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Foreword
The issue of greywater management – including wastewater from bath, laundry
and kitchen but excluding toilet wastewater – is steadily gaining importance,
especially in low and middle-income countries (LMIC) where inadequate wastewater
management has a detrimental impact on public health and the environment. In recent
years, inadequate greywater management has not only been linked to environmental
GHJUDGDWLRQ DQG VHULRXV KHDOWK ULVNV EXW KDV DOVR EHHQ LQFUHDVLQJO\ LGHQWL¿HG DV
a valuable resource rather than a waste. Appropriate reuse of greywater not only
reduces agricultural use of drinking water and water costs, but also increases food
security and improves public health.
This report compiles international experience in greywater management on
household and neighbourhood level in low and middle-income countries. In urban
areas of LMIC, greywater is commonly discharged untreated into drainage channels,
RQRSHQ¿HOGVRULQWRQDWXUDODTXDWLFV\VWHPV7KHUXUDODQGSHULXUEDQDUHDVPDLQO\
use untreated greywater for agricultural purposes, thereby leading to environmental
degradation and exposing the population to health risks. Though greywater is
generally less polluted than domestic or industrial wastewater, it may still contain
high levels of pathogenic microorganisms, suspended solids and substances such
as oil, fat, soaps, detergents, and other household chemicals.
The report is not a plea for stand-alone greywater management systems for all
situations and at all costs but aims at providing a comprehensive description of the
main components for successful greywater management. Recommendations are
formulated for control measures at the source, design of primary and secondary
treatment systems as well as safe reuse and disposal of treated greywater. Though
information on greywater management experience in LMIC is scarce, several
cases of implemented and engineered greywater management systems could be
LGHQWL¿HG7KHGRFXPHQWHGV\VWHPVZKLFKYDU\VLJQL¿FDQWO\LQWHUPVRIFRPSOH[LW\
performance and costs, range from simple systems for single-house applications
HJ ORFDO LQ¿OWUDWLRQ RU JDUGHQ LUULJDWLRQ  WR UDWKHU FRPSOH[ WUHDWPHQW WUDLQV IRU
QHLJKERXUKRRGV HJ VHULHV RI YHUWLFDO DQG KRUL]RQWDOÀRZ SODQWHG VRLO ¿OWHUV 
Treated greywater is not always reused. In regions with water scarcity and poor
water supply services, emphasis is placed on agricultural reuse of treated greywater,
whereas in regions with abundant water, greywater reuse is of minor importance and
ORFDOO\LQ¿OWUDWHGRUGLVFKDUJHGLQWRQHDUE\ZDWHUVWUHDPV
This project was conducted at the Department of Water and Sanitation in
Developing Countries (Sandec) of the Swiss Federal Institute of Aquatic Science
and Technology (Eawag). The authors are thankful to quite a few people who, as
LQGLYLGXDOV RU LQ WKHLU RI¿FLDO IXQFWLRQ ZLWKLQ SDUWLFXODU LQVWLWXWLRQV KDYH VXSSRUWHG
the work leading to this publication. Many gave valuable advice on how to approach
the topic, and made available very useful often unpublished documents, which
complement the literature review.
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Glossary
$HURELFGLJHVWLRQ

Breakdown of organic matter into simpler compounds by microorganisms in the
presence of oxygen. See also anaerobic digestion.

Alkalinity

Capacity of water to neutralise acids; a property imparted by carbonates,
bicarbonates, hydroxides, and occasionally borates, silicates and phosphates.
Alkalinity stabilises water at pH levels around 7 (neutral). However, high water
acidity decreases alkalinity and may cause harmful conditions for aquatic life.
Alkalinity is expressed in ppm or mg of calcium carbonate per litre (mg/L CaCO3).

$QDHURELFGLJHVWLRQ

Digestion of organic matter by anaerobic (absence of free oxygen) microbial action,
resulting in the production of methane gas.

%2'5

Biological oxygen demand. A measure of the amount of oxygen used by bacteria
to degrade organic matter in a wastewater sample over a 5-day period at 20 ºC
(expressed in mg/l).

Cesspit

A covered hole or pit to receive drainage or sewage, as from a house.

FIX

Colony forming unit. Measure indicating the number of microorganisms capable of
multiplying in a sample.

&ROLIRUPV

Coliforms are often used as a food and water quality indicator. Coliform bacteria
DUHGH¿QHGDVURGVKDSHG*UDPQHJDWLYHRUJDQLVPVZKLFKIHUPHQWODFWRVHDQG
produce acids and aldehydes. These organisms are normally found in the aquatic
environment and on vegetation. The coliforms include Escherichia, Klebsiella,
Eterobacter, Citrobacter and may include Serratia and Edwardsiella.

&2'

Chemical oxygen demand (indicated in mg/l). Quantitative measure of the amount
of oxygen required for chemical oxidation of carbonaceous (organic) material in a
sample by a strong chemical oxidant.

&2'%2'5

Ratio indicating the level of biodegradability of a sample. A low ratio COD/BOD5
(less than 2.0 or 2.5) indicates a high biodegradability.

Colloids

Very small, suspended particles (less than 12 Mm and more than 0.001 Mm), which
PD\EHUHPRYHGE\FRDJXODWLRQELRFKHPLFDODFWLRQRUPHPEUDQH¿OWUDWLRQ

'HQLWUL¿FDWLRQ

Chemical reduction of nitrate and nitrite to gaseous forms by certain species of
bacteria in anoxic conditions.

'LVLQIHFWLRQ

Destruction of disease-causing organisms, the so-called pathogens (e.g. bacteria,
viruses) by chemical agents (e.g. chlorine, bromine, iodine, ozone, lime) or physical
agents (e.g. heat, UV radiation).

'2

Measure of the amount of oxygen dissolved in water, expressed as: (i) mg/l – which
is the absolute amount of oxygen dissolved in the water mass, or (ii) as percentage
of oxygen-saturated water (% sat).

d50

Median grain size of sand or gravel.

EC

Electrical conductivity (expressed in MS/cm). Indicates salinity in soil and water.
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(FROL

Escherichia coli is a faecal coliform bacterium of almost exclusively faecal origin.
If it is found in water or food, it indicates faecal contamination and poses a public
health risk since other faecal pathogens such as viruses or parasites may also be
present.

(XWURSKLFDWLRQ

Excess nutrient concentration in an aquatic ecosystem leading to: (i) increased
productivity of autotrophic green plants and to the blocking out of sunlight, (ii)
elevated temperatures within the aquatic system, (iii) depletion of oxygen, (iv)
LQFUHDVHGDOJDHJURZWKDQG Y UHGXFWLRQLQIDXQDDQGÀRUDYDULHW\

FC

Faecal coliforms. Common, harmless forms of bacteria present in human intestines
and found in faeces and wastewater. Faecal coliform bacteria counts are used as
an indicator of the presence of pathogenic microorganisms.

Filtration

A process whereby suspended and colloidal matter is removed from water and
wastewater by passage through a granular medium.

Flotation

A process by which suspended matter is lifted to the surface of a liquid to facilitate
its removal.

+HOPLQWK

Worm or worm-like animal, especially parasitic worms of the human digestive
system, such as roundworm (e.g. Ascaris) or hookworm.

+HDY\PHWDO

Inorganic species of large atomic weight, usually chromium (Cr3+), lead (Pb2+),
mercury (Hg2+), zinc (Zn2+), cadmium (Cd2+), and barium (Ba2+).

HLR

Hydraulic loading rate. The amount of water applied to a given treatment process,
typically expressed as volume per unit time or volume per unit time per unit surface
area (m3/m2/d = m/d).

+57

Hydraulic retention time. The average length of time that a soluble compound
UHPDLQVLQDV\VWHP VXFKDVDWDQNRU¿OWHU ,WVLQÀXHQFHLVGHWHUPLQHGE\WKH
YROXPHRIWKHV\VWHPDQGÀRZUDWHRIWKHVROXEOHFRPSRXQG P3/(m3/d) = d).

0DFURSK\WHV

Large aquatic plants visible to the naked eye. Their roots and differentiated tissues
may be emergent (cattails, bulrushes, reeds, wild rice), submergent (water milfoil,
EODGGHUZRUW RUÀRDWLQJ GXFNZHHGOLO\SDGV 

,QGLFDWRU

A chemical or biological parameter used to indicate the possible presence of other
contaminants. The presence of faecal coliform in an aquatic system indicates a
contamination by faecal matter.

/$6

Linear alkylbenzenesulfonate (LAS) is the most widespread anionic surfactant
used in domestic and commercial detergent formulations, primarily in laundry
detergents and cleaning products. LAS, derived from petroleum bi-products, is
quite rapidly degraded aerobically, but only very slowly or not at all under anaerobic
conditions.

0%$6

Methylene blue active substances. Indicate the presence of detergents (anionic
surfactants) in a sample (in mg/l). When methylene blue dye reacts with synthetic
anionic detergent compounds, the solution of this substance will turn blue. In
wastewater, LAS amounts to about 75% of the MBAS.

0LFURRUJDQLVPV

Neither plant nor animal, but small, simple unicellular or multicellular organisms
such as protozoa, algae, fungi, viruses, and bacteria.

Greywater Management in Low and Middle-Income Countries

V

0XOFK

In agriculture and gardening, mulch is a protective soil cover primarily used to
modify the effects of climatic conditions, to block the loss of moisture and to prevent
the growth of weeds. A variety of materials, such as organic residues (e.g. grass
clippings, leaves, hay, straw, sawdust, wood chips) and compost, are the most
common, however, gravel, stones or plastic mulch are also applied.

1LWUL¿FDWLRQ

Aerobic process in which bacteria transform ammonia and organic nitrogen in
wastewater into oxidised nitrogen (usually nitrate), yielding energy for decomposing
RUJDQLVPV1LWUL¿FDWLRQLVDSURFHVVRIQLWURJHQFRPSRXQGoxidation (i.e. loss of
electrons from the nitrogen atom to the oxygen atoms):
1. NH3 + O2ĺ122í (nitrite) + 3H+ + 2eí
2. NO2í + H22ĺ123í (nitrate) + 2H+ + 2eí

1XWULHQW

Essential chemical elements and compounds (mainly nitrogen, phosphorus,
potassium) needed for plant and animal growth. Excessive amounts of nutrients
in water can cause eutrophication (degradation of water quality and growth of
excessive algae). Some nutrients can be toxic at high concentrations.

2 *

Oil and grease (often indicated in mg/l). In wastewater, a water insoluble group of
substances (including fats, waxes, free fatty acids, calcium and magnesium soaps,
mineral oils, and certain other non-fatty materials) that can be removed by natural
ÀRWDWLRQVNLPPLQJ

2/5

Organic loading rate. Amount of organic material, typically measured as BOD,
applied to a given treatment process. Expressed as weight per unit time and per
unit surface area (g BOD/m2/d) or per unit volume (g BOD/m3/d).

3DWKRJHQ

Infectious biological agent (bacteria, protozoa, fungi, parasites, viruses) causing
disease or illness to its host.

pH

A logarithmic scale determining whether a solution is acid, neutral or basic, and
derived from the number of hydrogen ions present. The pH scale commonly in use
ranges from 0 to 14, where 7 indicates a neutral solution, less than 7 an acidic one
and more than 7 a basic solution.

323

Persistent organic pollutants. Chemical substances persisting in the environment,
bioaccumulating in the food chain and posing adverse effects on human health,
animals and the environment. This group of priority pollutants comprise pesticides
(such as DDT), pharmaceuticals, hormones, industrial chemicals (such as
polychlorinated biphenyls, PCBs) and unintentional by-products of industrial
processes (such as dioxins and furans).

3243

Phosphate, the naturally occurring form of the element phosphorus.

SSP

Parts per million-unit. One ppm is one unit weight of solute per million unit weight
of solution. In water analysis, 1 ppm is equivalent to 1 mg/l.

3UHGDWLRQ

Killing and/or consumption of living organisms by other living organisms.

3URWR]RD

Single-celled, eukaryotic microorganisms without cell walls measuring no more than
5–1000 μm in size (like amoeba). Some protozoa can cause disease in humans.
Protozoa form cysts whose specialised cells like eggs are extremely resistant to
chlorine. Protozoa cannot be effectively killed by chlorine and must be removed by
¿OWUDWLRQ
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Q

Flow (expressed in volume units per time units, e.g. m3/s or m3/d).

5HYHUVHRVPRVLV

A membrane process in which solutions of two different concentrations are
separated by a semi-permeable membrane. An applied pressure gradient greater
WKDQ WKH RVPRWLF SUHVVXUH HQVXUHV ÀRZ IURP WKH PRUH FRQFHQWUDWHG WR WKH OHVV
concentrated solution.

6$5

Sodium absorption ratio. Measure of the relative proportion of sodium ions (Na+) in
a water sample to those of calcium (Ca++) and magnesium (Mg++). SAR is used as
indicator of the effect of sodium in water, on soil and crops (sodium can be highly
toxic for plants at high concentration).

6FUHHQLQJ

Use of screens to remove coarse solids from water.

6HGLPHQWDWLRQ

Settling by gravity of solid particles in a liquid system. Also called settling.

6HZHU

An underground pipe or open channel in a sewage system for carrying water or
sewage to a treatment system (ideally) before disposal.

6XUIDFWDQWV

Organic compounds with a hydrophilic (attracted by water) head and a hydrophobic
(repelled by water) end. Surfactants reduce the surface tension of water by
adsorbing at the air-water interface. They also reduce the interfacial tension
between oil and water by adsorbing at the liquid-liquid interface. Surfactants are
the main components of cleaning products.

7'6

Total dissolved solids. The sum of all dissolved colloidal and suspended solids
YRODWLOHDQGQRQYRODWLOH LQDOLTXLG$Q\SDUWLFOHSDVVLQJDP¿OWHULVGH¿QHG
as dissolved.

7.1

Total Kjedahl nitrogen (mg/l). The sum of organic nitrogen and ammonia. High
measurements of TKN typically result from sewage and manure discharges to
aquatic systems.

71

Total nitrogen (mg/l). TN = TKN (ammonia + organic nitrogen) + NO2- + NO3-.

73

Total phosphorus (mg/l). Total phosphorus includes the amount of phosphorus in
dissolved (reactive) and particle form. Phosphorous is a nutrient essential to the
growth of organisms, and is commonly the limiting factor in the primary productivity
of surface water. Wastewater is a typical source of phosphorus possibly contributing
to the eutrophication of surface waters.

76

Total solids. Weight of all the solids in a liquid, including dissolved, suspended and
¿OWHUDEOHVROLGVSHUXQLWYROXPHRIZDWHU76LVXVXDOO\GHWHUPLQHGE\HYDSRUDWLRQ

766

7RWDO VXVSHQGHG VROLGV $PRXQW RI LQVROXEOH VROLGV ÀRDWLQJ DQG VXVSHQGHG LQ
ZDVWHZDWHU7KH\DUHGHWHUPLQHGE\¿OWUDWLRQRUFHQWULIXJDWLRQIROORZHGE\GU\LQJ
and expressed in mg/l.

7XUELGLW\

Measure of the amount of material suspended in water and indicated as NTU
(nephelometric turbidity units). An increase in water turbidity decreases the amount
of light that penetrates the water column. High levels of turbidity are harmful to the
aquatic life.

9LUXV

A non-cellular infectious agent that replicates within cells of living hosts. Viruses
consist of nucleic acid (DNA or RNA) wrapped in a thin coat of protein; some
animal viruses are also surrounded by membrane. Inside the infected cell, the virus
uses the synthetic capability of the host to produce progeny virus.
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1. Rationale for this Report
:K\LVDSXEOLFDWLRQRQWKLVWRSLFQHFHVVDU\"
6DQLWDWLRQXVXDOO\GH¿QHGDV³WKHPHDQVRIFROOHFWLQJDQGGLVSRVLQJRIH[FUHWD
and community liquid waste in a hygienic way so as not to endanger the health of
individuals and the community as a whole” (WHO, 1987), is given high priority in
matters relating to public health protection and pollution prevention.
The approach of centralised, water-based sewer systems was applied to attain
considerable public health improvement in urban areas of industrialised countries.
This approach was generally perceived as the right approach to adopt also in
developing countries. However, the cost of such a sewer-based system with its
required piped water supply prevented its application in most poor communities of
low and middle-income countries. On-site sanitation remained the only appropriate
alternative to providing a hygienically safe environment to poor communities. Since
safe disposal of human excreta was rightly perceived as one of the most important
public health protection measures, many development projects focused on the areawide implementation of latrines, which achieved mitigated success. Despite the
efforts undertaken so far, 2.6 billion people still lack access to improved sanitation
facilities (see Figure 1-1).
Water scarcity, poor
water quality and waterrelated disasters are the
three main concerns
related to current and
future water resources
(UNESCO, 2003). Improving water quality and

)LJXUH3RSXODWLRQXVLQJLPSURYHGVDQLWDWLRQLQ 8QLWHG1DWLRQV

mitigating water scarcity
are closely linked to
greywater management.
Reuse of treated greywater, generated by bath,
laundry and kitchen, and
amounting to two thirds
of the total domestic
wastewater produced, could save the limited sources of freshwater. Even if reuse
of greywater is not considered a priority (for reasons of abundance of freshwater
resources or cultural barriers), appropriate greywater treatment prior to its discharge
FRXOGVLJQL¿FDQWO\UHGXFHZDWHUSROOXWLRQ*UH\ZDWHUFRQWULEXWHVWRKDOIRIWKHWRWDO
organic load and up to two thirds of the phosphorous load in domestic wastewater.
Treating greywater before its discharge into aquatic systems will, therefore,
VLJQL¿FDQWO\ FRQWULEXWH WR SURWHFWLQJ WKH HQYLURQPHQW DQG LPSURYLQJ SXEOLF KHDOWK
and living conditions of communities relying on these freshwater sources, be it for
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7DEOH  3HUFHQWDJH RI LQFRPH VSHQW RQ IRRG E\ ORZLQFRPH
UHVLGHQWVLQVHOHFWHGFLWLHV $NLQEDPLMRHWDO 

City

Income spent on food

Bangkok, Thailand

60%

La Floride, Chile

50%

Nairobi, Kenia

40–50%

Dar es Salaam, Tanzania

85%

Kinshasa, Congo

60%

Bamako, Mali

30–60%

Urban USA

9–15%

drinking, domestic, recreation or irrigation
purposes.
The economic value of greywater from
households and small communities is
often underestimated. In terms of nutrients,
greywater may largely replace commercial
fertilisers. For many low-income households,
food is the main total daily cost factor (see
Table 1-1). Greywater-irrigated gardens
and crop trees develop favourably if certain
irrigation rules are followed. Use of treated

greywater for irrigation thus contributes to
a more balanced food diet and relieves the
household budget. The section on Reuse in irrigation provides a more detailed
account on greywater reuse.
Projects aiming to increase the sanitation coverage in low and middle-income
countries typically give low priority to proper management of greywater. It is
often assumed that by implementing latrines the issue of inadequate sanitation is
extensively mitigated. Greywater is then still discharged without adequate treatment
into the environment, be it through open drains, sewer systems or in an uncontrolled
way.
Several reasons are assumed to be responsible for not considering greywater
reuse in household sanitation projects:
•

•

/DFNRIDZDUHQHVV3ROLF\PDNHUVSODQQHUVHQJLQHHUVPXQLFLSDORI¿FHUVRU
even house owners may be unaware of the potential as well as the economic
and environmental value of adequate greywater management.
,QIRUPDWLRQ FHQWUHG RQ KLJKLQFRPH FRXQWULHV Lack of awareness is
aggravated by a lack of adequate and easily available documentation providing
practical information. Although publications on greywater management are
available, they are strongly focused on applications in high-income countries,
which, in most cases, cannot be transferred to low and middle-income
countries.

•

/DFNRIGRFXPHQWHGVXFFHVVVWRULHVLQORZDQGPLGGOHLQFRPHFRXQWULHV
There is only little documented knowledge and experience on greywater
management in low and middle-income countries. Some examples of low-cost
greywater treatment systems for households or neighbourhoods have spread by
word of mouth. These cases are, however, not documented in a way as to allow
them to be replicated or adapted to other sites.

•

/DFN RI KDQGVRQ JXLGDQFH Existing articles on greywater management
concepts and treatment systems for a low-income country context are primarily
ZULWWHQ IRU D VFLHQWL¿F FRPPXQLW\ 6XFK DUWLFOHV DUH QHLWKHU UHDGLO\ DFFHVVLEOH
nor easily understood by non-scientists. This situation discourages potentially
PRWLYDWHGDQGLQWHUHVWHGQRQVFLHQWL¿FFRPPXQLWLHVRULQVWLWXWLRQV

Rationale for this Report

2

:KDWLVWKHSXUSRVHRIWKLVSXEOLFDWLRQ"
This publication is not a plea to implement greywater management systems
unconditionally and at all costs but aims at providing a comprehensive description
of the issues related to greywater and its appropriate management. It solely
illustrates the availability of sound and sustainable greywater management systems
IRU KRXVHKROGV DQG QHLJKERXUKRRGV ,Q VRPH VSHFL¿F FRQWH[WV VXFK DV LQ KLJKO\
populated urban areas), management of greywater jointly with other domestic
ZDVWHZDWHUVRXUFHVPD\EHHFRQRPLFDOO\PRUHDSSURSULDWHHJXVHRIVLPSOL¿HG
sewer networks and treatment of the collected wastewater in a large treatment
facility, such as in stabilisation ponds or constructed wetlands.
Chapter 2 presents an overview of the common greywater management or nonmanagement practices and problems. Chapter 3 describes the characteristics of
JUH\ZDWHUDQGIDFWRUVLQÀXHQFLQJWKHVHFKDUDFWHULVWLFV%RWKJUH\ZDWHUFRPSRVLWLRQ
and volume vary greatly according to climatic region, cultural habits or social status.
Chapter 4 aims at providing an overview of potential greywater management options
to inform and support interested persons in their choice of the most appropriate
DSSURDFK IRU WKHLU VSHFL¿F VLWXDWLRQ 0DQDJHPHQW DQG WUHDWPHQW FRPSRQHQWV DUH
described in a system perspective, presenting suitable source control measures in
the household, technical solutions for primary and secondary treatment as well as
disposal and reuse options for treated greywater, such as discharge into aquatic
systems, groundwater recharge or reuse in irrigation.
Chapter 5 illustrates innovative greywater management systems based on
different case studies worldwide. The case study documentation includes information
on design, costs as well as operation and maintenance requirements. However, this
chapter not only presents success stories, but also highlights problems leading to
system failures, and suggests measures to prevent operational problems. Reference to
relevant literature and contact persons/institutions is provided whenever possible.
The planning of greywater management strategies must be seen as one
component of a comprehensive environmental sanitation planning framework,
comprising aspects such as water supply, stormwater drainage, excreta, greywater
and solid waste management as well as hygiene education. The Household-Centred
Environmental Sanitation Approach (HCES) is a suitable tool allowing participatory
planning of environmental sanitation projects, as it places the household and its
neighbourhood at the core of the planning process. The approach, based on effective
household demand, emphasises resource conservation and reuse to reduce waste
disposal. The approach is presented in Chapter 6.

Greywater Management in Low and Middle-Income Countries

3

Who are the targeted readers of this
SXEOLFDWLRQ"
Main focus of this publication is placed on describing and illustrating a wide
range of greywater management options to facilitate informed decision-making when
confronted with the task of developing a sanitation concept. This document is not a
design manual for greywater management systems, although design principles and
construction plans of treatment chains are provided whenever possible.
The report mainly aims at sensitising and encouraging national, regional and
municipal water and environmental sanitation authorities and agencies to integrate
greywater management into their development policies and programmes. NGOs
DQG &%2V ZRUNLQJ LQ WKH ¿HOG RI HQYLURQPHQWDO VDQLWDWLRQ DUH LQYLWHG WR LQFOXGH
greywater management into their neighbourhood upgrading projects. This report
will hopefully support them in their efforts and provide assistance to house owners
GXULQJ SUHVHOHFWLRQ RI JUH\ZDWHU PDQDJHPHQW VFKHPHV DGDSWHG WR WKHLU VSHFL¿F
requirements and prior to soliciting expert advice.
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2. 'H¿QLWLRQDQG&RPPRQ
3UDFWLFHV
*UH\ZDWHUVRXUFHVDQGWKHLUSURSHUWLHV
Apart from toilet wastewater, the term greywater is used when designating all the
wastewater produced in a household. Sullage, grey wastewater and light wastewater
are terms also used. Greywater is wastewater from baths, showers, hand basins,
washing machines and dishwashers, laundries and kitchen sinks (e.g. Dixon et
al., 1999; Eriksson et al., 2002; Ledin et al., 2001; Otterpohl et al., 1997; Ottoson
and Stenstrom, 2003). Although some authors exclude wastewater originating
from kitchen sinks given its high content of oil and food particles (Al-Jayyousi,
2003; Christova Boal et al., 1996; Little, 2002; Wilderer, 2004), this document also
FODVVL¿HV LW DV JUH\ZDWHU EXW FOHDUO\ LQGLFDWHV WKDW JUH\ZDWHU IURP NLWFKHQ VLQNV
requires special attention.
6LQFH JUH\ZDWHU LV D UHÀHFWLRQ RI KRXVHKROG DFWLYLWLHV LWV PDLQ FKDUDFWHULVWLFV
strongly depend on factors such as cultural habits, living standard, household
demography, type of household chemicals used etc. (see Chapter 3). Nonetheless,
VSHFL¿FJUH\ZDWHUVRXUFHVKDYHVSHFL¿FFKDUDFWHULVWLFVDVVXPPDULVHGEHORZ
.LWFKHQ

Kitchen greywater contains food residues, high amounts of oil and fat, including dishwashing
detergents. In addition, it occasionally contains drain cleaners and bleach. Kitchen greywater
is high in nutrients and suspended solids. Dishwasher greywater may be very alkaline (due
to builders), show high suspended solids and salt concentrations.

%DWKURRP

Bathroom greywater is regarded as the least contaminated greywater source within a
household. It contains soaps, shampoos, toothpaste, and other body care products.
Bathroom greywater also contains shaving waste, skin, hair, body-fats, lint, and traces of
urine and faeces. Greywater originating from shower and bath may thus be contaminated
with pathogenic microorganisms.

/DXQGU\

Laundry greywater contains high concentrations of chemicals from soap powders (such
as sodium, phosphorous, surfactants, nitrogen) as well as bleaches, suspended solids
DQG SRVVLEO\ RLOV SDLQWV VROYHQWV DQG QRQELRGHJUDGDEOH ¿EUHV IURP FORWKLQJ /DXQGU\
greywater can contain high amounts of pathogens when nappies are washed.

3UDFWLFHVDQGULVNVUHODWHGWRJUH\ZDWHU
PDQDJHPHQWZRUOGZLGH
Compared to other aspects of environmental sanitation, such as toilet wastewater
or solid waste, greywater traditionally receives the least attention. In urban and periurban areas of low and middle-income countries, greywater is most often discharged
untreated into stormwater drains or sewers, provided they exist, from where it mainly
ÀRZV LQWR DTXDWLF V\VWHPV 7KLV OHDGV WR R[\JHQ GHSOHWLRQ LQFUHDVHG WXUELGLW\
eutrophication as well as microbial and chemical contamination of the aquatic
Greywater Management in Low and Middle-Income Countries
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systems. In Hanoi for example, greywater is discharged untreated directly
LQWRVWUHHWGUDLQV VHH3KRWR WKDWÀRZLQWRULYHUV5LYHUVLQWKHFLW\RI
Hanoi can in fact be compared to open sewers.
Where drainage and sewer systems are missing, greywater is often
discharged onto streets or open ground, thereby leading to negative impacts
RQ SXEOLF KHDOWK ORFDO HFRQRP\ DQG OLYLQJ FRQGLWLRQV DV H[HPSOL¿HG E\
Djenné, Mali. Implementation of a water supply network in the 1990s, which
lacked a strategic concept and project for the safe disposal of greywater,
has led to a serious deterioration of the streets (see Photo 2-2). Outbreaks

3KRWR*UH\ZDWHUGLVFKDUJH
LQ+DQRL SKRWR6DQGHF

of water-borne diseases were reported (due to mosquito breeding in
stagnant water) and complaints by the citizens about odour nuisance and
aesthetic deterioration. Even transport costs of goods as well as transport
SHULRGLQFUHDVHGVLJQL¿FDQWO\DVDUHVXOWRIGHWHULRUDWLQJVWUHHWFRQGLWLRQV

5LVNVUHODWHGWRLQDGHTXDWHJUH\ZDWHUUHXVH
Reuse of greywater for irrigating home gardens or agricultural land is widespread,
especially in regions with water scarcity or high water prices such as the Middle East,
parts of Africa and Latin America. Greywater is thus perceived and recognised as a
valuable resource, but potential drawbacks of such practices are often not taken into
account. Untreated greywater, although less contaminated than other wastewater
sources, does contain pathogens, salts, solid particles, fat, oil, and chemicals. If reuse
practices are inappropriate,
these substances may
potentially have a negative
effect on human health, soil
and groundwater quality.
Pathogen
ingestion
through consumption of raw
vegetables, inadequately
irrigated with untreated
greywater, is an important
disease transmission route.
The risk can be reduced
by improving irrigation
techniques (see Irrigation
systems) and through
awareness raising and

3KRWR  'MHQQp 0DOL ± 7KH XQFRQWUROOHG GLVFKDUJH RI JUH\ZDWHU KDV OHG WR D
GHWHULRUDWLRQ RI WKH VWUHHWV GLVHDVH RXWEUHDNV RGRXU SUREOHPV DQG LQFUHDVHG
WUDQVSRUWFRVWV OHIWSKRWR 7KHLQWURGXFWLRQRIVLPSOHJUH\ZDWHULQ¿OWUDWLRQV\VWHPV
DV VHHQ LQ WKH ULJKW SKRWR RQ WKH ZDOO VLJQL¿FDQWO\ LPSURYHG WKH OLYLQJ FRQGLWLRQV
SKRWRVOHIW$OGHUOLHVWH0&ULJKW/DQJHYHOG-*
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sensitisation campaigns of
farmers and house owners.
By respecting a few rules
of thumb, this risk of
groundwater contamination

can be minimised (see Groundwater pollution risk). Inadequate reuse of greywater
can also have detrimental effects on soil. Suspended solids, colloids and excessive
discharge of surfactants can clog soil pores and change the hydro-chemical
characteristics of soils. Use of saline and sodium-rich greywater for irrigation over a
long period can cause complete and irreversible salinisation and deterioration of the
topsoil, especially in arid regions with high evaporation rates (discussed in Reuse in
irrigation). Irrigation with greywater must thus be adapted to local conditions, taking
into account climate, soil characteristics, water demand of plants, and greywater
characteristics. Irrigation with untreated greywater is not recommended.
Japan, North America and Australia rank globally highest in decentralised
greywater management. In areas with low population densities, such as throughout
North America and Australia, greywater reuse is common practice due to water
scarcity and lack of centralised treatment facilities.

(FRQRPLFYDOXHRIJUH\ZDWHU

Greywater should be regarded as a valuable
resource and not as a waste. Despite the described
inadequate greywater management risks, greywater
has, nevertheless, a great potential to reduce the water
stress currently faced by regions in the world. Greywater
reuse is an effective measure for saving water on the
domestic level. Where water is scarce and expensive,
greywater reuse may lead to considerable economic
EHQH¿WV ,Q $PPDQ -RUGDQ DQ H[WHQVLYH VXUYH\ RI
urban farmers revealed that 40% use greywater to
irrigate their gardens (DOS, 2001). Households treating

and reusing greywater locally may reach an average
DQQXDOEHQH¿WRI86'DFFRXQWHGIRUE\LQFUHDVHG
product yields, as well as reduced water and fertiliser
costs (Faruqui et al., 2001). In Cyprus, a study on
greywater reuse indicates a 36% reduction in water
bills when household greywater is reused (Redwood,
2004). In Israel, the return on investment of a household
greywater management scheme (comprising a recycled
YHUWLFDOÀRZFRQVWUXFWHGZHWODQGDQGDJDUGHQLUULJDWLRQ
system) is approximately three years and regarded as
economically attractive (Gross et al., 2006a).
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3. *UH\ZDWHU&KDUDFWHULVWLFV
+RZPXFKJUH\ZDWHULVSURGXFHG"
The generated amount of greywater greatly varies as a function of the dynamics
RIWKHKRXVHKROG,WLVLQÀXHQFHGE\IDFWRUVVXFKDVH[LVWLQJZDWHUVXSSO\VHUYLFH
and infrastructure, number of household members, age distribution, lifestyle
characteristics, typical water usage patterns etc. Water consumption in low-income
areas with water scarcity and rudimentary forms of water supply (e.g. community
taps or wells) can be as low as 20–30 litres per person and day. Greywater volumes
are even lower in regions where rivers or lakes are used for personal hygiene and
for washing clothes and kitchen utensils. A household member in a richer area with
piped water may, however, generate several hundred litres per day (see Table 3-1).
Literature data indicates a typical greywater amount of 90–120 l/p/d with piped water
LQKRXVHVZLWKRXWZDWHUVKRUWDJH7KLV¿JXUHGURSVVLJQL¿FDQWO\LQDUHDVZKHUHZDWHU
scarcity and lower levels of water supply prevail.
7DEOH'RPHVWLFJUH\ZDWHUYROXPHVLQVHOHFWHGFRXQWULHV

Vietnam 1

Mali 2

l/p/d

l/p/d

SouthAfrica 3
l/p/d

Total

80–110

30

Kitchen

15–20

Shower,
bath
Laundry
Water
source

Jordan 4

Israel 5

Nepal 6 Switzerland 7 Australia 8 Malaysia 9

l/p/d

l/p/d

l/p/d

l/p/d

l/p/d

l/p/d

20

50

98

72

110

113

225

–

–

–

30

–

28

17

–

30–60

–

–

–

55

–

52

62

–

15–30

–

–

–

13

–

30

34

–

In-house
taps

Single
tap

In-house
taps

In-house
taps

In-house
taps

Community In-house In-house In-house
tap/well
taps
taps
taps

1RWH7KHVH¿JXUHVGRQRWUHÀHFWQDWLRQDODYHUDJHVEXWUHODWHWRVSHFL¿FFDVHVZLWKVSHFL¿FVHWWLQJV7\SHRIZDWHUVXSSO\DQGOLYLQJ
VWDQGDUGVDSSHDUWREHPRUHGHFLVLYHWKDQWKHORFDWLRQ
1: Busser (2006); 2: Alderlieste and Langeveld (2005); 3: Adendorff and Stimie (2005); 4: Faruqui and Al-Jayyousi (2002); 5: Friedler
(2004); 6: Shrestha (1999); 7: Helvetas (2005); 8: www.greenhouse.gov.au; 9: Martin (2005).

Siegrist et al. (1976) estimated that 65% of all wastewater generated in a
household is greywater. In households with dry latrines, the greywater fraction of
the total wastewater production may even reach 100%. The bathroom contributes
up to 60% of the total greywater produced; kitchen greywater represents generally
the smallest fraction. Greywater characteristics are closely related to the volumes
produced. Where little water is used, high strength greywater exhibits similar
characteristics as conventional domestic wastewater. In places where water
consumption is high, the volume of greywater is greater but more diluted.

