total nitrogen (TN) and total phosphate (TP) provide more details on the
nature of these wastes in terms of organic and inorganic constitutes. Greywater has
a more alkaline pH value ranging from 5 to 11 compared to black water which has a
pH between 6 and 7.7 (Schifer et al. 2006). The data in Table 1.3 indicate that there
is no clear correlation between pH values and the development level for greywater
from different countries.

However, it was noted that the greywater in developed countries has a neutral pH
whereas those from developing countries ranged from less than 6 as that reported in
Bangladesh, Jordan, Egypt and Yemen (Abedin and Rakib 2013; Ammari et al. 2014;
Abdel-Shafy et al. 2014) to more than pH 9 as reported in India (Vakil et al. 2014).
Meanwhile, Fountoulakis et al. (2016) found that the pH value in greywater from
Greece ranged from pH 6.4 to 10. Nonetheless, pH values in greywater depend on the
source of greywater. For bathing and kitchen greywater, the pH value is on average
7, while those generated from laundry has a pH more than 9 due to the presence of
high concentrations of surfactants/detergents (Bodnar et al. 2014).

COD parameter is one of the main chemical characteristics which reveals real
organic pollutants in greywater (Jais et al. 2016). The concentration of COD depends
on the chemical reaction level between organic substances in greywater. Therefore,
the increasing levels of COD in greywater indicate active chemical reactions with
high consumption of free oxygen available in water. In contrast, BOD is an indicator
for the biological oxidation of organic compounds in the presence of molecular
oxygen as an oxidizing agent to produce carbon dioxide and water. This process
takes place in the microbial cells and uses dissolved oxygen available in water. High
concentrations of BOD in greywater are an indirect indicator for high density of
microorganisms.

From the concentrations of COD and BODs in previous studies presented
in Table 1.3, greywater appears to have higher COD than BOD. Therefore, the
COD:BODs ratio (4:1) of greywater is higher than that of sewage. This would
be due to the high levels of xenobiotic organic compounds (XOC) in detergent
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products used in the shower, washing process and dishwashing as well as the absence
of organic matter in greywater generated from shower and laundry and the low con-
centrations of macro-nutrients such as nitrogen and phosphorus in greywater com-
pared to sewage (Jefferson et al. 1999). Greywater has 90% less nitrogen than that
available in sewage due to the absence of urine and faeces as well as toilet paper which
leads to an increase in organic content (Al-Gheethi et al. 2016a, b). The high ratio
in COD/BOD:s indicates the presence of high concentrations of non-biodegradable
compounds in greywater.

The difference in the type of detergents used for each process might have a
significant effect on the concentrations of COD. The results in Table 1.3 indicate
that the COD concentrations varied based on the source of greywater. Abedin and
Rakib (2013) revealed that the greywater from kitchens has more COD than that
from laundry (11042510 vs. 1056-1599 mg L', respectively). However, Vakil
et al. (2014) found that the COD in greywater from laundry was higher than that of
kitchen greywater (824 vs. 602 mg L~!). Moreover, COD in greywater from baths
is less than that in laundry and kitchen greywater. So far, the reports in literature
revealed that the concentrations of BODjs in kitchen greywater are more than that in
bathing and laundry greywater due to high organic content.

The nutrients in greywater refer to total nitrogen and total phosphorous. Nitrogen
in greywater is usually present in organic forms such as ammonia (NH4*, NH3~N)
and inorganic forms such as nitrate (NO3™) and nitrite (NO, 7). Some studies in
the literature indicated that ammonium represents the main source of nitrogen more
than nitrate and nitrite. Orthophosphate (PO,3~) is a common form of TP in grey-
water which results from the utilization of detergent builders and hygiene products
(Eriksson et al. 2002).

