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This chapter looks at the feasibility of adopting non-conventional GW manage-
ment policies for small, rural communities in the north-eastern Badia of Jordan.
The north-eastern Badia comprises 33 small clusters (communities), all of which
lack public sewerage networks. The most common wastewater collection method
is the use of pit latrines and unlined cesspools. About two-thirds of the population
separate GW from blackwater, but use the GW for irrigation in an uncontrolled
manner and without any treatment. A local stakeholder committee (LSC) formed
of and including community members and officials was engaged in all project
activities, including field visits to wastewater/GW treatment-and-use projects as
well as a training workshop on public participation concepts and participatory
rapid (or rural) appraisal (PRA) tools and methodologies. Relevant social, eco-
nomic, and environmental data and information were collected utilizing PRA
tools as well as formal surveys. One of the clusters — Rawdat Al-Amir Ali — was
appointed as a research site based on specific criteria set by the research team and
the LSC. Greywater quality and quantities generated from different fixtures of six
households at the research site were investigated during the period March-August
2005. Different cost-effective and technologically-sound alternative treatment op-
tions were assessed, taking into consideration potential reuse opportunities. Two
different treatment options were considered: 1) septic tank followed by intermit-
tent sand filter; 2) up-flow anaerobic sludge blanket (UASB). Two pilot plants
were designed, installed and operated in two households at the research site.

Introduction

The population of Jordan was estimated at 5.2 million in 2001, with an
urban/rural balance of approximately 78 per cent/22 per cent. People in small,
rural communities are located in about 1,145 clusters scattered all over the
country (Table 4.1). These communities generally lack public sewerage ser-
vices. Inhabitants rely mainly on inadequately managed on-site wastewater
disposal systems that fail to protect the scarce water resources, public health
and safety, and the surrounding environment because of the discretionary



60 GREYWATER USE IN THE MIDDLE EAST

Table 4.1 Population distribution (2001)

Population range No. of communities Population
> 50,000 17 1,888,500
10,000-50,000 91 1,740,700
5,000-10,000 81 532,140

< 5,000 1,145* 1,020,660

* Considered small communities
Source: Department of Statistics, 2002

manner in which these systems have been designed, installed and managed
(WHO, 2000).

The country is facing a future of very limited water resources, among the
lowest in the world on a per-capita basis. Although access to safe drinking-
water supplies has been impressive, reaching over 96 per cent of the popu-
lation, the expansion of modern sanitation systems to meet public health
and environmental goals has lagged significantly behind, particularly in rural
marginalized areas. This is mainly attributed to the present wastewater man-
agement policies that rely on centralized systems, hampering the extension
of this service to small rural communities where inhabitants live in dwellings
scattered over large areas. Interest in adopting non-conventional wastewater
management strategies for small un-sewered communities in Jordan is rapidly
increasing. However, this has not yet been investigated in an integrated frame-
work (Al-Jayyousi, 2003).

The research investigated, in close consultation and with the active par-
ticipation of the community, the feasibility of adopting innovative GW
management policies for small rural communities in the country. This was
approached through a coherent framework of activities, including the in-
tegration of various components of social, technical, economical, environ-
mental and public participation requirements.

Methodology

The study area is the northeastern Badia that covers an area of about 25,600
km?, which is 28 per cent of the total area of the country, with a population of
25,820 in 2001 living in 33 clusters (Department of Statistics, 2002). The word
Badia means the place where Bedouin people live. In the past, Bedouins were
more nomadic than they are today. In recent times, their lifestyle has become
more sedentary, requiring more infrastructure, facilities and services.

Community participation

Site visits to most of the communities in the study area were organized. Meet-
ings were held with community leaders and representatives, municipality
directors, principals of girls’ and boys’ schools and representatives of non-
governmental organizations (NGOs) and community-based organizations
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(CBOs) to introduce the study idea, objectives, methodology of work and the
role of the community.