Greywater Characteristics

8

*UH\ZDWHUFRPSRVLWLRQ
The composition of greywater mainly depends on quality and type of available
water supply and household activities. Cooking habits as well as amount and type of
VRDSDQGGHWHUJHQWXVHGVLJQL¿FDQWO\GHWHUPLQHWKHOHYHORIFRQWDPLQDWLRQ*UH\ZDWHU
may contain soaps, food particles, grease, oil, lint, hair, pathogens, and traces of
other chemicals (Crites and Tchobanoglous, 1998). Greywater also contains high
levels of detergents. These contain surfactants (surface active agents), builders,
EOHDFKHVHQ]\PHVSUHVHUYDWLYHVVROYHQWV¿OOHUVHWF /HGLQHWDO $QXPEHU
of studies have been conducted to characterise domestic greywater (e.g. Del Porto
and Steinfeld, 2000; Eriksson et al., 2003; Eriksson et al., 2002; Ledin et al., 2001;
Siegrist et al., 1976), however, these studies all focus on European and North
American countries. Only limited information is available on typical characteristics
of greywater in low and middle-income countries. The following section aims at
illustrating selected physical, chemical and microbiological parameters of domestic
greywater, which are believed to be relevant for the design of appropriate management
strategies, with focus on low and middle-income countries.

7DEOH'RPHVWLFJUH\ZDWHUFKDUDFWHULVWLFVLQVHOHFWHGFRXQWULHV

Costa Rica 1

Palestine 2

Israel 3

Israel 4

Nepal 5

Malaysia 6

Jordan 7

107

§

§

§

72

§

§

–

6.7–8.35

6.5–8.2

6.3–7.0

–

–

6.7– >8.35

§

1585

1040–2721

1000–1300

–

–

475–1135

–

2.3–5.7

–

–

–

–

1.0–6.8

COD (mg/l)

–

1270

822

702–984

411

212

–

BOD (mg/l)

167

590

477

280–688

200

129

275–2287

COD/BOD

–

2.15

1.72

1.80

2.06

1.64

–

TSS (mg/l)

–

1396

330

85–285

98

76

316

Q (l/p/d)
pH
(& ȝ6FP
SAR

TN (mg/l)

–

–

–

25–45

–

37

–

NH4-N (mg/l)

–

3.8

1.6

0.1–0.5

13.3

13

–

TP (mg/l)

–

–

–

17–27

–

2.4

–

PO4-P (mg/l)

16

4.4

126

–

3.1

–

–

Na (mg/l)

–

87–248

199

–

–

–

–

MBAS (mg/l)

–

–

37

4.7–15.6

–

–

45–170

Boron (mg/l)

–

–

–

1.4–1.7

–

–

–

Faecal coli
(cfu/100ml)

1.5–4.6 × 108

3.1 × 104

2.5 × 106

5 × 105

–

–

1.0 × 107

O&G (mg/l)

–

–

193

–

–

190

7–230

+

1RWH7KHVH¿JXUHVGRQRWUHÀHFWQDWLRQDODYHUDJHVEXWUHODWHWRVSHFL¿FFDVHVZLWKVSHFL¿FVHWWLQJV7\SHRIZDWHUVXSSO\DQGOLYLQJ
VWDQGDUGVDSSHDUWREHPRUHGHFLVLYHWKDQWKHORFDWLRQ
1: Dallas et al. (2004); 2: Burnat and Mahmoud (2005); 3: Friedler (2004); 4: Gross et al. (2006a); 5: Shrestha et al. (2001); 6: Martin
(2005); 7: Al-Jayyousi (2003), Faruqui and Al-Jayyousi (2002); Bino (2004).
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3K\VLFDOFKDUDFWHULVWLFVRIJUH\ZDWHU
7HPSHUDWXUH
Greywater temperature is often higher than that of the water supply and varies
within a range of 18–30 oC. These rather high temperatures are attributed to the
use of warm water for personal hygiene and discharge of cooking water. These
temperatures are not critical for biological treatment processes (aerobic and
anaerobic digestion occurs within a range of 15–50 oC, with an optimal range of 25–
35 oC) (Crites and Tchobanoglous, 1998). On the other hand, higher temperatures
can cause increased bacterial growth and decreased CaCO3 solubility, causing
precipitation in storage tanks or piping systems.

6XVSHQGHGVROLGV
)RRGRLODQGVRLOSDUWLFOHVIURPNLWFKHQVLQNVRUKDLUDQG¿EUHVIURPODXQGU\FDQ
lead to high solids content in greywater. These particles and colloids cause turbidity
LQWKHZDWHUDQGPD\HYHQUHVXOWLQSK\VLFDOFORJJLQJRISLSHVSXPSVDQG¿OWHUVXVHG
LQWUHDWPHQWSURFHVVHV(VSHFLDOO\QRQELRGHJUDGDEOH¿EUHVIURPFORWKLQJ SRO\HVWHU
nylon, polyethylene), powdered detergents and soaps, as well as colloids are the
main reasons for physical clogging. Suspended solids concentrations in greywater
range from 50–300 mg/l, but can be as high as 1,500 mg/l in isolated cases (Del
Porto and Steinfeld, 1999). The highest concentrations of suspended solids are
typically found in kitchen and laundry greywater. Suspended solids concentrations
strongly depend on the amount of water used. Observations in Nepal, Malaysia,
Israel, Vietnam, and the United States revealed average suspended solids loads
of 10–30 g/p/d (see Table 3-3), contributing to 25–35% of the total daily suspended
solids load in domestic wastewater, including toilet wastewater (Ledin et al., 2001).

&KHPLFDOFKDUDFWHULVWLFVRIJUH\ZDWHU
The chemical parameters of relevance are hydrochemical parameters such as
pH, alkalinity, electrical conductivity, sodium adsorption ratio (SAR), biological and
chemical oxygen demand (BOD, COD), nutrient content (nitrogen, phosphorous),
and problematic substances such as heavy metals, disinfectants, bleach, surfactants
or organic pollutants in detergents.

pH and alkalinity
The pH indicates whether a liquid is acidic or basic. For easier treatment and to
avoid negative impacts on soil and plants when reused, greywater should show a
pH in the range of 6.5–8.4 (FAO, 1985; USEPA, 2004). The pH value of greywater,
which strongly depends on the pH value of the water supply, usually lies within this
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optimal range. However, Christova Boal et al. (1996) observed 9.3–10 pH values
in laundry greywater, partly as a result of the sodium hydroxide-based soaps and
bleach used. Greywater with high pH values alone are not problematic when applied
as irrigation water, but the combination of high pH and high alkalinity, a measure of
the water’s ability to neutralise acidity, is of particular concern. Greywater alkalinity
(indicated as CaCO3 concentrations) is usually within a range of 20–340 mg/l (Ledin
et al., 2001), with highest levels observed in laundry and kitchen greywater.

6DOLQLW\DQG6RGLXP$GVRUSWLRQ5DWLR 6$5
Greywater contains also salts, indicated as electrical conductivity (EC, in
ȝ6FP RU G6P  (& PHDVXUHV VDOLQLW\ RI DOO WKH LRQV GLVVROYHG LQ JUH\ZDWHU
including negatively charged ions (e.g. Cl-, NO3-) and positively charged ions (e.g.
Ca++, Na+). The most common salt is sodium chloride – the conventional table salt.
Other important sources of salts are sodium-based soaps, nitrates and phosphates
present in detergents and washing powders. The electrical conductivity (EC)
RI JUH\ZDWHU LV W\SLFDOO\ LQ WKH UDQJH RI ± ȝ6FP EXW FDQ EH DV KLJK DV
 ȝ6FP DV REVHUYHG LQ 3DOHVWLQH %XUQDW DQG 0DKPRXG   6DOLQLW\ RI
greywater is normally not problematic, but can become a hazard when greywater
is reused for irrigation. High EC of irrigation water can considerably reduce yield
potential. This problem can be overcome by choosing more salt-tolerant plants.
Further information on salt in greywater and its effects on greywater reuse are given
in Grattan (2002) and the section on Reuse in irrigation.
Aside from the effects on the immediate crop, there is a long-term impact of salt
loading of the soil. Use of saline greywater for irrigation over a longer period may lead
to increased salinisation of the topsoil. Such problems can occur especially when
clay and loamy soils with low percolation rates are irrigated with saline greywater
and in arid regions with high evaporation rates. Permissible EC limits of greywater
are strongly dependent on soil characteristics; however, the suggested limits differ in
WKHOLWHUDWXUHUHYLHZHG$FFRUGLQJWR*UDWWDQ  (&EHORZȝ6FPVKRXOG
normally not cause problems, whereas irrigation with more saline greywater (EC
H[FHHGLQJ  ȝ6FP  UHTXLUHV VSHFLDO SUHFDXWLRQV XVH RI VDOWWROHUDQW SODQWV
well-functioning drainage etc.). Bauder et al. (2004) suggest conductivity limits for
LUULJDWLRQZDWHURIȝ6FPZLWKRSWLPDOFRQGXFWLYLW\EHORZȝ6FP
While EC determines all soluble salts in greywater, the sodium KD]DUGLVGH¿QHG
VHSDUDWHO\ GXH WR LWV VSHFL¿F GHWULPHQWDO HIIHFWV RQ WKH VRLO¶V SK\VLFDO SURSHUWLHV
LQ WKH HYHQW RI JUH\ZDWHU LQ¿OWUDWLRQ RU UHXVH LQ LUULJDWLRQ 7KH VRGLXP KD]DUG LV
LQGLFDWHG DV VRGLXP DGVRUSWLRQ UDWLR 6$5  ZKLFK TXDQWL¿HV WKH SURSRUWLRQ RI
sodium (Na+) to calcium (Ca++) and magnesium (Mg++). SAR values of greywater
are within a typical range of 2–10, depending mainly on the laundry powder used
E\WKHKRXVHKROG *URVVHWDO%LQR 6RGLXPVDOWVDUHXWLOLVHGDV¿OOHU
in laundry detergents. In laundry wastewater, sodium concentrations can be as high
as 530 mg/l (Friedler, 2004), with SAR exceeding 100 for some powder detergents
(Patterson, 2001). Sodium is of special concern when applied to loamy soils poor
in calcite or calcium/magnesium. High SAR may result in the degradation of wellGreywater Management in Low and Middle-Income Countries
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structured soils (dispersion of soil clay minerals), thus limiting aeration and water
permeability. The sodium hazard can best be avoided by using low sodium products,
such as liquid laundry detergents (see section Source control). While European and
North American countries recommend irrigation water with SAR < 15 for sensitive
plants (FAO, 1985), Patterson (1997) observed hydraulic conductivity problems in
Australian soils irrigated with a SAR > 3 wastewater.

%LRORJLFDODQGFKHPLFDOR[\JHQGHPDQG %2'&2'
The biological and chemical oxygen demand (BOD, COD) are parameters to
measure the organic pollution in water. COD describes the amount of oxygen required
to oxidise all organic matter found in greywater. BOD describes biological oxidation
through bacteria within a certain time span (normally 5 days (BOD5)). The main
groups of organic substances found in wastewater comprise proteins (mainly from
food), carbohydrates (such as sugar or cellulose), fats and oils as well as different
synthetic organic molecules such as surfactants that are not easily biodegradable.
Discharging greywater with high BOD and COD concentrations into surface water
results in oxygen depletion, which is then no longer available for aquatic life.
The BOD loads observed in greywater in different countries amount to
20–50 g/p/d (Friedler, 2004; Mara, 2003). BOD and COD concentrations in
greywater strongly depend on the amount of water and products used in the
household (especially detergents, soaps, oils and fats). Where water consumption is
relatively low, BOD and COD concentrations are high. Dallas et al. (2004) observed
average BOD5 of 167 mg/l in mixed greywater in Costa Rica with a 107 l/p/d water
FRQVXPSWLRQ,Q3DOHVWLQHZKHUHWKHJUH\ZDWHUÀRZIURPFRPSDUDEOHVRXUFHV EDWK
kitchen, laundry) attains only 40 l/p/d, average BOD was as high as 590 mg/l and
exceeded 2,000 mg/l in isolated cases (Burnat and Mahmoud, 2005).
The COD/BOD ratio is a good indicator of greywater biodegradability. A
COD/BOD ratio below 2–2.5 indicates easily degradable wastewater. While greywater
is generally considered easily biodegradable with BOD accounting for up to 90% of
the ultimate oxygen demand (Del Porto and Steinfeld, 2000), different studies indicate
low greywater biodegradability with COD/BOD ratios of 2.9–3.6 (Al-Jayyousi, 2003;
Jefferson et al., 2004). This is attributed to the fact that biodegradability of greywater
depends primarily on the type of synthetic surfactants used in detergents and on the
amount of oil and fat present. While Western countries have banned and replaced
non-biodegradable and, thus, troublesome surfactants by biodegradable detergents
(e.g. ABS replaced by LAS) (Tchobanoglous, 1991), such resistant products may
still be used (e.g. in powdered laundry detergents) in low and middle-income
countries. Greywater data collected in low and middle-income countries indicate
COD/BOD ratios within a range of 1.6–2.9, with maximum rates in laundry and
kitchen wastewater (see Table 3-2).
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1XWULHQWV QLWURJHQSKRVSKRURXV
Greywater normally contains low levels of nutrients compared to toilet wastewater.
Nonetheless, nutrients such as nitrogen and phosphorous are important parameters
given their fertilising value for plants, their relevance for natural treatment processes
and their potential negative impact on the aquatic environment. Especially the high
phosphorous contents sometimes observed in greywater can lead to problems such
as algae growth in receiving water.
Levels of nitrogen in greywater are relatively low (urine being the main nitrogen
contributor to domestic wastewater). Kitchen wastewater is the main source of
nitrogen in domestic greywater, the lowest nitrogen levels are generally observed
in bathroom and laundry greywater. Nitrogen in greywater originates from ammonia
and ammonia-containing cleansing products as well as from proteins in meats,
vegetables, protein-containing shampoos, and other household products (Del
Porto and Steinfeld, 2000). In some special cases, even the water supply can be
an important source of ammonium nitrogen. This was observed in Hanoi (Vietnam)
where NH4-N concentrations as high as 25 mg/l were measured, originating from
mineralisation of peat, an abundant organic material in Hanoi’s groundwater aquifers
(Hong Anh et al., 2003). Typical values of nitrogen in mixed household greywater are
found within a range of 5–50 mg/l (see Table 3-2), with extreme values of 76 mg/l, as
observed by Siegrist et al. (1976) in kitchen greywater.
*UH\ZDWHU¶VQLWURJHQGH¿FLW
Ratios of BOD-to-nitrogen (optimal ratio: 15–30)
and nitrogen-to-phosphorous (optimal ratio: 5–10) in
greywater are not ideal for optimal bacterial growth and
microbial breakdown in biological treatment processes
(Sasse, 1998). Low nitrogen limits microbial processes,
thus hindering degradation of organic matter in biological
treatment processes. When untreated greywater
LV DSSOLHG WR VRLOV HJ LQ LQ¿OWUDWLRQ WUHQFKHV RU IRU
irrigation purposes), undigested organic matter, such

as fats, oils, soaps, detergents etc, may accumulate
DQG FORJ WKH VRLO RU LQ¿OWUDWLRQ EHGV 'HO 3RUWR DQG
Steinfeld, 2000). This risk must be taken into account
when implementing natural greywater treatment and
disposal/reuse systems. Frequent monitoring and
adjustments (e.g. addition of nitrogen from alternative
sources such as urine) are a precondition for a
satisfactory long-term performance of such systems.

In countries where phosphorous-containing detergents have not been banned,
dishwashing and laundry detergents are the main sources of phosphorous in
greywater. Average phosphorous concentrations are typically found within a range
of 4–14 mg/l in regions where non-phosphorous detergents are used (Eriksson
et al., 2002). However, they can be as high as 45–280 mg/l in households where
phosphorous detergents are utilised, as observed in Thailand (Schouw et al., 2002)
or Israel (Friedler, 2004).
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0LFURELDOFKDUDFWHULVWLFVRIJUH\ZDWHU
Greywater may pose a health risk given its contamination with pathogens.
Information on the presence of pathogenic microorganisms in greywater in low
and middle-income countries is scarce. However, pathogens, such as viruses,
bacteria, protozoa, and intestinal parasites, are assumed to be present in partly high
concentrations. These pathogens originate from excreta of infected persons. They
can end up in greywater through hand washing after toilet use, washing of babies
and children after defecation, diaper changes or diaper washing. Some pathogens
may also enter the greywater system through washing of vegetables and raw meat,
however, pathogens of faecal origin pose the main health risks (Ledin et al., 2001).
Faecal contamination of greywater, traditionally expressed by faecal indicators
such as faecal coliforms, strongly depends on the age distribution of the household
members. High contamination must be expected where babies and young children
are present. Average concentrations are reported to be around 103–106 cfu/100 ml
(see Table 3-2). However, contamination can be as high as 107–108 cfu/100 ml in
laundry or shower greywater, as observed in Costa Rica or Jordan (Al-Jayyousi, 2003;
Dallas et al., 2004). Since greywater may contain high loads of easily degradable
organic compounds, re-growth of enteric bacteria, such as the faecal indicators, are
favoured in greywater systems (Ottoson and Stenstrom, 2003; WHO, 2005). Hence,
bacterial indicator numbers may lead to an overestimation of faecal loads and thus
risk.

2LODQGJUHDVH 2 *
*UH\ZDWHU PD\ FRQWDLQ VLJQL¿FDQW DPRXQWV RI IDW VXFK DV RLO DQG JUHDVH
(O&G) originating mainly from kitchen sinks and dishwashers (e.g. cooking grease,
vegetable oil, food grease etc.). Important O&G concentrations can also be observed
in bathroom and laundry greywater, with O&G concentrations ranging between 37
and 78 mg/l and 8–35 mg/l, respectively (Christova Boal et al., 1996). The O&G
content of kitchen greywater strongly depends on the cooking and disposal habits
RI WKH KRXVHKROG 1R GDWD ZDV IRXQG RQ 2 * FRQFHQWUDWLRQV VSHFL¿F WR NLWFKHQ
greywater, but values as high as 230 mg/l were observed in Jordan for mixed
greywater (Al-Jayyousi, 2003), while Crites and Tchobanglous (1998) observed O&G
concentrations ranging between 1,000 and 2,000 mg/l in restaurant wastewater. As
soon as greywater cools down, grease and fat congeal and can cause mats on
the surface of settling tanks, on the interior of pipes and other surfaces. This may
FDXVH D VKXWGRZQ RI WUHDWPHQW DQG GLVSRVDO XQLWV VXFK DV LQ¿OWUDWLRQ WUHQFKHV RU
LUULJDWLRQ¿HOGV,WLVWKHUHIRUHLPSRUWDQWWKDW2 *FRQFHQWUDWLRQVDUHPDLQWDLQHGDW
acceptable levels (< 30 mg/l, (Crites and Tchobanoglous, 1998)) to avoid problems
with downstream treatment and disposal systems.
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6XUIDFWDQWVDQGRWKHUKRXVHKROGFKHPLFDOV
Surfactants are the main components of household cleaning products.
Surfactants, also called surface-active agents, are organic chemicals altering the
properties of water. They consist of a hydrophilic head and a hydrophobic tail.
By lowering the surface tension of water, they allow the cleaning solution to wet
a surface (e.g. clothes, dishes etc) more rapidly. They also emulsify oily stains
and keep them dispersed and suspended so that they do not settle back on the
surface. The most common surfactants used in household cleansing chemicals are
LAS (linear alkylbenzene sulfonate), AES (alcohol ether sulphate) and AE (alcohol
ethoxylate). While in most Western countries non-biodegradable surfactants have
been banned in the 1960s, these environmentally problematic organic chemicals
are still used in many developing countries, e.g. Pakistan (Siddiq, 2005) and Jordan
(Bino, 2004). Laundry and automatic dishwashing detergents are the main sources
of surfactants in greywater; other sources include personal cleansing products and
household cleaners. The amount of surfactants present in greywater is strongly
dependent on type and amount of detergent used. Studies conducted by Friedler
(2004); Gross et al. (2005); Shafran et al. (2005) revealed surfactant concentrations
in greywater ranging between 1 and 60 mg/l, and averaging 17–40 mg/l. The highest
concentrations were observed in laundry, shower and kitchen sink greywater. A per
capita production of mixed surfactants of 3.5–10 g MBAS/p/d seems realistic (Feijtel
et al., 1999; Friedler, 2004; Garland et al., 2004).
7KHUHDUHPDQ\FRQÀLFWLQJOLWHUDWXUHVWXGLHVRQWKHIDWHDQGLPSDFWRIVXUIDFWDQWV
in the natural environment. While most studies indicate full biodegradation of
common surfactants in aerobic environments, such as in aerobic treatment systems
DQG XQVDWXUDWHG VRLO *DUODQG HW DO  *DUODQG HW DO  +DW¿HOG 9HQKXLV
and Mehrva, 2004; Jensen, 1999; Scott and Jones, 2000), other studies indicate
a potential accumulation of surfactants in greywater-irrigated soil, leading to a
7DEOH  /RZ W\SLFDO EROG  DQG KLJK %2' 766 73 DQG 71 FRQFHQWUDWLRQV DV D IXQFWLRQ RI JUH\ZDWHU
SURGXFWLRQW\SLFDOGDLO\ORDGVLQJUH\ZDWHU
Daily greywater
SURGXFWLRQ

§O

§O

§±50 l

Loads

%2' (mg/l)

50...150...600

100...250...500

300...700...1500

20–50 g/p/d

766 (mg/l)

50...100...500

50...150...500

150...500...1500

10–30 g/p/d

73a (mg/l)

1...10...50

1...15...100

5...30...200

0.2–6.0 g/p/d

71 (mg/l)

1...5...30

1...10...50

1...20...80

0.8–3.1 g/p/d

2EVHUYHGLQ

1

USA , Malaysia

12

Vietnam2, Sweden3,
Canada4, Israel5,
Nepal6, Costa Rica7,
Thailand8

Jordan9, Palestine10,
Mali11

7KHOHYHORISKRVSKRURXVLQJUH\ZDWHUVWURQJO\GHSHQGVRQWKHSUHVHQFHRUDEVHQFHRISKRVSKRURXVLQODXQGU\DQGGLVKZDVKHU
GHWHUJHQWV+LJKYDOXHVPXVWEHH[SHFWHGZKHUHSKRVSKRURXVEDVHGSURGXFWVDUHXVHGLQWKHKRXVHKROG
a

1: Del Porto and Steinfeld (2000); 2: Busser (2006); 3: Gunther (2000); 4: Oasis Design (1994); 5: Friedler (2004);
6: Shrestha et al. (2001); 7: Dallas and Ho (2005); 8: Schouw et al. (2002); 9: Al-Jayyousi (2003); 10: Burnat and Mahmoud (2005);
11: Alderlieste and Langeveld (2005); 12: (Martin, 2005).
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reduction in capillary rise and build-up of hydrophobic soils (Doi et al., 2002; Gross
et al., 2005).
During greywater irrigation, toxicity problems may occur if boron ions (similarly to
sodium ions) are taken up by plants and accumulate to concentrations high enough
to cause crop damage or reduced yield. Detergents are the main sources of boron
in greywater. Although boron is an essential micronutrient for plants, excessive
amounts are toxic. Gross et al. (2005) observed boron concentrations reaching
3 mg/l in laundry greywater. The recommended maximum value for irrigation water
amounts to 1.0 mg/l for sensitive crops such as lemon, onion or bean (FAO, 1985).
Bleach, disinfectants and solvents are further substances of concern in greywater.
Inhibition of the biological process by bleach begins at concentrations as low as
1.4 ml/l, with quite a substantial inhibition occurring at 3 ml/l. By using environmentallyfriendly household chemicals and refraining from pouring hazardous substances
(paint, solvents etc.) into the sink, the levels of toxic substances in greywater can
be maintained low (Ridderstolpe,
 )LJXUH  $YHUDJH SROOXWLRQ ORDGV LQ JUH\ZDWHU FRPSDUHG WR WRWDO
2004). Since many environmentallyORDGVLQGRPHVWLFZDVWHZDWHUDVGHVFULEHGE\/LQGVWURP 

71

70

13.2

4.6

33%

Total load, g/p/d

Blackwater

53%
74%
88%

67%
47%
26%
12%
BOD5

SS

Total N

Total P

Greywater

friendly detergents are available on the
market, the problems with greywater
treatment, reuse and disposal systems
can be minimised (see section Source
control).
Even though greywater is less
polluted than toilet wastewater, it is an
undeniable fact that due to the large
volumes of greywater produced, its
contribution to the total pollution load in
domestic wastewater is considerable.
According to different studies, greywater makes up on average more than

half of the BOD load, up to two thirds of the total phosphorous load (where phosphatecontaining detergents are used) and one fourth of the total suspended solids load
(see Figure 3-1). This clearly reveals the importance of including greywater in
sanitation programmes. Focussing only on blackwater will not meet the objective of
providing adequate sanitation and reducing public health risks and environmental
degradation.

Greywater Characteristics

16

4. /RZ&RVW0DQDJHPHQWDQG
7UHDWPHQW2SWLRQV
5HTXLUHPHQWVRIJUH\ZDWHUPDQDJHPHQW
V\VWHPVLQORZDQGPLGGOHLQFRPHFRXQWULHV
The choice of a greywater management strategy is highly dependent on the end
XVHRIWKHHIÀXHQWSURGXFHG 0DUD *UH\ZDWHUPDQDJHPHQWVWUDWHJLHVVKRXOG
WKHUHIRUHEHDGDSWHGWRDVSHFL¿HGSXUSRVHVXFKDVJHQHUDWLQJDQHIÀXHQWVXLWDEOH
for agricultural reuse or whose quality allows its safe discharge into inland or coastal
waters. The very basic objective of greywater management is to protect public health
and the environment in a socio-culturally and economically sustainable manner.
Furthermore, greywater should whenever possible be considered as a valuable
resource. Management systems should also account for the willingness and ability
of users to operate their own system (user-friendliness) and comply with relevant
legislation and regulations. The basic objectives of a household or neighbourhood
greywater management system can be summarised as follows:
•

•

•

•

•

3URWHFWLRQRISXEOLFKHDOWKA greywater management system should create
an effective physical barrier between contaminated greywater and user, as
well as avoid odour emissions and stagnant water leading to breeding sites
for mosquitoes.
3URWHFWLRQRIWKHHQYLURQPHQW A greywater management system should
prevent eutrophication and pollution of sensitive aquatic systems (surface
water, groundwater, drinking water reservoirs) as well as terrestrial systems
(irrigated soil).
(QVXULQJ VRLO IHUWLOLW\ If greywater is reused in irrigation, groundwater
recharge or landscaping, appropriate management should minimise short or
long-term impacts on soil (soil degradation, clogging, salinisation).
6RFLRFXOWXUDOO\DQGHFRQRPLFDOO\DFFHSWDEOHGreywater management
systems have to be adapted to the socio-cultural and economic settings of
the household or neighbourhood. If waste reuse is culturally not anchored
for example, greywater management systems aiming at vegetable garden
irrigation are likely to fail.
6LPSOH DQG XVHUIULHQGO\ Household or neighbourhood greywater
management systems should be manageable by the user, technically
simple and robust and possibly not rely on external fuel, power supply or
chemicals.

•

&RPSOLDQFHZLWKQDWLRQDODQGLQWHUQDWLRQDOUHJXODWLRQVDQGVWDQGDUGV
4XDOLWDWLYH DQG TXDQWLWDWLYH HIÀXHQW VWDQGDUGV KDYH WR PDLQWDLQ RU HYHQ
enhance the quality of receiving waters, to ensure soil fertility and protect
public health. If greywater is appropriately treated, these standards will in
general be easily met. Further information on discharge and reuse standards
is provided in the section Standards and regulations.
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7\SLFDOJUH\ZDWHUPDQDJHPHQWVFKHPHV
Since there is no standard solution for greywater management at household or
neighbourhood level, a wide range of management systems have been successfully
implemented worldwide. Households or neighbourhoods (supported by local experts)
have to select the system that best meets their needs. This chapter provides an
overview of potential management options to assist interested persons in making an
informed choice.
One management option often discussed in literature is to separate, manage
DQGWUHDWHDFKVSHFL¿FJUH\ZDWHUVWUHDPDFFRUGLQJWRLWVVSHFL¿FFKDUDFWHULVWLFV,W
is argued that since the different greywater sources are not comparable, they cannot
be managed in the same way. Kitchen greywater is sometimes not regarded as
greywater (Al-Jayyousi, 2003; Bino, 2004; Friedler, 2004) and often excluded from
certain greywater treatment systems given its high oil and grease content, which may
FORJDVDQG¿OWHURULQ¿OWUDWLRQEHG+RZHYHUVHSDUDWHKDQGOLQJRIGLIIHUHQWJUH\ZDWHU
streams will lead to complex systems that cannot be managed by house owners. A
potential option is the discharge of kitchen greywater into the sewer system. However,
such a system is missing in most rural and peri-urban areas of low and middleincome countries. Furthermore, this could lead to management systems tackling
only selected greywater streams, while other streams are disregarded, thereby
leading to their uncontrolled discharge into the environment and eliminating the
RYHUDOOEHQH¿WVRIWKHPDQDJHPHQWV\VWHP7KHUHIRUHDPRUHSUDJPDWLFDSSURDFK
is to include all greywater streams into the management system and subsequently
GHYHORSSUHYHQWLYHPHDVXUHVWRDYRLGFHUWDLQGLI¿FXOWLHVUDWKHUWKDQWRH[FOXGHRQH
type of greywater from the system.
A greywater management system should always comprise source control
measures to avoid use and discharge of problematic substances, such as oil and
grease, large particles or chemicals. Once the greywater is collected, it can undergo
DFHUWDLQOHYHORIWUHDWPHQWGHSHQGLQJRQLWV¿QDOGHVWLQDWLRQ*UH\ZDWHUWUHDWPHQW
reduces pollution loads to an acceptable level and thereby also negative impacts
on humans as well as aquatic and terrestrial environments. The different treatment
steps remove organic pollutants (expressed in COD and BOD) and reduce the levels
of suspended solids, pathogenic organisms and other problematic substances.
Treatment steps of greywater on household level may include simple primary and
VHFRQGDU\WUHDWPHQW7HUWLDU\WUHDWPHQWZKLFKDLPVDWUHPRYLQJVSHFL¿FSROOXWDQWV
such as toxic or non-biodegradable compounds, is mostly an energy and technologyintensive process not considered adequate for household application, especially in
low and middle-income areas.
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6RXUFHFRQWURO
Implementation of an environmentally and economically sustainable greywater
management strategy will be easier if control measures at the source (i.e. in
the household) are practised. Source control is by far the most effective way to
reduce pollution loads and avoid operational problems in treatment systems, to
lower management costs and guarantee long-term satisfactory performance of the
treatment systems.
Active participation of all household members is required when applying the
following source control measures:
•

minimise water usage

•
•
•

optimise usage of common cleansing products
avoid discharge of problematic substances such as oil, fat, bleach, solvents
substitute hazardous products by environmentally-friendly ones

Minimising water usage can be attained by combining technical and economic
measures. The number of manufacturers of water-saving infrastructure and
equipment is increasing globally (e.g. washing machines or dishwashers with
reduced water consumption or improved tap systems). Indoor water use can be
UHGXFHG VLJQL¿FDQWO\ DQG FRPELQHG ZLWK HFRQRPLF LQFHQWLYHV VXFK DV FKDUJLQJ D
fee per amount of water consumed (Ridderstolpe, 2004). The potential for reducing
water consumption is highest in regions with high water consumption such as SouthEast Asia, Europe or North America. In arid regions where water is scarce and water
consumption lowest, a further reduction of in-house water consumption is generally
not feasible.
Costs and vulnerability of a treatment system are directly linked with the pollution
load in greywater. Design of treatment systems is based on the physical and chemical
FKDUDFWHULVWLFV RI WKH LQÀRZLQJ JUH\ZDWHU7KHVH SROOXWLRQ ORDGV FDQ EH FRQWUROOHG
and reduced by source control at household level. The level of contamination can
EHORZHUHGVLJQL¿FDQWO\LIXVHRIGRPHVWLFFOHDQVLQJSURGXFWV VKDPSRRVVKRZHU
oils, soaps, detergents etc) is reduced. Choice of cleansing products and amounts
XVHGWKHUHIRUHVWURQJO\LQÀXHQFHWKHLPSDFWRIJUH\ZDWHURQWKHWUHDWPHQWV\VWHP
and the environment.
Most hard soaps and common washing powders contain sodium salts that
produce a saline greywater and lead to hypertension in plants and salinisation
of soils (see section Reuse in irrigation). When greywater is reused for irrigation,
sodium-containing products should be substituted by potassium-based soaps and
detergents, since potassium has a fertiliser potential and facilitates water uptake by
the plants (Del Porto and Steinfeld, 2000). Most liquid soaps are poor in sodium and
contain potassium. Patterson R.A. (1997) estimated that by simply changing laundry
products, a reduction of up to 38% of the current sodium concentrations in Australian
domestic wastewater can be achieved at no cost to the consumer and without any
negative impacts on household operation.
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'LVLQIHFWDQWV VXFK DV FKORULQH EOHDFK DUH YHU\ HI¿FLHQW LQ NLOOLQJ SDWKRJHQV
however, they have detrimental effects on natural treatment systems and soil
organisms. Cleaners and laundry soaps containing bleaches, softeners, whitening
products, non-biodegradable surfactants or heavy metals such as boron, must
be avoided. Greywater management should therefore provide information on
environmentally-friendly household chemicals. Unfortunately, the labelling of
household cleaning products is often incomplete and especially widespread in most
low and middle-income countries. Different studies were conducted to test common
detergents for sodium, boron, phosphate, alkalinity, and other parameters (Prillwitz
and Farwell, 1995; Zimoch et al., 2000). However, these studies investigated only
products marketed in Europe, Australia or North America. Some countries give
special eco-labels to environmentally-friendly cleansing products. Thailand has
for example created the Green Label (www.tei.or.th/greenlabel), an environmental
FHUWL¿FDWLRQDZDUGHGWRVSHFL¿FSURGXFWVNQRZQIRUWKHLUPLQLPDOGHWULPHQWDOLPSDFW
on the environment compared to other products serving the same purpose. The
Global Eco-labelling Network (GEN, www.gen.gr.jp) provides an overview of ecolabels in different regions of the world.
The solids content of greywater discharged into a treatment or disposal system
can be reduced considerably and simply in-house. Kitchen sinks, showers, pipes,
washing machines, and other appliances must always be equipped with appropriate
VFUHHQV 3KRWR ¿OWHUVRUZDWHUWUDSV 5LGGHUVWROSH 

3KRWR.LWFKHQVLQNVFUHHQWRSUHYHQW
VROLGVIURPHQWHULQJWKHWUHDWPHQWV\VWHP
SKRWR6DQGHF

Since fat and oil can be detrimental to treatment systems,
they should be retained at the point of origin. Cooking oil and
grease should not be thrown into the sink. In households where
oil and grease are used in large quantities for food preparation,
special grease traps should be installed to protect subsequent
WUHDWPHQW VWHSV ,I HI¿FLHQW VRXUFH FRQWURO PHDVXUHV FDQQRW
be implemented for oil and grease in kitchen greywater, the
greywater source should not enter the treatment system but
rather be disposed of together with toilet wastewater (this may
EHGLI¿FXOWLQVLWXDWLRQVZKHUHGU\WRLOHWV\VWHPVDUHXVHG 