Both TN and TP are usually determined by the authors, since they reflect the
quantity of nutrients. The concentrations of TN and TP in greywater depend on
the source. Many authors indicated that TN and TP are high in kitchen greywater
while they are present in low concentrations in shower and laundry greywater due to
the absence of organic matter. However, detectable concentrations of TN and TP in
shower and laundry greywater have been revealed. Vakil et al. (2014) found that the
laundry greywater in India contained between 10.7 and 79 mg L~! of TN compared
to 4.7-11.4 mg L~! in kitchen greywater. This might be due to the presence of urine
which comes from houses with children. Another source of ammonium nitrogen
in greywater is the cationic surfactants of fabric softeners and laundry disinfectant
agents.

Based on the data presented in Table 1.3, it can be noted that the TN concentrations
in most reported studies are more than TP, except for some studies which indicated
that the TP was more than TN. For example, Al-Mughalles et al. (2012) found that
the TP concentrations in greywater from Yemen were higher than that of TN. A
similar result has been reported in a previous study conducted in Australia, where
the TN was 0.3 mg L~' while the TP was 40.8 mg L~! (Chin et al. 2009).
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In a review of chemical parameters of greywater from developed and developing
countries (Table 1.3), the results revealed that the greywater from developing coun-
tries has high concentrations of COD and BODs in comparison to that of developed
countries. For instance, the COD in greywater generated from household activities
in Yemen ranged from 1200 to 2000 mg L~'. In Uganda, it was between 4699 and
8427 mg L™', in Jordan, it was on average 16.88 mg L~ and in Malaysia, the COD
was between 180 and 621 mg L™ (Al-Mughalles et al. 2012; Ammari et al. 2014
Katukiza et al. 2014; Mohamed et al. 2013, 2014). In contrast, the average COD was
399 mg L~! in France (Chaillou et al. 2011). In Denmark, the COD ranged from 77
to 240 mg L' (Eriksson et al. 2002). Similar results were reported for BODs, among
different countries. The maximum concentration was noted in greywater from Jordan
(600-1710 mg L~") and Uganda (929-1861 mg L~") (Ammari et al. 2014; Katukiza
et al. 2014). The maximum concentration of BODs of the greywater from developed
countries was recorded in Sweden (495-682 mg L~!) (Palmquist and Hanzus 2005).

Little information is available about the concentrations of TN and TP as most stud-
ies focus on main parameters which include COD, BOD and pH. The results presented
in Table 1.3 from different studies indicate the absence of an association between TN
and TP concentrations and development levels for the country. Moreover, the highest
concentrations of TN were noted in greywater from Jordan (54.30-155.03 mg L~")
while the lowest concentration was reported in Egypt (7.5-9.2 mg L") and Yemen
(7.84-11.28 mg L~!) (Al-Mughalles et al. 2012; Abdel-Shafy et al. 2014). However,
these differences were not related to the development level of the countries, Jordan,
Egypt and Yemen are developing countries and located in the same geographical
area. So far, the studies conducted in Jordan which are presented in Table 1.3 indi-
cate that the TN of different types of greywater is high. This might be due to the
low quantities of greywater generated compared to the quantities in other countries.
The high amount of water usage might lead to the dilution of the main parameters of
greywater. A similar observation was also noted for TP where the maximum concen-
tration was recorded in greywater from South Africa (40-69 mg L~') (Rodda et al.
2011), while the minimum concentration was noted in Greece (0.1-1 mg L~").This
may be due to limited use of phosphorus-containing detergents in baths and washing
machines (Fountoulakis et al. 2016).

Based on the above discussion, it can be concluded that the main parameters of
greywater vary in their concentrations. These findings were also noted by previous
studies which indicated that greywater has a wide range in the most common con-
stituents compared to wastewater. Moreover, the differences in the characteristics of
greywater among developed and developing countries might be related to the differ-
ences in tap water quality and experimental protocols used for greywater sampling
as well as the small sample size in terms of participants surveyed (Eriksson et al.
2002).
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1.4.3.1 Heavy Metals

Heavy metals is a term which refers to a wide range of elements in the periodic
table. These metals are classified into groups based on toxicity and biological roles.
Some heavy metals such as Cu, Zn and Ni play an important role as cofactors at low
concentrations for biological reactions during the metabolic and anabolic pathways
of cells. These metals are called trace elements or microelements, but a high concen-
tration of these metals is toxic to the cells. In contrast, other metals such as Pb, Cd,
Hg, Ag, Cd and Co are toxic even at low concentrations and have no function in bio-
logical processes. Heavy metals in greywater originate mainly from the detergents
and chemical products used for bathing and clothes washing as well as dishwashing
(Leal et al. 2007).

