78 The Open Environmental Engineering Journal, 2011, 4, 78-88

Greywater Reuse And Recycling Potential: The Case Of Mwanza City
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Abstract: Greywater is wastewater emanating from domestic activities such as laundry, dishwashing, and bathing.
This water can have useful on-site uses like irrigating landscape and vegetables in tower gardens. However, its user
potential need to include quality studies for determining its safety and achieving public health and environmental
protection. Lake Victoria receives greywater from Mwanza City environs and therefore, protecting it from greywater
pollution is very important. This research work with study components including socio-economic and the quality of
greywater is adding to the need of protecting the lake from pollution. The results, Faecal Coliforms values ranging from
12 to too numerous to count (count/100 ml.) and Total coliforms values of 17 to too numerous to count (count/100 ml.)
are clearly showing that, the greywater available in Mwanza is not safe. Moreover, it is evident from the heavy metals’
results from liquid samples that, the values are insignificantly very low (<0.01 mg/L for Pb and Cu). The pH values are
ranging from 5.9 to 7.5 while the recommended World Health Organisation (WHO) range is 6.76 — 8.0. The research is
proposing tower gardens as treatment facility for greywater in Mwanza City.

Keywords: Greywater, Reuse, Recycling, Pollution.

1.0. INTRODUCTION

Greywater is wastewater emanating from domestic
activities such as laundry, dishwashing, food preparation and
bathing [1] excluding excreta. This water can have useful on-
site uses like irrigating landscape and vegetables in tower
gardens. Though plentiful since long time immemorial, there
is no written about greywater in Tanzania. Increase in grey-
water production goes hand in hand with population growth.
Nationally, the rate of urbanization in Tanzania rose from
6.0% (1957-1967) to 9.6% (1978-1988) according to [2]
meaning increased production of greywater, potential for
urban agriculture. Urban agriculture is an important compo-
nent of household income in Sub-Saharan Africa [3] and in
China, it supplies up to 90% of urban food market [4]. Urban
agriculture was included for the first time as a land use cate-
gory in The Tanzanian Master Plan of 1979 and was firstly
promoted during a severe famine in 1974, and the people
started cultivation on all vacant land [5] after President’s
decree. Currently (2010) with a government motto of
“Kilimo Kwanza” in Kiswahili (Agriculture first, in Eng-
lish), greater reuse and recycling of greywater have a ladder
to climb on.

Greywater composes 50-80% of residential wastewater
generated from all of the house's sanitation equipment
(except toilets) [6] and contains hazardous components
which could get to a new host or face before disposal into
receiving water bodies through similar transmission routes
shown in [7] and [8]. This implies that, transmission is
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possible from greywater through flies or soil to hands, food
or fluids, all the way to a new host if sanitation barriers or
treatment measures are not instituted. Moreover, greywater
contains  suspended  solids, biodegradable organics,
pathogenic organisms and inorganics depending on the used
products. Many organics are protein, carbohydrates and fats
and they are biodegradable and hence, can lead to pollution
load [9] in receiving water bodies.

In Mwanza City, Tanzania, the receiving water body is
Lake Victoria which has a total drainage basin area of
193,000 km?, 44% of which is located in Tanzania. The lake
water shed support a range of socio-economic activities
which provide means of livelihood to nearly 40 million
people [10] and hence, needs protection of pollution from
greywater. The possibilities of treating and reusing separate
fractions of (human) waste (urine, faeces, black-water or
night-soil, greywater and swill) are high due to progressing
depletion of crucial resources like water and nutrients [7, 11,
12, 13], and increasing need of food security [14, 15, 16].
Crop fertilization using wastewater has been practiced in
many countries [17], Japan since 12" Century and China
thousands of years [18], while in Bukoba (Tanzania),
traditionally; reuse was regarded as a gesture of respect [19].
This means, greywater should be regarded as a “resource”
and has to be treated as close as possible to their source of
production [20]. Its reuse in agriculture should however be
an interactive process including academic, governmental,
private- and public sector [21], with adequate institutional
framework for sustainability purposes [22, 23]. Greywater
treatment methods depend on location, knowledge, and
availability of resources (financial, human and space), with a
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Fig. (1). Location of Mwanza in Tanzania

view of reaching the intended goals, economical, safety,
convenience and sustainability [24].