3ULPDU\WUHDWPHQW
/DUJHDPRXQWVRIRLODQGJUHDVHJULW ODUJHIRRGZDVWHSDUWLFOHV¿VKERQHVDQG
gravel etc.) and suspended solids may lead to collection, treatment and disposal
problems. The aim of primary treatment is the removal of coarse solids, settleable
suspended solids, oil and grease, and part of the organic matter. Some organic
nitrogen and phosphorous as well as heavy metals associated with those solids are
also removed, however, colloidal and dissolved particles remain in the system.
Primary treatment is thus characterised by physical pollutant removal mechanisms
VFUHHQLQJVHGLPHQWDWLRQÀRWDWLRQDQG¿OWUDWLRQ 
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&RDUVH¿OWUDWLRQ
&RDUVH¿OWUDWLRQLVDSULPDU\WUHDWPHQWRSWLRQWRSUHYHQWVROLGPDWWHU HJKDLU
lint, skin, food particles) from entering subsequent treatment steps or disposal/
LUULJDWLRQ VLWHV ,Q WKLV ¿OWUDWLRQ SURFHVV SDUWLFOHV RI D FHUWDLQ VL]H DUH UHWDLQHG E\
VFUHHQVRU¿OWHUPHGLDDQGRQO\VPDOOHUSDUWLFOHVDUH¿OWHUHGRXW
7KHZLGHUDQJHRI¿OWUDWLRQV\VWHPVGLIIHUVLQ¿OWHUPDWHULDODQGVL]H7KHVLPSOHVW
IRUPRIFRDUVH¿OWUDWLRQLVDFKLHYHGE\SODFLQJVFUHHQVRQKDQGEDVLQVRUVKRZHU
GUDLQVVWRFNLQJRUVRFN¿OWHUVRQWKHLQOHWRIDSXPSVXPSPRVTXLWRQHWVRQWKH
inlet of a grease trap and sedimentation tank, as
observed for example in Bangkok (see Photo 4-2).
0RUH FRPSOH[ ¿OWHU V\VWHPV RI DFWLYDWHG FKDUFRDO
or ceramic are available on the market. Several
DXWKRUVSURYLGHDJRRGVXUYH\RI¿OWHUV\VWHPVWKHLU
application range, strengths and weaknesses (e.g.
Christova Boal et al., 1996; Del Porto and Steinfeld,
2000; Little, 2002).
'UDLQ VFUHHQV should always be installed
in kitchen sinks, shower and hand basins. They
prevent food residues, hair and other large particles
IURP EHLQJ ÀXVKHG WR VXEVHTXHQW WUHDWPHQW XQLWV
3KRWR  0RVTXLWR QHWV XVHG DV FRDUVH ¿OWHU LQ D
DQGWKXVVLJQL¿FDQWO\UHGXFHWKHULVNRIFORJJLQJLQ
FRPELQHG VHGLPHQWDWLRQ¿OWUDWLRQ V\VWHP IRU JUH\ZDWHU
GUDLQDJHSLSHV¿OWHUVDQGVRLO6FUHHQVFDQHDVLO\
WUHDWPHQW LQ %DQJNRN¶V FKDQQHO FRPPXQLWLHV 7KH OLJKW
EOXH EDVLQ FDQ EH UHPRYHG DQG HDVLO\ FOHDQHG SKRWR
be cleaned after use, and the trapped particles
6DQGHF
must be disposed of on the rubbish dump and not
in the drain. Drain screens must be anticorrosive
and easily removable for cleaning; users may otherwise simply remove them and
thus jeopardise subsequent treatment steps, as experienced in Mali (see case study
Koulikoro, Mali).
6LPSOH FRDUVH ¿OWHUV FDQ VLJQL¿FDQWO\ UHGXFH WKH VROLGV ORDG WR VXEVHTXHQW
WUHDWPHQWVWHSVEXWZLOOQRWUHPRYHVXI¿FLHQWSROOXWLRQORDGWREHVXLWDEOHDVPDLQ
treatment process. Large mesh sizes (>0.16 mm) will not remove all relevant
particles, while small mesh sizes (<0.03 mm) will quickly clog. Non-biodegradable
¿EUHVPDLQO\IRXQGLQODXQGU\JUH\ZDWHUDUHRIPDLQFRQFHUQVLQFHWKH\DUHRIWHQ
WRRVPDOOWREH¿OWHUHGRXWE\FRQYHQWLRQDO¿OWHUV 'HO3RUWRDQG6WHLQIHOG 
7KHVH¿EUHVFDQFORJSLSHVLUULJDWLRQV\VWHPVDQGLQ¿OWUDWLRQWUHQFKHV)LOWHUVFDQ
be operated in series, with large mesh sizes at the front and small mesh sizes at the
end, however, this will enhance system complexity.
&RDUVH¿OWHUVQHHGWREHFOHDQHGUHJXODUO\&KULVWRYD%RDOHWDO  GHVFULEH
weekly cleaning frequencies, with potential health risks for the person cleaning
WKH¿OWHUV$OWHUQDWLYHO\WRSHUPDQHQW¿OWHUVGLVSRVDEOH¿OWHUPDWHULDOVFDQDOVREH
XVHG6DWLVIDFWRU\UHVXOWVZHUHREVHUYHGZLWKQ\ORQVRFNVRUJHRWH[WLOH¿OWHUVRFNV
(Christova Boal et al., 1996).
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*UDYHODQGVDQG¿OWHUV, used as primary treatment unit, tend to create problems.
1XPHURXVH[DPSOHVZRUOGZLGHUHYHDOWKDWWUHDWPHQWHI¿FLHQF\TXLFNO\GURSVLIWKH
¿OWHUVDUHQRWZHOOPDLQWDLQHG VHHFDVHVWXG\Koulikoro, Mali). Non-biodegradable
particles, heavy loads of oil and grease as well as other large particles easily clog
VDQGDQGJUDYHO¿OWHUVZKHUHDVPLFUR¿EUHVIURPODXQGU\ZLOOQRWEHUHWDLQHGDQG
WKXV DIIHFW VXEVHTXHQW WUHDWPHQW VWHSV 7KH ¿OWHU PDWHULDO QHHGV WR EH ZDVKHG
or replaced periodically. This operation is expensive and unpleasant, hygienically
XQVDIH DQG GLI¿FXOW LQ WKH FDVH RI ¿OWHU ZDVKLQJ +RXVHKROGV LQ .RXOLNRUR 0DOL
ZKRVHFRDUVHJUDYHODQGVDQG¿OWHUGLGQRWZRUNSURSHUO\VLPSO\UHPRYHGWKH¿OWHU
material without replacing it. This led to clogging and operational deterioration of
WKHLUULJDWLRQ¿HOG :HUQHU&personal communication 8VHRIDVDQG¿OWHU
as primary treatment unit is therefore not recommended, however, its suitability
DV VHFRQGDU\ WUHDWPHQW VWHS HJ DIWHU D VHGLPHQWDWLRQ WDQN RU D FRDUVH ¿OWHU  LV
clearly recognised (see section 9HUWLFDOÀRZ ¿OWHU $V DQ DOWHUQDWLYH WR LQHUW ¿OWHU
material, such as sand and gravel, many experts suggest the use of biodegradable
material such as wood, leaves or straw, which can be removed and replaced rather
WKDQEDFNZDVKHG6\VWHPVXVLQJPXOFKDV¿OWHUVXEVWUDWHDUHDOVRGLVFXVVHG VHH
section Irrigation systems).

)ORWDWLRQ±*UHDVHWUDS
Flotation is a physical process by which light components, such as grease, oil
and fat, accumulate on the surface of the water. The grease trap is a simple method
applied in small-scale greywater treatment systems. Grease traps are typically used
DVSULPDU\WUHDWPHQWXQLWVLQJUH\ZDWHULQ¿OWUDWLRQV\VWHPV VHHFDVHVWXGLHVDjenné,
Mali) or greywater irrigation systems (see case study Koulikoro, Mali) and a low-cost
alternative to sedimentation or septic tanks (see below). They are often applied as
DSUHOLPLQDU\WUHDWPHQWVWHSIRUVSHFL¿FJUH\ZDWHUVRXUFHVZLWKKLJKRLODQGJUHDVH
content (e.g. kitchen greywater, restaurant greywater) prior to a secondary treatment
step. Stand-alone grease traps for combined greywater are also frequently applied
for domestic greywater.

7DEOH*UHDVH7UDS
:RUNLQJSULQFLSOH

5HPRYDORIRLODQGJUHDVHWKURXJKÀRWDWLRQUHPRYDORIJULWWKURXJKVHGLPHQWDWLRQ

'HVLJQFULWHULD

HRT = 15–30 min; Vmin ±O±YHUWLFDOEDIÀHVOZ ±

5HPRYDOHI¿FLHQF\

%2'76671732 *a/$6a

7\SLFDODSSOLFDWLRQ

Primary treatment step for (kitchen) greywater before treatment in a septic tank or a mulch
system or prior to reuse in garden irrigation.

6WUHQJWKV

&KHDSHUWKDQVHSWLFWDQNHI¿FLHQW2 *UHPRYDOLIZHOOGHVLJQHGDQGPDLQWDLQHG

Weaknesses

/RZ766DQG%2'UHPRYDOHI¿FLHQF\UHTXLUHVIUHTXHQWPDLQWHQDQFHRGRXUQXLVDQFHLI
not sealed; unpleasant cleaning.

([DPSOHV

Case studies: Djenné, Mali; Koulikoro, Mali; Costa Rica; Jordan.

5HIHUHQFHV

Tchobanoglous (1991), INWRDAM (2003), von Sperling and Chernicharo (2005).
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Grease traps must be designed to satisfy two basic criteria
for effective separation of grease and grit, i.e. time/temperature
and turbulence.
7LPHWHPSHUDWXUH7KHJUHDVHWUDSPXVWSURYLGHVXI¿FLHQW
UHWHQWLRQ WLPH IRU HPXOVL¿HG JUHDVH DQG RLO WR VXI¿FLHQWO\ FRRO
GRZQVHSDUDWHDQGÀRDWWRWKHVXUIDFHRIWKHWUDS
7XUEXOHQFH Turbulence must be minimised so as to avoid
VXVSHQVLRQ RI JUHDVH DQG VROLGV DQG WKHLU ÀRZ LQWR WKH QH[W
treatment step.
Since grease traps are often undersized, as experienced in
Peru and Mali, the entering greywater will not be able to cool
GRZQ VXI¿FLHQWO\ WKXV UHGXFLQJ WKH WUDSSLQJ RI IDW DQG JUHDVH
Furthermore, small traps require more frequent maintenance. In
Djenné, Mali, frequent clogging of the grease and grit trap has
been reported for lack of maintenance, thus jeopardising the
3KRWR*UHDVHWUDSDKHDGRIKRUL]RQWDO
ÀRZ SODQWHG ¿OWHU LQVWDOOHG LQ 7HSR]OiQ
ORQJWHUPSHUIRUPDQFHRIWKHLQ¿OWUDWLRQWUHQFK VHHFDVHVWXG\
0H[LFR SKRWR6DQGHF
Djenné, Mali). Maintenance staff of a hotel in Sri Lanka did not
perform the required monthly cleaning of the kitchen grease trap,
as clearly observed by the strong foul odour emitted from the accumulated scum and
grease in the trap. This resulted in large amounts of oil and grease escaping to the
SODQWHG¿OWHUDQGIXUWKHUFRQWULEXWLQJWRV\VWHPIDLOXUH +DULQGUD&RUHD 
Literature indicates a minimum hydraulic retention time of 15 to over 30 minutes
&ULWHVDQG7FKREDQRJORXV *LYHQWKHYHU\KLJKYDULDELOLW\RIWKHJUH\ZDWHUÀRZV
LQDKRXVHKROGZLWKÀRZSHDNVDVKLJKDV±OLWUHVSHUPLQXWH HJGLVKZDVKLQJ
with running water), a minimum tank volume of 300 litres is recommended in the
event of high water consumption (100 l/p/d or more). Where water consumption is
lower, the size of grease traps can be reduced accordingly.
Traps are best constructed of concrete or bricks with an airtight cover to avoid
odour nuisance (see Photo 4-3). Alternatively, recycled and locally available materials
such as plastic barrels can also be used (see Photo 4-4). Prefabricated grease traps
)LJXUH  3RVVLEOH JUHDVH WUDS OD\RXWV IRU KRXVHKROGV ZLWK OHIW  DQG ZLWKRXW ULJKW  SLSHG GLVSRVDO V\VWHP  VFDOH
DSSUR[LPDWHO\ ,QWKHH[DPSOHRQWKHULJKWRLODQGJUHDVHFRQWDLQLQJJUH\ZDWHULVSRXUHGZLWKEXFNHWVRQWRWKH
VWUDLQHU ZKLFKUHWDLQVFRDUVHSDUWLFOHVVXFKDVIRRGUHVLGXHV EHIRUHHQWHULQJWKHGRXEOHEDIÀHGWUDS7KLVV\VWHPFDQ
EHXVHGDVHJSULPDU\WUHDWPHQWXQLWSULRUWRGLUHFWUHXVHLQDWRZHUJDUGHQ VHHFDVHVWXG\South Africa

Mulch

Oil and Grease

Grit

Oil and Grease

Grit
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3KRWR/HIW*UHDVHDQGJULWWUDSXVHGDVSULPDU\WUHDWPHQWXQLWLQDJUH\ZDWHULQ¿OWUDWLRQV\VWHPLQ'MHQQp0DOL
*LYHQLWVVPDOOVL]HWKHWUDSRIWHQFORJVWKXVMHRSDUGLVLQJWKHVXEVHTXHQWLQ¿OWUDWLRQV\VWHP SKRWR$OGHUOLHVWH0
&HQWUH*UHDVHWUDSLPSOHPHQWHGLQDKRXVHKROGJUH\ZDWHULUULJDWLRQV\VWHPLQ3HUX7KHWUDSLVXQGHUVL]HGYHUWLFDO
EDIÀHVDUHPLVVLQJUHVXOWLQJLQFORJJLQJRIWKHVXEVHTXHQWSODQWHG¿OWHU SKRWR*DUFtD2
5LJKW%XULHGUHF\FOHGOLWUHSODVWLFEDUUHOXVHGDVJUHDVHWUDSDQGJULWFKDPEHUDKHDGRIDQXQSODQWHGKRUL]RQWDO
ÀRZJUDYHO¿OWHULQ-RUGDQ SKRWR.DVVD\-,'5&

are available on the market, however, they are often more expensive than self-made
traps. They have not always been effective given the low detention time provided
by such units (Tchobanoglous, 1991). Traps must be installed and connected so as
to be readily and easily accessible for inspection, cleaning and removal of grease
and other material. Accumulated grease is best disposed of together with solid
waste. Maintenance of grease traps is usually required at least on a monthly basis.
Guidance on how to design, operate and maintain grease traps is given by e.g.
Crites and Tchobanoglous (1998), Sasse (1998) or Tchobanoglous (1991).

6HGLPHQWDWLRQLQWDQNV VHSWLFVHGLPHQWDWLRQWDQNV
The septic tank is the most common, small-scale treatment system worldwide.
To cite two examples, over 17 million housing units in the United States depend on
septic tanks, and more than 100 million people are served by septic tank systems
in Brazil (Harindra Corea, 2001). Septic tanks consist of either one (also known as
settling or sedimentation tank) or two compartments. Most experts tend to agree
that a two-compartment tank will remove more solids than a single compartment
tank (Loudon et al., 2005). Figure 4-2 depicts a schematic cross-section of a typical

7DEOH%DVLFGHVLJQFULWHULDIRUVHSWLFVHGLPHQWDWLRQWDQNV

&RQVWUXFWLRQPDWHULDO

5HLQIRUFHG FRQFUHWH EULFNV SUHIDEULFDWHG ¿EUHJODVV RU SODVWLF WDQNV
The tank structure must be airtight.

+\GUDXOLFUHWHQWLRQWLPH

KRXUVDWPD[LPXPVOXGJHGHSWKDQGVFXPDFFXPXODWLRQ

5HTXLUHGVOXGJHDQGVFXPYROXPH

Sludge accumulation rate multiplied by desludging frequency.

6OXGJHDFFXPXODWLRQUDWH

70–100 l/p/y.

'HVOXGJLQJIUHTXHQF\

Every 2–5 years.
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double-compartment septic tank.
In a double-compartment septic

)LJXUH6FKHPDWLFFURVVVHFWLRQRIDWZRFRPSDUWPHQWVHSWLFWDQN VFDOH
DSSUR[LPDWHO\

WDQN WKH ¿UVW FRPSDUWPHQW
W\SLFDOO\ FRPSULVHV Ҁ RI WKH
entire tank volume.
Most

countries

Scum

provide

national standards for domestic
septic tank design and size.
Septic tanks are designed
for gravity separation, combined

Sludge

VHGLPHQWDWLRQ DQG ÀRWDWLRQ RI
settleable solids, oil and grease.
Substances denser than water settle at the bottom of the tank, while fats, oil and
JUHDVH ÀRDW WR IRUP D VFXP OD\HU 7KH RUJDQLF PDWWHU UHWDLQHG DW WKH ERWWRP RI
the tank undergoes anaerobic decomposition and is converted into more stable
compounds and gases such as carbon dioxide, methane and hydrogen sulphide.
Given the anaerobic processes in such tanks, odour emissions will occur. To avoid
RGRXU QXLVDQFH DQG XQFRQWUROOHG UHOHDVH RI LQÀDPPDEOH JDV VHSWLF WDQNV PXVW
be sealed. Biochemical reactions occur mainly in the accumulated sludge and far
less in the liquid phase between scum and sludge layer. Dissolved and unsettleable
solids leave the tank more or less untreated. Even though the settled solids undergo
continuous anaerobic digestion, there is always a net accumulation of sludge in the
tank. This gradual build up of scum and sludge layer will progressively reduce the
effective volumetric capacity of the tank. To ensure continuous effective operation,
the accumulated material must therefore be emptied periodically. This should take
place when sludge and scum accumulation exceeds 30 percent of the tank’s liquid
volume.
6HSWLF WDQNV ZLOO JHQHUDOO\ KDYH WR EH GHVOXGJHG HYHU\ WZR WR ¿YH \HDUV
RWKHUZLVH WKH\ SURGXFH YHU\ SRRU HIÀXHQWV ZLWK KLJK VXVSHQGHG VROLGV FRQWHQW
which can be detrimental to subsequent treatment steps (e.g. clogging of subsurface
irrigation networks and soil porosity). Desludging of septic tanks should not be
conducted manually, as accumulated sludge is rich in pathogens. In most cities of
low and middle-income countries, septic tank desludging services are provided by
government or private enterprises.
1RWRQO\WKHVOXGJHEXWDOVRWKHHIÀXHQWRIVHSWLFWDQNVVWLOOFRQWDLQVSDWKRJHQV
DQGKLJKOHYHOVRIGLVVROYHGVROLGV7KHUHIRUHVHSWLFWDQNHIÀXHQWUHTXLUHVIXUWKHU
treatment or special attention prior to its reuse in irrigation.
Septic tanks are frequently used in greywater treatment systems in low and
PLGGOHLQFRPHFRXQWULHV3UHGRPLQDQWO\WKH\¿QGDSSOLFDWLRQDVSULPDU\WUHDWPHQW
XQLWVXSVWUHDPWRDQDQDHURELF¿OWHU VHHFDVHVWXG\Jordan), ahead of a planted
VDQG ¿OWHU VHH FDVH VWXG\ Nepal  RU LQ¿OWUDWLRQ EHGV $QGD HW DO   6HULRXV
problems have seldom been observed where septic or sedimentation tanks are used
as primary treatment unit. Some minor problems were reported in Sri Lanka, where
kitchen wastewater from a hotel restaurant has led to high scum accumulation rates
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in the septic tank. The problem was easily solved by using a grease trap for kitchen
greywater prior to its discharge into the septic tank (see case study Sri Lanka).
Serious problems can be expected in cases where septic tanks are not regularly
desludged. It is therefore of key importance to develop monitoring and maintenance
plans and ensure regular service. Kerri and Brady (1997) provide comprehensive
guidance for septic tank operation and maintenance.
Further information on septic tank design, operation and maintenance is available
from Crites and Tchobanoglous (1998), Harindra Corea (2001), Kerri and Brady
(1997), Sasse (1998) or Franceys et al. (1992).

,QQRYDWLYHVHSWLFWDQNGHVLJQ
In recent years, improved septic tank designs have been developed to enhance
UHPRYDO HI¿FLHQF\ RI XQVHWWOHDEOH DQG GLVVROYHG VROLGV D PDMRU GUDZEDFN RI
conventional septic tanks. The basic principle of such systems is to increase contact
between the entering wastewater and the active biomass in the accumulated sludge.
7KLV FDQ EH DFKLHYHG E\ LQVHUWLQJ YHUWLFDO EDIÀHV LQWR WKH VHSWLF WDQN WR IRUFH WKH
ZDVWHZDWHU WR ÀRZ XQGHU DQG RYHU WKHP DV LW SDVVHV IURP WKH LQOHW WR WKH RXWOHW
:DVWHZDWHU ÀRZLQJ IURP ERWWRP WR WRS SDVVHV WKURXJK WKH VHWWOHG VOXGJH DQG
enables contact between liquid and biomass.
7KHLPSURYHGVHSWLFWDQNV\VWHPDOVRNQRZQDVXSÀRZDQDHURELFEDIÀHGUHDFWRU
$%5  RU EDIÀHG VHSWLF WDQN LV UHODWLYHO\ QHZ 6R IDU LW KDV PDLQO\ EHHQ DSSOLHG
in domestic wastewater and blackwater treatment (toilet wastewater). Examples of
its application come from Vietnam, Thailand and Malaysia (Koottatep et al., 2006;
Martin, 2005; Viet Anh et al., 2005). First positive experiences with an ABR as primary

7DEOH$QDHURELFEDIÀHGUHDFWRU $%5

:RUNLQJSULQFLSOH

9HUWLFDOEDIÀHVLQWKHWDQNIRUFHZDVWHZDWHUWRÀRZXQGHUDQGRYHUWKHPDVLWSDVVHVIURP
the inlet to the outlet, thus guaranteeing intense contact between wastewater and resident
sludge.
6HGLPHQWDWLRQRIVHWWOHDEOHVROLGVÀRWDWLRQRIJUHDVHDQDHURELFGHJUDGDWLRQRIVXVSHQGHG
and dissolved solids.

'HVLJQFULWHULD

HRT = 48 h; vmax ±PKVHGLPHQWDWLRQFKDPEHU±XSÀRZFKDPEHUV

5HPRYDOHI¿FLHQF\

%2'766712 *a/$6a

7\SLFDODSSOLFDWLRQ

Alternative to a conventional septic tank. So far, mainly used to treat toilet wastewater. First
positive experience with greywater primary treatment gained in Malaysia.

6WUHQJWKV

High treatment performance; high resilience to hydraulic and organic shock loadings; long
biomass retention times; low sludge yields; ability to partially separate between the various
phases of anaerobic catabolism.

Weaknesses

Long-term greywater treatment experience is still missing; construction and maintenance
are more complex than septic tanks; clear design guidelines are not available yet; its costs
are higher than a conventional septic tank.

([DPSOHV

Case study: Malaysia.

5HIHUHQFHV

Dama et al. (2002); Sasse (1998); Koottatep et al. (2006).
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treatment of greywater were
gained in Malaysia, where

)LJXUH  6FKHPDWLF FURVVVHFWLRQ RI DQ XSÀRZ DQDHURELF EDIÀHG UHDFWRU $%5 
VFDOHDSSUR[LPDWHO\

D WKUHH EDIÀHG UHDFWRU LV
operated as grease trap
and sedimentation tank

Scum

DKHDGRIDWULFNOLQJ¿OWHUDQG
KRUL]RQWDOÀRZ VDQG ¿OWHU
(see case study Malaysia).
$ PD[LPXP XSÀRZ

Sludge

velocity of wastewater of
vmax = 1.4–2 m/h must be
maintained to avoid washout of the accumulated sludge. The ABR usually comprises
RQHVHGLPHQWDWLRQWDQNDQG±XSÀRZFKDPEHUVKRZHYHURWKHUFRQ¿JXUDWLRQV
ZLWKXSWR¿YHXSÀRZFKDPEHUVKDYHDOVREHHQUHSRUWHG 6DVVH 

3ULPDU\WUHDWPHQWLQSRQGV
Pond systems have been successfully used as preliminary treatment units in low
and middle-income countries, though mainly for large-scale applications, as described
for example in India (Mara, 1997; Mara and Pearson, 1998). Pond systems are not
recommended as primary treatment unit for household greywater. Pond systems
look unpleasant, emit odours and offer a perfect environment for mosquitoes if not
well-operated and maintained (Ridderstolpe, 2004). The new WHO (2005) guidelines
for safe use of excreta and greywater do not promote pond systems if appropriate
mosquito control measures are not guaranteed. Septic or sedimentation tanks are
recommended as primary treatment unit.

6HFRQGDU\WUHDWPHQW
The main objective of secondary treatment is the removal of organic matter and
reduction of pathogen and nutrient loads. After primary treatment, the organic matter
present in greywater takes the form of (von Sperling and Chernicharo, 2005):
•

Dissolved organic matter that cannot be removed only by physical processes

•

such as in primary treatment.
Suspended organic matter although largely removed in well-functioning primary
treatment units, possibly contains solids that settle more slowly and thus remain
in the liquid fraction.

The biological process component, where organic matter is removed by
microorganisms through biochemical reactions, is of key importance in secondary
treatment (von Sperling and Chernicharo, 2005). Microbial decomposition of organic
matter can take place under anaerobic and aerobic conditions:
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$HURELFGHJUDGDWLRQ

Degradation of organic matter by aerobic microorganisms in the presence of oxygen
and resulting in the production of carbon dioxide, water and other mineral products.
Generally a faster process than anaerobic decomposition.Typical process in systems
VXFKDVWULFNOLQJ¿OWHUVSODQWHGVDQG¿OWHUVDQGPXOFKV\VWHPV

$QDHURELFGHJUDGDWLRQ

Degradation of organic matter by anaerobic microorganisms in oxygen-depleted
environments and resulting in the production of carbon dioxide, methane or hydrogen
sulphide. Generally a slower process than aerobic decomposition. Some surfactants
such as LAS are not biodegradable in anaerobic conditions. Typical process in systems
VXFKDVDQDHURELF¿OWHUVDQDHURELFEDIÀHGUHDFWRUV $%5 DQGVHSWLFWDQNV

Most aerobic and anaerobic systems used for secondary treatment of greywater
DUH EDVHG RQ WKH SULQFLSOH RI DWWDFKHG ELR¿OPV ,Q WKHVH V\VWHPV ELRORJLFDO
degradation of suspended and dissolved organic matter occurs as greywater passes
D¿OWHUPHGLDWKDWVHUYHVDVVXUIDFHIRUEDFWHULDOJURZWK7KHEDFWHULDDWWDFKHGWRWKH
¿OWHUPHGLDGHFRPSRVHWKHVXVSHQGHGDQGGLVVROYHGRUJDQLFPDWWHULQJUH\ZDWHU
3ODQWHGDQGXQSODQWHGVDQGDQGJUDYHO¿OWHUVDUHW\SLFDOWUHDWPHQWV\VWHPVWDNLQJ
DGYDQWDJHRIDHURELFDWWDFKHGELR¿OPSURFHVVHV2QWKHRWKHUKDQGWKHDQDHURELF
¿OWHU LV WKH PRVW FRPPRQ DWWDFKHG ELR¿OP V\VWHP RSHUDWLQJ XQGHU DQDHURELF
conditions.

$QDHURELF¿OWUDWLRQ
$QDHURELF ¿OWHUV DUH ZLGHO\ XVHG DV VHFRQGDU\ WUHDWPHQW VWHS LQ KRXVHKROG
greywater treatment systems. They have been successfully used when placed after
a grease trap or septic tank (see case studies Palestine, Jordan or Sri Lanka). In
Sri Lanka, several hotels and residences successfully operate greywater treatment
V\VWHPV EDVHG RQ DQDHURELF ¿OWHUV +DULQGUD &RUHD   6LQFH  WKH
Inter-Islamic Network on Water Resources Development (INWRDAM) has been
SLRQHHULQJWKHXVHRIORZFRVWJUH\ZDWHUWUHDWPHQWNLWVEDVHGRQXSÀRZDQDHURELF
¿OWHUV LQ -RUGDQ VHH 3KRWR   *LYHQ
)LJXUH  6FKHPDWLF FURVVVHFWLRQ RI DQ DQDHURELF ¿OWHU VFDOH
DSSUR[LPDWHO\

the exclusively positive reactions of
WKH XVHUV DQG KLJK FRVWEHQH¿W UDWLR
INWRDAM installed in 2002 several
KXQGUHG DQDHURELF ¿OWHUV DV JUH\ZDWHU
treatment units in low-income households
DFURVV-RUGDQ7KHSURMHFWZDV¿QDQFHG
by the Jordanian Ministry of Planning and
International Cooperation (MOPIC).
7KH DQDHURELF ¿OWHU LV DQ DWWDFKHG
ELR¿OPV\VWHP ¿[HG¿OPUHDFWRU WKDWDLPV
at removing non-settleable and dissolved

solids. It comprises a watertight tank containing several layers of submerged media,
ZKLFKSURYLGHVXUIDFHDUHDIRUEDFWHULDWRVHWWOH$VWKHZDVWHZDWHUÀRZVWKURXJKWKH
¿OWHU±XVXDOO\IURPERWWRPWRWRS XSÀRZ ±LWFRPHVLQWRFRQWDFWZLWKWKHELRPDVV
RQ WKH ¿OWHU DQG LV VXEMHFWHG WR DQDHURELF GHJUDGDWLRQ VHH )LJXUH   3ULPDU\
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7DEOH$QDHURELF¿OWHU

:RUNLQJSULQFLSOH

Dissolved and unsettleable solids are removed through close contact with anaerobic
EDFWHULDDWWDFKHGWRWKH¿OWHUPHGLDXQGHUH[FOXVLRQRIR[\JHQ DQDHURELFFRQGLWLRQ 

'HVLJQFULWHULD

HRTmin ±G+/5PG¿OWHUGHSWKP¿OWHUPDWHULDOJUDYHOURFNVFLQGHU
SODVWLF ZLWK D VSHFL¿F VXUIDFH RI ± P2/m3 and 12–55 mm grain size; 2–3 layers;
sealed and ventilated.

5HPRYDOHI¿FLHQF\

%2' ±766 ±717&±ORJ

7\SLFDODSSOLFDWLRQ

$V VHFRQGDU\ WUHDWPHQW VWHS DIWHU SULPDU\ WUHDWPHQW LQ D VHSWLF WDQN (IÀXHQW FDQ EH
WUHDWHGIXUWKHULQSODQWHG¿OWHUVLQ¿OWUDWHGLQSHUFRODWLRQEHGVRUUHXVHGDVLUULJDWLRQZDWHU
(mulch system, drip irrigation).

6WUHQJWKV

High treatment performance (TSS, TDS); high resilience to hydraulic and organic shock
loadings; long biomass retention time; low sludge yield; stabilised sludge.

Weaknesses

Long-term experience with greywater treatment is still lacking; limited removal of nutrients,
pathogens and surfactants.

([DPSOHV

Case studies-RUGDQ3DOHVWLQH6UL/DQND

5HIHUHQFHV

Chernicharo and Rosangela (1998); Harindra Corea (2001); Henze and Harremoes
(1983); Kobayashi et al. (1983); Sasse (1998); von Sperling and Chernicharo (2005);
Young (1991).

treatment in a septic tank is usually required to eliminate solids of larger sizes before
JUH\ZDWHULVDOORZHGWRSDVVWKURXJKWKHDQDHURELF¿OWHU
<RXQJ¶V  VWXG\RIIXOOVFDOHDQDHURELF¿OWHUVLQWKH86$&DQDGDDQG
Europe concludes that the hydraulic retention time is the single most important
GHVLJQSDUDPHWHULQÀXHQFLQJ¿OWHUSHUIRUPDQFH7\SLFDOK\GUDXOLFUHWHQWLRQWLPHVRI
0.5–1.5 days are reported by Harindra Corea (2001); Sasse (1998) or US EPA (2004b).
%DVHGRQKLVH[WHQVLYHH[SHULHQFHZLWKDQDHURELF¿OWHUVIRUKRWHOVDQGUHVLGHQFHV
in Sri Lanka, Harindra Corea (2001) suggests a maximum surface loading rate of
2.8 m/d (or 2.8 m3/m2/d) and a minimum hydraulic retention time of 0.7–1.5 days.
$V REVHUYHG LQ 6UL /DQND WUHDWPHQW SHUIRUPDQFH RI WKH DQDHURELF ¿OWHU DV
regards suspended solids and BOD removal can be as high as 85–90% and is
typically within a 50–80% range. Nitrogen removal is, however, limited and normally
does not exceed 15% in terms of total nitrogen (TN).
*RRG¿OWHUPDWHULDOSURYLGHVDVSHFL¿FVXUIDFHDUHDRI±P2 per
m3RI¿OOHGUHDFWRUYROXPH 6DVVH *UDYHOURFNVFLQGHURUVSHFLDOO\
IRUPHGSODVWLFSLHFHVDUHXVHGDV¿OWHUPDWHULDO)LOWHUVZLWKWZRWRWKUHH
¿OWHUOD\HUVDQGDPLQLPXPGHSWKRI±PDUHUHFRPPHQGHGE\YRQ
6SHUOLQJ DQG &KHUQLFKDUR   :LWK XSÀRZ V\VWHPV ¿OWHU PDWHULDO
VL]HGHFUHDVHVIURPERWWRPWRWRS7\SLFDO¿OWHUPDWHULDOVL]HVUDQJHIURP
WRPP)LQDOO\WKHZDWHUOHYHOVKRXOGFRYHUWKH¿OWHUPHGLDE\DW
OHDVWPWRJXDUDQWHHDQHYHQÀRZUHJLPHWKURXJKWKH¿OWHU
$QDHURELF ¿OWHUV SURGXFH LQÀDPPDEOH JDVHV PHWKDQH  DQG IRXO
RGRXUV WKDW QHHG WR EH FRQWUROOHG DQG HYDFXDWHG 7KH ¿OWHUV PD\ EH
constructed above ground, but most often they are below the ground
surface to provide insulation and protection against severe climates.
Access to inlet and outlet should be provided to allow for cleaning and

3KRWR  )RXUEDUUHO XSÀRZ
DQDHURELF ¿OWHU LPSOHPHQWHG LQ
-RUGDQ 7ZR WDQNV RI OLWUH
FDSDFLW\ HDFK ¿OOHG ZLWK JUDYHO
PHGLD DFWLQJ DV DQDHURELF
¿OWHUV DUH LQVHUWHG EHWZHHQ D
VHGLPHQWDWLRQDQGD¿QDOVWRUDJH
WDQN SKRWR5HGZRRG0,'5&
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VHUYLFLQJ&OHDQLQJLVUHTXLUHGZKHQWKHEDFWHULDO¿OPRQWKH¿OWHUPHGLDEHFRPHV
WRRWKLFN7KH¿OWHUPDVVLVUHPRYHGDQGFOHDQHGRXWVLGHWKHUHDFWRU0RUHIUHTXHQWO\
WKH¿OWHULVQRWUHPRYHGEXWFOHDQHGE\EDFNZDVKLQJ

9HUWLFDODQGKRUL]RQWDO¿OWHUV
,QYHUWLFDOÀRZ¿OWHUV\VWHPVZDWHULVDSSOLHGLQWHUPLWWHQWO\DQGHYHQO\RQWKH
¿OWHUVXUIDFHWRHQVXUHR[\JHQVXSSO\LQWRWKH¿OWHUPHGLXP7RLPSURYHWKHWUHDWPHQW
SHUIRUPDQFHRIYHUWLFDO¿OWHUVWKH\PD\EHSODQWHGZLWKPDFURSK\WHV7KHURRW]RQH
of the plants is a favourable habitat for bacterial growth as it enhances microbial
degradation.
7KH KRUL]RQWDOÀRZ ¿OWHU GLIIHUV IURP WKH YHUWLFDO ¿OWHU DV SDUWV RI WKH ¿OWHU DUH
permanently soaked and operated aerobically, anoxically (no free oxygen present
but nitrates) and anaerobically.
3ODQWHG ¿OWHUV KRUL]RQWDO RU YHUWLFDOÀRZ  DUH EHFRPLQJ LQFUHDVLQJO\ SRSXODU
worldwide for secondary treatment of domestic wastewater, including greywater.
7KH\¿UVWDSSHDUHGDVZDVWHZDWHUWUHDWPHQWWHFKQRORJ\LQ:HVWHUQ(XURSHLQWKH
1960s and are now successfully used for all kinds of liquid waste, ranging from
VXUIDFHZDWHUUXQRIIWRKHDYLO\ORDGHGIDHFDOVOXGJH3ODQWHG¿OWHUVDUHFXUUHQWO\DOVR
used successfully for wastewater and greywater treatment in low and middle-income
countries, including tropical Asia (Koottatep and Polprasert, 1997; Martin, 2005),
Africa (Kaseva, 2004), Nepal (Shrestha et al., 2001), and Latin America (Dallas and
Ho, 2005).
3ODQWHG ¿OWHUV DUH RIWHQ UHIHUUHG WR DV VXEVXUIDFHÀRZ FRQVWUXFWHG ZHWODQGV
UHHGEHGVURRW]RQHPHWKRGJUDYHOEHGK\GURSRQLF¿OWHUVYHJHWDWHGVXEPHUJHG
EHGVRUDUWL¿FLDOZHWODQGV
The following three chapters describe in detail the Vertical-Flow Filter (VFF), the
Horizontal-Flow Planted Filter (HFPF) and the Vertical-Flow Planted Filter (VFPF).