Others metals including Na, K, Ca and Mg which have no toxicity are called
macro-elements (Lim et al. 2010). However, the main concern with heavy metal
lies in their accumulation in the plant tissue and their transmission into humans and
animals since heavy metals are non-biodegradable. Hence, their accumulation in
the organs can cause several diseases in high doses (Epstein, 2002; Banana et al.
2016). The list of the most common metals in greywater is presented in Table 1.4.
These heavy metals are present in concentrations less than the standard, while macro-
elements are available in greywater in high concentrations.

Palmquist and Hanzeus (2005) detected 22 metals ions in the greywater generated
from ordinary Swedish households including Al, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, K,
Mg, Mn, Na, Ni, Pb, Pt, S, Sb, Sn, Te and Zn.

1.4.4 Microbiological Characteristics

Authors assume that greywater is free from harmful bacteria due to the absence
of solid faeces (Finley et al. 2009). Many infectious agents in greywater have been
reported in literature. Among them, Staphylococcus aureus and Pseudomonas aerug-
inosa, total coliforms (TC), faecal coliforms (FC), Escherichia coli, Enterococci,
Klebsiella pneumoniae and Salmonella spp. as well as Cryptosporidium parvum and
Giardia lamblia (Rangel-Martinez et al. 2015; Al-Gheethi et al. 2016a). Total col-
iform (TC) is a bacterial group which includes four genera which are Citrobacter sp.
Enterobacter sp. Escherichia sp. and Klebsiella sp. These genera are Gram-negative
bacteria with rod shapes and have the ability to ferment lactose and produce gas at
37 °C within 24-48 h. Faecal coliform is a subgroup of TC and includes E. coli and
some strains of K. pneumonia which have the ability to ferment lactose and produce
gas at 44.5 °C within 24 h.

The diversity of infectious agents in greywater depends on public health and the
number of occupants in a house. These variations occur not only geographically
but also seasonally on the same site. In houses with a high number of occupants,
high concentrations and a diversity of microbial species are present with low levels
of infectious agents even in the presence of some infected residents. In contrast, in
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houses with few occupants, the concentration and diversity of microorganisms may
be low but the percentage of infectious agents might be high if some members are
infected.

Pathogen diversity in greywater depends on the source of waste. A high concentra-
tion of microorganisms in greywater is related to the presence of nutrients. Suspended
and dissolved solids provide a suitable medium for microbial growth in greywater.
For example, kitchen sink and dishwater greywater are often highly contaminated
due to the presence of food and grease particles. Showers, hand basins and wash-
ing machines might also be a source for pathogenic bacteria in greywater. However,
pathogenic microorganisms in the greywater from showers are different from that of
kitchen greywater. Moreover, the main hazard of greywater is associated with faecal
contamination which comes from contaminated faecal washing clothes, child care
and washing raw meats. Marjoram (2014) revealed that the TC and FC are high in
bathroom and laundry greywater in houses with children. The greywater generated
from the houses with children are associated with high concentrations of FC. This is
because faeces and urine represent the main source for FC. The pathogenic bacteria
diversity with their concentration in greywater from developed and developing coun-
tries can be found in Table 1.5. The most common pathogenic bacteria in greywater
include E. coli, Enterococci, P. aeruginosa, S. aureus, K. pneumoniae, C. perfrin-
gens and Salmonella spp. The researchers in developed and developing countries are
looking for different bacterial species. However, TC and FC can be detected by all
of them. Furthermore, in developed countries such as the UK, Sweden and Israel,
researchers focus on the detection of P. aeruginosa, S. aureus and C. perfringens
while they focus only on TC and FC in developing countries. This would be due to
the absence of advanced technologies in developing countries which is required to
isolate and identify pathogenic bacteria.