This study therefore was envisaged with a view of firstly,
to determine the greywater potential and its quality in some
selected wards of Mwanza City in order to protect Lake Vic-
toria from pollution, as fore-mentioned, since it is a source of
livelihood to many residents. Secondly, to ascertain accep-
tance for reuse and recycling by residents for improving food
production for their livelihoods before constructing pilot
treatment units in the subsequent study. Mwanza has a
growth rate of 3.2% [25] and hence, continued production of
greywater. Residents dispose their greywater haphazardly
which is a public concern not only for the Lake Victoria, but
also, poses public health dangers especially by mosquitoes,
Culex quinquefasciatus, which breed in polluted pond water
and may spread bancroftian filariasis [26].

The general objective of the study is to determine the
physico-chemical properties of greywater from Mwanza City
and to determine its reuse and recycling potential. The spe-
cific objectives of the study are to:

e Select the study wards in the Mwanza City.

e This was very important since it was not possible
within the limited resources (financial and time) to
study all wards in Mwanza City. Representative wards
had to be selected.

e Choose the representative households in the selected
wards for questionnaire.

e Study the existing situation of greywater production in
the selected wards.

e Determine the existing situation of greywater quality
from the chosen households in the selected wards dur-
ing dry and rainy season.

*  Find out the wastewater quality of some selected points
of interest with pollution potential to Lake Victoria
within the selected wards.

e Find out from socio-cultural and -economic point of
view the acceptability to reuse and recycle greywater.
This was important for the sustainability of greywater
handling.

e Establish the knowledge of the people regarding impor-
tance and health implications of greywater.

e Propose a suitable treatment facility for greywater pro-
duced at Mwanza City.

2. MATERIALS AND METHODS
2.1. Description of Study Area
2.1.1. Geographical Location

Mwanza City Council has a total area of 1,324 km? out of
which, 900 km? (68%) is covered by water and the remaining
424 km? (32%) is dry land. The City is located on the south-
ern shores of Lake Victoria in the north western part of Tan-
zania at an altitude of 1,140 metres above see level. Mwanza
City has two districts of llemela and Nyamagana which are
among the 8 districts of Mwanza Region. Other districts are
Misungwi and Kwimba to the South, Sengerema and Geita
to the West, Ukerewe to the North and Magu to the East
[27]. The location of Mwanza Region in Tanzania is as
shown in Fig. (1).
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Fig. (2). Mwanza City Council Monthly Rainfall in mm. (with
standard deviation £80.37) Source of raw data: [28].
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Fig. (3). Average Monthly Temperature for Mwanza City Council
Source of raw data: [28].

2.1.2. Climate

Mwanza City usually receives between 700 mm. and
1000 mm. of rainfall per annum, with two rainy seasons. The
short rains occur from August — October and long rain sea-
son from December to May in each year (Fig. 2). Due to
these elevations of 1140 meters, above sea level, and the
favourable lake winds, Mwanza has a pleasant tropical cli-
mate which could be used for biological treatment of grey-
water.

The temperature of Mwanza City ranges between 20°C
and 30.7°C in the hot season and 15°C and 20°C in the cooler
months. The varying situation is depicted in Fig. (3).

2.1.3. Vegetation

About 10 % of Mwanza City is built-up area. The re-
maining area consists of forested land, valleys and cultivated
plains, grassy, undulating granites and granodiorite geologic
formations. Isolated hill masses and rock outcrops are out-
standing characteristics specific to the city. Typical soils are
well-drained red sandy loams generated from crustaceous
rocks [27]. The rocky formations are characterizing the habit
of lives of the people in the sense of sanitary facilities used
at Mwanza which will be presented in the results section.