9HUWLFDOÀRZ¿OWHU SHUFRODWLRQEHGXQSODQWHG
9HUWLFDOÀRZ¿OWHUV 9)) DUHIUHTXHQWO\DQGVXFFHVVIXOO\DSSOLHGDVVHFRQGDU\
treatment of domestic greywater throughout the world, even in regions with cold
winters such as Canada, Germany, Switzerland, Norway or Sweden. VFF are also
UHIHUUHGWRDVVXEVXUIDFHELR¿OWHUVSHUFRODWLRQEHGVLQ¿OWUDWLRQEHGVRULQWHUPLWWHQW
VDQG¿OWHUV
7KH EDVLF VWUXFWXUH FRQVLVWV RI D ZDWHUWLJKW ER[ ¿OOHG ZLWK ¿OWHU PDWHULDO VHH
Figure 4-5). Greywater is applied to the top of the VFF, percolates through an
unsaturated zone of porous material and is then collected in a drainage system.
7KH ZDWHU LV DSSOLHG LQWHUPLWWHQWO\ DQG HYHQO\ RQ WKH ¿OWHU VXUIDFH E\ D SUHVVXUH
distribution device such as an electric pump or mechanical siphon. By charging the
HQWLUHVXUIDFHRIWKH¿OWHUR[\JHQLVVXSSOLHGWRWKH¿OWHUPHGLD
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7DEOH9HUWLFDOÀRZ¿OWHU SHUFRODWLRQEHG

:RUNLQJSULQFLSOH

3UHWUHDWHGJUH\ZDWHULVDSSOLHGLQWHUPLWWHQWO\WRWKHVXUIDFHRID¿OWHUPHGLDSHUFRODWHV
WKURXJK DQ XQVDWXUDWHG ¿OWHU ]RQH ZKHUH SK\VLFDO ELRORJLFDO DQG FKHPLFDO SURFHVVHV
WUHDWWKHZDWHU7KHWUHDWHGJUH\ZDWHULVFROOHFWHGLQDGUDLQDJHQHWZRUNRULQ¿OWUDWHVWKH
underlying soil.

'HVLJQFULWHULD

HLR = 5–10 cm/d; OLR 20–25 g BOD/m2G¿OWHUGHSWK ±P¿OWHUPDWHULDOVDQG
pea gravel, crushed glass; area: 0.4–0.6 m2/p.

5HPRYDOHI¿FLHQF\

%2' ±766 ±71 ±)&±ORJ0%$6a

7\SLFDODSSOLFDWLRQ

As secondary treatment step after primary treatment in a septic tank or grease trap. The
HIÀXHQWLVUHXVHGLQLUULJDWLRQLQ¿OWUDWHVWKHVRLORULVGLVFKDUJHGLQWRVXUIDFHZDWHU

6WUHQJWKV

(I¿FLHQWUHPRYDORIVXVSHQGHGDQGGLVVROYHGRUJDQLFPDWWHUQXWULHQWVSDWKRJHQVDQG
surfactants; no odour problems as wastewater is not above ground level.

Weaknesses

Well functioning pressure distribution with pumps or siphons required for even distribution
RQ ¿OWHU EHG XQHYHQ GLVWULEXWLRQ FDXVHV ]RQH FORJJLQJ DQG SOXJ ÀRZV ZLWK UHGXFHG
WUHDWPHQW SHUIRUPDQFH KLJK TXDOLW\ ¿OWHU PDWHULDO LV QRW DOZD\V DYDLODEOH DQG FDQ EH
expensive; expertise is required for design, construction and operation monitoring.

([DPSOHV

Europe, USA, Australia, Peru, case studies Palestine, Sri Lanka.

5HIHUHQFHV

Gustafson et al. (2002); Ridderstolpe (2004); Sasse (1998).

Greywater undergoes physical, chemical and biological treatment in a VFF.
6XVSHQGHG VROLGV DUH UHPRYHG E\ PHFKDQLFDO ¿OWHULQJ DQG VHGLPHQWDWLRQ DQG
GHJUDGDWLRQ RFFXUV E\ PLFURRUJDQLVPV WKDW FRORQLVH WKH ¿OWHU EHG 6LQFH RUJDQLF
matter and nutrients in the greywater allow microorganisms to grow and reproduce,
the organic matter is mineralised and nutrients are partly removed. Chemical
adsorption of pollutants onto the media surface also plays a role in removal of some
chemical constituents (e.g. phosphorus, surfactants).
Although different materials, such as pea gravel, peat or crushed glass, can
EH DSSOLHG DV ¿OWHU PHGLD LQ 9)) VDQG LV WKH PRVW ZLGHVSUHDG PDWHULDO XVHG$
FRPELQDWLRQRIGLIIHUHQW¿OWHUPDWHULDO HJJUDYHOVDQGDQGPXOFK KDVDOVREHHQ
observed (see case studies Palestine and Koulikoro, Mali).
$ 9)) H[KLELWV W\SLFDO ¿OWHU GHSWKV RI
80–120 cm (Sasse, 1998; US EPA, 2004b)
and can be constructed either with or without

)LJXUH  0XOWLOD\HU SHUFRODWLRQ EHG DGDSWHG IURP
2DVLV'HVLJQ

coverage. Coverage consisting of 15–20 cm topsoil
and
vegetation
can
provide
HI¿FLHQW LQVXODWLRQ GXULQJ FROG ZLQWHU SHULRGV
KRZHYHU ¿OWHU EHG PDLQWHQDQFH EHFRPHV PRUH
complicated when covered.
If greywater reuse is not an option and where
soil conditions are favourable, VFF can be operated
without impermeable liner and drainage network.
$IWHU ÀRZLQJ WKURXJK WKH ¿OWHU PDWHULDO WUHDWHG
JUH\ZDWHUZLOOLQWKLVFDVHLQ¿OWUDWHGLUHFWO\LQWRWKH
VRLO EHORZ ,Q¿OWUDWLRQ LVVXHV DUH GLVFXVVHG LQ WKH
section 6XEVXUIDFHLQ¿OWUDWLRQ.
Greywater Management in Low and Middle-Income Countries

31

&ORJJLQJRIWKH¿OWHUEHGLVWKHPDLQULVNLQ9))*UH\ZDWHUSUHWUHDWPHQWEHIRUH
use in a VFF is thus crucial to allow removal of large particles, oil and fat and thus
WRDYRLG¿OWHURSHUDWLRQDOSUREOHPV,QPRVWREVHUYHGFDVHVVHSWLFWDQNVDUHXVHG
as primary treatment unit (e.g. case studies Palestine and Malaysia). Literature
references indicate that to avoid premature clogging, the organic and hydraulic
loading rates in a VFF should not exceed 20–25 g BOD/m2/d and 5–10 cm/d,
respectively (Ridderstolpe, 2004; Sasse, 1998).
8QLIRUPGLVWULEXWLRQRIJUH\ZDWHURQWRWKH¿OWHUVXUIDFHLVHVVHQWLDODQGFDQEH
achieved either through a dense network of perforated pipes or a sprinkler system.
Most applications observed in low and middle-income countries use a network of
SLSHV DV ÀRRGLQJ WHFKQLTXH HJ FDVH VWXG\ Sri Lanka). Distribution by sprinklers
LV DQ HI¿FLHQW WHFKQLTXH EXW SURQH WR PDOIXQFWLRQ GXH WR FORJJLQJ RI WKH VSUD\HU
nozzles. First experiences with sprinkler distribution in a VFF in low and middleLQFRPHFRXQWULHVZHUHJDLQHGLQ0DOD\VLDZKHUHHIÀXHQWRIDQDQDHURELFEDIÀHG
UHDFWRUZDVVSUD\HGRQWRD9))SULRUWRDKRUL]RQWDOÀRZVDQG¿OWHU VHHFDVHVWXG\
Malaysia).
$SURSHUO\RSHUDWHG9))FDQSURGXFHKLJKTXDOLW\HIÀXHQWZLWKOHVVWKDQPJO
BOD (90–95% removal) and less than 10 mg/l TSS (90–95%). Nitrogen removal
in VFF is rather limited (30–40%). However, the current operational VFF concepts
UHFLUFXODWH WKH QLWUL¿HG HIÀXHQW IURP WKH 9)) EDFN WKURXJK WKH DQDHURELF SULPDU\
WUHDWPHQWRIWKHV\VWHP HJVHSWLFWDQNRU$%5 ZKHUHGHQLWUL¿FDWLRQRFFXUV7KH
UHFLUFXODWLQJ9))V\VWHPLVYHU\HI¿FLHQWDWUHPRYLQJQLWURJHQ XSWR KRZHYHU
the complexity of the system makes it inappropriate for application on household
level in low and middle-income countries.

+RUL]RQWDOÀRZ
ZHWODQGV

SODQWHG

¿OWHUV

FRQVWUXFWHG

+RUL]RQWDOÀRZSODQWHG¿OWHUV +)3) FRQVLVWRIDEHGOLQHG
with impermeable material (typically solid clay packing, concrete
RU SODVWLF IRLOV  DQG ¿OOHG ZLWK VDQG RU JUDYHO VHH )LJXUH  
$OWHUQDWLYH¿OOLQJPDWHULDOVXFKDV3(7LVLQYHVWLJDWHGWRUHGXFH
costs of the HFPF (Dallas and Ho, 2005). A 5–10-cm soil layer is
RIWHQDSSOLHGRQWRSRIWKH¿OWHUVXEVWUDWHWRIDFLOLWDWHJURZWKRI
emergent plants.
7KH JUH\ZDWHU HQWHULQJ WKH ¿OWHU EHG WKURXJK DQ LQOHW ]RQH
GHYRLG RI YHJHWDWLRQ ÀRZV KRUL]RQWDOO\ WKURXJK WKH EHG 7KH
ZDWHU OLQH OLHV EHORZ WKH ¿OWHU VXUIDFH DQG LV FRQWUROOHG E\ D
simple swivelling elbow device located at the outlet typically
±FPEHORZWKH¿OWHUVXUIDFH VHH3KRWR 

3KRWR  +RUL]RQWDOÀRZ SODQWHG ¿OWHU
WUHDWLQJ JUH\ZDWHU RI RQH KRXVHKROG LQ
7HSR]OiQ0H[LFR SKRWR6DQGHF

:KLOHWKHWRSVXUIDFHRIWKH¿OWHULVNHSWKRUL]RQWDOWRSUHYHQW
erosion, the bottom slopes preferably 0.5–1% from inlet to outlet.
7KH JUDLQ VL]H RI WKH ¿OWHU PHGLD VKRXOG DOORZ FRQWLQXRXV ÀRZ
of the greywater without clogging, however, it should not be
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WRR ODUJH WR KLQGHU HI¿FLHQW
treatment. In case of gravel,

)LJXUH6FKHPDWLFFURVVVHFWLRQRIDKRUL]RQWDOÀRZSODQWHG¿OWHU FRQVWUXFWHG
ZHWODQG

a round, uniform grain size
of 20–30 mm is considered
optimal (US EPA, 2004b).
A coarser grain size in the
inlet and outlet zone (40–80
mm) guarantees an even
distribution of greywater input.
The properties of the top layer
to be considered include pH,
electrical conductivity (EC),
texture, and organic matter
of the soil. The pH of the
soil affects availability and
retention of nutrients and heavy metals. Soil pH should range between 6.5 and 8.5.
(&RIDVRLODIIHFWVWKHHI¿FLHQF\ZLWKZKLFKSODQWVDQGPLFUREHVSURFHVVWKHZDVWH
PDWHULDOÀRZLQJLQWRDSODQWHG¿OWHU6RLOVZLWKOHVVWKDQG6P(&DUHEHVWIRUJURZWK
media. Soils with a high clay content enhance phosphorous retention, however, their
low nutrient content may limit growth and development (Davis, 1995). The optimal
OHQJWK WR ZLGWK UDWLR RI KRUL]RQWDO ¿OWHUV LV QRW GH¿QHG +RZHYHU H[SHULHQFH KDV
shown that too narrow HFPF tend to clog due to an overcharge at the inlet zone (see
Photo 4-7).
The treatment level is determined by the hydraulic retention time (HRT)
LQ WKH ¿OWHU +57 DUH W\SLFDOO\ ZLWKLQ D UDQJH RI ± GD\V ZLWK K\GUDXOLF ORDGLQJ

7DEOH+RUL]RQWDOÀRZSODQWHG¿OWHU KRUL]RQWDOÀRZFRQVWUXFWHGZHWODQG

:RUNLQJSULQFLSOH

3UHWUHDWHGJUH\ZDWHUÀRZVFRQWLQXRXVO\DQGKRUL]RQWDOO\WKURXJKDSODQWHG¿OWHUPHGLD
Plants provide appropriate environments for microbial attachment, growth and transfer of
R[\JHQWRWKHURRW]RQH2UJDQLFPDWWHUDQGVXVSHQGHGVROLGVDUHUHPRYHGE\¿OWUDWLRQ
and microbial degradation in aerobic, anoxic and anaerobic conditions.

'HVLJQFULWHULD

HRT = 3–7 d; HLR= 5–8 cm/d; OLR = 6–10 g BOD/m2G¿OWHUGHSWK P¿OWHUPDWHULDO
coarse sand, pea gravel, crushed glass, PET; area: 1–3 m2/p.

5HPRYDOHI¿FLHQF\

BOD = 80–90%; TSS = 80–95%; TN = ±73 ±)&±ORJ/$6!

7\SLFDODSSOLFDWLRQ

$VVHFRQGDU\WUHDWPHQWVWHSDIWHUSULPDU\WUHDWPHQWLQDVHSWLFWDQN7KHHIÀXHQWFDQEH
UHXVHGIRULUULJDWLRQLQ¿OWUDWLRQLQWRWKHVRLORUGLVFKDUJHLQWRVXUIDFHZDWHU

6WUHQJWKV

(I¿FLHQWUHPRYDORIVXVSHQGHGDQGGLVVROYHGRUJDQLFPDWWHUQRZDVWHZDWHUDERYHJURXQG
level and, thus, no odour, mosquitoes and contact to users; can be cheap to construct
ZKHUH¿OWHUPDWHULDOLVDYDLODEOHORFDOO\SOHDVDQWODQGVFDSLQJDQGXVHRIKDUYHVWHGSODQW
biomass possible.

Weaknesses

High permanent space required, as well as extensive construction knowledge and
H[SHULHQFHKLJKTXDOLW\¿OWHUPDWHULDOQRWDOZD\VDYDLODEOHDQGRIWHQH[SHQVLYHULVNRI
clogging if greywater is not well pretreated.

([DPSOHV

Europe, USA, Australia, Peru, case studies 0DOD\VLD-RUGDQ6UL/DQND

5HIHUHQFHV

Crites and Tchobanoglous (1998); Dallas and Ho (2005); IAWQ (2000); Kadlec and Knight
(1996); Ridderstolpe (2004); Sasse (1998).
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rates (HLR) and organic loading rates (OLR) of 5–8 cm/d and
6–10 g BOD/m2/d, respectively. Depending on greywater
production rates and due to high HRT, a HFPF requires
1–3 m2 of land per person.
Treatment of greywater occurs by a complex mixture of
processes, some aerobic (presence of oxygen), some anaerobic
(absence of oxygen) and some anoxic (use of nitrate). Filtration,
adsorption and biochemical degradation are the most important
treatment mechanisms.
+RUL]RQWDOÀRZ SODQWHG ¿OWHUV DUH YHU\ HI¿FLHQW LQ UHPRYLQJ
organic matter and suspended solids. BOD removal rates range
EHWZHHQDQGZLWKDYHUDJH%2'HIÀXHQWFRQFHQWUDWLRQV
EHORZ ± PJO 7\SLFDO HIÀXHQW 766 OHYHOV DUH EHORZ
10–40 mg/l and correspond to 70–95% removal rates. Pathogen
removal amounting to 99% or more (2–3 log) total coliforms has
3KRWR&ORJJLQJRIWKHLQOHW]RQHRIDQ
XQSODQWHGKRUL]RQWDOÀRZ¿OWHULQGLFDWLQJ
DQ RYHUORDG RI WKH LQOHW ]RQH SRVVLEO\
FDXVHG E\ WKH KLJK /: UDWLR 6UL /DQND
SKRWR+DULQGUD&RUHD(- 

been reported by Crites and Tchobanoglous (1998).

Nutrient removal in HFPF is a complex and variable process.
While it is recognised that plants themselves only remove a
small amount of nutrients, they provide the necessary sites and
FRQGLWLRQVIRUDODUJHQXPEHURIEDFWHULDDQGRWKHURUJDQLVPVZLWKDPRUHHI¿FLHQW
nutrient removal capacity. 15–40% nitrogen and 30–50% phosphorous removal
is considered typical in HFPF (Harindra Corea, 2001; IAWQ, 2000), but nitrogen
removal rates as high as 70% have also been reported (Crites and Tchobanoglous,
1998). Removal of surfactants in HFPF is not well-documented. Surfactant removal
rates of 46% in terms of MBAS were observed in a HFPF treating laundry greywater
in Israel (Gross et al., 2006b). Since this treatment unit showed also low treatment
performances in terms of BOD, TSS and faecal coliforms, it must be assumed that
a well-designed and operated HFPF can achieve removal rates as high as 80%,
similarly to a HFPF treating domestic wastewater (Conte et al., 2001).

3KRWR/HIW6XEVXUIDFHKRUL]RQWDOÀRZ¿OWHU FUXVKHGOLPHVWRQH IHGE\SUHWUHDWHGJUH\ZDWHUIURPDQHLJKERXUKRRG
RISHUVRQVLQ.XFKLQJ6DUDZDN0DOD\VLD7KHYHJHWDWLRQKDVDQRUQDPHQWDOIXQFWLRQRQO\7KH¿OWHUVXUIDFHDPRXQWV
WRP2SHUSHUVRQHTXLYDOHQW SKRWR0DUWLQ&
&HQWUH+)3)ZLWKDVLPSOHVZLYHOOLQJHOERZGHYLFH EHORZULJKW DWWKHRXWOHWIRUZDWHUOHYHOFRQWUROLQWKH¿OWHU6UL
/DQND SKRWR+DULQGUD&RUHD(- 
5LJKW+)3) FUXVKHGURFN IHGE\SUHWUHDWHGJUH\ZDWHURIIRXUKRXVHKROGV SHUVRQV LQ0RQWHYHUGH&RVWD5LFDZLWK
P2SVSHFL¿FVXUIDFHCoix lacryma-jobi,DORFDOO\DYDLODEOHZHWODQGSODQWLVXVHGDVHPHUJHQWYHJHWDWLRQ SKRWR
6DQGHF
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Tropical and subtropical climates hold the greatest potential for the use of
HFPF. Cold climates tend to show problems with both icing and thawing. In hot
DQG DULG FOLPDWHV SODQWHG ¿OWHUV PD\ HYHQ EHFRPH ]HURGLVFKDUJH V\VWHPV ZLWK
HYDSRWUDQVSLUDWLRQUDWHVH[FHHGLQJLQÀRZUDWHV(YDSRWUDQVSLUDWLRQUDWHVDVKLJKDV
5 cm/d have been observed in a HFPF during the summer months in southern USA
(Kadlec and Knight, 1996), an almost equivalent rate to the recommended HLR of
5–8 cm/d. In Lima, Peru, for example, emergent vegetation (papyrus) suffered water
VWUHVV GXH WR LQVXI¿FLHQW LQÀRZ :DWHU VWUHVV RI SODQWV LQ D +)3) LV DQ LPSRUWDQW
LVVXHWREHFRQVLGHUHGHVSHFLDOO\LQKRXVHKROGV\VWHPVGXULQJSHULRGVZLWKRXWLQÀRZ
(e.g. during holidays).
HFPF is more demanding in terms of operation and maintenance than anaerobic
V\VWHPVVXFKDVVHSWLFWDQNVRUDQDHURELF¿OWHUVKRZHYHU+)3)UHPDLQVLPSOHDQG
inexpensive. Main focus is placed on maintenance of the vegetation and monitoring
RIWKHZDWHUOHYHO'XULQJWKHLQLWLDOYHJHWDWLRQSHULRGWKH¿OWHUPXVWEHNHSWFOHDQ
and free from other plants. The system is considered to have an average lifespan of
20 years.
HFPF are frequently applied in situations where treated greywater is planed to
be reused in irrigation or where water quality requirements for direct discharge into
surface water have to be met. Greywater treatment systems based on horizontalÀRZ¿OWHUVLQORZDQGPLGGOHLQFRPHFRXQWULHVDUHUHSRUWHGLQ0DOD\VLD&RVWD5LFD
Jordan, Sri Lanka, and Mexico (see Photos 4-6, 4-8 and respective case studies)
and for treatment of laundry greywater in the Philippines (Parco et al., 2005).
5ROHRI¿OWHUSODQWVVHOHFWLRQFULWHULD

Plants provide an appropriate environment for
PLFURELDO JURZWK LQ WKH ¿OWHU PHGLD DQG KHOS WUDQVIHU
the oxygen to the root zone. Plants also stimulate
soil activity by root excretions, assimilate pollutants
LQWRWKHLUWLVVXHDQGUHGXFHWKHYROXPHRIHIÀXHQWE\
transpiration. Phragmites australis (common reed) is
WKHPRVWFRPPRQSODQWXVHGIRUSODQWHG¿OWHUVWUHDWLQJ
domestic wastewater (Shrestha et al., 2001). According
WR 'DOODV   WKH\ UHYHDO WKULYLQJ GLI¿FXOWLHV LQ
JUH\ZDWHURQO\ V\VWHPV GXH WR QLWURJHQ GH¿FLWV LQ
greywater. Other plants, such as Typha spp. (cattails),
Scirpus spp. (bulrushes) or *O\FHULD PD[LPD (sweet

manna grass), are also used (Kadlec and Knight,
1996).
The selected plant species should show a high
standing crop throughout the year. Plants should
be tolerant to pollutant concentrations and adverse
climatic conditions, resistant to pests and disease,
simple in management (harvesting), and have a high
pollutant adsorption capacity. Plants must be locally
available and not endanger local ecosystems due to
uncontrolled spreading.

9HUWLFDOÀRZSODQWHG¿OWHUV FRQVWUXFWHGZHWODQGV
9HUWLFDOÀRZSODQWHG¿OWHUV 9)3) ZRUNVLPLODUO\WRWKHYHUWLFDOÀRZXQSODQWHG
¿OWHUV\VWHP 9)) SUHVHQWHGHDUOLHU7KHPDLQSXUSRVHRISODQWSUHVHQFHLQ9)3)
systems is to help maintain the hydraulic conductivity of the bed. VFPF are shallow
excavations or above-ground constructions with an impermeable liner, either synthetic
or clay (see Figure 4-8). VFPF beds are fed intermittently and batchwise 3–4 times
DGD\E\DSXPSRUPHFKDQLFDOVLSKRQÀRRGLQJWKHVXUIDFH:DVWHZDWHUSHUFRODWHV
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7DEOH9HUWLFDOÀRZSODQWHG¿OWHU YHUWLFDOÀRZFRQVWUXFWHGZHWODQG

:RUNLQJSULQFLSOH

3UHWUHDWHGJUH\ZDWHULVDSSOLHGLQWHUPLWWHQWO\WRDSODQWHG¿OWHUVXUIDFHSHUFRODWHVWKURXJK
WKHXQVDWXUDWHG¿OWHUPHGLDZKHUHSK\VLFDOELRORJLFDODQGFKHPLFDOSURFHVVHVSXULI\WKH
water. The treated greywater is collected in a drainage network.

'HVLJQFULWHULD

HLR = 10–20 cm/d; OLR = 10–20 g BOD/m2G¿OWHUGHSWK ±P¿OWHUPDWHULDO
sand, pea gravel, crushed glass or bricks; area: 0.5–3 m2/p.

5HPRYDOHI¿FLHQF\

%2' ±766 ±7173)&±ORJ0%$67%


7\SLFDODSSOLFDWLRQ

$VVHFRQGDU\DQGWHUWLDU\WUHDWPHQWVWHSDIWHUSULPDU\WUHDWPHQWLQVHSWLFWDQNV(IÀXHQW
can be reused for irrigation or is discharged into surface water.

6WUHQJWKV

(I¿FLHQW UHPRYDO RIVXVSHQGHG DQG GLVVROYHG RUJDQLF PDWWHUQXWULHQWV DQG SDWKRJHQV
no wastewater above ground level and therefore no odour nuisance; plants have a
landscaping and ornamental purpose.

Weaknesses

(YHQGLVWULEXWLRQRQ¿OWHUEHGUHTXLUHVDZHOOIXQFWLRQLQJSUHVVXUHGLVWULEXWLRQZLWKSXPSRU
VLSKRQXQHYHQGLVWULEXWLRQFDXVHVFORJJLQJ]RQHVDQGSOXJÀRZVZLWKUHGXFHGWUHDWPHQW
SHUIRUPDQFH KLJK TXDOLW\ ¿OWHU PDWHULDO QRW DOZD\V DYDLODEOH DQG H[SHQVLYH H[SHUWLVH
required for design, construction and monitoring.

([DPSOHV

Europe, USA, Australia, Israel, case studies 1HSDO6UL/DQND

5HIHUHQFHV

Harindra Corea (2001); IAWQ (2000); Kadlec and Knight (1996); Sasse (1998); Shrestha
(1999); (Gross et al., 2006a).

GRZQWKURXJKWKHXQVDWXUDWHGEHGXQGHUJRHV¿OWUDWLRQFRPHVLQWRFRQWDFWZLWKWKH
GHQVHPLFURELDOSRSXODWLRQVRQWKHVXUIDFHRIWKH¿OWHUPHGLDDQGURRWVDQGLV¿QDOO\
collected by a drainage network at the base. This kind of VFPF loading enhances
R[\JHQWUDQVIHUDQGWKXVQLWUL¿FDWLRQ 6KUHVWKD 7KHGLIIHUHQWW\SHVRIPHGLD
used as substrate range from soil to crushed glass, but gravel and coarse sand are
most widely used (CWA, 2005; Harindra Corea, 2001; Shrestha et al., 2001).
The design of a VFPF is dependent on hydraulic and organic loads. Harindra
&RUHD   REVHUYHG WKDW WKH LQÀXHQW FRQFHQWUDWLRQ LV D NH\ SDUDPHWHU IRU
clogging besides the organic load in several VFPF implemented in Sri Lanka.
&ORJJLQJSUREOHPVRIWKH¿OWHUGLGQRWRFFXUZLWKLQÀXHQW%2'FRQFHQWUDWLRQVEHORZ
PJOKRZHYHUVHULRXVFORJJLQJZDVH[SHULHQFHGZLWKLQÀXHQWFRQFHQWUDWLRQV

A1 [30.353
A2 = 0.5 x A1

Example of a household
of 4 persons

4

A2

3

To
ta

2

l sp

Spe

A1

Area of VFPF (m2/p)

H[FHHGLQJ  PJ %2'O 7KLV FOHDUO\ UHYHDOV WKH LPSRUWDQFH RI DQ HI¿FLHQW
primary treatment unit (e.g.
septic tank) ahead of a
)LJXUH6L]LQJRIWZRVWDJH9)3)DFFRUGLQJWR&RRSHU 
YHUWLFDOÀRZ SODQWHG ¿OWHU
While hydraulic loading rates
5

1

2

5

ecifi

cific a

c a re

a of ver
tical-flow filte
rs (A1 +

rea of fir
s

t vertical-flow filter (A

10
15
20
Number of persons

A1 and A2 DUHDRI¿UVW
DQGVHFRQGÀRZEHGLQP2
P = number of persons
(population equivalent)

A2)

)

1

25

30

Low-cost Management and Treatment Options

36

as high as 80 cm/d have been
reported in domestic wastewater
treatment (Cooper, 2005),
most applications for greywater
treatment are operated at
HLR < 20 cm/d. Given the
QLWURJHQ GH¿FLW W\SLFDO IRU
greywater, too high loading
rates may lead to clogging

problems,
also
called
carbon
clogging
(Del

)LJXUH6FKHPDWLFFURVVVHFWLRQRIDYHUWLFDOÀRZSODQWHG¿OWHU 9)3)FRQVWUXFWHG
ZHWODQG

Porto and Steinfeld, 2000),
due to the accumulation
RI
GLI¿FXOWWRPHWDEROLVH
carbon-containing fat, oil,
grease, cellulose, soaps,
detergents etc.
VFPF have a typical
depth of 0.8–1.2 m (Sasse,
1998). For small systems
(i.e. single households)
receiving
septic
tank
HIÀXHQWV &RRSHU   SURSRVHV WKH XVH RI WZR YHUWLFDOÀRZ EHGV LQ VHULHV $
sizing example for the two-stage VFPF is given in Figure 4-7.
%DVHG RQ WKLV GHVLJQ JXLGHOLQH WKH WRWDO VSHFL¿F DUHD IRU WUHDWLQJ VHSWLF
WDQN HIÀXHQW GHFUHDVHV IURP  P2/p for a 4-person household to 1.5 m2/p for a
QHLJKERXUKRRGRISHUVRQV([SHULHQFHVZRUOGZLGHUHYHDOVSHFL¿F¿OWHU surfaces
of 0.5–2 m2/p. The greywater treatment systems in Nepal and Sri Lanka for example
(see case studies Nepal and Sri Lanka) exhibit three times smaller surface areas
than the ones indicated in the aforementioned formula.
5HPRYDO HI¿FLHQFLHV LQ WHUPV RI %2' &2' DQG SDWKRJHQV RI 9)3) DUH
JHQHUDOO\KLJKHUWKDQFRPSDUDEOHKRUL]RQWDOÀRZSODQWHG¿OWHUV+RZHYHUUHPRYDO
RI VXVSHQGHG VROLGV LV VRPHZKDW ORZHU WKDQ LQ KRUL]RQWDOÀRZ ¿OWHUV &RRSHU HW
DO $YHUDJHUHPRYDOHI¿FLHQFLHVDUHW\SLFDOO\ZLWKLQDUDQJHRI±DQG
65–85% in terms of BOD and TSS, respectively. Pathogen removal in terms of total
coliforms are typically within a range of 2–3 log and can be as high as 5 log as seen
LQ1HSDO 6KUHVWKD +DULQGUD&RUHD  REVHUYHGVLJQL¿FDQWUHGXFWLRQVLQ
WUHDWPHQWSHUIRUPDQFHRI9)3)DWORZS+YDOXHVRILQÀRZLQJJUH\ZDWHU+HVXJJHVWV
including a 0.3-m layer of crushed limestone as buffer zone when treating kitchen
greywater.
9HUWLFDOÀRZSODQWHG¿OWHUVUHYHDOKLJKHUUDWHVRIQLWUL¿FDWLRQ WUDQVIRUPDWLRQRI
DPPRQLD WR QLWUDWH  WKDQ KRUL]RQWDOÀRZ ¿OWHUV RQ DFFRXQW RI WKH JUHDWHU R[\JHQ
VXSSO\ LQWR WKH ¿OWHU $OPRVW FRPSOHWH QLWUL¿FDWLRQ LV FRPPRQO\ UHSRUWHG ZLWK
DPPRQLDUHPRYDOHI¿FLHQF\H[FHHGLQJ &RRSHU6KUHVWKD 2QWKH
RWKHUKDQGVLQFH9)3)GRQRWSURYLGHPXFKGHQLWUL¿FDWLRQUDWKHUORZWRWDOQLWURJHQ
removal rates are achieved.
Phosphorous removal in a VFPF is dependent on the phosphorous sorption
FDSDFLW\ RI WKH ¿OWHU PHGLD 3KRVSKRURXV LV PDLQO\ UHWDLQHG E\ SUHFLSLWDWLRQ ZLWK
Ca, Al and Fe. However, the materials typically used as a substrate (pea gravel,
coarse sand) usually do not contain high concentrations of these elements and
therefore removal of phosphorous is generally low and decreases with time. Typical
SKRVSKRURXV UHPRYDO UDWHV LQ YHUWLFDOÀRZ ¿OWHUV SODQWHG DQG XQSODQWHG  GR
QRW H[FHHG  YRQ 6SHUOLQJ DQG &KHUQLFKDUR   5HPRYDO HI¿FLHQF\ PD\
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3KRWR/HIW9)3)WUHDWLQJNLWFKHQDQGODXQGU\JUH\ZDWHULQDKRWHOLQ6UL/DQNDDIWHUSUHWUHDWPHQWLQDJUHDVHWUDS
DQGVHSWLFWDQN SKRWR+DULQGUD&RUHD(-
&HQWUH DQG ULJKW 9)3) LPSOHPHQWHG LQ D KRXVHKROG LQ .DWKPDQGX PHWURSROLV 1HSDO GXULQJ FRQVWUXFWLRQ DQG LQ
RSHUDWLRQ7KHFRQVWUXFWHGZHWODQGKDVDVXUIDFHRIP2DQGWUHDWVOGRIPL[HGJUH\ZDWHUDIWHUSUHWUHDWPHQWLQD
VHGLPHQWDWLRQWDQN7KH¿OWHULVSODQWHGZLWKPhragmites karka and Canna VSS SKRWR6KUHVWKD55

be enhanced by using materials with higher concentrations of Ca, Al or Fe (e.g.
limestone gravel, spoil from mining, sand with higher Fe content, crushed bricks). TP
removal rates exceeding 70% were observed in a VFPF treating greywater in Israel
(Gross et al., 2006a).
9HUWLFDOÀRZSODQWHG¿OWHUVFDQEDVLFDOO\EHDSSOLHGZKHUHRWKHU¿OWHUW\SHVDUH
also appropriate. Given their reliance on a well-functioning pressure distribution, they
are more adapted to locations where natural gradients can be used, thus enabling
WRORDGWKH¿OWHUE\JUDYLW\6LQFHÀDWDUHDVUHTXLUHWKHXVHRISXPSVWKH\DUHWKXV
dependent on a reliable power supply and frequent maintenance.