The most common pathogenic bacteria in the greywater generated from bathing
and laundry are P. aeruginosa and S. aureus because these bacteria are part of the
normal flora which colonizes the body surface as well as the mouth, nose and ears.
In contrast, the content of Salmonella spp. and Campylobacter spp. might be high
in kitchen greywater. Moreover, inclusion of bathing and laundry greywater with
kitchen greywater might improve the bacterial multiplication and growth due to the
presence of high nutrient content (Rose et al. 2002; Ottoson and Stenstrém 2003; Al-
Gheethi et al. 2016a). The pathogenic bacteria in greywater are available in very low
concentrations. Therefore, the presence or absence of specific bacteria in greywater
would depend on the quantity and number of greywater samples analysed as well
as the efficiency of the analysis technique. Hence, in many countries, the evaluation
of microbiological quality for greywater depends mainly on the concept of indicator
bacteria (Sect. 1.4.4.1).

Besides the most common pathogenic bacteria illustrated in Table 1.5, there are
other species found in greywater as reported in the literature including Aeromonas
spp- (Albrechtsen 2002), Legionella pneumophilia (Birks et al. 2004), Mycobac-
terium spp. (Albrechtsen 2002) and Campylobacter sp. (Albrechtsen 2002). These
pathogens were also listed by a study conducted by Winward (2007). Ukwubile
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(2014) revealed the presence of S. typhi, Vibrio cholera, E. coli, C. jejuni, S. aureus
and Shigella dysenteriea in greywater in Nigeria.

On the other hand, the most common parasites reported in greywater include
Cryptosporidium sp. and Giardia sp. with more than 107 cell/100 L (Birks et al.
2004; Birks and Hills 2007). Parasites in greywater might be transmitted from faeces
and urine but they can also be present in kitchen greywater which are transmitted from
vegetables and fruits irrigated with contaminated water since both Cryptosporidium
sp. and Giardia sp. have high potential to form cysts which have a long period of
survival in the environment.

1.4.4.1 Indicator Bacteria

Indicator bacteria are a bacterial group or species used as a model to indicate the
presence or absence of pathogens in greywater. The indicator bacteria concept has
become more popular since 1870 because the direct detection of different types of
pathogenic bacteria, viruses, cysts of protozoan parasites and helminths in greywater
is an unpredictable and time-consuming procedure.

The indicator bacteria are present in a concentration higher than that of pathogens.
The data presented in Table 1.5 show that the concentrations of TC ranged from 10° to
10° cell 100 mL~!, FC ranged between 10* and 10° cell 100 mL~!, E. coli was present
between 10? and 10° cell 100 mL~! and Enterococci ranged between 10% and 10°
cells 100 mL~". In contrast, P. aeruginosa was between 10" and 10* cell 100 mL~!,
S. aureus was present ranging between 10% and 10* cell 100 mL~", Salmonella spp.
and C. perfringens were on average 10° cell 100 mL~".

There are several bacterial species suggested as an indicator of the presence of
pathogens. Nevertheless, the historical and traditional indicator bacteria are TC and
FC, since they exhibited correlation with pathogens such as viruses and parasites.
Moreover, some recent studies indicated the absence of correlation between TC,
FC and E. coli, and some pathogens such as Salmonella spp. and Campylobacter
spp. (Polo et al. 1999; Horman et al. 2004). Besides, the main criteria for indicator
bacteria are that they should not increase and multiply in the environment but Byap-
panahalli and Fujioka (1998) revealed that FC and E. coli have grown in tropical
soil environments. Therefore, researchers are looking for alternative indicators with
more correlation to the pathogens and at the same time possess resistance towards
environmental conditions without growth. In biosolids and sewage effluents, FC and
E. coli are preferred as indicators because these wastes contain faeces and urine
which represent the main source of coliform bacteria. In contrast, in medical waste,
P. aeruginosa and S. aureus were suggested by STAATT (2005) as indicators because
these bacteria are opportunistic organisms and thus are associated with clinical waste.
S. aureus was proposed as an indicator of hospital hygiene for microbiological stan-
dards (Dancer 2004). Jin et al. (2012) used S. aureus as an indicator to evaluate the
hydrothermal treatment process to achieve hygienic safety for food waste. Celico
et al. (2004) claimed that Enterococci is a more reliable indicator than TC and FC
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because they have high potential to survive in the environment in comparison to FC.
Enterococci are used frequently as a reference microorganism for pasteurized foods.