A local stakeholder committee (LSC) was formed by the communities in
the area. The committee comprised 15 people, 4 women and 11 men, from
different communities in the study area. The LSC was involved in different ac-
tivities of the project. The researchers and the LSC met regularly and discussed
various issues related to the project, including the technical aspects.

To build capacity among the public on different aspects of participatory de-
velopment communication, the research team, in cooperation with external
specialists, held a training workshop for four days at one of the CBO premises
in the project area. The training focused on the concept of participation and
participatory rapid (or rural) appraisal (PRA) tools and methodologies that
could be used to identify wastewater problems and solutions based on the
community’s perspectives and needs. There was an emphasis on the more
salient issues such as inhabitants’ perceptions of water scarcity, GW use at the
household level as an effective water demand management strategy and on-
site wastewater management practices.

Domestic visits to wastewater treatment and use projects

Five field trips were organized for LSC and other community representatives
in order to develop community-based ‘know-how’ and to share knowledge
between the community and the research team that could help understand
the issues and constraints faced in the setup and operation of wastewater
treatment-and-use systems for small communities. The first visit was to the
western part of the country, Deir Alla, where the Canadian International
Development Agency (CIDA) funded a wastewater treatment-and-use proj-
ect for an area comprising 13 communities with a total population of about
6,000. The second trip was to the southern part of Jordan, Wadi Mousa, where
a treatment-and-use project, funded by the United States Agency for Inter-
national Development (USAID), has been operating since 2001 and serving
three small communities. Two other field visits were organized to a university
campus in the northern part of the country and to a nearby treatment-and-use
project serving three small communities and a refugee camp. The fifth field
visit was to small communities in the southern part of Jordan, Karak and Tafila
cities, where the International Development Research Centre (IDRC), Canada,
funded a GW treatment-and-use project for several communities in the area.

Data collection

Utilizing information obtained during the PRA training workshop, the re-
searchers and LSC prepared a checklist to identify social, economic, environ-
mental and technical issues related to the study based on the community’s
perspectives and needs. The checklist, shown in Table 4.2, was used as a tool
to guide the team in collecting data during field visits to households.
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A work plan was prepared to cover the project area, with an aim to include
8-15 per cent of the population in data collection. Work teams were formu-
lated; each consisted of 3-5 members, including at least one female member
and a member of the research team. Each work team was assigned a study area
with a minimum number of meetings to be conducted. A total of 404 meetings

Table 4.2 Checklist prepared and used by the local stakeholder committee

Suggested questions and topics Source PRA tools to be
of data used
Social issues  Number of family members and their Parents Semi-structured
educational levels Family dialogue
Number of wives members Direct observations
Income sources and rates
Frequency and cost of cesspool pump-outs
Economic Planted area around the residence and Parents Semi-structured
issues water sources for irrigation dialogue
Number of owned livestock and drinking Direct observations
water sources
General Availability of different services (e.g. Individuals ~ Semi-structured
available charity societies, streets, schools, health-  Groups dialogue
services care centres, drinking-water networks, Municipality Direct observations
electricity, telephone networks, etc.) Charity
association
Environmental Current wastewater disposal practices and Individuals Semi-structured
issues adverse impacts on public health and the Family dialogue
environment (potential groundwater members Ranking,
pollution) Groups Problem and
How do you perceive the impacts of using Municipality solution network
treated wastewater for irrigation? Charity Mapping

Water issues

Do you separate wastewater coming out of
the kitchen and the bathroom (GW) from
that of the toilet? If yes, why and how do
you get rid of it?

Are there any GW use practices? Are these
planned or not?

Do you accept reusing treated wastewater
for irrigation?Do you prefer to treat and use
GW or wastewater as a whole? What is the
frequency of cesspool pump-outs? How
much does this cost you?

What is the distance between your
residence and the dumping site?

What wastewater management alternatives
do you suggest?

Is the municipal water supply adequate?
Any other alternatives?