3RQGV\VWHPVIRUVHFRQGDU\WUHDWPHQW
Most systems described in the literature and applied worldwide for secondary
WUHDWPHQW RI GRPHVWLF JUH\ZDWHU DUH EDVHG RQ WKH SULQFLSOH RI DWWDFKHG ELR¿OP
Other less popular systems are in use but not well-documented yet. Especially pond
systems look promising, however, documentation is rather scarce on household and
neighbourhood-scale pond systems for greywater treatment.
Pond systems for full wastewater treatment (from primary to tertiary treatment)
have been successfully implemented in Europe, South-Asia and Africa; though not
on a household or neighbourhood scale. These full treatment systems comprise a
VHULHVRIDUWL¿FLDOSRQGVHDFKZLWKWKHIROORZLQJYHU\VSHFL¿FIXQFWLRQ$¿UVWGHHS
sedimentation pond for primary treatment of raw wastewater (functioning like an
open septic tank) is followed by two to three shallow aerobic and facultative oxidation
ponds for predominantly aerobic degradation of suspended and dissolved solids
VHFRQGDU\WUHDWPHQW 3ROLVKLQJSRQGV¿QDOO\DLPDWUHWDLQLQJVXVSHQGHGVWDELOLVHG
solids, bacteria mass and pathogens (Sasse, 1998).
Low-cost Management and Treatment Options

38

As explained earlier, ponds are not recommended as primary treatment of
greywater for households or neighbourhoods due to mosquito breeding and bad odour.
Ponds may be considered for larger scale applications (e.g. for treating greywater
IURPDFRQGRPLQLXP ZKHUHVXI¿FLHQWVSDFHLVDYDLODEOHDQGZKHUHRSHUDWLRQDQG
maintenance of the system can be performed by skilled staff. Mara (2003) provides
good guidance on how to design, operate and maintain pond systems for treatment
of domestic wastewater in low and middle-income countries.
Currently, polishing ponds are mainly used in household or neighbourhood
greywater management systems after a chain of treatment comprising primary and
VHFRQGDU\WUHDWPHQWVWHSV W\SLFDOO\VHSWLFWDQNIROORZHGE\DKRUL]RQWDOÀRZSODQWHG
¿OWHU HJ FDVH VWXG\ Costa Rica). Polishing ponds can be located quite close to
residential areas provided they are well-designed and implemented.

:HWSDUN±FRPELQLQJKRUL]RQWDOÀRZ¿OWHUDQGSRQGV\VWHP *XQWKHU

A pond system for household greywater treatment
was implemented in Skåne, Sweden. The system
consists of a series of ponds with an impermeable
bottom and permeable shore zones, porous enough
for water to pass through. The shore zone between
WZRSRQGVDFWVVLPLODUO\WRDKRUL]RQWDOÀRZ¿OWHU7KH
ZDWHU ÀRZV WKURXJK WKH ¿UVW VHFRQG DQG WKLUG VKRUH
zone until it is taken out from the reception well with
a small wind pump and continually pumped back to
the inlet tank. The water is thus recycled several times
through the system, thereby increasing the system’s
FDSDFLW\ IRU QXWULHQW XSWDNH 3XUL¿HG ZDWHU LV UHXVHG
for domestic (non-potable) purposes.

3KRWR:HWSDUNLQ6NnQH SKRWR +RORQ(FRV\VWHP
&RQVXOWDQW

+LJKWHFKWUHDWPHQWV\VWHPV
Compact, commercially available in-house greywater treatment systems are
increasingly applied. The systems sold comprise rotating biological contactors and
PHPEUDQH¿OWUDWLRQVXFKDVPLFUR¿OWUDWLRQXOWUD¿OWUDWLRQQDQR¿OWUDWLRQDQGUHYHUVH
osmosis. These systems are technically complex, expensive (compared to lowtech systems) and require skilled labour to install and maintain. Given the limited
experience with such systems, they cannot be recommended yet for application
in low and middle-income countries. An overview of compact greywater treatment
systems available on the German market is presented by the German Association
Fachvereinigung Betriebs- und Regenwassernutzung (see www.fbr.de/publikation/
marktuebersicht_gw.pdf). Activated sludge systems, widely applied for municipal
wastewater treatment in Western countries, have hardly been used for greywater
WUHDWPHQW:+2  DVVXPHVWKDWWKHLUDFWLYDWHGVOXGJHWUHDWPHQWHI¿FLHQF\LV
likely to be low on account of the low nutrient content in greywater.
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*UH\ZDWHUGLVFKDUJHDQGUHXVH
The last step in a greywater management system is the safe discharge or reuse
of the treated greywater, which can be (Ridderstolpe, 2004):
•
•
•

Discharged into surface water (river, lake, pond, sea).
,Q¿OWUDWHGLQWRVRLOZLWKSRVVLEOHJURXQGZDWHUUHFKDUJH
Reused in agricultural production (irrigation).

The option selected is strongly dependent on the local situation. Although many
claim that wastewater, and thus greywater should be regarded as a resource to
be reused in agriculture, this option may not always be the most suitable. Reuse
is probably not the best option in certain socio-cultural contexts where wastewater
is considered dirty and unacceptable or where abundance of freshwater does not
SURYLGHVXI¿FLHQWLQFHQWLYHWRLQYHVWLQJUH\ZDWHULUULJDWLRQLQIUDVWUXFWXUH,QSHULXUEDQ
areas, agricultural land may not always be available, and thus alternative recipients
such as surface water, may be more appropriate. Disposal of treated greywater,
be it through groundwater recharge or discharge into surface water, can be viewed
as a very indirect and long-term reuse option as it re-enters the hydrological cycle
(Tchobanoglous, 1991).
:KDWHYHU WKH IDWH RI WUHDWHG JUH\ZDWHU LW ZLOO VLJQL¿FDQWO\ LQÀXHQFH W\SH DQG
level of treatment necessary as well as the precautionary measures required. The
IROORZLQJ VHFWLRQV GLVFXVV VXLWDEOH PDQDJHPHQW VFKHPHV H[SHFWHG EHQH¿WV DQG
potential risks of each type of reuse or discharge option.

5HOHYDQW VWDQGDUGV DQG UHJXODWLRQV GHWHUPLQLQJ JUH\ZDWHU
PDQDJHPHQW
Up until recently, greywater reuse and disposal applications have not received a
great deal of consideration by regulatory authorities. Few countries have developed
JUH\ZDWHUVSHFL¿FUHJXODWLRQVVXFKDVVRPH1RUWK$PHULFDQ6WDWHV $UL]RQD1HZ
Mexico, California, New Jersey), Australia (Queensland, New South Wales) or China
%HLMLQJ 7LDQMLQ  0RVW FRXQWULHV KDYH QR JUH\ZDWHUVSHFL¿F UHJXODWLRQV EXW PRUH
general standards for residential wastewater management. Regulations relevant
to wastewater management for households and neighbourhoods are often found
in different laws and regulations, such as in building codes, municipal wastewater
regulations, health acts etc. However, all have three basic objectives: To ensure
public health, protect the environment and, in case of reuse, ensure long-term soil
fertility. Therefore, national regulations are often related to different types of reuse
RUGLVFKDUJHRSWLRQV7KH,VUDHOLHIÀXHQWTXDOLW\VWDQGDUGVIRUH[DPSOHGLVWLQJXLVK
EHWZHHQ ³'LVFKDUJH WR 5LYHUV´ DQG ³8QUHVWULFWHG ,UULJDWLRQ´ %RWK WKHVH VWDQGDUGV
GLIIHU VLJQL¿FDQWO\ IURP HDFK RWKHU 0LQLVWU\ RI WKH (QYLURQPHQW   1XWULHQW
rich water is highly appreciated for irrigation but leads to eutrophication and oxygen
depletion of surface waters. Water used for irrigation may thus contain nearly
15 times higher ammonia-nitrogen values than if discharged into rivers. On the other
hand, water used for irrigation must not contain more than 10 cfu/100 ml faecal
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coliforms to minimise the food crop contamination risk (see Table 4-9), while the
³'LVFKDUJHWR5LYHU´VWDQGDUGVDOORZXSWRFIXPO
The surface water pollution problem caused by untreated wastewater discharge
has been globally recognised and prioritised, leading to the establishment of
quality standards for wastewater discharge into surface waters. The most widely
DSSOLHGHIÀXHQWVWDQGDUGLVWKHVRFDOOHG³VWDQGDUG´ LH%2'5 PJODQG
66   PJO  GHYHORSHG LQ WKH 8QLWHG .LQJGRP DQG ODWHU DGDSWHG DQG DGRSWHG
by most other countries in the world, often ignoring the reason behind it (Mara,
2003). Whether these standards are meaningful or not may, however, be seriously
questioned. Most national discharge standards set maximum concentrations rather
than pollution loads. In regions where little water is used given constant water scarcity
(notably Middle East and Sub-Saharan Africa), contaminant concentrations may be
high and discharge standards will hardly be met. The interested reader is invited to
VWXG\ 0DUD DQGFULWLFDOO\UHYLHZWKHVHQVHDQGQRQVHQVHRIH[LVWLQJHIÀXHQW
standards, especially in low and middle-income countries.
WHO’s wastewater reuse guidelines (Mara and Cairncross, 1989) set stringent
water quality standards for irrigation. However, many developing countries cannot
DSSO\ WKHVH VWDQGDUGV IRU ODFN RI ¿QDQFLDO DQG KXPDQ UHVRXUFHV 1HZ JXLGHOLQHV
currently developed by WHO (WHO, 2005) are based on the Stockholm Framework
and suggest that countries should adapt guidelines to their own social, technical,
HFRQRPLFDQGHQYLURQPHQWDOFRQWH[WVWKXVJLYLQJPRUHÀH[LELOLW\WRSROLF\PDNHUV
The framework involves the assessment of health risks (using the Quantitative
Microbial Risk Assessment Methodology, QMRA) prior to setting health-based
targets and developing guideline values. The basic approach of the guidelines is to
DSSO\YDULRXVFRPELQDWLRQVRIULVNPDQDJHPHQWRSWLRQVIRUPHHWLQJWKHVLWHVSHFL¿F
and health-based targets, such as excreta and greywater treatment performance,
as well as other technical, practical and behavioural measures. Non-technical risk
management options could include e.g. hygiene education, handling methods,
control of human exposure, crop restrictions, mosquito breeding control measures,
irrigation methods etc.
The

new

WHO

guidelines

for

greywater

reuse

are

described

in

Table 4-8 (WHO, 2005). According to WHO (2005), compliance with these
standards is feasible in large treatment systems. In small-scale systems,
where frequent microbiological analyses are not possible, linking treatment
SHUIRUPDQFH WR JXLGHOLQH YDOXHV EHFRPHV H[WUHPHO\ GLI¿FXOW ,Q VPDOO
scale systems, WHO suggests
7DEOH7HQWDWLYH:+2TXDOLW\VWDQGDUGVIRUJUH\ZDWHUUHXVH :+2
more general performance
criteria for treatment and
handling of excreta and greywater. Primary treatment is
recommended in all cases to
prevent clogging of subsequent
WUHDWPHQW VWHSV ,I HIÀXHQWV
are discharged into lakes or
rivers, secondary treatment

Helminth eggs

E. coli

No./l

cfu/100 ml

*UH\ZDWHUUHXVHLQ
UHVWULFWHGLUULJDWLRQ

1

105 (extended to 106 when
exposure is limited or
regrowth is likely)

,UULJDWLRQRIFURSV
eaten raw

1

103
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NTU

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

mg/l

cfu/100 ml

cfu/100 ml

7XUELGLW\

766

2 *

&2'

%2'5

NH4-N

71

73

)DHFDO
FROLIRUPV

E. coli

–

1,000

–

–

–

40

–

30

–

–

–

5.0–9.0

Type 1
Type 2

Costa Rica 1

–

–

–

–

50

30

250

10

100

–

–

5.5–9.0

Type 1

–

–

–

–

50

100

–

10

200

–

–

5.5–9.0

Type 3

India 2

–

200

0.2

10

1.5

10

70

1

10

–

–

7.0–8.5

Type 1

–

10

5

20

20

10

100

–

10

–

1,400

6.5–8.5

Type 3

Israel 3

100

–

30

45

–

30

100

8

50

10

–

6.0–9.0

Type 2
Type 4

Jordan 4

–

–

–

–

50

30

250

10

50

–

–

6.0–8.5

Type 1

–

–

0.8

–

2

20

–

–

–

–

–

–

Type 1

Sri Lanka 5 Switzerland 6

–

–

–

–

–

20

–

5

30

–

2,000

6.5–8.5

Type 3

Thailand 7

–

0

–

–

–

10

–

–

–

2

–

6.0–9.0

Type 2
Type 5

USA 8

1: MdS (1997); 2: Central Pollution Control Board (1993); 3: Ministry of the Environment (2003); 4: Government of Jordan (2003); 5: CEA (1990); 6: Bundesamt für Umwelt (1998);
7: Pollution Control Department PCD (2000); 8: US EPA (2004a).

Type 5: Irrigation of vegetables consumed raw

Type 4: Irrigation of vegetables consumed cooked

Type 3: Unrestricted irrigation

Type 2: Landscape irrigation

Type 1: Discharge into surface water

ȝ6FP

EC

pH

Type of discharge/reuse
(explanation see below)

Country

7DEOH(IÀXHQWVWDQGDUGVLQVHOHFWHGFRXQWULHVIRUGLIIHUHQWW\SHVRIUHXVHRSWLRQV

LVUHFRPPHQGHGDQGFRPSOLDQFHZLWKWKHDIRUHPHQWLRQHGVWDQGDUGVLIHIÀXHQWLV
reused in irrigation or groundwater recharge. Finally, sophisticated tertiary treatment
ZLWKGLVLQIHFWLRQLVVXJJHVWHGIRULQKRXVHHIÀXHQWUHXVH7KHQHZ:+2JXLGHOLQHV
for safe use of excreta and greywater will be published in 2006.

'LVFKDUJHLQWRVXUIDFHZDWHU
Discharge into surface water is the most common way of returning greywater to
the natural environment, especially in urban and peri-urban areas. In most low and
middle-income countries, however, greywater is discharged untreated, thus causing
serious contamination of the receiving water and posing a risk to the population
downstream using this polluted water for recreational or irrigation purposes. Severe
oxygen depletion, high loads of pathogens and eutrophication are but a few of the
main pollution effects caused by the discharge of untreated greywater into surface
water. Proper greywater treatment prior to discharge into surface waters maintains
the ecological value of receiving waters and also enhances resilience of the
ecosystem.

6XEVXUIDFHLQ¿OWUDWLRQ
,QSHUFRODWLRQRULQ¿OWUDWLRQV\VWHPVZDWHULVLQ¿OWUDWHGLQDFRQWUROOHGPDQQHU
LQWRWKHVRLO&RQYHQWLRQDOLQ¿OWUDWLRQV\VWHPVFRQVLVWRISHUIRUDWHGSLSHVVXUURXQGHG
by media such as gravel, chipped tires or other porous material enhancing even
greywater distribution and ensuring the best possible greywater contact with the
surrounding soil. Furthermore, pipes and surrounding media provide storage capacity
GXULQJSHDNÀRZV
)HDVLELOLW\DQGIXQFWLRQDOLW\RILQ¿OWUDWLRQV\VWHPVDUHGHSHQGHQWRQWKHH[LVWLQJ
soil structure. Sandy or loamy soils with a strong granular, blocky or prismatic
structure are best suited (Crites and Tchobanoglous, 1998). On loams, only
20 l/d/m2 RI SUHWUHDWHG JUH\ZDWHU PD\ EH DSSOLHG ZKLOH RQ ¿QH VDQG DSSOLFDWLRQ
rates may amount up to 50 l/d/m2. Neither coarse sand nor gravel or clays are
VXLWDEOHVRLOVIRUJUH\ZDWHULQ¿OWUDWLRQV\VWHPV2QVRLOVRIFRDUVHJUDLQVL]HDQGKLJK
*UH\ZDWHUVWRUDJHDQGUHXVHIRUWRLOHWÀXVKLQJ
6WRUDJHRIJUH\ZDWHULVGLI¿FXOWDVLWEHJLQVWRVPHOO
strongly when turning anaerobic. In-house storage
of greywater should therefore be avoided whenever
possible (Marshall, 1996). Where temporary storage
of greywater is unavoidable (e.g. in pump sumps or
distribution boxes), the tanks must be constructed so
as to be inaccessible to mosquitoes, provide ventilation,
be child-safe, and easily accessible for maintenance.
*UH\ZDWHU UHXVH IRU WRLOHW ÀXVKLQJ LV EDVLFDOO\
SRVVLEOHEXWLQYROYHVVRPHGLI¿FXOWLHV*UH\ZDWHUKDVWR

be adequately treated to prevent build up of undesirable
by-products in the cistern or operating components. It
is important to avoid biological degradation of water
in the cistern. Fat, soap and hair usually produce
bad-smelling compounds when degrading; a rather
unsuitable situation, particularly indoors. In a private
residence in Kathmandu, Nepal, treated greywater is
VXFFHVVIXOO\ XVHG IRU WRLOHW ÀXVKLQJ VHH FDVH VWXG\
Nepal). Neither odour emissions nor algae growth in
the cistern have been observed so far (Shrestha R.R.,
2006, personal communication).
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7DEOH6XEVXUIDFHLQ¿OWUDWLRQ
:RUNLQJSULQFLSOH

,Q¿OWUDWLRQLQWRVRLOE\LQ¿OWUDWLRQWUHQFKHVRUEHGVWUHDWPHQWE\¿OWUDWLRQDGVRUSWLRQDQGELRFKHPLFDO
reactions within the soil.

'HVLJQFULWHULD

Loading rate dependent on soil texture; unsaturated zone of 0.6–1.2 m required; application rates:
20–50 l/d/m2.

5HPRYDOHI¿FLHQF\

%2' ±71 ±73 ±IDHFDOFROLIRUPVORJ

7\SLFDODSSOLFDWLRQ

Disposal unit with polishing effect before groundwater recharge.

6WUHQJWKV

Simple and inexpensive disposal, groundwater recharge; few operation and maintenance
requirements.

Weaknesses

&DQRQO\EHDSSOLHGRQVXLWDEOHVRLOVUHTXLUHVVXI¿FLHQWGHSWKRIXQVDWXUDWHGVRLODERYHJURXQGZDWHU
table, well-functioning pretreatment required to avoid premature clogging.

([DPSOHV

Case studies 'MHQQp0DOL6UL/DQND

5HIHUHQFHV

US EPA (1992); Crites and Tchobanoglous (1998).

SHUPHDELOLW\JUH\ZDWHULQ¿OWUDWHVWRRUDSLGO\WKXVUHGXFLQJFRQWDFWWLPHZLWKWKHVRLO
and microbial degradation processes. With clays of low permeability, water will not
LQ¿OWUDWHHDVLO\ZLOOFROOHFWQHDUWKHVXUIDFHDQGHYHQWXDOO\IRUPSXGGOHVDURXQGWKH
LQ¿OWUDWLRQWUHQFK
$OWKRXJK )LJXUH  UHIHUV WR LQ¿OWUDWLRQ RI SUHWUHDWHG GRPHVWLF ZDVWHZDWHU
DSSOLFDWLRQ UDWHV VSHFL¿F WR JUH\ZDWHU DUH QRW GRFXPHQWHG KRZHYHU WKH ¿JXUHV
given are assumed to be very similar. The following internet site provides information
on how to conduct a percolation test: www.health.gov.bc.ca.

7DEOH5HFRPPHQGHG SUHWUHDWHGGRPHVWLF ZDVWHZDWHUDSSOLFDWLRQUDWHVIRU
WUHQFKHVDQGORZHUEHGDUHDVDGDSWHGIURP&ULWHVDQG7FKREDQRJORXV 
Percolation rate

Application rate

min/cm

l/m2/d

Gravel, coarse sand

< 0.4

Not suitable

Coarse to medium sand

0.4–2

50

Fine sand, loamy sand

2–6

30

Sand loam, loam

6–12

25

Loam, porous silt loam

12–25

20

Silty clay loam, clay loam

25–50

8

> 50

Not suitable

Soil texture

Clays, colloidal clays

To function correctly, the
greywater should percolate
through an unsaturated soil
layer. In such unsaturated
ÀRZ JUH\ZDWHU SHUFRODWHV
hydroscopically through the
¿QHU SRUHV ZKLOH WKH ODUJHU
pores are left open and
aerated (Ridderstolpe, 2004).
The soil colour is a good
suitability indicator. Bright,
uniform colours indicate welldrained and well-aerated soils.

Dull, grey or mottled soils
reveal continuous or seasonal
saturation and unsuitable soils (Crites and Tchobanoglous, 1998). The geometry
RIWKHLQ¿OWUDWLRQ]RQHPD\YDU\/RQJQDUURZLQ¿OWUDWLRQWUHQFKHVDUHPRVWZLGHO\
XVHGDOWKRXJKLQ¿OWUDWLRQEHGVRUGHHSLQ¿OWUDWLRQSLWVFDQDOVREHDSSOLHGIRUORFDO
JUH\ZDWHULQ¿OWUDWLRQ 86(3$ 
6XEVXUIDFH LQ¿OWUDWLRQ V\VWHPV DUH PRVW FRPPRQ LQ XQVHZHUHG DUHDV RI WKH
86$,Q'MHQQp0DOLLQ¿OWUDWLRQWUHQFKHVZHUHLQWURGXFHGVXFFHVVIXOO\WRGLVSRVHRI
household greywater (see case study Djenné, Mali).
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*URXQGZDWHUUHFKDUJH
*UH\ZDWHULQ¿OWUDWLRQWRXQGHUO\LQJJURXQGZDWHUDTXLIHUVRFFXUVERWKLQWHQWLRQDOO\
SHUFRODWLRQ EHGV RU LQ¿OWUDWLRQ WUHQFKHV  RU XQLQWHQWLRQDOO\ H[FHVV DJULFXOWXUDO
LUULJDWLRQ 5HFKDUJLQJJURXQGZDWHUZLWKZDVWHZDWHULVRIWHQWKHPRVWVLJQL¿FDQWEXW
JHQHUDOO\UDWKHUXQFRQWUROOHGPDQQHURIORFDOZDVWHZDWHU³UHXVH´$OWKRXJKLQ¿OWUDWLQJ
greywater improves in quality and is stored as water resource for future use, a potential
groundwater pollution risk remains. Potential groundwater pollutants from greywater
LQ¿OWUDWLRQLQFOXGHSDWKRJHQLFPLFURRUJDQLVPVQXWULHQWVDQGRUJDQLFSROOXWDQWV7KH
level of risk is determined by groundwater hydrology, soil structure and greywater
characteristics, and is relevant mainly where groundwater is used as drinking water
source. For non-potable applications, such as irrigation, the potential for hazardous
exposure is much lower (Aertgeerts and Angelakis, 2003). If recharged groundwater
is used as drinking water, its contamination by pathogens is of main concern. Effects
of detergents and household cleansing products in recharged groundwater have
not been determined yet (Aertgeerts and Angelakis, 2003), however, the health risk
related to consumption is assumed to be low.
$KLJKULVNRIPLFURELDOJURXQGZDWHUFRQWDPLQDWLRQE\LQ¿OWUDWLQJJUH\ZDWHULVRQO\
an issue where the groundwater table is high or where the soil strata do not serve
as an effective barrier for microorganisms. This can be the case in porous, deeply
ZHDWKHUHGVRLORULQ¿VVXUHGRUNDUVWURFNV+HUHFRQWDPLQDWHGOLTXLGVPD\UHDFK
the groundwater table within a short time and then travel long distances within the
groundwater before pathogen die-off. In saturated conditions, bacteria and viruses
can travel a distance equivalent to a groundwater travel time of 10–15 days.
In unsaturated and unconsolidated soils with strong granular, blocky or
prismatic structure, the risk of groundwater contamination is almost negligible. To
minimise groundwater pollution risk and exposure of humans to potentially polluted
groundwater, the following precautionary measures are recommended:
•

2–3 m of unsaturated and unconsolidated, well-structured soil effectively protects
the aquifer from contamination (Cave and Kolsky, 1999; Lewis et al., 1982).
$ RQHPHWHU XQVDWXUDWHG ]RQH LV VXI¿FLHQW LI JUH\ZDWHU LV WUHDWHG SULRU WR
LQ¿OWUDWLRQ ZKLFK LV DOZD\V UHFRPPHQGHG  &ULWHV DQG 7FKREDQRJORXV 
Ridderstolpe, 2004).

•

:KHQ LQ¿OWUDWLQJ LQWR SRURXV RU ¿VVXUHG VWUDWD D FP VDQG FRYHU VDQG RI
2-mm effective grain size) is likely to reduce pathogen loads in the saturated
zone (Cave and Kolsky, 1999; Lewis et al., 1982).

•

Where groundwater levels are very high and soil saturation reaches the topsoil,
safety distances to water extraction wells have to be kept. These distances
depend on the local geohydrological conditions and should correspond to the
estimated travel distance covered by groundwater in 10–15 days (Cave and
Kolsky, 1999; Lewis et al., 1982).
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5HXVHLQLUULJDWLRQ
When considering irrigation with treated greywater, its microbial and biochemical
properties should be evaluated and compared with reuse standards. Focus should
be placed on the irrigated crop, soil properties, irrigation system used, and crop
FRQVXPSWLRQ SUDFWLFH ,I WKH HIÀXHQW PHHWV WKHVH VWDQGDUGV WKH QH[W VWHS LV WR
evaluate the treated greywater in terms of chemical criteria such as dissolved salts,
UHODWLYHVRGLXPFRQWHQW 6$5 DQGVSHFL¿FWR[LFLRQV,QKRXVHKROGVZLWKKLJKZDWHU
FRQVXPSWLRQ !  OSG  DQG DSSOLHG VRXUFH FRQWURO PHDVXUHV WKH HIÀXHQW RI
greywater treatment systems will most probably not cause any toxic effects on the
crop or pose increased health risks. Caution is recommended in households with low
water consumption or with greywater potentially contaminated by pathogens. High
pathogen loads may be attributed to an acute illness of one or several household
members, or use of critical chemicals such as solvents and disinfectants. Use of
problematic chemicals, such as solvents or disinfectants combined with low amounts
of greywater generated, may lead to the accumulation of some chemicals in the soil
DQG FURS WLVVXHV ZLWK VLJQL¿FDQW QHJDWLYH HIIHFWV RQ DJULFXOWXUDO SURGXFWLYLW\ DQG
environmental sustainability (Shafran et al., 2005).
Compared with domestic wastewater, greywater will generally contain a reduced
number of pathogenic viruses, bacteria, protozoa or helminth eggs. However, as
indicated in Chapter 3, washing of babies and their soiled clothing and diapers
may substantially raise the pathogen load in greywater. Irrespective of pathogen
load or treatment system used, it should be noted that some pathogenic life forms
may pass the treatment unaffected and cause a potential health risk if greywater is
used for irrigation. Although treatment plant removal rates of 99% or even 99.9%
may appear impressive, survival rates nevertheless amount to 1% or 0.1%. This
GHJUHHRISDWKRJHQVXUYLYDOPD\EHVLJQL¿FDQWLIWKHJHQHUDWHGJUH\ZDWHULVKLJKO\
contaminated by an acute illness of one or several household members. In low and
middle-income countries, where greywater may exhibit high pathogen concentrations,
survival of more than one percent is generally considered inadequate.
Not only the presence of pathogens but also their survival time in the water, soil
and on irrigated crops are important. Feachem et al. (1983) summarised pathogen
behaviour in warm climates (20–30 °C) as shown in Table 4-12. Due to degradation
processes caused by sunlight and/or desiccation, pathogen survival time on crops is
much shorter than in water or soil.
During primary treatment in grease and grit traps and septic tanks, helminth
eggs, protozoal cysts and viruses (attached to settable solids) tend to settle and
accumulate in the sludge. However, helminth eggs may survive for several months
in this sludge and therefore still pose a health risk when the sludge is removed.
7KH JUH\ZDWHU GLVSRVDO RSWLRQ VHOHFWHG LQÀXHQFHV WKH H[LVWHQFH RI EUHHGLQJ
sites for mosquitoes, important vectors of diseases such as malaria or Bancroftian
¿ODULDVLV (OHSKDQWLDVLV 7UHDWHGRUXQWUHDWHGJUH\ZDWHUGLVFKDUJHGLQWREDFN\DUGV
may form puddles where mosquito larvae can develop in the absence of natural
enemies. Even if greywater is led into open stormwater drains, mosquito problems
may occur. Drains, built for occasional stormwater events are often used for sewage
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7DEOH6XUYLYDOWLPHRIVHOHFWHGH[FUHWHGSDWKRJHQVLQGLIIHUHQWPHGLDDW±& )HDFKHPHWDO

Survival time, days
in fresh water and
sewage

in soil

on crops

<120 but usually <50

<100 but usually <20

<60 but usually <15

Faecal coliforms

<60 but usually <30

<70 but usually <20

<30 but usually <15

Salmonella spp.

<60 but usually <30

<70 but usually <20

<30 but usually <15

<30 but usually <15

<20 but usually <10

<10 but usually <2

Several months

Several months

<60 but usually <30

Pathogen
9LUXVHV
Enteroviruses
%DFWHULD

3URWR]RD
Entamoeba histolytica cysts
+HOPLQWKV
Ascaris lumbricoides eggs

and greywater discharge. They tend to clog and form stagnant puddles, thus
creating mosquito breeding grounds. Especially in urban areas, where reuse or local
LQ¿OWUDWLRQ RI WUHDWHG JUH\ZDWHU LV RIWHQ GLI¿FXOW IUHTXHQW HIIRUWV DUH QHFHVVDU\ WR
maintain unclogged drains.
As regards the use of irrigation water, one of the main concerns relates to the
decrease in crop yield and land degradation resulting from excess salt present in
water and soils. High salt concentrations (measured as electrical conductivity, EC,
LQG6PRUȝ6FP LQWKHLUULJDWLRQZDWHUOHDGWRZDWHUVWUHVVDQGGHFUHDVHGFURS
yield. To assess the suitability of irrigation water in terms of salinity management,
other factors must be considered besides
water quality. These include salt tolerance of
)LJXUH  5HODWLYH VDOW WROHUDQFH RI DJULFXOWXUDO FURSV
the cultivated crop and characteristics of the

irrigated soil.
100%

crops and their sensitivity to salt are given in
Table 4-13. Greywater irrigation with a typical
300–1,500 uS/cm (0.3–1.5 dS/m) EC, should
not lead to yield loss if moderately sensitive
crops are cultivated. Sprinkler irrigation with
more saline greywater within this range
may cause leaf burn on salt-sensitive crops,
especially at higher temperatures in the
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tolerance levels as a function of the electrical
conductivity of irrigation water. Examples of

Relative crop yield

Figure 4-9 exhibits the relative reduction
in crop yield for crops of different salt

60%
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Unsuitable
for crops

0%
0
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10

15

20

Electrical conductivity of irrigation water, dS/m
dS/m

daytime when evaporation is high.
An important issue related to greywater irrigation is its sodicity. In plants, excess
sodium leads to a perceived drought effect and plants will show burn edge effects and
eventually die (Patterson, 1997). High concentrations of sodium in irrigation water
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7DEOH5HODWLYHVDOWWROHUDQFHRIVHOHFWHGDJULFXOWXUDOFURSV 0DDV

6HQVLWLYH

Moderately tolerant

Bean

3KDVHROXVYXOJDULV

Cowpea

Vigna unguiculata

Okra

Abelmoschus esculentus

Wheat

7ULWLFXPDHVWLYXP

Onion

Allium cepa

Fig

Ficus carica

Avocado

Persea americana

Olive

Olea europaea

Lemon

Citrus limon

Papaya

Carica papaya

Mango

0DQJLIHUDLQGLFD

Pineapple

Ananas comosus

7ROHUDQW

Moderately sensitive
Maize

Zea mays

Barley

+RUGHXPYXOJDUH

Rice, paddy

2U\]DVDWLYD

Sugarbeet

%HWDYXOJDULV

Cabbage

Brassica oleracea capitata

Asparagus

$VSDUDJXVRI¿FLQDOLV

Eggplant

6RODQXPPHORQJHQDHVF

Date palm

3KRHQL[GDFW\OLIHUD

Spinach

Spinacia oleracea

Tomato

Lycopersicon lycopersicum

can lead to the degradation of well-structured soils (dispersion of clay particles),
reducing soil porosity and aeration, and increasing the risk of poor water movement
through the soil. Depending on soil characteristics, greywater with a SAR as low as
3-4 can already lead to degradation of soil structure (Patterson, 1997, Gross et al.,
2005).
Sodium salts are soluble and cannot be removed under typical wastewater
treatment conditions. The best and by far cheapest strategy to avoid excessive
sodium loads on soils is the selection of low sodium laundry detergents (see Chapter
Source control).
Figure 4-10 can be used to evaluate irrigation water quality in relation to its
potential impact on soil structure as a function of EC and SAR values. In the event
of uncertainty regarding the potential effects of greywater irrigation on soil structure
stability, soil samples can be submitted for analysis to an accredited laboratory.
Other problems related to greywater irrigation may be caused by chloride and
boron toxicity. Although essential to plants in very low concentrations, boron and
chloride can cause toxicity to sensitive crops at high concentrations. Leaf burn at
the leaf tip is a typical toxicity symptom for high chloride concentrations. Similar
to sodium, high chloride concentrations cause more problems when applied with
sprinklers. Plant injuries must be expected with chloride concentrations as low as
140 mg/l (Bauder et al., 2004). Boron toxicity is likely to occur on sensitive crops at
concentrations lower than 1 mg/l. Gross et al. (2005) observed boron accumulation in
greywater-irrigated soils in Israel. After three years of irrigation, boron concentrations
in the soil reached 2.5 mg/kg. The risk of chloride and boron toxicity can best be
minimised by utilising cleaning agents poor in boron and chloride.
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20

Shafran et al., 2005). According to Barber (2002), the
fate of surfactants and other organic contaminants in
the subsurface depends on geochemical and nutrient
conditions, with low dissolved oxygen and low nutrient

n so

il type

Soil structure
problems likely

10

nd

SAR

ethoxylate), two of the most frequently used surfactants
in household detergents. The study concludes that
soils irrigated with greywater may turn hydrophobic
due to a reduction in capillary rise (Gross et al., 2005;

15

so

Israel indicates that long-term irrigation of arid loess
soil with greywater may result in the accumulation of
LAS (linear alkylbenzene sulfonate) and AE (alcohol

pe

studies conclude that biodegradable surfactants are
unlikely to accumulate in soil and biota (e.g. Doi et
al., 2002; Jensen, 1999). One study conducted in

)LJXUH,UULJDWLRQZDWHUTXDOLW\LQUHODWLRQWR6$5
DQG (& WR SUHGLFW VRLO VWUXFWXUH VWDELOLW\ GH+D\U
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The fate of surfactants in irrigated soils in not yet
fully understood and requires further research. Most
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soil structure
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10

EC (dS/m)

conditions favouring long-term persistence.