2.1.4. Water Situation

The urban hydrology is composed of streams and the
Lake Victoria, situated in the western end of the city. River

Esnati Osinde Chaggu

Mirongo is the main watercourse traversing the city in east-
west manner, flowing as far as from Magu district via Igoma
and Nyakato sub-urban areas. This river has become an open
sewer, receiving every sort of pollutants (both domestic
wastewater and raw/semi-treated industrial effluents). The
river has a flow ranging from 0.001 — 0.302 m3/s at the
Barnaba Bridge in Nyakato to 0.031 — 0.698 m3/s at the
bridge near the lake discharge point [27].

The city is to a great extent supplied with clean water
(piped water) mainly from Lake Victoria, the availability of
which varies from ward to ward. Some wards are getting
smooth flow of water all the time such as Nyamagana, Mi-
rongo, Isamilo, Mbugani, Pamba, Igogo and Mkuyuni while
other areas (Butimba, Mkolani, Mahina, Buhongwa, Mko-
lani, Igoma) are not yet connected to the main city network.
Moreover, the storm water is collected by an open channel
system which is limited to the planned built-up urban areas
in the city centre and the adjacent wards.

2.1.5. Mwanza Population and faecal sludge production

Total population and its growth in Mwanza City were re-
spectively about 547,107 people and 3.2% [25]. Internal mi-
grations of people from rural to urban areas were about 8%
and the birth rate is 4.6. The population density is 134 people
per sq. km, being the second in the country after Dar es Sa-
laam City.

The population that depends on on-site sanitation was
604,074 in 2007. The total faecal sludge production was es-
timated in the same year to be 24,163 m*/a, while the Bio-
logical oxygen demand (BODs)-load was 110 kg/d; dry sol-
ids 1,324 kg/d and helminth eggs 3,500 N/1,000ml. Such
figures indicate a necessity to study all the wastewater frac-
tions in general, that is, greywater, other fractions of liquid
waste and solid waste.

2.2. Field Visits

This research work started by establishment of study sites
through field visits where the ward executive leaders assisted
the researcher in choosing potential sampling sites. Further-
more, the potential key respondents to up-front prepared
questionnaires were identified through the assistance of City
Council of Mwanza and those who have worked or re-
searched in Mwanza City. Moreover, 40 houses were ran-
domly selected for greywater quantity and quality determina-
tion. Four points were cited for sampling along River Mi-
rongo since it disposes its effluents into Lake Victoria,
namely: an area where a mix of river and Lake water occurs
and upstream where there is a bridge near to wastewater
treatment plant, at Mabatini and near the bridge where car
wash is done. The results are indicated in the results section.
Finally, the selection of areas where the decentralized grey-
water treatment facilities would be located (later not in this
study) was done during the field visits.

2.3. Sampling for Greywater Quality Determination
2.3.1. Sampling Procedures

The sampling of greywater in Mwanza City Council was
conducted between December, 2008 and June 2010. The
selected wards for sampling were lgoma and Mbugani.
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Fig. (4). Population of Selected wards in Mwanza city Council

These wards discharge greywater partly within their sur-
roundings and into River Mirongo, which eventually ends up
in Lake Victoria. A total of 40 samples were collected, pre-
served with sulphuric acid and then stored in the cool box
and were transported to Dar-es-Salaam for laboratory analy-
sis. However, some parameters whose quality deteriorates
over time were measured on-site. They included total dis-
solved solids (TDS), temperature, Electrical Conductivity
(EC), pH and Salinity. The laboratory work was done at
Ardhi University, Environmental Laboratory Science and
Technology Department. In each case, one litre samples
were collected for laboratory analysis. The samples were
collected during the dry and rainy season.