The selection of the indicator depends on the type of the waste as it has to reflect the
real microbial diversity and loads of the waste (Al-Gheethi et al. 2016b). Therefore,
with reference to the microbial diversity in greywater revealed by previous studies,
it can be noticed that they include TC, FC, E. coli, Enterococci, P. aeruginosa, S.
aureus, K. pneumoniae, C. perfringens and Salmonella spp. Among these organisms,
TC, FC, E. coli and K. Pneumoniae as well as Enterococci originated from greywater
with faecal contamination with some exception for K. pneumoniae as well as Entero-
cocci which have non-faecal sources. K. pneumoniae was the first indicator bacteria
suggested by Von Fritsch (Geldreich 1978). However, further research studies indi-
cated that this bacteria has low correlation with pathogenic bacteria compared to E.
coli (Al-Gheethi et al. 2013). FC and especially E. coli may be used as indicators but
it failed to reflect the actual load of pathogens due to the absence of faecal source in
many types of greywater such as kitchen and sink greywater. Salmonella spp. was
suggested in some references as an indicator for the evaluation of the treatment pro-
cess of biosolids since it is typically present in higher densities than other bacterial
pathogens and has the ability to survive for a long time in the environment (USEPA
2003). So far, Salmonella spp. might be not suitable as an indicator for greywa-
ter because it might be present in kitchen greywater resulting from the washing of
vegetables and chicken meat, but not from showers and laundry greywater. C. per-
fringens was also suggested in the literature as an indicator for wastewater (Rouch
et al. 2011). However, other authors stated that the hardy spores of this bacterium
make it too resistant to be useful as an indicator organism (Vierheilig et al. 2013).
Besides, some pathogenic bacteria such as Salmonella spp. and C. perfringens have
been suggested as indicators which have a narrow range to represent the total micro-
bial load in greywater. These bacterial species might be more suitable as models to
determine the effectiveness of the treatment process of wastewater but are not to be
used as indicators to evaluate the microbiological characteristics of different types
of wastewater including greywater.

Based on previous studies conducted on the microbiological characteristics of
greywater especially that related to microbial loads, S. aureus and P. aeruginosa
might be considered as an indicator for the pathogenic bacteria in greywater due to
its importance as an opportunistic pathogen. Besides, these bacteria were reported
in different types of greywater such as those generated from showers, laundry and
kitchen activities. Both bacterial species are not related to faecal contamination but
they can be used as indicators for pathogenic bacteria regardless of its sources. P.
aeruginosa was suggested for the first time as an indicator in freshwater streams
by Wheater et al. (1980). Before, Kenner and Clark (1974) revealed that P. aerugi-
nosa has better potential as an indicator than FC in bathing and recreational water.
These suggestions are in agreement with the study performed by Warrington (2001),
in which P. aeruginosa exhibited more efficiency than E. coli as an indicator for
marine water. Moreover, recently, P. aeruginosa was proposed as a new indicator for
determining the microbiological quality of sewage effluent (Coronel-Olivares et al.
2011). The authors in literature have revealed that P. aeruginosa and S. aureus were
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isolated from wastewater in which E. coli was less than the detection limit (Garland
et al. 2000; Gross et al. 2007a, b).

1.5 Conclusions

This qualitative review has attempted to give a comprehensive idea about the quan-
tities and qualitative characteristics of greywater in developed and developing coun-
tries so that the reader can get an idea of the characteristics of these wastes and the
differences in their composition based on the source of generation. Therefore, this
aspect needs to be investigated further in order to facilitate the selection of treatment
processes and best understand their adverse effects on the environment. Moreover,
greywater with a high content of nutrients and pathogenic organisms need to be dis-
posed with care or reused for irrigation purposes which is the common practice in
the developing countries.
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