,UULJDWLRQV\VWHPV
Although solar radiation destroys pathogens on crops within a few days, irrigation
systems should try to avoid contact of greywater with the edible part of the crop.
Sprinkler installations enhancing direct contact of greywater with above-ground plant
parts are therefore not recommended.
Drip irrigation systems have shown to be highly effective if well-designed and
maintained. Simple hoses release the water directly at the point of need. The
pathogen contamination risk of plants by irrigation water is therefore markedly
reduced. Drip irrigation systems normally need a dosing pump and, consequently,
also a reliable power supply. Mofoke et al. (2004) also successfully
tested an alternative, gravity-driven drip irrigation system (see
Photo 4-11). This system was constructed exclusively from
FKHDS DQG ORFDOO\ DYDLODEOH PDWHULDOV LQFRUSRUDWLQJ D PRGL¿HG
form of the medical infusion set as emitter. Maintenance has
to be ensured, as the emitters tend to clog frequently. Polak et
al. (1997) tested another low-cost drip irrigation system whose
movable dripper line can irrigate ten plant rows and thus reduce
investment costs by 90 percent. Farmers reported that this lowcost drip irrigation system cut labour requirements by half and
doubled the area irrigated with the same amount of water. Use
of greywater in drip irrigation requires an appropriate primary
treatment to remove oil, grease and suspended solids and thus
prevent clogging of the dripper holes.
The mulch trench system is a simple and promising irrigation
V\VWHPHVSHFLDOO\IRUJUH\ZDWHUUHXVH$WUHQFK¿OOHGZLWKVWUDZ
leaves, rice, spelt, wood or other mulch material is laid around a

)LJXUH*UDYLW\GULYHQGULSLUULJDWLRQ
SKRWR0RIRNH$
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)LJXUH6FKHPDWLFOD\RXWRIDJUH\ZDWHUJDUGHQLUULJDWHGE\DPXOFKWUHQFK
V\VWHP

tree or in rows to form irrigation
trenches within the irrigated
garden. Treated greywater is
poured directly into the trench,
whereby the mulch acts as a
sponge, retaining water and
nutrients close to the soil and
reducing the impact of sun,
wind and evaporation. Reduced
evaporation
and
increased
storage prevent shallow roots
from drying out, minimise water
requirements
and
promote
healthy plant growth. In such
trenches, pathogens are not in
contact with above-ground plant

parts and are further inactivated
by microorganisms present in
the mulch. To prevent clogging
and odour emissions, greywater
should be treated in a grease
and grit trap prior to irrigation in mulch trenches. In such a trench system, greywater
is normally applied by gravity, however, a pressurised system using siphons or
pumps is also applicable. The trenches have to be replaced upon degradation of
the organic material of the mulch. Figure 4-11 illustrates a greywater-irrigated mulch
trench system.
In Texas, USA, a simple irrigation system using a 20-litre plastic bucket, cement
and radial pipes (Ø 2.5 cm) distribute pretreated (by a grease and grit trap) kitchen
greywater to mulch chambers irrigating nearby trees (papaya and banana) (see
Photo 4-12). The wood chips used as mulch decompose over time and have to be
replaced annually by several centimetres of new mulch material. The distribution
hub has to be cleaned every four months. The Texan example has been in operation
since the early 1990s and shows no signs of excess salinity (Omick, 2005).

3KRWR  *UH\ZDWHU LQ¿OWUDWLRQ DQG LUULJDWLRQ V\VWHP LQ &DVD -XOLDQD 7H[DV  .LWFKHQ JUH\ZDWHU LV GLVWULEXWHG
YLD D KXE WR VL[ VPDOO LQ¿OWUDWLRQ FKDPEHUV LUULJDWLQJ SDSD\DV DQG EDQDQDV 7KH FKDPEHUV DUH ¿OOHG ZLWK PXOFK
SKRWRZZZRPLFNQHW

Low-cost Management and Treatment Options

50

5. ([DPSOHVRI*UH\ZDWHU
0DQDJHPHQW6\VWHPV
&DVHVWXGLHVRIJUH\ZDWHUPDQDJHPHQW
V\VWHPV
This section provides an overview of greywater management systems
LPSOHPHQWHGLQGLIIHUHQWORZDQGPLGGOHLQFRPHFRXQWULHV7KHIHZLGHQWL¿HGFDVHV
VXPPDULVHG LQ 7DEOH  VKRZ D ZLGH UDQJH RI V\VWHPV IURP VLPSOH LQ¿OWUDWLRQ
WUHQFKHVWRVRSKLVWLFDWHGV\VWHPVEDVHGRQDQDHURELFDHURELF¿OWHUFRPELQDWLRQV
The case study documentation comprises, whenever possible, a technical
description of the systems used, their operation and maintenance requirements,
dissemination activities conducted, performance indications, and economic
considerations. Where operational problems occurred, reasons for failure are
discussed.
It is surprising that the main reasons for system failure are caused by a lack of
maintenance and understanding of the operational principles of the treatment chain.
During project implementation, it is therefore of utmost importance to focus not only
on technical equipment and infrastructure but also to include information and training
of the different key stakeholders. The key stakeholders are most often women who
are generally in charge of water-related issues within the community. Stakeholder
LQYROYHPHQWKDVWREHHQVXUHGEHIRUHOD\LQJWKH¿UVWVWRQHRUGLJJLQJWKH¿UVWKROH
Cultural habits, national and regional regulations and policies as well as existing
VDQLWDWLRQ LQIUDVWUXFWXUH DQG VHUYLFHV PXVW EH LQWHJUDWHG LQWR WKH VROXWLRQ ¿QGLQJ
process to lead to successful and sustainable implementation.
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Ein
Al Beida,
Kandy,
Jordan
Sri Lanka

Kathmandu,
Kandy,
Nepal
Sri Lanka

Monteverde,
Costa Rica

Gauteng,
South Africa

Koulikoro,
Mali

Djenné,
Mali

Location

Storange tank

Irrigation

Discharge

Laundry

Bath

Kitchen

Settling tank

Horizontal-flow filter

Anaerobic filter

Storage tank

Irrigation

Toilet
flushing
Vertical-flow planted filter

Polishing pond

Greywater garden

Laundry
Dosing chamber

Horizontal-flow planted filter

Vertical-flow filter

Infiltration trench

Disposal/reuse

Bath

Settlement tank

Settling tank

Tower garden

Grease and
grit trap

Grease and
grit trap

Secondary treatment

Vehicle
washing

Kitchen

Laundry

Bath

Kitchen

Laundry

Bath

Kitchen

Bath

Laundry

Bath

Kitchen

Primary treatment

Greywater management system

Table 5-1: Overview of greywater systems presented in Chapter 5

n/a

500 l/d

755 l/d

20 l/d

n/a

Variable

Capacity

98%
97%
96%
33%

99%
95%
84%

BOD5: 70-89%
TSS:
51-85%

BOD5:
TSS:
NH4-N:
PO4-P:

BOD5:
NH4-N:
PO4-P:

n/a

n/a

n/a

Performance

USD 40-60/p

USD 61/p

USD 83/p

n/a

n/a

n/a

Costs
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Hikkaduwa,
Kandy,
Sri
Lanka
Sri Lanka

Kandy Lake,
Sri Lanka

Kandy,
Sri Lanka

Kuching,
Malaysia

Bilien,
Palestine

Location

Kitchen

Laundry

Bath

Laundry

Kitchen

Laundry

Kitchen

Laundry

Bath

Kitchen

Laundry

Bath

Kitchen

Grease and
grit trap

Grease and
grit trap

Septic tank

Grease and
grit trap

Septic tank

Septic tank

Anaerobic baffled reactor

Septic tank

Primary treatment

Greywater management system

Anaerobic filter

Anaerobic filter

Anaerobic filter

Dosing
chamber

Dosing
chamber

Aerobic filter

Anaerobic upflow filters

Secondary treatment

Aerobic filter

Dosing
chamber

Vertical-flow planted filter

Horizontal-flow planted filter

Dosing
chamber

Vertical-flow planted filter, unlined

Percolation bed

Percolation bed

Gardening

Discharge

Storage tank

Irrigation

Disposal/reuse

3,000 l/d

n/a

7,400 l/d

6,800 l/d

550 l/d

Capacity

n/a

n/a

n/a

BOD5:
TSS:
Total P:

BOD5:
TSS:
NO3-N:
PO4-P:

99%
96%
88%

78-95%
93-96%
39-74%
39-74%

Performance

USD 220/p

USD 35/p

USD 70/p

USD 250/p

USD 250/p

Costs

'MHQQp0DOL
/RFDOLQ¿OWUDWLRQRIGRPHVWLFJUH\ZDWHU
3URMHFWEDFNJURXQGDQGUDWLRQDOH
Project Framework
7\SHRISURMHFW
Project for the restoration and
renovation of the city of Djenné
6XSHUYLVLRQ
Mission Culturelle, Djenné
National Museum of Ethnology,
Leiden, The Netherlands
)XQGLQJ
Dutch government
3URMHFWSHULRG
Jan. 2000–Jan. 2003

The city of Djenné with its approx. 20,000 inhabitants is situated
in the inner delta of the Niger River (Sub-Saharan climate). The
city, famous for its adobe buildings, is considered one of the most
architecturally interesting cities of West Africa. Since 1988, UNESCO
lists Djenné as a World Heritage Site. In the early 1990s, foreign
development organisations built a drinking water supply system in
the city of Djenné. Washing and bathing activities were thus shifted
from the river shore to the household. No facilities were provided for
greywater disposal. Despite the very low water consumption of 30
litres per person and day, a considerable daily greywater volume was
discharged directly onto the streets. This type of disposal not only had
a detrimental effect on public health, but also led to impassable roads

3URMHFWVFDOH
100 single households
(2004: 600 households)
&RQWDFWDGGUHVV
National Museum of Ethnology
P.O. Box 212
NL-2300 AE Leiden
The Netherlands
E-mail: info@rmv.nl
Direction nationale de l’hydraulique
E-mail: dnh@afribone.net.ml
Web: www.dnh-mali.org
M.C. Alderlieste
UNICEF Zimbabwe
6 Fairbridge Av., Harare
E-mail: malderlieste@UNICEF.org
5HIHUHQFHV
Alderlieste, M. C., and Langeveld,
J. G. (2005). Wastewater planning
in Djenné, Mali. A pilot project for
the local infiltration of domestic
wastewater. Water Science and
Technology 51, 57-64
Faggianelli, D. (2005). Respect du
patrimoine et modernité: un pari
JDJQp,Q³/DOHWWUHGXS6(DX´9RO
48, pp. 6-10

and suspended street cleaning operations altogether. In 2000, a study
was conducted to evaluate possible options to mitigate the greywater
SUREOHP $OGHUOLHVWHDQG/DQJHYHOG /RFDOJUH\ZDWHULQ¿OWUDWLRQ
was piloted in 2002. Within the project framework, one hundred
LQ¿OWUDWLRQV\VWHPVZHUHEXLOWWKURXJKRXWWKHFLW\XVLQJORFDOPDWHULDO
and labour. By 2004, already 600 households were connected to a
JUH\ZDWHULQ¿OWUDWLRQV\VWHP

*UH\ZDWHUPDQDJHPHQWV\VWHP
Kitchen
Bath
Laundry
Grease and
grit trap
Q = 30 l/p/d

Infiltration trench
l = 1 m/p
w = 0.5 m
d < 1.5 m

*UH\ZDWHU IURP NLWFKHQ EDWK DQG ODXQGU\ ÀRZV WKURXJK D 39&
pipe (Ø 110 mm, covered with local pottery so as to blend in with
the adobe buildings) into a grease and grit trap (Figure 5-1). The
trap, located at the bottom of the outer wall of the house, is easily
accessible for maintenance. The pretreated greywater leaves the
grease and grit trap through a small bore pipe (Ø 40 mm) entering the
LQ¿OWUDWLRQWUHQFK
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7KH LQ¿OWUDWLRQ WUHQFK LV
0.5 m wide and not more than

)LJXUH*UHDVHDQGJULWWUDSDQGLQ¿OWUDWLRQWUHQFK'MHQQp0DOL $OGHUOLHVWH
DQG/DQJHYHOG

1.5 m deep to allow safe working
conditions for the craftsmen. The
OHQJWK RI WKH LQ¿OWUDWLRQ WUHQFK
is calculated by the following
equation:
L=

n[Q
[G[,

where
L : length of trench [m]
n : number of users
4ÀRZSHUFDSLWDDQGGD\>OG@
d : depth [m]
I LQ¿OWUDWLRQUDWH>OP2/d]
+\GUDXOLF FRQGXFWLYLW\ PHDVXUHPHQWV LQGLFDWH D PD[LPXP LQ¿OWUDWLRQ
rate of 150 l/m2/d. Assuming a peak water consumption of 50 l/p/d, a trench
depth of one meter and a maximum application rate of 50 l/m2/d, the trench
length amounts to one meter per family member.
7KHLQ¿OWUDWLRQWUHQFKLV¿OOHGZLWKJUDYHORIDQHVWLPDWHGPPG50
and covered by at least 0.5 m of soil.

3HUIRUPDQFH
One year after completion of the pilot project, the streets with adjacent
LQ¿OWUDWLRQV\VWHPVZHUHGU\DQGFOHDQ VHH3KRWR 7UDQVSRUWFRVWVRI
JRRGVGHFUHDVHGVLJQL¿FDQWO\GXHWRLPSURYHGURDGFRQGLWLRQV7UDQVSRUW
of 100 kg of grain currently costs Fcfa 75–100 compared to Fcfa 250 before
project implementation. Water samples taken from 10 wells did not reveal
any groundwater contamination caused by the greywater disposal system
(Faggianelli, 2005).

2SHUDWLRQDQGPDLQWHQDQFH
Clogging of the grease and grit trap was frequently reported. Such
system failures were caused by a lack of maintenance of the trap and
clogging of the subsurface outlet pipe by plastic bags. Meetings with
the local community, especially the women, were consequently held to
UDLVH DZDUHQHVV DQG WR WUDLQ WKHP LQ LQ¿OWUDWLRQ V\VWHP PDLQWHQDQFH
)XUWKHUPRUHGHVLJQRIWKHJUHDVHDQGJULWWUDSZDVPRGL¿HGWRSUHYHQW
ÀRDWLQJPDWHULDOIURPFORJJLQJWKHRXWOHW

3KRWR  6WUHHW LQ 'MHQQp
EHIRUH LPSOHPHQWDWLRQ RI
LQ¿OWUDWLRQ WUHQFKHV OHIW  DQG
RQH \HDU DIWHU LPSOHPHQWDWLRQ
ULJKW  SKRWRV DERYH $OGHU
OLHVWH 0& EHORZ /DQJHYHOG
-*
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7DEOH'HWDLOHGLQYHVWPHQWFRVWVSHULQ¿OWUDWLRQV\VWHP'MHQQp
Mali

Costs
Fcfa

USD

0DWHULDODQGFRQVWUXFWLRQ

52,600

94

&RQVWUXFWLRQVXSHUYLVLRQ

15,300

27

0DLQWHQDQFH

3,100

5.5

7UDLQLQJ

12,000

21

7RWDOFRVWV

83,000

147.5

Fcfa 1,000 = USD 1.78 (January 2006)

Costs
Construction or maintenance costs
are not reported in the publication by
Alderlieste and Langeveld (2005), but
WRWDOFRVWVRI86'SHULQ¿OWUDWLRQXQLW
were established by a subsequent project
supervised by pS-Eau and supported by
the German Development Bank (KfW) (see
Table 5-2) (Faggianelli, 2005). The
¿QDQFLDO FRQWULEXWLRQ RI WKH KRXVHKROGV
amounted to USD 50.

3UDFWLFDOH[SHULHQFHDQGOHVVRQVOHDUQHG
Success of the project strongly depends on local community involvement.
7KHEDVLFSULQFLSOHDQGLPSDFWRIWKHLQ¿OWUDWLRQV\VWHPZHUHGHPRQVWUDWHGDWWZR
strategic locations: at the house of a person of rank and of the mayor. Based on the
visible success of these two reference locations, acceptance and willingness of the
FRPPXQLW\WRFRRSHUDWHLQFUHDVHGVLJQL¿FDQWO\2UJDQLVDWLRQRILQVWUXFWLRQPHHWLQJV
ZLWKZRPDQJURXSVEHIRUHGXULQJDQGDIWHUFRQVWUXFWLRQRIWKHLQ¿OWUDWLRQV\VWHP
with special focus on maintenance of the grease and grit trap also contributed to
successful implementation of the system. Much effort was put into training local
craftsmen who were organised in teams of one mason and two labourers. After
LQWHQVLYHWUDLQLQJWKH¿UVWWHDPIXUWKHUGLVVHPLQDWHGLWVNQRZOHGJHWRRWKHUWHDPV
Upon project evaluation in January 2003, the various teams trained could set up an
LQ¿OWUDWLRQV\VWHPLQWZRGD\V,Q6HSWHPEHURYHUKRXVHVZHUHHTXLSSHG
ZLWKLQ¿OWUDWLRQIDFLOLWLHVZKRVHQXPEHULVIXUWKHULQFUHDVLQJ
This case study is a good example for successful implementation of a simple
but effective greywater treatment system. Involvement of local technical expertise
and intensive training of users proved to be an important tool for implementing a
VXVWDLQDEOHVROXWLRQ)XWXUHSRWHQWLDOFORJJLQJRIWKHLQ¿OWUDWLRQWUHQFKVKRXOGFRQWLQXH
to be investigated with increasing water consumption and greywater production.
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.RXOLNRUR0DOL
Greywater garden
3URMHFWEDFNJURXQGDQGUDWLRQDOH
Koulikoro with its 26,000 inhabitants is the capital of Mali’s second
largest administrative area. The town spreads across a sandy river
valley up to an adjacent rocky plateau. The average household
numbers 10–25 persons, all residing in a spacious compound
(300–400 m2) and sharing a single sanitation facility. Most households
use traditional pit latrines including a shower area. Urine and shower
ZDWHUXVXDOO\ÀRZRYHUWKHODWULQHÀRRUHLWKHULQWRD³SXLVDUG´ FROOHFWLRQ
DQG LQ¿OWUDWLRQ SLW IRU ZDVWHZDWHU  RXWVLGH WKH FRPSRXQG DQG LQWR
WKH RSHQ VWRUPZDWHU GUDLQV RU GLUHFWO\ RQWR WKH VWUHHW ,Q¿OWUDWLRQ RI
ZDVWHZDWHU LV GLI¿FXOW JLYHQ WKH KLJK JURXQGZDWHU WDEOH LQ WKH ULYHU
valley area and the rocky subsurface in the other neighbourhoods.
Within the framework of a pilot project headed by the German
Technical Cooperation (GTZ) and aiming at establishing appropriate,
sustainable, low-tech and low-cost sanitation systems, a treatment
V\VWHPZDVLPSOHPHQWHGIRUEDWKURRPJUH\ZDWHUXVLQJSODQWHG¿OWHUV
for combined vegetable production.

*UH\ZDWHUPDQDJHPHQWV\VWHP
Bath

Grease and
grit trap
V = 200 l

Vertical-flow filter

sand/coal/gravel

Greywater garden
A = 8 m2

A wire mesh covering the outlet of the shower prevents large
particles from being washed into the 200-litre open grease and grit
trap. The collected greywater from the grease and grit trap is then
FRQYH\HG LQWR D YHUWLFDOÀRZ ¿OWHU  P2) with an upper layer
of sand (30 cm), a middle layer of charcoal (30 cm) and a bottom
OD\HU RI JUDYHO  FP  7KH WKHUHE\ ¿OWHUHG ZDWHU WKHQ HQWHUV D
subsurface irrigated bed (8 m2) planted with fruits and vegetables (see
Figure 5-2 and Photo 5-2). The greywater fed through perforated pipes
into this garden is equipped with two aeration pipes. For hygienic

Project Framework
7\SHRISURMHFW
Urban upgrading project
3ODQQLQJLQVWLWXWLRQ
OtterWasser GmbH, Lübeck
Executing Institution
German Technical Cooperation,
BOATA GmbH, Mali
3URMHFWSHULRG
Start of construction: April 2000
Start of operation: July–Dec. 2001
3URMHFWVFDOH
11 decentralised treatment units,
each for ca. 10–25 inhabitants
&RQWDFWDGGUHVV
GTZ
P.O. Box 5180
D-65726 Eschborn, Germany
Tel.: ++49 6196 79 4220
E-mail: ecosan@gtz.de
Web: www.gtz.de
OtterWasser GmbH
Engelsgrube 81
D-23552 Lubeck, Germany
Tel.: ++49 451 3100 4652
E-mail: info@otterwasser.de
www.otterwasser.de
BOATA
Bureau Ouest – African d’Appui
Organisationnel et de Technologies
Appropriées
B.P. E3730
Badalabougou
Bamakou, Mali
Tel.: ++223 234 853
5HIHUHQFHV
Werner, C., Klingel, F., Bracken, P.,
Schlick, J., Freese, T., and Rong,
:  ³.XU]EHULFKW HFRVDQ
Projekt - Koulikoro, Mali.” Deutsche
Gesellschaft für Technische Zusammenarbeit (GTZ), Eschborn, Germany

reasons, only crops with above-ground edible parts are planted. The
garden is fenced off to prevent damage by domestic animals.
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)LJXUH3ODQYLHZDQGFURVVVHFWLRQVRIWKHJUH\ZDWHUJDUGHQLPSOHPHQWHGLQ.RXOLNRUR0DOL6RXUFH2WWHU:DVVHU
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3HUIRUPDQFH
The garden initially provided access to vegetables, a fact highly appreciated by
all families. Within a short time however the system failed for lack of maintenance.
As the wire mesh started to rust, it was removed and caused the solids load on
WKH ¿OWHU WR LQFUHDVH DQG WKH ¿OWHU PDWHULDO WR FORJ 8VHUV VXEVHTXHQWO\
UHPRYHG WKH ¿OWHU PDWHULDO WR ZDWHU DW OHDVW WKH JDUGHQ KRZHYHU WKH
untreated greywater eventually clogged the perforated irrigation pipes and
surrounding substrate.

2SHUDWLRQDQGPDLQWHQDQFH
Frequent maintenance of all components seems the key factor in
achieving appropriate system operation. Since daily cleaning of the wire
mesh is necessary, it has to be easily accessible and removable. The

3KRWR  3ODQWHG JUH\ZDWHU
garden and aeration pipe
SKRWR*7=

grease and grit trap has to be emptied periodically to avoid washout of
FRDUVHVROLGVRLODQGIDWLQWRWKHYHUWLFDO¿OWHU,IWKH¿OWHUPDWHULDOVKRZV
signs of clogging (surface covered with sludge, remaining water on the
surface), the different layers need to be removed and either cleaned or
replaced.
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Maintenance and repair of the fence around the garden is also an important
aspect to ensure proper functioning of the greywater garden. Uncontrolled access of
animals to the garden can lead to plant degeneration.

Costs
Construction or maintenance costs are not reported.

3UDFWLFDOH[SHULHQFHDQGOHVVRQVOHDUQHG
Despite an extensive exchange of information and communication among
all stakeholders, long-term commitment of the users was rather limited. Lack
RI DZDUHQHVV IRU UHJXODU PDLQWHQDQFH ¿QDOO\ OHG WR IDLOXUH RI WKH V\VWHP 6LPLODU
projects should in future be structurally less complex to facilitate maintenance and
HQVXUH DGHTXDWH RSHUDWLRQ RYHU ORQJHU SHULRGV 7KH ¿OWHU PDWHULDO FXUUHQWO\ XVHG
(inert sand and gravel) could for example be substituted for wood chips or other
natural substrates, which are replaceable after degradation (see section Irrigation
systems).
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*DXWHQJ3URYLQFH6RXWK$IULFD
Greywater tower garden
3URMHFWEDFNJURXQGDQGUDWLRQDOH
Project Framework

For a number of reasons, many rural South African villages hardly
SUDFWLFH JDUGHQLQJ 'HVSLWH DYDLODEOH ODQG ¿QGLQJ DQG WUDQVSRUWLQJ

&RQWDFWDGGUHVV
Johann Adendorff
Tel.: ++27 14 717 3336
Mob.: ++27 82 859 4896
Chris Stimie
Institute for Agricultural
Engineering, Private Bag
Silverton 0127, South Africa
Tel.: ++27 12 842 4103
Mob.: ++27 82 469 4535

water is generally the main barrier. Water collected at the nearest
standpipe and carried home will not be used for irrigation. Adendorff
and Stimie (2005) describe a user-friendly, low-cost and low-tech
X519,

5HIHUHQFHV
Adendorff, J., and Stimie, C. 2005.
Food from used water - making the
previously impossible happen. In
³7KH :DWHU :KHHO´ 9RO  SS 
29. South African Water Research
Commission (WRC)
Smith, M. 2005. Tower garden ideal
where water is limited, AgriNews
- Newsletter of the South African
Department of Agriculture, Pretoria,
pp. 12

greywater reuse system, where gardening does not have to rely on
rainfall and where nutrients are derived from greywater originating
from washing clothes, kitchen utensils etc.

*UH\ZDWHUPDQDJHPHQWV\VWHP
The external structure of the
greywater garden consists of poles
(iron bars or fence posts) and
Bath
shading material (see Photo 5-3
Laundry
and Figure 5-3) surrounding soil
and a central stone-packed drain.
Tower garden
The purpose of the stones is to
VSUHDG WKH ZDWHU ÀRZ WKURXJKRXW WKH FROXPQ *UH\ZDWHU LV SRXUHG
daily with buckets on top of the central stone core. The water trickles
through the stone core and is more or less evenly distributed within
the soil column. Leafy vegetables (such as spinach) are planted into
slits of the shading material surrounding the soil column. The slits are
Kitchen

offset to one another thus giving more space for root development.
Tomatoes or onions may be planted on top of the column. The most
DSSURSULDWH¿OOLQJPDWHULDOPL[IRUWKHWRZHUVKRXOGEHFRPSRVHGRI
three parts soil, two parts animal manure and one part wood ash.

3KRWR  7RZHU JDUGHQ GXULQJ JURZLQJ OHIW  DQG EHIRUH KDUYHVWLQJ ULJKW 
SKRWRV5XUDO,QWHJUDWHG(QJLQHHULQJ
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3HUIRUPDQFH

)LJXUH6FKHPDWLFYLHZRIDWRZHUJDUGHQ

vegetables planted grew well and thrived even in
severe heat not tolerated by conventionally planted
crops in gardens. Several possible reasons are

Available
greywater

~0.8 m

,QIRUPDWLRQ RQ WUHDWPHQW HI¿FLHQF\ RI WKH
garden tower is not available. However, the

1.2 m

DWWULEXWHGWRWKLVEHQH¿W/RZHUVRLOWHPSHUDWXUHV
caused by air circulation in the core and cooling
by evapotranspiration or higher elevation of the
plants away from the hot ground.

0.5 m

2SHUDWLRQDQGPDLQWHQDQFH
Two to three buckets of greywater have to be
applied daily to prevent the soil from drying out.
A puddle forming around the bottom of the tower
indicates excess water. Tower gardens are best
located in the courtyard so as to minimise transport
distance of greywater.

o 0.9 m

Costs
Construction or maintenance costs are not reported.

3UDFWLFDOH[SHULHQFHDQGOHVVRQVOHDUQHG
)LQGLQJWKHULJKWW\SHRIPDWHULDOWRZUDSDURXQGWKHVLGHVRIWKHWRZHULVGLI¿FXOW
In Kenya, where identical systems were implemented, nylon gunny bags were used
but lasted only about two years. In South Africa, shading material (Photo 5-3) did not
last for more than one season, since black plastic sheets deteriorate rapidly when
exposed to sunlight. Shade netting proved to be far more durable, however, nylons
VWULQJVRU¿VKLQJOLQHVWRMRLQXSWKHHQGVRIWKHVKDGHQHWWLQJDUHUHFRPPHQGHG7KH
FRUHPDWHULDOVKRXOGFRQVLVWRIÀDWVWRQHVRUEXLOGLQJUXEEOHDVURXQGVWRQHVDOORZ
the applied water to run too quickly down the centre of the tower, thus preventing the
soil from being evenly moistened.
One of the main strengths of the system is its minimal labour, monitoring and
maintenance requirements. Once familiar with the towers, the users prefer to position
them in their courtyards for easy pouring of the greywater into the stone core. Such
greywater reuse can thus effectively contribute to increasing food security. However,
the risk of plant contamination with pathogens by some splashing water should be
avoided. Raw consumption of the harvested vegetables is not recommended. To
prevent toxic effects on plants and soil deterioration, household detergents must be
selected carefully. To prevent clogging in the stone column and soil, a grease and grit
trap for primary treatment should be installed. If free moving domestic animals share
the same space, the tower garden should be fenced in.
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0RQWHYHUGH&RVWD5LFD
+RUL]RQWDOÀRZSODQWHG¿OWHUIRUGRPHVWLF
JUH\ZDWHUWUHDWPHQWRIIRXUKRXVHKROGV
Project Framework

3URMHFWEDFNJURXQGDQGUDWLRQDOH

7\SHRISURMHFW
Private initiative funded project

Monteverde, situated in the northwest of Costa Rica at approx.
1,200 meters altitude, has a tropical climate. Attractive eco-tourism in

6XSHUYLVLRQDQGLPSOHPHQWDWLRQ
Monteverde Institute

0RQWHYHUGHKDVOHGWRVLJQL¿FDQWXQUHJXODWHGJURZWKGXULQJWKHODVW
two decades. Typically for rural Latin America, separation of wastewater
at the source is common, and Monteverde is no exception. Blackwater

)XQGLQJ
Ford Motors Co Environment Award
3URMHFWSHULRG
March 2001–August 2002
3URMHFWVFDOH
Four single households (total 18
persons)
&RQWDFWDGGUHVV
Stewart Dallas
Murdoch University, Perth,
Australia
E-mail: s.dallas@murdoch.edu.au
www.etc.murdoch.edu.au
5HIHUHQFHV
Dallas, S., Scheffe, B., Ho, G., 2004.
Reedbeds for greywater treatment
– case study in Santa ElenaMonteverde, Costa Rica, Central
America. Ecological Engineering 23,
55-61
Dallas, S. and Ho, G., 2005.
Subsurface flow reedbeds using
alternative media for the treatment of
domestic greywater in Monteverde,
Costa Rica, Central America. Water
Science and Technology, 52(10):
119-128
Dallas, S., 2004. Up in the clouds.
Murdoch University, Environmental
Technology Centre

is treated in septic tanks while greywater is mostly discharged directly
onto streets and into streams. Given this unacceptable situation, a
local resident, inspired by a demonstration greywater reedbed project,
offered the necessary land for implementation of a suitable greywater
treatment system provided additional funding was raised.

*UH\ZDWHUPDQDJHPHQWV\VWHP
Kitchen
Bath

Discharge

Laundry

Q = 755 l/d

Settling tank

Horizontal-flow planted filter

V = 500 l
HRT = 15 h

A = 17 m2 + 13 m2
HRT = 8 d

Polishing pond
V = 2.5 m3
HRT = 3 d

The greywater system was designed to receive water from four
households with an average of 4.5 persons per household and an
average water consumption of 139 l/p/d. To assess daily greywater
generation, a 75/25 greywater/blackwater ratio was used. This resulted
LQDIDLUO\FRQVHUYDWLYH¿JXUHRIOJUH\ZDWHUSHUGD\,QV\VWHP
GHVLJQFDSDFLW\ZHUHDGGHGDVUHVHUYHWRWKLV¿JXUH$OWKRXJK
only three homes have currently been connected to the system at any
one time, measurements reveal that the greywater volume amounts to
only about 750 l/d.
PVC pipes (Ø 50 or Ø 75 mm) convey the greywater from the
houses to a 500-l concrete settling tank. A steel mesh inside this
settling tank allows easier manual emptying (see Photo 5-4).
7KH VHFRQGDU\ WUHDWPHQW VWHS FRQVLVWV RI WZR KRUL]RQWDOÀRZ
SODQWHG ¿OWHUV +)3)  LQ VHULHV 7KH ¿UVW SODQWHG ¿OWHU UHHGEHG  LV
rectangular (12 m long, 1.2 m wide (14 m2) and 0.6 m deep). The
VHFRQG SODQWHG ¿OWHU KDV DQ RYDO VKDSH  x 3 x 0.6 m; 13 m2)
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)LJXUH/D\RXWRIWKHIRXUKRXVHKROGSODQWHG¿OWHUV\VWHPIRUJUH\ZDWHUWUHDWPHQWLQ0RQWHYHUGH&RVWD5LFD

House 4
House 2
House 1 (with separate
grease trap)

House 3

Settling
tank

Sampling
point 2

Inlet drum and
Sampling point 1

1st reedbed
12.0 m x 1.2 m

Internal baffle
walls
Natural slope = 1 : 3.3

2 nd reedbed
6.8 m x 3.0 m
Sampling point 4
Pond

Sampling point 3

VHH)LJXUH 7KHVHFRQGUHHGEHGKDVLQWHUQDOSODVWLFEDIÀHZDOOVZKLFK
H[WHQGWKHÀRZSDWKWRDSSUR[POHQJWK7KHORFDOO\DYDLODEOHFUXVKHGURFN
(20 mm) of 40% porosity in the bed allows for an effective storage volume of
6 m3, corresponding to a minimum hydraulic retention time (HRT) of 7.9 days
GLQ¿OWHURQHGLQ¿OWHUWZR 7KH¿OWHUVDUHSODQWHGZLWK&RL[ODFU\PD
jobi, a macrophyte known to occur throughout Costa Rica up to 1,450 meters
DOWLWXGH$IWHUSDVVLQJWKURXJKWKHSODQWHG¿OWHUVWKHWUHDWHGJUH\ZDWHUÀRZV
into a shallow pond (approx. 2.5 m3) containing several aquatic plant species
DQG¿VKHV7KHVH¿VKHVKHOSFRQWUROPRVTXLWREUHHGLQJ VHH)LJXUH 7KH
pond primarily has an ornamental value and serves as demonstration unit
only. Its treatment function is marginal.

3KRWR  6HWWOLQJ WDQN
SKRWR'DOODV6

3KRWR%XLOGXSRIst UHHGEHG([FDYDWLRQ OHIW LQOHWGUXP FHQWUH DQGSODQWHG¿OWHU ULJKW  SKRWRV'DOODV6
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3HUIRUPDQFH
System performance was generally satisfactory. Table 5-3 summarises the data
PHDVXUHGLQ1RYHPEHULQERWKKRUL]RQWDOÀRZSODQWHG¿OWHUV
)URPDSXEOLFKHDOWKSHUVSHFWLYHWKHWUHDWHGZDWHUTXDOLW\LQWKH¿QDOJUH\ZDWHU
treatment step was equivalent to some of Monteverde’s most pristine streams. Fish
7DEOH(I¿FLHQF\RIJUH\ZDWHUWUHDWPHQWV\VWHP0RQWHYHUGH&RVWD5LFD6363UHIHUWRVDPSOLQJSRLQWVLQGLFDWHG
LQ)LJXUH

Inlet drum
(SP 1)

(IÀXHQWst
¿OWHU 63

(IÀXHQWnd
¿OWHU 63

(IÀXHQW
polishing pond
(SP 4)

(IÀXHQW
standards

%2'

mg/l

167

8.4

2.0

2.4

1

766

mg/l

8.4

9.5

10.0

28

302

7'6

mg/l

342

284

213

128

–

7XUELGLW\

NTU

96

7.5

2.0

3.8

–

NH4-N

mg/l

8.4

1.0

0.1

0.4

–

3243

mg/l

7.6

5.2

2.3

1.2

–

7RWDO3

mg/l

1.6

3.6

1.5

–

–

)DHFDO
FROLIRUP

cfu/100 ml

1.5 x 108

17,000

69

122

1

7HPS

°C

21

20

20

21

–

6.3

5.9

6.8

7.0

5.0–9.0

1.0

1.0

6.9

6.2

–

pH
'2

mg/l

1: Costa Rican guidelines for wastewater reuse (recreational reuse) (MdS, 1997), 2: Mexican standard for wastewater reuse
(Comisión Nacional del Agua, 1997)

and frogs have colonised the pond and are assumed to be responsible for the lack
of mosquito larvae.