How much does municipal water cost you?
What are the differences in water
consumption between summer and winter?

associations

Family
members
Groups
Municipality
Charity
associations

Direct observations
Seasonal calendar
Historical
background

Daily routine

Semi-structured
dialogue

Direct observations
Seasonal calendar
Historical
background

Daily routine
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were carried out during 13 days of field work. In addition, a formal survey was
conducted to collect relevant data and information utilizing questionnaires.

Identification of an appropriate community

The authors set criteria to identify one community within the project area as
the research site where pilot field-experiments for GW collection, treatment
and use were to be conducted. These criteria included:

e the opportunity to improve current wastewater management practices;
e social acceptance and favourability for use;

e representation and potential for replication;

e institutional support and the presence of NGOs and/or CBOs.

Together with the LSC, the researchers reviewed the data and information
collected to screen the communities. A considerable number of communities
were excluded due to the fact that favourability for use was limited either due
to the type of soil or because of the limited agricultural activities. Other sites
were excluded because of the limited potential for replication in areas that do
not adequately represent the project area (in terms of population and income
rate). Some communities were also rejected due to the lack of NGOs and/or
CBOs that could provide appropriate institutional support.

The group selected a list of seven communities. Site visits were conducted
to these communities and further screening was carried out. Finally, the group
decided to identify Rawdat Al-Amir Ali as the research-project site.

Greywater quality and quantity

There are three modes used to collect GW generated from households at the
research site. These are: collecting all the generated GW at one discharge
point; collecting water coming out of the kitchen in one point, and other
GW sources in another point; and collecting water coming out of the kitchen,
water coming out of ablution and hand washing and other GW sources in
separate discharge points.

Quality and quantities of GW discharged at the different points were in-
vestigated during the period March-August 2005. A total of six households,
each following the same trend of GW separation, were selected in cooperation
with the LSC for this purpose. Generated quantities were measured on a daily
basis, while composite samples were collected bimonthly from each discharge
point. Samples were carefully placed in containers and kept in an ice-box at a
temperature of less than 4°C. All analytical tests were performed in accordance
with the Standard Methods for The Examination of Water and Wastewater
(APHA et al., 1998).
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Selection of the appropriate treatment system

A literature survey was conducted that included studying many of the low-
cost technologically-sound treatment alternatives that are/were used on a
small scale as on-site or decentralized treatment systems, taking into consid-
eration potentials of reusing reclaimed water. In order to evaluate each of the
treatment options mentioned above, certain selection criteria were set taking
into consideration GW quality and quantity, community requirements, and
local regulations. In addition, an expert group consisting of the research team,
local wastewater treatment-and-use experts and a representative of the LSC
was formulated to establish a network for discussion, information exchange,
assessment, and evaluation of affordable and attractive options for GW treat-
ment that are suitable for the local environment/social conditions.

Results
Social, economic and environmental information

The total population of the study area was estimated at 28,480 in 2004, dis-
tributed in 33 small clusters. The society is characterized as a youthful one
with more than 40 per cent of the population under the age of 15. About
18.5 per cent of the population is illiterate, and the average number of family
members is nine. The average monthly income rate is estimated at JOD123 per
family (base on exchange rates of May 2009, JOD1 = US$1.41).

The study area suffers from a water shortage problem. Domestic water is
being supplied through the public network for only 24 hours a week and in-
habitants purchase water from the private sector particularly in the summer
period. People spend around 5 per cent of their income on their water bill.
Agricultural activities in the area are limited and only possible through irriga-
tion. Wheat and barley are the main crops grown. The main obstacle facing
agriculture in the area is water scarcity.