The houses, in which the samples were collected, were
randomly selected, and the samples were collected from 8.00
pm. to 12.00 pm. and early morning hours since that was the
time when people were taking bath after their daily work and
sleep.

2.3.2. Analytical Methods

All parameters were determined using standard methods
[29] on-site and at Ardhi University laboratory. The total
chemical oxygen demand (CODt) of the sample was deter-
mined by the principle that, organic material is oxidized by
potassium bichromate in acid conditions with a help of a
catalyst (Ag”"). The used procedure was modified for high
COD concentrations by diluting the samples.

Other determined parameters using [29] included the to-
tal suspended solids (TSS), total solids (TS) and volatile sus-
pended solids (VSS) and volatile solids (VS), total and fae-
cal coliforms, ammonia nitrogen and nitrate nitrogen (NHs-N
and NOs-N). It is worthy to note that, surfactants though
very important have not been studied in this work. They will
be covered in the second part of the study which will basi-
cally deal with construction of greywater treatment facilities
and determination of treatability of greywater.

3. RESULTS AND DISCUSSION
3.1. Sampled Wards Population

Two wards (Igoma and Mbugani) were chosen for sam-
pling purposes. They were selected since they have people

with different income brackets, located in unplanned settle-
ment and have a big potential of polluting Lake Victoria.
Residents are located in rocky area where they could not get
adequate depth for pits to dispose all the generated liquid
waste. The total population in the sampled wards is shown in

Fig. (4).

3.2. Head of Households, Education Income Level and
Expenditure Results

It was evident from the study area that heads of house-
holds were men in 90% and women in 10% of the cases.
This situation could be so due death of husbands or divorces
and hence, the problem of single parents and women heading
the households. The education level of heads of households
varied from never been to any school (8.7%), primary school
69.6%, secondary school 17.4% to Vocational School 8%.
Many respondents were in the primary and secondary school
level.

The income level of households ranged from Tshs.
30,000/= to Tshs. 200,000/= (USD 20 — USD 132, exchange
rate of September 2010) per month. The occupation of resi-
dents by gender indicated that 85.7% of men were mostly
occupied by commercial activities relative to women 14.3%.
The low percentage of women dealing with commercial ac-
tivities shows a clear sign that they are proceeding with their
known normal cores of domestic work. The expenditure pat-
tern showed that, residents generate inadequate money for
the necessities of life. This situation indicates the poverty
problems the people are battling with. Residents require a
minimum of Tshs. 30,000/= and a maximum of Tshs
150,000/= (USD 20 and 100) per month for food implying a
clear possibility of residents getting some extra money from
other sources. Such income levels complicate the production
of greywater especially when water is to be paid for.

3.3.  Wastewater Disposal, Soil
Shower/Bathing Place

Conditions and

Mwanza area is experiencing rocky conditions and
hence, difficult to dig deep pits for containing wastewater.
About 70% and 8% of the residents in Igoma and Mbugani
Wards respectively, are experiencing wastewater disposal
problems. The cited problems were water logging, bad smell,
floods from the neighbourhood and toilets, poor disposal of
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Table 1. Used Water Source, Distance from Source and Available Water for lgoma and Mbugani Wards

Source Percentage (%) of Respon- Distance to Percentage (%) of Respondents Available Water to Residents Per Day
dents in Wards Water Source

) (km.) . . ;

lgoma Mbugani lgoma Mbugani litres lgoma Mbugani
In-house tap 30.4 64.0 0-0.5 95.7 100 20-40 0 0
Public Tap 4.4 4 0.5-1 0 0 41-60 8.7 8
Neighbours 60.9 32 1-15 0 0 61-80 39.1 36