2SHUDWLRQDQGPDLQWHQDQFH
Manual desludging of the settling tank has been reported as a necessary
maintenance activity. It is carried out annually by the owner’s son at a cost of USD 7
and requires about three hours. The removed sludge is buried in the owner’s garden.
7KHLQVWDOOHGUHPRYDEOHDQGUHLQIRUFHGPHVKEDVNHWVLPSOL¿HVWKLVWDVN+DYLQJDOO
houses connected to one main settling tank eases maintenance.
2WKHU PDLQWHQDQFH WDVNV LQFOXGH RFFDVLRQDO ZHHGLQJ RI WKH SODQWHG ¿OWHUV
pruning of overhanging branches, removing of leaves and rubbish from the pond,
and thinning of aquatic plants, all of which are relatively straightforward and not very
time-consuming tasks.

Costs
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7DEOH&RVWVIRUJUH\ZDWHUWUHDWPHQWV\VWHP0RQWHYHUGH&RVWD5LFD

Quantity

&UXVKHGURFN GHOLYHUHG

Cost/unit

Total

USD

USD

25

375

24.8%

0.3

145

9.7%

–

400

400

26.4%

120

2.5

300

19.8%

–

–

292

19.3%



100%

15 m3

3ODVWLFOLQHU +)3)DQGSRQG

480 m

3LSH¿WWLQJVDQGOVHWWOLQJWDQN
/DERXU
7RROVWUDQVSRUWDQGPLVF

2

7RWDOGLUHFWFRVW
Volunteer labour

aKRXUV

Design and monitoring

aKRXUV

Percentage

&RQVWUXFWLRQFRVWVDPRXQWWR86' VHH7DEOH DQGWKH¿OWHUPDWHULDO
costs (crushed rock) represent 25% of the total costs.

3UDFWLFDOH[SHULHQFHDQGOHVVRQVOHDUQHG
6RPHFORJJLQJQHDUWKHLQOHWRIWKH¿UVW¿OWHUZDVREVHUYHGDIWHUWZR\HDUVRI
RSHUDWLRQ /LNHO\ FDXVHV ,QVXI¿FLHQW EHG ZLGWK JLYHQ WKH K\GUDXOLF FRQGXFWLYLW\
LQVXI¿FLHQWVROLGVJUHDVHUHPRYDOLQWKHVHWWOLQJWDQNDQGFORJJLQJRIWKHVXEVWUDWH
HQKDQFHG E\ WKH ODUJH DPRXQW RI VDQG DQG VLOW LQ WKH FUXVKHG URFN XVHG DV ¿OWHU
PDWHULDO 1LWURJHQ GH¿FLW W\SLFDO IRU JUH\ZDWHU PD\ DOVR EH RQH RI WKH FDXVHV IRU
clogging.
/LQHUOHDNDJHGLVFRYHUHGLQWKHVHFRQG¿OWHUEHGKLJKOLJKWHGWKHLPSRUWDQFHRI
avoiding joints in the liner as well as the need for a geotextile layer to protect the
liner. A more robust liner would, however, lead to a considerable increase in costs.
Dissemination and replication of the concept is largely dictated by installation
and maintenance costs as well as opportunity costs caused by further land
requirements.
8VHRIFRQYHQWLRQDOFUXVKHGURFNLQÀXHQFHGFRQVWUXFWLRQDQGRSHUDWLRQIRUWKH
following reasons:
•

Responsible for 25% of the total costs.

•

Increased salary costs, as handling this heavy material was more labourintensive.

•

,QFUHDVHG FORJJLQJ ULVN DV ¿QH VDQG ZDV DOVR SUHVHQW LQ WKH FUXVKHG URFN

•

material.
'LI¿FXOW DQG H[SHQVLYH UHSDLU ZRUN HJ XQFORJJLQJ LQOHW VHFWLRQ RU UHSDLULQJ
liner).

•

Relatively low porosity and hydraulic conductivity.
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.DWKPDQGX1HSDO
9HUWLFDOÀRZ SODQWHG ¿OWHU
ZHWODQG IRUVLQJOHKRXVHKROGV

FRQVWUXFWHG

Project Framework

3URMHFWEDFNJURXQGDQGUDWLRQDOH

7\SHRISURMHFW
PhD thesis

In Nepal, many urban rivers have already turned into open sewers
due to the discharge of untreated wastewater from households and, in

6XSHUYLVLRQ
Institute for Water Provision
University of Agricultural Sciences
Vienna, Austria

some cases, toxic industrial waste. Appropriate wastewater treatment
and reuse are neglected and often considered unaffordable. In the
1970s, four large-scale wastewater treatment plants were constructed
around Kathmandu Valley. However, since they are no longer in

3URMHFWSHULRG
Implementation: April 1998
Monitoring period:
April 1998–May 2000
3URMHFWVFDOH
Single household (7 persons)
&RQWDFWDGGUHVV
Dr Roshan Raj Shrestha
Chief Technical Advisor
Water for Asian Cities Programme
UN HABITAT
UN House, Pulchowk
P.O. Box 107
Kathmandu, Nepal
E-mail: roshan.shrestha@undp.org
5HIHUHQFHV
Shrestha, R.R., Haberl, R., Laber,
J., 2001. Constructed wetland
technology transfer to Nepal. Water
Science and Technology 43, 345–
350
Shrestha, R.R., Haberl, R., Laber, J.,
Manandhar, R., 2001. Application of
constructed wetlands for wastewater
treatment in Nepal. Water Science
and Technology 44, 381–386

operation, an increasing number of small-scale and decentralised
alternative wastewater treatment systems have been developed and
implemented.
The current water demand in the Valley amounts to about 150
million litres per day (MLD) compared to the available 90 MLD. Despite
WKLV PDMRU GH¿FLW GULQNLQJ ZDWHU LV XVHG IRU VHYHUDO QRQSRWDEOH
SXUSRVHVVXFKDVWRLOHWÀXVKLQJJDUGHQLQJYHKLFOHFOHDQLQJHWF7R
solve this problem, Mr Shrestha installed within the framework of his
PhD thesis a greywater treatment system in his own house to prove
the viability of a simple water reuse technology. Based on the positive
experience gained, several similar systems for single households,
hospitals and larger communities have been implemented in and
around Kathmandu.

*UH\ZDWHUPDQDJHPHQWV\VWHP
Kitchen

Irrigation

Bath

Vehicle
washing

Laundry

Toilet
flushing
Settlement tank

Q = 500 l/d

Dosing chamber

V = 500 l
HRT = 24 h

V = 200 l

Vertical-flow planted filter

Storange tank

A = 6 m2
HRL = 8.3 cm/d
OLR = 8-12 g/m2/d
3-4 x 150 l/d

V = 700 l

A constructed wetland system was built for a 7-person household.
The system was designed to treat greywater from bathroom, laundry
and kitchen. The greywater is collected in a 500-litre, two-chambered
settling tank. A subsequent dosing tank of 200 litres with a mechanical
VLSKRQGLVFKDUJHVJUH\ZDWHURQWRDYHUWLFDOÀRZSODQWHG¿OWHU±WLPHV
DGD\WKURXJKDSHUIRUDWHGSLSH PP ¿[HGDERYHWKHVXUIDFH
OHYHORIWKHEHG7KH¿OWHUPDWHULDORIWKHEHG P2) is composed of a
FPOD\HURIJUDYHO ±PP DWWKHERWWRPFPRI¿QHJUDYHO
(10 mm) in the middle and 60 cm of coarse sand on the top. The bed
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is planted with Phragmites karka
and &DQQD ODWLIROLD (see Photo

7DEOH   ,QIXHQW DQG HIÀXHQW FRQFHQWUDWLRQV RI WKH JUH\ZDWHU WUHDWPHQW
V\VWHPLQ.DWKPDQGX1HSDO$SULOWR0D\6' VWDQGDUGGHYLDWLRQ

5-6). The treated greywater is
then collected in a 700-litre tank
before it is used for irrigation,
washing vehicles and toilet
ÀXVKLQJ$QDYHUDJHRIOLWUHV
of greywater is treated daily.
Hydraulic retention time (HRT)
in the settling tank averages 24
hours and hydraulic loading rate
(HLR) of the constructed wetland

,QÀXHQW
range

(IÀXHQW
range

,QÀXHQW
average

(IÀXHQW
average

mg/l

mg/l

mg/l (SD)

mg/l (SD)

%2'5

100–400

0–12

200 (93)

5 (4.6)

&2'

177–687

7–72

411 (174)

29 (20)

766

52–188

1–6

98 (53)

3 (2)

NH4-N

4–26

0–2

13 (8)

0.5 (0.6)

3243

1–5

1–4

3 (1)

2 (1)

amounts to 8.3 cm/d. Assuming
an average BOD removal rate of 40–50% in the settling tank, the organic
loading rate of the constructed wetland totals 8–12 g BOD5/m2/d.

3HUIRUPDQFH
7KH SK\VLFDO DQG FKHPLFDO SURSHUWLHV RI JUH\ZDWHU LQÀXHQW DQG
HIÀXHQWDUHJLYHQLQ7DEOH,QWKHSODQWHG¿OWHU1+4-N is transformed
to nitrate (NO31  E\ QLWUL¿FDWLRQ SURFHVVHV$OWKRXJK DPPRQLD UHPRYDO
HI¿FLHQF\H[FHHGVWRWDOQLWURJHQUHPRYDOSUREDEO\GRHVQRWH[FHHG
 JLYHQ WKH PLVVLQJ GHQLWUL¿FDWLRQ VWHS VXFK DV IRU H[DPSOH
UHFLUFXODWLRQRIWKHHIÀXHQWLQWRDQDQDHURELFVHWWOLQJWDQN 

2SHUDWLRQDQGPDLQWHQDQFH
The system has been in operation since April 1998 and monitored from
$SULOWR0D\'XULQJWKLVWLPHWUHDWPHQWHI¿FLHQF\ZDVVWDEOH
The following maintenance was performed to ensure proper operation of
the system:
•
•
•
•

Annual sludge removal from the settling tank.
Regular inspection of dosing chamber to ensure operation of the siphon
and intermittently greywater-charged bed.
Annual plant cutting.
'XULQJ PRQLWRULQJ QHLWKHU VWRUDJH WDQN QRU ¿OWHU EHG VXUIDFH ZDV
cleaned.

3KRWR  9HUWLFDOÀRZ SODQWHG
¿OWHU VKRUWO\ DIWHU FRPSOHWLRQ
DERYH  DQG LQ XVH EHORZ 
SKRWRV6KUHVWKD55

Costs
The construction costs of the system, including main treatment unit, settling,
dosing and storage tank amounted to USD 430 (i.e. USD 61/p). System costs are
VWURQJO\ GHSHQGHQW RQ ¿OWHU PDWHULDO DYDLODELOLW\ 0DLQWHQDQFH FRVWV DUH UHSRUWHG
to be negligible. The 500 litres of drinking water saved every day leads to an
annual reduction in household expenditure of USD 40 (water price in Kathmandu:
USD 0.23/m3). Such a reduction in expenditure allows payback of the construction
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costs within 10 years. Stress and time saving from non-reliance on the municipal
water supply are not included in this calculation.

3UDFWLFDOH[SHULHQFHDQGOHVVRQVOHDUQHG
The experience suggests that this system is appropriate for a country like Nepal,
whose growing cities have little regard for demographic, municipal and regional
SODQQLQJ$IWHU¿YH\HDUVRIUHVHDUFKDQGGHYHORSPHQWWKLVWHFKQRORJ\SURYHGWR
be useful in Nepal and is now ready for large-scale application. Where urban space
IRUWKHSODQWHG¿OWHULVDYDLODEOHDQGZKHUHWKHUHODWLYHO\KLJKFRQVWUXFWLRQFRVWVDUH
affordable, the presented treatment chain will undoubtedly contribute to relieving the
critical water situation of Kathmandu.
Information on hygienic aspects of the system is not available. Risk of recontamination of the treated and stored water, as observed in other cases, should be
investigated further. Performance of the system strongly depends on the availability
RIVXLWDEOH¿OWHUPDWHULDODQGLWVFRUUHFWDSSOLFDWLRQGXULQJ¿OWHUEHGFRQVWUXFWLRQ
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(LQ$O%HLGD-RUGDQ
'HFHQWUDOLVHGJUH\ZDWHUUHXVHIRULUULJDWLRQLQ
SHULXUEDQDUHDV
3URMHFWEDFNJURXQGDQGUDWLRQDOH

Project Framework

Jordan’s annual rainfall quantities vary strongly between 600 mm
in the northwest to less than 200 mm in the eastern and southern

7\SHRISURMHFW
Research project

deserts, which make up 91% of Jordan’s total surface area. Water
availability is less than 500 m3 of freshwater per capita and year
which represents a severe water stress and primary constraint to life

,PSOHPHQWLQJDJHQF\
Inter-Islamic Network on Water
Resources
Development
and
Management (INWRDAM)

according to Falkenmark (1989).
The International Development Research Centre (IDRC) provided
¿QDQFLDO DVVLVWDQFH WR DQ DSSOLHG UHVHDUFK SURMHFW RQ JUH\ZDWHU
treatment and reuse for home garden irrigation in 25 low-income
households in Ein Al Beida village, southern Jordan. The main
REMHFWLYHZDV³WRKHOSWKHSHULXUEDQSRRULQ-RUGDQSUHVHUYHSUHFLRXV
freshwater, achieve food security and generate income, while
helping to protect the environment”. The average family size totalled
6.2 persons and domestic water consumption (incl. garden irrigation)
averaged 120 l/p/d.

*UH\ZDWHUPDQDJHPHQWV\VWHP

Anaerobic filter
Kitchen

V = 440 l
HRT = 1-2 d

Irrigation

Bath
Laundry

Settling tank

Storage tank

V = 160 l

V = 160 l

Horizontal-flow filter

)XQGLQJDJHQF\
International Development Research
Centre (IDRC)
3URMHFWSHULRG
2001–2003
3URMHFWVFDOH
25 households
(total 155 persons)
&RQWDFWDGGUHVV
INWRDAM
P.O. Box 1460
Jubeiha PC 11941
Amman, Jordan
Tel.: ++962 6 5332 993
E-mail: inwrdam@nic.net.jo
www.inwrdam.org
IDRC
P.O. Box 8500
Ottawa, ON
Canada
K1G 3H9
Tel.: ++1 613 236 6163
E-mail: info@idrc.ca
www.idrc.ca
5HIHUHQFHV
Al-Beiruti, S.N., 2005, Decentralized
wastewater use for urban agriculture
in peri-urban areas: An imminent
option for water scarce countries,
Inter-Islamic Network on Water
Resources
Development
and
Management, pp. 11

V = 3 m3
A = 3 m2 (3x1 m)
HRT = 2-3 d

The following three systems were implemented in Ein Al Beida:
7ZREDUUHO V\VWHP: A 160-l plastic barrel acts as settling tank
where oil, grease and settable solids are retained. The greywater then
ÀRZVLQWRDVHFRQGEDUUHO O DFWLQJDVVWRUDJHWDQN$VPDOOZDWHU
pump feeds a drip irrigation system as soon as the storage tank is
full.
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)RXUEDUUHO V\VWHP: In addition to the two-barrel
system, two further barrels are inserted between settling
DQGVWRUDJHWDQN7KHVHWZROEDUUHOVDUH¿OOHGZLWK
JUDYHO ± FP  DQG DFW DV DQDHURELF ¿OWHUV *UH\ZDWHU
IURP WKH ¿UVW VHWWOLQJ WDQN HQWHUV WKH VHFRQG EDUUHO DW
the bottom, passes through the gravel media and leaves
it at the top, from where it enters the third barrel which
functions the same way. The hydraulic retention time
+57  LQ WKH WZR DQDHURELF ¿OWHU EDUUHOV DPRXQWV WR
3KRWR+RUL]RQWDOÀRZ¿OWHUDQGVWRUDJH
WDQN SKRWR*KRVH5

1–2 days.
+RUL]RQWDO ÀRZ ¿OWHU:

This

system

consists

RI D VHWWOLQJ WDQN D WUHQFK ¿OOHG ZLWK JUDYHO DQG
a storage tank. The trench (3 x 1 x 1 m) is lined with an impermeable
SRO\HWK\OHQH IRLO ± ȝP  DQG ¿OOHG ZLWK ±FP VL]HG JUDYHO
(see Photo 5-7). Pretreated greywater from the settling tank enters the horizontal
 ¿OWHU DW WKH ERWWRP DQG ÀRZV WKURXJK WKH ¿OWHU PHGLD ZKHUH PDLQO\ DQDHURELF
conditions prevail (HRT: 2–3 d). At the other end of the trench, a perforated 120-l
EDUUHOIXQFWLRQLQJDVVWRUDJHWDQN VHHDERYH LVEXULHGLQWKH¿OWHUEHG

3HUIRUPDQFH
The greywater characteristics analysed by Faruqui and Al-Jayyousi (2002) in
(LQ$O%HLGDDUHJLYHQLQ7DEOH7DEOHFRQWDLQVWKHHIÀXHQWSURSHUWLHVRIWKH
three different greywater treatment systems. The average values for the horizontalÀRZ¿OWHUDUHVWURQJO\LQÀXHQFHGE\WKH¿UVWPHDVXUHPHQWVRIPJO %2'5) and
398 mg/l (TSS). Further results reveal that due to the established microbial fauna,
BOD5 and TSS values range between 14–32 mg/l and 22–48 mg/l, respectively.
The BOD5 values of the four-barrel system
7DEOH  *UH\ZDWHU SURSHUWLHV LQ (LQ$O %HLGD )DUXTXL DQG$O
also decreased steadily over time, and the
-D\\RXVL 

Parameter

Raw greywater

%2'5

mg/l

1,500

766

mg/l

316

2LODQGJUHDVH

mg/l

141

)DHFDOFROLIRUPV

cfu/100 ml

107

last (and at the same time lowest) value
measured amounted to 225 mg/l.
Although no data is available on
microbial contamination and removal
HI¿FLHQF\ WKH LPSOHPHQWHUV LQGLFDWH
that regular cleaning of the settling tank
improved treatment and coliform removal.

The treated greywater is used for irrigation of olive trees, cactus and fodder
crops. Monitoring of the impact of greywater reuse on soil and plants after two years
of operation revealed some increase in soil salinity, whose levels do not affect plant
yield. Regular irrigation with nutrient-rich greywater improved all plant growth rates,
and crops did not reveal any contamination with faecal coliforms.

Examples of Greywater Management Systems

70

7DEOH(IÀXHQWDQDO\VLVRIWUHDWHGJUH\ZDWHULQ(LQ$O%HLGD-RUGDQ

Two-barrel system

Four-barrel system

+RUL]RQWDOÀRZ¿OWHU

6/02–12/02

6/02–5/03

7/03–9/03

Sampling period

Average

Range

Average

Range

Average

Range

Jordanian
standards1

%2'5

mg/l

159

12–518

450

225–844

171

14–467

30

&2'

mg/l

–

–

–

–

204

87–327

100

766

mg/l

47

2–94

128

76–183

156

22–398

50

2LO JUHDVH

mg/l

37

14–96

31

7–44

–

–

8

7.2

6.4–8.3

6.7

4.7–8.2

7.5

7.2–7.7

6–9

pH

-RUGDQLDQVWDQGDUGIRUWUHDWHGHIÀXHQWXVH *RYHUQPHQWRI-RUGDQ 

2SHUDWLRQDQGPDLQWHQDQFH
6SHFL¿FDOO\WUDLQHGORFDOWHFKQLFLDQVFDUU\RXWRSHUDWLRQDQGPDLQWHQDQFHRIWKH
JUH\ZDWHUWUHDWPHQWXQLWV/HDGLQJFRPPXQLW\ZRPHQZHUHLGHQWL¿HGDQGWUDLQHGDV
trainers of other women on subjects such as source pollution control, adequate use
of detergents and appropriate dishwashing practices.
The case description of Ein Al Beida does not provide information on required
operation and maintenance tasks; however, scum and sludge removal from the
VHWWOLQJWDQNDQGEDFNZDVKLQJRIWKHDQDHURELF¿OWHUZLOOFHUWDLQO\EHQHFHVVDU\IURP
time to time.
Table 5-8 contains the costs
of the three different greywater
treatment systems, including
a drip irrigation system for a
2,000-m2 area.
$FFRUGLQJWRDFRVWEHQH¿W
study,
household
income
should increase by JOD 10–30
(USD 14–42) per month due

7DEOH&RVWVRIJUH\ZDWHUWUHDWPHQWV\VWHPVLQ(LQ$O%HLGD-RUGDQ

Costs

Size

JOD

USD

7ZREDUUHOV\VWHP

163

230

6 persons

)RXUEDUUHOV\VWHP

262

370

6 persons

+RUL]RQWDOÀRZ¿OWHU

354

500

12 persons

1 JOD = 1.41 USD (January 2006)

to:
•
•
•

reduced freshwater bill thanks to greywater irrigation
reduced septic tank emptying costs (blackwater only)
increased crop yield

The necessary investment can have a payback period of less than three years.
The lifespan of the greywater units is assumed to exceed ten years with minimal
maintenance costs.
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3UDFWLFDOH[SHULHQFHDQGOHVVRQVOHDUQHG
7KHSURMHFWKDGVHYHUDOGLUHFWDQGLQGLUHFWEHQH¿WVIRUWKHFRPPXQLW\DQGWKH
HQYLURQPHQW :RPHQ LQ WKH FRPPXQLW\ EHQH¿WHG PRVW IURP WKLV SURMHFW WKURXJK
training workshops, dialogue and learning-by-doing. Further knowledge was
acquired on building a productive garden as well as general management skills.
The monthly domestic water bills decreased by about 30%, and the reduced septic
tank activities also lowered the overall costs. Many families replicated and adopted
greywater reuse after neighbours had successfully implemented this system.
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%LOLHQ3DOHVWLQH
$QDHURELFDQGDHURELF¿OWHUV\VWHPIRUVLQJOH
KRXVHKROGV
3URMHFWEDFNJURXQGDQGUDWLRQDOH

Project Framework

Many rural communities of the West Bank, Palestine, do not have
DFFHVVWRVXI¿FLHQWZDWHUWRPHHWWKHLUGDLO\QHHGV5XUDOZDWHUVXSSO\

7\SHRISURMHFW
Urban upgrading project

is provided by the Israeli Water Supply Company. The systems are old
and water supply is often interrupted for months at a time. Rainwater
collected in winter and stored in wells is used up within a few weeks of

,PSOHPHQWLQJDJHQF\
Palestinian Wastewater Engineers
Group (PWEG)

water supply interruptions. The population therefore relies on tankers
or springwater.

3URMHFWSHULRG
2000–2002

All rural communities and the outskirts of the cities use cesspits
as on-site sanitation system. Cesspits require wastewater settling
(greywater and blackwater), anaerobic sludge digestion and
percolation of liquid into the subsurface. However, these prerequisites
are not met in the long run. Removed sludge is discharged onto
nearby open areas, wadis or transported to the few existing treatment
plants. In some cases, untreated greywater is used to irrigate trees in
backyards in order to minimise regular desludging of the cesspits in
the households. Therefore, the reason for direct reuse of untreated
greywater is to reduce desludging frequency. Regular desludging of
the cesspits is quite costly (up to USD 50 per month and household).
,Q¿OWUDWLRQ RI XQWUHDWHG ZDVWHZDWHU LQWR WKH VRLO DQG WKH FXUUHQW
practice of uncontrolled sludge disposal have led to the contamination
of water resources, especially groundwater. Within the framework of
WKLV SURMHFW IRXU SLORW KRXVHKROG JUDYHO ¿OWHU V\VWHPV IRU JUH\ZDWHU
treatment of single houses in Bilien village are being monitored.

*UH\ZDWHUPDQDJHPHQWV\VWHP
Kitchen

Irrigation

Bath

3URMHFWVFDOH
Four single households
(total 37 persons)
&RQWDFWDGGUHVV
Monther Hind
PWEG
Abu Iyad Street 32
P.O. Box 3665
Al Bireh
Palestine
Fax: ++970(0) 2 240 5218
E-mail: monther@palweg.org
www.palweg.org
Jamal Moh’d Burnat
P.O. Box 1810
Ramallah, West Bank
Palestine
E-mail: jamal_pweg@yahoo.com
5HIHUHQFHV
Burnat, J. M. Y., and Mahmoud,
1   ³(YDOXDWLRQ RI 2Q6LWH
Gray Wastewater Treatment Plants
Performance in Bilien and Biet-Diko
Villages/Palestine.”
Environment
Protection Committee (EPC)
Mahmoud, N., Amarneh, M. N., AlSa’ed, R., Zeeman, G., Gijzen, H.,
and Lettinga, G. (2003). Sewage
characterisation as a tool for the
application of anaerobic treatment
in Palestine. Environmental Pollution
126, 115-122

Laundry
Septic tank
Q = 230550 l/d

HRT = 1.5-2 d

Anaerobic upflow filters
HRT = 24 h
OLR = 30 g BOD/p/d

Dosing
chamber

Aerobic filter

Storage tank

sand/coal/gravel

V = 500 l

The greywater treatment system comprises a simple screen, a
VHSWLFWDQNWZRDQDHURELFXSÀRZ¿OWHUVLQVHULHVDQGDYHUWLFDOÀRZ
DHURELF¿OWHU7KHJUH\ZDWHU¿UVWÀRZVE\JUDYLW\WKURXJKEDUVFUHHQV
into a septic tank at a hydraulic retention time (HRT) of 1.5–2 days.
7KHHIÀXHQWIURPWKHVHSWLFWDQNWKHQSDVVHVWKURXJKD7VKDSHGSLSH
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LQWRDGRXEOHFKDPEHUHGXSÀRZDQDHURELFJUDYHO¿OWHU7KHYRLGVSDFHRIWKHWZR
chambers amounts to 40% and 50%, respectively. The organic loading rate of the
DQDHURELF¿OWHUWRWDOVJSG%2'ZLWKDPLQLPXP+57RIRQHGD\7KHDQDHURELF
¿OWHUZRUNVDWPD[LPXPÀRZGXULQJWKHGD\DQG]HURÀRZDWQLJKW(IÀXHQWIURPWKH
subsequent dosing chamber is pumped (submersible pump, 0.6 kW) onto an aerobic
¿OWHUFRPSRVHGRIWKUHHOD\HUV VDQGFRDOJUDYHO )LQDOO\WKHWUHDWHGJUH\ZDWHULV
stored in a 500-litre plastic tank and used for irrigation of non-edible crops.

3HUIRUPDQFH
Overall analysis of the greywater from 25 families in Biet-Diko and Bilien revealed
very high COD and BOD5 concentrations of 1,270 mg/l and 590 mg/l, respectively.
The treated greywater properties of Bilien village are given in Table 5-9. The removal
rate for both COD and BOD5 in these household treatment systems ranges between
75% and 95%.

7DEOH(IÀXHQWDQDO\VLVRIIRXURQVLWHWUHDWPHQWV\VWHPVLQ%LOLHQYLOODJH3DOHVWLQH
Household 1

Household 2

Household 3

Household 4

10 persons

6 persons

7 persons

14 persons

(IÀXHQW
standards

$SSHDUDQFH

–

Clear + bad
smell

Clear + no
smell

Clear + no
smell

Grey + turbid +
slight smell

–

pH

–

7.2

7.2

7.3

7.0

6–9 1

EC

ȝ6FP

2,700

2,200

1,900

2,000

1,400 2

Chloride

mg/l

330

295

268

286

400 1

6RGLXP

mg/l

248

192

175

191

230 1

7'6

mg/l

1,500

1,200

1,100

1,100

–

&2'

mg/l

145

80

85

284

100 1

%2'5

mg/l

65

27

28

130

30 1

766

mg/l

70

54

78

97

50 1

123±1

mg/l

23

16

10

22

30

324±3

mg/l

47

13

27

48

30 1

1

-RUGDQLDQVWDQGDUGIRUWUHDWHGHIÀXHQWUHXVH *RYHUQPHQWRI-RUGDQ ,VUDHOLHIÀXHQWTXDOLW\VWDQGDUGIRUXQUHVWULFWHG
irrigation (Ministry of the Environment, 2003)

2SHUDWLRQDQG0DLQWHQDQFH
The bar screen is cleaned twice a week. The septic tank is desludged every
RWKHU\HDU7KHDXWKRURIWKHVWXG\UHFRPPHQGVEDFNÀXVKLQJRIWKHDQDHURELF¿OWHUV
every three years. The system has been in operation since 2000.
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Costs
Construction costs total USD 2,000 for a family of 6–10 persons. Monthly
maintenance costs are reported to amount to about USD 3.

3UDFWLFDOH[SHULHQFHDQGOHVVRQVOHDUQHG
The high COD and BOD5 concentration of the raw greywater
is probably attributed to the low water consumption (40 l/p/d) and
cooking habits typical for the region. Discarding remaining food
and used cooking oil in kitchen sinks is believed to be the main
reason for the high greywater pollution loads in the Middle East
(Mahmoud et al., 2003). Although greywater is treated prior to
reuse, it has a high pollution and impact potential on irrigated
soils.
Use of an electric pump in the dosing chamber makes the
system vulnerable to pump failure during power cuts. To avoid
operation of a pump, topography of the area and use of a
mechanically driven dosing chamber (siphon) are recommended.
Since the entire system chain seems quite complex, one or
several components could be omitted to simplify the treatment
system. Monitoring of each treatment component could provide
LQIRUPDWLRQRQLWVWUHDWPHQWHI¿FLHQF\DQGQHFHVVLW\
 $ VLPLODU WUHDWPHQW SODQW VHUYLQJ ¿YH IDPLOLHV WRWDO
45 persons) was implemented in Al-Zaitunah in 2006
(Photo 5-8). System performance will be monitored after a few
months of operation and after reaching steady-state treatment
conditions.

3KRWR*UH\ZDWHUWUHDWPHQWSODQWLQ$O
=DLWXQDK3DOHVWLQH SKRWR6DQGHF
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.XFKLQJ0DOD\VLD
(FR6DQJUH\ZDWHUGHPRQVWUDWLRQSURMHFW

Project Framework

3URMHFWEDFNJURXQGDQGUDWLRQDOH

7\SHRISURMHFW
EcoSan demonstration project

Kuching, the capital of the Malaysian State of Sarawak, is located
on the Island of Borneo in the South China Sea. The city is situated

Coordination
Urban Environmental Management
System (UEMS)

along both sides of Sungai Sarawak (Sarawak River), some 40 km
IURPWKHULYHUPRXWK/DUJHSDUWVRIWKHFLW\DUHVLWXDWHGRQÀDWWHUUDLQ
of unstable peat swamp and soft clay. The city of Kuching is currently

,PSOHPHQWDWLRQ
Natural Resources and Environmental
Board (NREB) of Sarawak
Danish International Development
Assistance (DANIDA)
,QRSHUDWLRQVLQFH
December 2003
3URMHFWVFDOH
9 residential terraced houses (average
of 5 persons per household)
&RQWDFWDGGUHVV
Natural Resources and Environment
Board, 18th–20th Floor, Menara
Pelita, Petra Jaya
93050 Kuching, Sarawak
Malaysia
Fax: +6082442945
www.nreb.gov.my
5HIHUHQFHV
Chong, B., 2005. Implementation
of an urban pilot scale ecological
sanitation wastewater treatment
system
in
Kuching
Sarawak,
Malaysia. Appendix 5, Report
No. UEMS_TEC_02_45, Natural
Resources and Environment Board
Sarawak
Jenssen, P.D., 2005. An urban
ecological sanitation pilot study
in humid tropical climate. Report
No. UEMS_TEC_02_47, Natural
Resources and Environmental Board
Sarawak
Sarawak Development Institute,
2005. Quick appraisal of views on
the eco-sanitation project at Hui Sing
Garden, Kuching. Report No. UEMS_
TEC_02_51, Urban Environmental
Management System (UEMS)
Holte, J.A. and Aas, H., 2005. Effects
of frequent dosing in a pre-treatment
biofilters under warm climate
conditions. Master Thesis, Norwegian
University of Life Sciences

lacking a wastewater treatment plant, and the local subsurface
conditions make a conventional centralised wastewater system
expensive to implement. Most buildings (residential, institutional,
commercial, and industrial) in Kuching are equipped with two separate
wastewater outlets, one outlet for blackwater (toilet wastewater) and
one or more for greywater (washing, bathing and kitchen), although
WKLVLVQRWWKHUHTXLUHGEXLOGLQJVWDQGDUG%ODFNZDWHUÀRZVLQWRVHSWLF
tanks, either within the housing plot or at communal level serving
commercial buildings or residential complexes.
7KHVHSWLFWDQNVVXEVHTXHQWO\GLVFKDUJHWKHLUHIÀXHQWVGLUHFWO\LQWR
the stormwater drains from where they are conveyed into the nearest
aquatic system. Greywater is also discharged into the stormwater
network or directly into receiving waters. Some oil and grease traps
have been installed at large food outlets at the request of Kuching
North City Hall (DBKU) and Kuching City South Council (MBKS).
These facilities are, however, generally undersized and often only
emptied irregularly.
The demonstration project described herewith is based on source
separation of blackwater and greywater from nine residential terraced
KRXVHV DYHUDJHRI¿YHSHUVRQVSHUKRXVHKROG LQ+XL6LQJ*DUGHQ
Kuching. The treatment facility is located in the adjacent park and
operated since December 2003.

*UH\ZDWHUPDQDJHPHQWV\VWHP
Kitchen
Bath
Discharge
Laundry
Anaerobic baffled reactor
Q = 6.8 m3/d

Dosing
chamber

V = 6.3 m3
HRT = 24 h
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Aerobic filter

Horizontal-flow planted filter

h = 0.6 m
A = 85 m2 (2.8 m2/p)
HLR = 67 cm/d
HLR = 8 cm/d
OLR = 53 g BOD/m2/d
4 x 1.75 m3/d

)LJXUH6FKHPDWLFOD\RXWRIWKH(FR6DQJUH\ZDWHUWUHDWPHQWIDFLOLW\LQ+XL6LQJ*DUGHQ.XFKLQJ VRXUFH3URI3HWWHU
'-HQVVHQ$JULFXOWXUDO8QLYHUVLW\RI1RUZD\

Dosing chamber

Aerobic filter

Baffled septic tank

Level control and
effluent chamber

Subsurface horizontal-flow filter

The system treats greywater from nine households, including water from
laundry, kitchen, bath, washbasin, and other in-house water outlets excluding toilets.
Total greywater production amounts to approximately 225 l/p/d, with an average
6.8 m3GD\LQÀRZLQWRWKHWUHDWPHQWV\VWHP7KHJUH\ZDWHUWUHDWPHQWV\VWHP VHH
)LJXUH FRPSULVHVDEDIÀHGVHSWLFWDQNDVSULPDU\WUHDWPHQWXQLWWRUHPRYHRLO
grease and settleable solids, followed by a dosing chamber. The greywater then
ÀRZV LQWR IRXU YHUWLFDO GRZQÀRZ VLQJOHSDVV DHURELF ELR¿OWHUV EHIRUH UHDFKLQJ D
VXEVXUIDFHKRUL]RQWDOÀRZSODQWHG¿OWHU7KHWUHDWHGJUH\ZDWHUWKHQH[LWVWKHV\VWHP
LQWRWKHVWRUPZDWHUGUDLQWKURXJKDQRXWOHWFRPSULVLQJDQLQWHJUDWHGWLSEXFNHWÀRZ
measurement system.
7KH EDIÀHG VHSWLF WDQN RI  P3 volume capacity
VWRUHVJUH\ZDWHUIRUDERXWKRXUV%DIÀHVGLYLGHWKHWUDS
into four chambers to ensure the highest possible retention
time for oil, grease and settleable solids.
)RXU SRO\HWK\OHQH ELR¿OWHUV RI P2 surface area
received each about 1.75 m3 of greywater over a period
of 24 hours. The regular dose-spraying and interval
UHJLPH*UXQGIRVSXPSFKDUJHVWKHELR¿OWHUVXUIDFHVDWD
67 cm/day loading rate and 53 g/m2/d BOD organic loading
rate (Holte and Aas, 2005). The greywater percolates
WKURXJK WKH DHURELF ¿OWHU FRPSULVLQJ PP OLJKWZHLJKW
FOD\DJJUHJDWH*UH\ZDWHUWKHQÀRZVLQWRWKHVXEVXUIDFH
KRUL]RQWDOÀRZSODQWHG¿OWHU VHH3KRWR 
7KHVXEVXUIDFHKRUL]RQWDOÀRZSODQWHG¿OWHUFRQVLVWVRI
DPPEHGRIFUXVKHGOLPHVWRQH7KH¿OWHULVOLQHGZLWK
geotextile benthonite-clay (GCL). A top layer of coconut
husk prevents topsoil from settling into the crushed
OLPHVWRQHDJJUHJDWH7KH¿OWHUUHTXLUHVP2/p of land.
7KHVXUIDFHRIWKH¿OWHULVSODQWHGZLWKRuellia sp.