The community relies mainly on unlined cesspools as an on-site wastewa-
ter collection system. Cesspools at some clusters are rarely emptied, and at
other clusters are pumped out on a monthly basis, with an average entailed
cost of JOD21. The closest legal liquid-waste dumping site is 80 km away from
the area and inhabitants believe that wastewater pumped out of cesspools is
being illegally disposed of in nearby streams. About 62 per cent of the public
in the study area utilize pit latrines or ventilated improved pit latrines, 33 per
cent have traditional (no-flush) indoor toilets, and only 1 per cent use a flush
toilet (compared to 89 per cent on the national level). Only 40 per cent of the
community have showers and kitchen sinks.

As for GW, two-thirds of the community indigenously separate GW from
blackwater, mainly for religious reasons. Greywater is being used directly and
without any treatment for irrigating planted areas in the backyards in an un-
controlled manner, paying no formal attention to health aspects.
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Greywater quality and generation rates

During the period March-August 2005, GW quantities generated at the six
dwellings involved in the study were measured on a daily basis. Some rel-
evant information was also collected, such as number of family members,
number of children per family, type of toilet used and the availability of
showers and/or bathing tubs. In addition, composite samples over a 24-hour
period were collected bimonthly and analysed for physical, chemical and
microbial constituents.

Greywater generation rates ranged from 12.0-19.0 litres/capita/day (1/c/d).
Quantities generated from the kitchen comprised about 50 per cent of the
total GW quantity generated from all the discharge points, while the quanti-
ties generated from ablution and hand washing were the lowest. The highest
generation rate was for a household that had an indoor toilet. Lower genera-
tion rates were observed for households that did not have showers or basins
for bathing.

The results from the survey conducted on GW quality are shown in Table
4.3. They indicate that the quality varied highly among the common collec-
tion points (same sources of GW) in different households. This was mainly
attributed to the different activities that were undertaken during sampling
(e.g. washing clothes, washing floors and others). The fat, oil and grease (FOG)
content was found to be higher than that in wastewater generated in other
communities, particularly urban ones. This could be attributed to the food
style and meal patterns. The organic content was higher for GW coming out
of the kitchen than other GW sources. The levels were higher for households
with higher numbers of children. One of the practices in such communities
is that mothers do not use nappies for children, and it is common practice
to clean children in basins that led to GW discharge points. It was also quite
common for inhabitants to wash their hands in the ablution basins or kitchen
sinks after going to pit latrines or toilets. Escherichia coli (E. coli) levels were
also higher than expected even for GW coming out of the kitchen sinks and
ablution basins.

Levels of macro-nutrients (nitrogen T-N, phosphorous T-P, and potassium K)
were lower for water generated from the kitchen sinks and ablution basins com-
pared to levels for water generated from other sources. The pH levels of GW
collected from the kitchen sinks were lower than those of water generated from
other sources. This was found to be in agreement with results obtained by other
researchers (Burnat, 1997; Dixon et al., 1999a, b).

Comparing the microbial quality of GW with the World Health Organiza-
tion (WHO) guidelines of 1989 for the use of wastewater in irrigation, it is
likely that GW quality at all discharge points is suitable only for restricted
irrigation, i.e. of cereal crops, industrial and fodder crops, pasture and trees.
According to the WHO guidelines, it is not recommended to use such water
to irrigate crops likely to be eaten uncooked, sports fields and public parks.
The guidelines also impose site restrictions and recommend people not to
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be exposed to such water unless they wear gloves and have safety shoes. The
project team illustrated this to the LSC members during one of the meetings.
It is worth mentioning that unrestricted irrigation, according to the aforemen-
tioned WHO guidelines, applies only for water with less than 1,000 MPN/100
ml of total thermo-tolerant coliform count TTCC (or E. coli) and of < 1.0 egg
of intestinal pathogenic nematodes/l1.

Treatment options and pilot experiments

The following design criteria were adopted for identifying appropriate treat-
ment options:

e BOD, = 1,000 mg/l;

e TSS =750 mg/l;

e GW generation rate = 200 litres/family/day;

e reclaimed water is to be used for restricted irrigation.