3KRWR $HURELF ¿OWHUV DQG SODQWHG ¿OWHU XQGHU
FRQVWUXFWLRQ WRS  DQG FRPSOHWHG ERWWRP  LQ +XL
6LQJ*DUGHQ.XFKLQJ SKRWR15(%0DUWLQ
&
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3HUIRUPDQFH
7DEOHVXPPDULVHVDYHUDJHSURSHUWLHVRIWKHLQÀXHQWDQGHIÀXHQWOHDYLQJWKH
DHURELF¿OWHUVDQGWKHHIÀXHQWRIWKHV\VWHP0DVVUHGXFWLRQRIYDULRXVSDUDPHWHUV
is given in Table 5-11.

7DEOH3HUIRUPDQFHRIJUH\ZDWHUWUHDWPHQWV\VWHPLQ+XL6LQJ
*DUGHQ.XFKLQJ

,QÀXHQW

After
anaerobic
¿OWHU

(IÀXHQW

%2'5

mg/l

129

<2

<2

&2'

mg/l

212

12

11

766

mg/l

76

6

3

7RWDO1

mg/l

37

14

9

$PPRQLD

mg/l

12.6

2.1

0.8

Nitrate

mg/l

2.1

5.4

5.3

7RWDO3

mg/l

2.4

–

0.3

)DHFDO
FROLIRUP

(cfu/100 ml)

–

5,600

650

E. coli

(cfu/100 ml)

–

580

390

7DEOH0DVVUHGXFWLRQ+XL6LQJ*DUGHQ.XFKLQJ

,QÀXHQW

(IÀXHQW

Removal rate

g/p/d

g/p/dl

%

2LODQGJUHDVH

43.3

0.2

99

%2'5

36.6

0.5

99

&2'

50.0

1.7

97

766

10.6

0.3

97

7RWDO1

6.2

0.5

92

2SHUDWLRQDQG0DLQWHQDQFH
Different operation and maintenance
activities are carried out on a regular basis.
Desludging of the oil and grease trap
EDIÀHGVHSWLFWDQN WDNHVSODFHHYHU\WKUHH
months. The pump is inspected weekly
to assess or avoid damage by particulate
matter. Inspection and if necessary cleaning
RIWKHVSUD\QR]]OHVLQWKHYHUWLFDOELR¿OWHU
is also conducted regularly to ensure
¿OWHU HI¿FLHQF\ 7KH DQQXDO RSHUDWLRQ
and maintenance costs are given in
Table 5-12.

Costs
Table 5-13 contains the capital costs of
the described greywater treatment system.
If a new housing estate is built, the capital
costs will be reduced (approximately
USD 230 per person) as piping for separate
wastewater types can be installed from the
EHJLQQLQJ UDWKHU WKDQ UHWUR¿WWHG )RU QHZ
and larger housing systems, designed for
500 and 1,000 persons, the total capital
costs per person will decrease to USD 165
and USD 127, respectively.

7DEOH  $QQXDO RSHUDWLRQ DQG PDLQWHQDQFH FRVWV RI WKH
JUH\ZDWHUWUHDWPHQWV\VWHPLQ+XL6LQJ*DUGHQ.XFKLQJ

Operation and
maintenance costs

3UDFWLFDOH[SHULHQFHDQGOHVVRQV
learned

USD/p 1
'HVOXGJLQJRIRLODQGJUHDVHWUDS

0.66

0DLQWHQDQFHRISODQWHG¿OWHU

1.06

0DLQWHQDQFHRISLSLQJ

0.53

7RWDODQQXDO2 0FRVWV

2.25

1: Estimate based on Malaysian Ringgit (MYR) and conversion factor
MYR 1 = USD 0.27 (July 2006)
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The initial purpose of the Hui Sing
Garden EcoSan demonstration project
was to prove that the concept chosen is a
technically viable approach to decentralised
greywater treatment in Sarawak. The
second and equally important aspect was
to ascertain whether the greywater facility

would be accepted in an urban residential
setting. The Hui Sing Garden EcoSan

7DEOH&DSLWDOFRVWVRIWKHJUH\ZDWHUWUHDWPHQWV\VWHPEDVHG
RQDSHV\VWHP+XL6LQJ*DUGHQ.XFKLQJ

demonstration project yielded highly
SURPLVLQJ WUHDWPHQW UHVXOWV DQG IXO¿OOHG
its purpose since its operation in 2003.
The project provides valuable data and
practical experience on decentralised
urban greywater treatment.
A social survey of the nine families
serviced was conducted in 2004. The
residents of Hui Sing Garden strongly
support the project, indicating both
enthusiasm and interest in its future
success. An additional social survey was
conducted with 108 daily users of the park

Capital costs for
existing housing
USD/p 1
Design work

16.4

Civil work

15.9

0HFKDQLFDODQGHOHFWULFDOHTXLSPHQW

182.5

0HFKDQLFDODQGHOHFWULFDOLQVWDOODWLRQ

12.7

+DFNLQJRISDYHPHQWZDONZD\V

10.6

7XU¿QJ

5.3

5HORFDWLRQRIH[LVWLQJIDFLOLWLHV

4.0

7RWDOFDSLWDOFRVWV

1: Estimate based on Malaysian Ringgit (MYR)
containing the greywater facility. Eight
MYR 1 = USD 0.27 (July 2006)
park users voiced their concern about
the occasional odour emissions from the
facility. The other hundred users did not pass any comment or make complaints.
2FFDVLRQDORGRXUVDUHEHOLHYHGWREHHPLWWHGDIWHUFORJJLQJRIWKHELR¿OWHUVJLYHQ
the extremely high levels of oil and grease used in the preparation of traditional
Malaysian food.

247.3
and conversion factor

The capital costs of this greywater treatment system are high and probably
not affordable by single households. Nevertheless, this system can be a suitable
solution for neighbourhoods, as per capita costs decrease with increasing household
connections. Since system performance is extremely high due to the low-strength
LQÀRZLQJJUH\ZDWHUWKHQHHGIRUDYHUWLFDOÀRZDQGDKRUL]RQWDOÀRZ¿OWHUXQLWVKRXOG
be questioned.
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6UL/DQND
*UH\ZDWHU WUHDWPHQW V\VWHPV IRU KRWHO
SUHPLVHV
Project Framework

3URMHFWEDFNJURXQGDQGUDWLRQDOH
7\SHRISURMHFW
PhD thesis

Sri Lanka belongs to the rapidly developing countries. In the last
two decades migration from rural to urban areas has increase the

6XSHUYLVLRQ
University of Leeds
School of Civil Engineering

SUHVVXUHRQDXWKRULWLHVLQ¿QGLQJZDVWHZDWHUPDQDJHPHQWVROXWLRQV
6LQFH  UHJXODWLRQV RQ HIÀXHQW GLVFKDUJH VWDQGDUGV KDYH EHHQ
established and implemented. Every new building plan has to include
an on-site wastewater disposal system approved by the authorities

3URMHFWSHULRG
Implementation: 1997
Monitoring: 1997–2000
3URMHFWVFDOH
Wastewater treatment systems for
hotels, houses, schools, and halls
of residence, day-time occupancy
buildings (28 full-scale systems)
5HIHUHQFHV
Harindra
Corea,
E.J.,
2001.
Appropriate Disposal of Sewage
in Urban and Suburban Sri Lanka.
Doctor of Philosophy Thesis, The
University of Leeds, Leeds, UK,
270 pp

(CEA, 1990). However, the existing regulations or guidelines do not
stipulate any system design requirements.
Within the framework of his PhD thesis, Harindra Corea (2001)
selected, evaluated and implemented appropriate, cost-effective
technologies for on-site wastewater management systems in urban
and suburban Sri Lanka. The goal was to develop practical selection
and design guidelines.
The thesis presents different treatment technologies with main
focus on hotel greywater and blackwater treatment systems. This
UHSRUWGHVFULEHVRQO\WKUHHKRWHOJUH\ZDWHUWUHDWPHQWV\VWHPV7KH¿UVW
greywater treatment plant was constructed for the Swiss Residence
Hotel. Based on the experience gained by the Swiss Residence Hotel,
further systems were implemented at the hotels Ivy Banks and Coral
Sands.

6ZLVV5HVLGHQFH+RWHO
*UH\ZDWHUPDQDJHPHQWV\VWHP
Kitchen
Laundry
Gardening

Grease and
grit trap

Septic tank

Q = 7.4 m3/d

Anaerobic filter
HRT = 1.5 d

Dosing
chamber

Vertical-flow planted filter
h = 0.6 m
A = 0.4 m2/p.e.

In a 40-room tourist hotel in Kandy, a treatment system for kitchen
and laundry greywater was set up to extend an already existing
blackwater treatment system following complaints from neighbouring
residents and regulatory authorities (greywater treatment was originally
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not considered in the sanitation plan).
For lack of space, the system had to
be installed underground, with setback
distances of less than three metres
between treatment unit, road and
building. The plant (designed for 46 p.e.
and a 7.4 m3GÀRZ LQFOXGHVDJUHDVH
WUDS D VHSWLF WDQN DQG D YHUWLFDOÀRZ
SODQWHG¿OWHU P2/p.e., 0.6 m height)
fed by an electric pump. The septic
tank was designed for an assumed
GHVOXGJLQJIUHTXHQF\RI¿YH\HDUV

3KRWR  9)3) IRU JUH\ZDWHU WUHDWPHQW DW 6ZLVV 5HVLGHQFH +RWHO LQ
.DQG\ OHIW  7KH WUHDWHG HIÀXHQW LV UHXVHG IRU JDUGHQLQJ ULJKW  SKRWR
+DULQGUD&RUHD(-

'XULQJ WKH LQLWLDO VWDUWXS SHULRG WKH 9)3) ZDV IHG ZLWK WKH HIÀXHQW IURP WKH
DQDHURELF ¿OWHU RI WKH H[LVWLQJ EODFNZDWHU WUHDWPHQW V\VWHP FRPSULVLQJ D VHSWLF
WDQNDQDQDHURELF¿OWHUDQGDSHUFRODWLRQEHG 7KLVDOORZHGWKHSODQWVWREHFRPH
acclimatised to the VFPF.

3HUIRUPDQFH
'XULQJVWDUWXSZKHQHIÀXHQWIURPWKHEODFNZDWHUV\VWHPZDVXVHGLQWKH9)3)
the average system load amounted to 19.7 m3/d, representing almost three times
the hydraulic load of the originally designed greywater system. BOD removal of the
system averaged 44% at a pH between 6.9 and 7.2.
2QFH WKH V\VWHP ZDV IHG ZLWK NLWFKHQ JUH\ZDWHU DW DQ DYHUDJH ÀRZ UDWH RI
3.9 m3/d (BOD5 PJO WKHS+RIWKHJUH\ZDWHULQWKH9)3)IHOOVLJQL¿FDQWO\WR
±DQGWKH%2'UHPRYDOHI¿FLHQF\GURSSHGWR7KHVHSWLFWDQNHIÀXHQWZDV
turbid, milky white and had a strong sour odour. This pH drop below the critical level
of 6 is an indicator of toxic substances in the septic tank resulting in an excessive
production of organic acids and in a decreased production of methane. Attempts
to raise the pH by adding lime to the dosing chamber showed no effect. The VFPF
showed signs of clogging after six months of operation, which worsened rapidly
when laundry greywater was fed to the system. As a countermeasure, an anaerobic
¿OWHUZDVLQVWDOOHGDIWHUWKHVHSWLFWDQNDQGLWVHIÀXHQWMRLQWO\WUHDWHGZLWKEODFNZDWHU
LQDQDGGLWLRQDODQDHURELF¿OWHUDQGSHUFRODWLRQEHG

2SHUDWLRQDQGPDLQWHQDQFH
The grease and grit trap was originally supposed to be cleaned once a month.
However, the hotel maintenance staff failed to do so and the accumulated scum
and grease in the trap started emitting strong foul odours. Large amounts of oil
and grease escaped into the system and further contributed to system failure.
Thereupon, a smaller, daily-cleaned grease and grit trap was installed instead. It
prevents anaerobic degradation of the trapped oil and grease and is thus cleaned
without much opposition by the staff.
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Ivy Banks Hotel
*UH\ZDWHUPDQDJHPHQWV\VWHP
Laundry
Kitchen
Bath

Septic tank

Anaerobic filter
HRT = 1.5 d

Percolation bed

Grease and
grit trap

A = 0.2 m2/p.e.
h=1m

Percolation bed
A = 0.2 m2/p.e.
h=1m

Ivy Banks, a small tourist guesthouse situated on Lake Kandy, set up a
greywater treatment system at the request of the Kandy Municipal Council. The
V\VWHPGLPHQVLRQHGIRUSHZLWKDQH[SHFWHGGDLO\JUH\ZDWHUÀRZRIP3/
GFRQVLVWVRIWZRVHSDUDWHVXEV\VWHPVWKH¿UVWWUHDWLQJ
kitchen wastewater and the second other greywater.
7KH HIÀXHQW RI ERWK V\VWHPV SHUFRODWHV LQWR WKH VXEVRLO
7KH ¿UVW V\VWHP FRPSULVHV D VHSWLF WDQN FRPELQHG ZLWK

3KRWR&RQVWUXFWLRQRIWKHSHUFRODWLRQEHGIRU
VXEV\VWHP SKRWR+DULQGUD&RUHD(-

DQDQDHURELF¿OWHUXQLW +57GFUXVKHGURFNDV¿OWHU
media with a nominal diameter of 12 to 50 mm). The
HIÀXHQW WKHQ SHUFRODWHV WKURXJK DEVRUSWLRQ WUHQFKHV
(0.2 m2/p.e., 1 m height) into the ground. The second
system comprises a grease and grit trap followed by
a percolation bed (0.2 m2/p.e., 1 m height). Setting up
two greywater treatment systems is less expensive than
excessive plumbing costs for a combined treatment
system.

2SHUDWLRQDQGPDLQWHQDQFH
After four months of operation the treatment system was reported to function well,
however, detailed information was not provided. Initially, the second system included
only a percolation bed without pretreatment. Due to clogging of the percolation bed,
the grease and grit trap was installed at a later stage.

&RUDO6DQGV+RWHO
*UH\ZDWHUPDQDJHPHQWV\VWHP
Laundry
Kitchen

Grease and
grit trap

Septic tank

Anaerobic filter
HRT = 1.5 d

Dosing
chamber

Vertical-flow planted filter, unlined
A = 0.2 m2/p.e.
h = 0.6 m

Coral Sands is a beachfront hotel located in Hikkaduwa, on the southwest coast
of Sri Lanka. Both blackwater and greywater of the hotel were previously treated in
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three septic tanks and soakage pits operating satisfactorily. The hotel also required
a system to treat the kitchen wastewater.
Wastewater from both the main and staff kitchen is pretreated in two separate
JUHDVHDQGJULWWUDSVDQGIHGE\JUDYLW\WRDVHSWLFWDQNDQGDQDHURELF¿OWHUXQLW7KH
HIÀXHQWIURPWKHDQDHURELF¿OWHU +57G LVSXPSHGLQWRDYHUWLFDOÀRZSODQWHG
¿OWHU P2/p.e., 0.6 m height). The VFPF is not lined to allow percolation of the
HIÀXHQWLQWRWKHJURXQG7KH9)3)EHGZKLFKDOVRLQFOXGHVDPOD\HURIFUXVKHG
limestone to raise the pH and reduce odour, turned out to be very effective. An
RYHUÀRZLVSURYLGHGWRWKHGUDLQH[FHVVHIÀXHQWLQFDVHRIDULVHLQWKHJURXQGZDWHU
table during the rainy season. The system was designed for treatment of 3.0 m3/d
kitchen greywater.

2SHUDWLRQDQGPDLQWHQDQFH
During the four-months monitoring period, the Coral Sands treatment system
functioned well, especially when compared to the treatment system of the Swiss
Residence Hotel. During hot and sunny periods, such as in the afternoons, some
mild malodour was reported. This problem was overcome by shading the bed and
increasing the vegetation cover.

&RVWVRIWKHWKUHHKRWHOV\VWHPV
Table 5-14 contains the implementation costs of the three greywater treatment
systems described.
The cost data for the Swiss
Residence Hotel was adapted
WRUHÀHFWWKH¿QDOV\VWHPOD\RXW
(system comprising a second
DHURELF ¿OWHU DQG D SHUFRODWLRQ
bed). The Coral Sands system
ZDVEXLOWXQGHUGLI¿FXOWFRQGLWLRQV
as the septic tank and anaerobic
¿OWHU XQLW ZHUH GHVLJQHG ZLWK

7DEOH&RVWVRIJUH\ZDWHUWUHDWPHQWV\VWHPVLQ6UL/DQND

(IÀXHQWGLVSRVDO

Costs 1

Costs/p.e.

USD

USD

6ZLVV
5HVLGHQFH

12,900

69

186 p.e.

Gardening/drainage

Ivy Banks

973

35

28 p.e.

,Q¿OWUDWLRQ

4,200

220

19 p.e.

,Q¿OWUDWLRQGUDLQDJH

&RUDO6DQGV

Size

1: Estimate based on Sri Lanka Rupee (LKR) and
heavy-duty covers to withstand
LKR 1,000 = USD 9.7 (March 2006)
heavy tourist buses parked on
top. The hotel, located on loose,
sandy soil with a high groundwater table, required special boarding to support
excavation as well as continuous dewatering during construction, which partly

conversion factor of

explains the high construction costs.
Coral Sands Hotel clearly reveals that it is impossible to provide general cost
¿JXUHVIRUFRQVWUXFWLRQRIJUH\ZDWHUWUHDWPHQWV\VWHPV(YHU\VLWHPXVWEHHYDOXDWHG
LQGHSHQGHQWO\DQGEDVHGRQWKHVLWHVSHFL¿FFRQGLWLRQV
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3UDFWLFDOH[SHULHQFHDQGOHVVRQVOHDUQHG
The example of the Swiss Residence Hotel emphasises the importance of
stakeholder involvement. By taking into account the perceptions and feelings of the
hotel staff regarding the lack of maintenance, one reason leading to system failure
FRXOGEHLGHQWL¿HGDQGFRUUHFWHG
Based on his manifold experience, Harindra Corea, E. J. suggests the
following:
•
•

An annual sludge accumulation rate of 18–20 l/p.e. must be assumed in septic
tanks treating greywater.
Hotel septic tanks should be designed for a larger scum to sludge ratio
(0.5 instead of the usual 0.4 value) when allocating storage volumes.

•

7KHQRPLQDO+57LQDQDHURELF¿OWHUVVKRXOGUDQJHEHWZHHQDQGGD\V
Surface loading should be limited to maximum 2.8 m/d.
Kitchen wastewater from hotels should always be pretreated in grease traps and

•

designed for daily cleaning. Daily-cleaned traps perform better and are more
easily maintained than larger grease and grit traps.
Since percolation beds can be buried, they should be chosen for sites with

•

•

•

restricted space.
The VFPF load should be limited to 60 gBOD/m2/d. Since VFPF also requires
more regular maintenance than percolation beds, costs will be higher. However,
WKHSODQWHG¿OWHUVFDQEHGHVLJQHGLQDOPRVWDQ\VKDSHWR¿WWKHDYDLODEOHVSDFH
and therefore improve the aesthetics of a garden.
Where kitchen waste is treated separately, a 0.3-m layer of crushed limestone
VKRXOGEHLQFOXGHGLQWKH¿OWHUEHGRID9)3)WRDYRLGDORZS+OHYHO
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6. &RQFOXVLRQV
Finding literature on greywater management systems implemented in low and
PLGGOHLQFRPHFRXQWULHVWXUQHGRXWWREHGLI¿FXOW,QIRUPDWLRQRQJUH\ZDWHULVVXHV
is scarce especially when compared to the abundant literature on latrines and toilets
as revealed by the following example: An internet search on Google with the words
³WRLOHW GHYHORSLQJ FRXQWULHV´ UHVXOWHG LQ PRUH WKDQ WKUHH PLOOLRQ UHIHUHQFHV /HVV
WKDQ  UHIHUHQFHV ZHUH IRXQG ZKHQ VHDUFKLQJ IRU ³JUH\ZDWHU GHYHORSLQJ
countries”. Compared to water supply, excreta and solid waste management
including stormwater drainage, greywater has traditionally been given lowest priority
in environmental sanitation management systems. In urban and peri-urban areas
of low and middle-income countries, greywater discharged untreated onto streets,
into drainage channels, rivers or ponds leads to surface water contamination,
deterioration of living conditions and increased health hazards. However, greywater
is perceived as a valuable resource in rural areas and arid regions where it is often
used untreated in irrigation. Without precautionary measures, this practice may lead
to contamination of food, salinisation and clogging of soils and potentially also to
groundwater pollution.

*UH\ZDWHU FKDUDFWHULVWLFV /RZ FRQFHQWUDWLRQV EXW KLJK WRWDO
loads
*UH\ZDWHUTXDQWLWLHVDQGFKDUDFWHULVWLFVDUHKLJKO\FRQWH[WVSHFL¿FDQGGHSHQG
on living standards, cooking habits, availability of piped water, household demography
etc. Greywater is generally less polluted than other wastewater sources such as toilet
wastewater. However, given the high greywater volumes produced in the household
(typically within the range of 60–120 l/p/d), its contribution to the total pollution load
LVVLJQL¿FDQWDQGFDQQRWEHLJQRUHG7KHDYHUDJHJUH\ZDWHUFRQWULEXWLRQDPRXQWV
to 40–50% of the total organic load (expressed as BOD5), one forth of the total
suspended solids load and up to two thirds of the total phosphorous load. In
contrast to industrial high-income countries where phosphorous-based detergents
have been banned, such products are still widely used in many low and middleincome countries. In terms of pathogenic contamination, greywater is much safer
than other wastewater sources. Nevertheless, greywater can still contain pathogens
given the likelihood of cross-contamination with excreta. An important characteristic
RI JUH\ZDWHU LV LWV QLWURJHQ GH¿FLW DQG SRWHQWLDO LQÀXHQFH RQ WKH SHUIRUPDQFH RI
biological treatment processes.

0DQDJHPHQWVFKHPHVIRUKRXVHKROGVDQGQHLJKERXUKRRGV
A system perspective is required to develop sound greywater management
schemes. Source control is crucial to avoid operational problems in subsequent
treatment steps or long-term negative effects on soils. Use of products such as
sodium-based soaps (enhancing the risk of soil salinisation and deteriorating soil
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structure), disinfectants, bleach, and other problematic products must be substituted
by environmentally friendly products. Oil and grease from kitchen must be retained
by adequate processes.
Appropriate greywater treatment systems range from very simple and low-cost
GLVSRVDORSWLRQV HJORFDOLQ¿OWUDWLRQ WRFRPSOH[WUHDWPHQWFKDLQVIRUQHLJKERXUKRRGV
HJVHULHVRIYHUWLFDODQGKRUL]RQWDOÀRZSODQWHGVRLO¿OWHUV $QDO\VLVRIWKHFDVH
VWXGLHV UHYHDOV WKDW DWWDFKHG ELR¿OP WUHDWPHQW V\VWHPV VXFK DV DQDHURELF ¿OWHUV
DV ZHOO DV SODQWHG DQG XQSODQWHG DHURELF ¿OWHUV DUH EHVW VXLWHG IRU VHFRQGDU\
greywater treatment. Primary treatment is required to lower the risk of clogging of
secondary treatment steps. Septic tank systems and simple sedimentation tanks
SURYHG WR EH HI¿FLHQW DQG UREXVW 2WKHU V\VWHPV VXFK DV JUHDVH DQG JULW WUDSV
RU VLPSOH WH[WLOH ¿OWHUV DUH DOVR IUHTXHQWO\ XVHG +RZHYHU WKHVH V\VWHPV UHTXLUH
regular maintenance and greater attention by the household, as they are frequently
by-passed or removed, thus jeopardising subsequent treatment or management
VWHSV ,QDSSURSULDWH PDLQWHQDQFH RI SULPDU\ WUHDWPHQW XQLWV ZDV LGHQWL¿HG DV WKH
main cause for system failure.
7KHUHTXLUHGOHYHORIWUHDWPHQWVWURQJO\GHSHQGVRQ³LI´DQG³KRZ´WKHWUHDWHG
greywater is used. If discharged into streams, greywater should be submitted to
primary and secondary treatment, with removal of organic compounds, suspended
solids, pathogenic organisms, and nutrients to acceptable levels. Most countries
KDYHHVWDEOLVKHGHIÀXHQWGLVFKDUJHVWDQGDUGVZKLFKFDQEHHDVLO\PHWZKHQXVLQJ
a combination of primary and secondary treatment (e.g. a septic tank followed by a
YHUWLFDOÀRZSODQWHG¿OWHU 
5HXVHRIWUHDWHGJUH\ZDWHULQLUULJDWLRQFDQVLJQL¿FDQWO\FRQWULEXWHWRUHGXFLQJ
water bills and increasing food security. The in-house reuse of greywater generally
requires a disinfection stage and special in-house installations, thus making the
system more complex and vulnerable. In-house reuse of greywater in low and
middle-income countries is therefore not recommended.
Greywater reuse is especially recommended in areas facing water stress such as
the Middle East and Sub-Saharan Africa. In regions with an abundance of freshwater
such as in South-East Asia, other options may be more appropriate such as for
H[DPSOHJURXQGZDWHUUHFKDUJH LQ¿OWUDWLRQ RUGLVFKDUJHLQWRVXUIDFHZDWHUV5HXVH
based management systems will only be successful if based on an effective demand
and socio-cultural acceptance.
Direct reuse of untreated greywater in irrigation is not recommended. Irrigated
greywater should undergo primary treatment as irrigated soil acts as a natural
secondary treatment step. Secondary treatment is advisable in cases where large
quantities of surfactants are used. Irrigation techniques must be carefully chosen
to avoid direct human and crop contact with the hygienically unsafe greywater.
Subsurface irrigation techniques are most appropriate, while sprinkler irrigation
should be avoided. The mulch trench distribution system is a promising low-cost
alternative to conventional piped-based subsurface irrigation techniques, however,
long-term experience with this system is still missing.
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Most system failures are caused by inappropriate operation and maintenance,
sometimes also resulting from a lack of system understanding by the owners.
Therefore, simple systems requiring minimal operation and maintenance should
EH SULRULWLVHG DQG EHQH¿FLDULHV WUDLQHG RQ DSSURSULDWH V\VWHP PDQDJHPHQW
Their involvement in the planning and implementation process is crucial to raising
awareness and improving system understanding (see planning section below).
*UH\ZDWHU PDQDJHPHQW V\VWHP FRVWV DUH VLWHVSHFL¿F DV WKH\ GHSHQG RQ
PDWHULDO FRVWV HJ JUDYHO IRU ¿OWHU V\VWHPV  7KHUHIRUH WKH H[DFW WRWDO FRVWV IRU
installation of household or neighbourhood-based systems cannot be determined,
but implementation costs of small-scale units tend to be lower than centralised
systems with large sewerage networks, pump stations and treatment plants (WHO,
2005).

2SHQTXHVWLRQV
The following issues require further investigations:
•

•

•

•

•

Literature on greywater characteristics focuses mainly on Western countries where
problematic detergents or phosphorous-containing washing powders have been
banned. The limited information on household chemicals and detergents used
in low and middle-income countries does not allow to appropriately characterise
greywater typical for low and middle-income countries.
7KHVSHFL¿FLPSDFWRQWUHDWPHQWSHUIRUPDQFHFDXVHGE\WKHQLWURJHQGH¿FLWLQ
JUH\ZDWHULVQRWZHOOXQGHUVWRRG2SHUDWLRQDOSUREOHPVVXFK¿OWHUEHGFORJJLQJ
PD\EHDWWULEXWHGWRWKLVGH¿FLW3RVVLELOLWLHVWRPLWLJDWHVXFKSUREOHPVVKRXOG
be investigated (e.g. increasing nitrogen content by adding urine, a nitrogen-rich
additive).
Since investment costs of the reviewed household-based greywater systems
are considerably high, ranging from USD 35–250 per person, ways to reduce
them should be given top priority and focus placed on for example the use of
DOWHUQDWLYH¿OWHUPDWHULDOVXFKDV3(7LQDWWDFKHGELR¿OPV\VWHPVRURSWLPLVHG
treatment system design.
,QIRUPDWLRQRQRSWLPDOK\GUDXOLFORDGLQJUDWHVRISODQWHG¿OWHUVLVFRQWUDGLFWRU\
and recommendations range from 10–80 cm/d. Many current design guidelines
are based on data and experiences with domestic wastewater. For greywateronly systems, such guidance may not be applicable.
Long-term effects of non-biodegradable compounds such as synthetic textile
¿EUHV DQG RWKHU KDUGO\ GHJUDGDEOH SROOXWDQWV RQ LUULJDWHG VRLOV DUH QRW ZHOO
XQGHUVWRRG )XUWKHUPRUH JLYHQ WKH ODFN RI GRFXPHQWHG DQG VFLHQWL¿FDOO\
assessed information, this review did not allow a comprehensive description of
WKH JURXQGZDWHU SROOXWLRQ ULVNV IURP LQ¿OWUDWLRQ RI SDWKRJHQV SKRVSKRURXV RU
persistent pollutants.

•

The fate and effect of surfactants on irrigated soils are not fully understood,
and literature on this topic is contradictory. The results obtained by Shafran
et al. (2005) on the accumulation of surfactants in loess soils, leading to a
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decrease in capillary rise and formation of water-repellent soils, require further
investigations.
•

There is a clear need to develop, validate, disseminate, and facilitate
implementation of simple solutions low in engineering work. The mulch trench
irrigation system has great potential where reuse is sought. However, longterm experiences are not available yet (or not documented). Research should
also centre on the possibility of discharging greywater directly onto compost
heaps (co-treatment of greywater and organic solid waste), a suitable approach
especially in arid regions with limited greywater quantities and where the
composting process requires frequent watering.

+RZWRVHOHFWWKH³ULJKW´V\VWHP"
7KHUHLVQR³RQH¿WVDOO´WHFKQLFDOVROXWLRQIRUJUH\ZDWHUPDQDJHPHQW6HYHUDO
household or neighbourhood greywater treatment systems perform well, however,
system selection should be adapted to local conditions. Evaluation and decisionPDNLQJ FULWHULD VXFK DV GLVFKDUJH TXDOLW\ VWDQGDUGV DORQH DUH QRW VXI¿FLHQW IRU
selection of the most appropriate management system. Other criteria, such as
social and institutional acceptance, self-help capacities, hygienic risks, public health
LPSDFWVUHXVHRSSRUWXQLWLHVHFRQRPLFDQG¿QDQFLDOFRQVLGHUDWLRQVHQYLURQPHQWDO
risks, system energy demand, etc., play an equally important role in the selection
and decision-making process.
Since most issues related to greywater management are likely to occur on a
household or neighbourhood level, the selection process should be based on a
household-centred approach to assist households or neighbourhoods in choosing
a system they want and can afford. Experience has shown that the interest of
households to invest in environmental sanitation is not necessarily driven by health
FRQFHUQV $FFRUGLQJ WR :+2   WKH PDLQ IDFWRUV LQÀXHQFLQJ ZLOOLQJQHVV RI
the households to invest in improved sanitation services are comfort, convenience,
prestige, reuse opportunities, and of course costs. To ensure that households or
groups of households make an informed choice, a cost analysis of the different
management scenarios has to be conducted to allow a comparison of the overall
costs (including investment costs, costs related to operation and maintenance of
WKHV\VWHPSODQQLQJDQGDGPLQLVWUDWLRQFRVWVHWF DQGH[SHFWHGV\VWHPEHQH¿WV
Should the overall costs of the system of choice exceed the effective and/or perceived
EHQH¿WVE\WKHXVHU HJHFRQRPLFEHQH¿WRIUHXVLQJWUHDWHGJUH\ZDWHULQFUHDVHG
food security, averted health-related costs, improved living conditions, status, etc.),
implementation of less expensive measures should be considered.

,QWHJUDWHGSODQQLQJDSSURDFK
As greywater management must unconditionally be seen as one part of the
whole environmental sanitation package, it should also include solid waste and
excreta management, surface water drainage as well as hygiene education aspects.
These are all equally important components in an effective environmental sanitation
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programme. Sanitation projects looking at single components only will never meet
WKHLU XOWLPDWH REMHFWLYH RI HQYLURQPHQWDO VDQLWDWLRQ QDPHO\ ³ZDWHU DQG VDQLWDWLRQ
for all within the framework which balances the needs of people with those of
the environment to support a healthy life on Earth” (WSSCC and Sandec, 2005).
Greywater management planning must thus be integrated into a holistic planning
process. A sound basis for such an approach can be found in the Bellagio Principles
conceived by the Environmental Sanitation Working Group of the Water Supply and
Sanitation Collaborative Council (WSSCC). These call for a departure from past
sanitation policies and practices (see box).

7KH%HOODJLR3ULQFLSOHV
1.

2.

Human dignity, quality of life and environmental
security at household level should be at the centre
of the new approach, which should be responsive
and accountable to needs and demands of the local
and national setting.
In line with good governance principles, decisionmaking should involve participation of all
stakeholders, especially the consumers and service
providers.

3.

4.

Waste should be considered a resource, and its
management should be holistic and form part of
LQWHJUDWHG ZDWHU UHVRXUFHV QXWULHQW ÀRZV DQG
waste management processes.
The domain in which environmental sanitation
problems are resolved should be kept at a minimum
practicable size (household, community, town,
district, catchment, and city) and waste diluted as
little as possible.

The Household-Centred Environmental Sanitation Approach (HCES) offers
such a planning framework allowing to implement the Bellagio Principles. The
HCES planning approach is believed to assist in overcoming the shortcomings
of unsustainable planning and resource management practices of conventional
approaches. The goal of the HCES approach is to provide stakeholders at every
level, but particularly at household and neighbourhood level, with the opportunity to
participate in planning, implementation and operation of environmental sanitation
services (WSSCC and Sandec, 2005). A provisional guideline for decision-makers
on how to implement the HCES planning approach was developed and can be
downloaded from WSSCC’s webpage (www.wsscc.org). The new WHO guidelines
for safe excreta and greywater reuse contain a comprehensive section on planning
needs when establishing excreta and greywater use schemes, including strategies
to implement the guidelines (WHO, 2005). Other participatory planning guidelines
are provided and may be useful for environmental sanitation projects. Two
interesting tools are mentioned here: (a) The Ecosan Source Book (Werner et al.,
2003), which gives guidance on how to plan and implement Ecosan projects, with
emphasis on awareness building and stakeholder participation in decision-making,
and (b) the PHAST approach, designed to promote hygiene behaviours, sanitation
improvements and community management of water and sanitation facilities using
VSHFL¿FDOO\GHYHORSHGSDUWLFLSDWRU\WHFKQLTXHV :RRGHWDO 
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