The study team, including the local expert group, developed an evaluation
matrix to assess different treatment alternatives as shown in Tables 4.4 and
4.5. The team was in favour of utilizing one or more of the following treat-
ment options, taking into account the socioeconomic characteristics of the
study area an up-flow anaerobic sludge blanket (UASB) or septic tank followed
by intermittent sand filter.

Two pilot plants were designed, constructed, and operated during the
period March-August 2006. Design drawings for sand filter and UASB units
are shown in Figures 4.1 and 4.2, respectively. The performance of each plant
in treating generated GW was evaluated and the results are shown in Table
4.6. The septic tank/sand filter system gave a high performance in removing
organic and solid contents. BOD, and TSS reductions of 86 per cent and 81
per cent were demonstrated, with effluent concentrations of 67 mg/1 and 37
mg/] respectively. In addition, E. coli counts were drastically reduced by four
logs to levels below 1,000 MPN/100 ml. The UASB system indicated high per-
formance as well with BOD, and TSS reductions of 79 per cent and 87 per cent
for effluent concentrations of 223 mg/1 and 80 mg/l, respectively. However,
this system showed a lower E. coli reduction compared to the septic tank/sand
filter system.

The performance of UASB in removing pathogens improved upon the pro-
vision of the unit with a small filter of zeolite. The zeolite filter not only im-
proved the pathogenic removal, but it also markedly improved the removal
of organic matter and suspended solids, detergent, oil, and grease (the overall
efficiency is shown in Table 4.7).

According to the WHO guidelines for the use of reclaimed water mentioned
earlier, effluent coming from the intermittent sand filter is suitable for unre-
stricted irrigation. However, the community was oriented to use reclaimed
GW for restricted irrigation only. This is mainly due to the fact that Jordanian
regulations do not allow the use of reclaimed water for unrestricted irrigation
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Figure 4.2 Up-flow anaerobic sludge blanket sludge (UASB) reactor

regardless of its quality, and also to minimize potential health risks that could
arise due to improper operational manners.

A training seminar on the construction, operation, and maintenance of
GWT units was organized. The seminar targeted community members (men
and women) and aimed at building up the knowledge and hands-on expertise
of the sand filters and UASB treatment units.
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Table 4.6 Performance of septic tank/sand filter system

Parameter Unit

JS(893/2006) Use

Septic tank/intermittent sand filter

for fodder and Raw Effluent Effluent Overall
industrial crops and  greywater ~ from from efficiency
cooked vegetables septictank sandfilter %
(maximum
allowable limit)
BOD5 mg/I 300 1,182 438 59 95
COoD mg/I 500 2,248 951 161 93
TSS mg/I 300 609 206 31 95
FOG mg/I 8 159 17 8 95
MBAS mg/| 100 27 39 12 53
NO3-N mg/| 10 47 2 1 98
NH3-N mg/| - 53 100 50 5
TKjN mg/| - 112 108 50 56
T-N mg/| 70 211 210 101 52
T-P mg/| 30 20 19 8 57
SAR Unitless 9 7 6 4 40
E. coli MPN/100 ml - 2.17E+03 5.86E+05 2.27E+02 90
—no limits in the standard
Table 4.7 Performance of UASB/zeolite system
Para-  Unit JS UASB/zeolite filter
meter (893/2006) Effluent  Effluent  Effluent  Efficiency Efficiency Overall
Use for from from from of UASB  of efficiency
fodder and  storage UASB zeolite % zeolite %
industrial  tank filter filter %
crops and
cooked
vegetables
(maximum
allowable
limits)
BOD5 mg/l 300 1,051 291 223 72 23 79
COD mg/l 500 2,030 761 429 63 44 79
TSS  mg/l 300 596 137 80 77 42 87
FOG  mg/l 8 136 76 8 44 89 94
MBAS mg/I 100 37 14 11 63 18 70
NO3-N mg/I 10 3 0 1 99 ** 63
NH3-N mg/I - 5 5 4 2 19 20
TKiN mg/l - 36 13 15 63 ** 58
T-N mg/I 70 44 18 20 58 ** 54
T-P mg/I 30 12 4 2 65 42 80
SAR  Unitless 9 5 9 2 ** 82 65
E. coli MPN/
100 ml - 1.74E+06 5.17E+06 2.22E+05 ** 96 87

** no removal of pollutant occurred
—no limits in the standard



72 GREYWATER USE IN THE MIDDLE EAST

Cost-benefit analysis of the two selected treatment units

The use of treated GW benefited the targeted households in reducing the do-
mestic water consumption rates, thus saving the household some money for
other purposes. On the other hand, the availability of such an alternative
resource increased the farming productivity particularly in terms of olives and
olive oil. A simple cost-benefit analysis of the two scenarios of treatment is
shown in Tables 4.8 and 4.9.

From economic and water-saving points of view and based on the cost-
benefit analysis, it was found that a treatment unit that serves a group of
houses is more feasible than one that serves a single house, as the costs will
be shared among the group and the generated water quantities will be higher.
Moreover, the savings on water bills will be more substantial for a group of
houses than for a single house.

Conclusion

Participatory approaches, taking into account the knowledge and experience of
local people, need to be applied when investigating integrated water-resources
management programmes for small communities. In this respect, intensive
awareness campaigns are essential to inform the communities of current issues
and new trends in water-resource management. Field visits of local people to
wastewater treatment-and-use projects are important to develop community-

Table 4.8 Cost-benefit analysis of UASB treatment unit

Scenarios Costs and benefits UASB unit cluster of 4 houses
Saving on water bill Cost of unit (JOD) 613
+ Water saving (m3/ year) 144
Production of olive oil Saving on water Bill (JOD/year) 49.6
Olive oil production (no. of tank/year) 5
Cost of olive oil (JOD/year) 250
Total benefit (JOD/year) 299.6
Payback period (year) 2.04

Table 4.9 Cost-benefit analysis of septic tank/sand filter treatment unit

Scenarios Costs and benefits Sand filter unit
Saving of Water Tankers costs Cost of unit (JOD) 834
+ Water saving (m3/ year) 54
Production of Olive Qil Cost of water tankers (JOD/year) 121.5
Olive oil production (no. of tank/year) 1
Cost of olive oil (JOD/year) 50
Total benefit (JOD/year) 171.5

Payback period (year) 4.86
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based know-how and to share knowledge and ideas. All of these actions form
a new base of knowledge and sound management experience, tailored to the
needs and situation of the communities in consideration.

Greywater is a vital and sustainable water resource that should receive con-
siderable attention when targeting wastewater management in small com-
munities. Greywater treatment and use for irrigation could be an effective
water-demand management strategy for small clusters in Jordan. However,
the practices and habits of the community highly affect both GW generation
rates and GW quality, particularly in terms of microbial and organic contents.
Current practices of GW use need to be improved, taking into consideration
health aspects.

Based on the treatment technology selection matrix, which was developed
by the project team and the expert committee with participation of LSC rep-
resentatives, it was found that two treatment technologies can be used to treat
GW generated in small rural communities in the Badia of Jordan. These are:
1) septic tank followed by intermittent sand filter (ISF); 2) septic tank followed
by an up-flow anaerobic sludge blanket (UASB). The septic tank followed by
intermittent sand filter showed high performance in treating GW in terms of
physical, chemical, and microbial aspects. The sand filter was very effective
in removing the pathogens indicated by E. coli. The performance of the UASB
system in removing pathogens was improved after providing the system with
a post treatment zeolite filter. Although both systems were efficient in treating
fairly contaminated GW, the UASB coupled with a zeolite filter was easier to
operate and maintain, and was more cost effective.

Reclaimed water from the systems investigated could be used for restricted
irrigation. On a family level, it can be said that GW use can contribute some-
how to improving food security (olive fruit and olive oil) and enhance the
household income.
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