tap
Spring 0 0 0 0 0 >80 26.1 56
well/borehole

greywater causing disease to children, area is not clean, flies
and mosquitoes immediately after the rainy season. Those
who indicated that, they are not experiencing problems said
that their houses are sparse and so have enough area for dis-
posal. Often greywater is led directly and haphazardly to the
house surroundings and later, part of it finds its way to Lake
Victoria. This practice is not good since it jeopardizes the
aesthetic value of the environment and poses potential haz-
ards to children who like to play in pools of stagnant water.
However, this practice is mainly found in the unplanned set-
tlement part of the city. In some occasions it was observed
that the residents separated the bath and kitchen water from
the toilet waste in order to increase the life-time of the pit.
Residents who take a bath or shower at the same place with
the latrine were found to be 8% in Mbugani Ward and those
who use separate rooms but same pit was 69.6% and 76%
correspondingly for Igoma and Mbugani Wards while, those
who use separate rooms and separate pits were respectively
17.4% and 8%. The already separation of greywater from
blackwater observed in Mwanza offers a good chance of
treating the greywater separately for subsequent use. The
other details of the sampled wards are briefly explained
hereunder:

Mbugani ward is mainly characterized by unplanned set-
tlements especially in the slopes of rocky hillsides and sensi-
tive land, which are stripped of their vegetative cover and
aggravated by the mining of stones and sand for use in con-
struction. Sanitation is generally poor, and the residents
mostly depend on shallow pit latrines. Greywater is disposed
of haphazardly in open areas. According to our survey, grey
water production per capita ranges between 7 litres to 10
litres per shower. Showering is done twice a day. Therefore,
grey water production per day is estimated to be 14 li-
tres/ca/day and 20 litres/ca./day. The average fam-
ily/household found in this study was 8 people implying, the
greywater production estimate of 112 to 160 litres per house-
hold per day.

Igoma ward is characterised by both urban and rural
characteristics. Most of the houses have bath-rooms without
floors, walls and unroofed. Generally, bath-rooms are in
poor conditions and greywater is discharged into open areas.
The top soil in Igoma ward is sandy; therefore, greywater
soaks easily into the soil after being discharged.

3.4. Engagement and Purpose of Farming and Land
Tenure

In lgoma ward, 60.9% of the residents are engaged in
farming while 34.8% are not. The case in Mbugani ward is
different, only 16% of the households are engaged in farm-
ing while 84% are not. In both the cases, the garden sizes
vary from Y acre to one hectare; but more than 50% have
less than 0.5 of an hectare. The type of crop mainly grown in
all wards is maize grown by 34% of the residents (26% in
Igoma and 8% in Mbugani). The main purpose of farming is
to supplement availability or bought food as cited by 56.5%
of the respondents. Only 8.7% indicated that it is the major
source of household food. Those who farm for both food and
cash crop were only 4.4% in Igoma and 16% in Mbugani
wards.

The nature of land tenure was observed to be public land
in 95.7% of the cases in Igoma ward, while, customary land
56% and leasehold 48% are used at Mbugani ward. Such
land tenure systems have an impact on farming and reuse
potential of greywater. Conditions to use the land may deter
the residents from reusing or recycling greywater if not own-
ers of the land.

3.5. Generation of Greywater and its use in Igoma and
Mbugani Wards

Generation of greywater depends to a greater extent on
the amount of water used by the households and number of
people in the household or size of the household. Where wa-
ter is available in-house (tap water), the generation of grey-
water will be higher relative to those who need to walk
longer distances. In the study wards in Mwanza City, the
situation was as presented in Table 1. In the homes water is
mostly stored in plastic containers. Results showed that,
91.3% in Igoma and 100% in Mbugani wards store their wa-
ter in plastic containers varying from 10 litres to 60 litres.

The amount of water used in the kitchen per day, its dis-
posal place and that used for washing clothes and bathing
were as summarized in Table 2. Assuming that 80% of the
water supplied for domestic use ends up as wastewater [30]
and due to the fact that greywater composes 50-80% of resi-
dential wastewater generated, coupled with the facts pre-
sented in section 3.3, it clear that about 4480 m* — 8000 m’
of greywater is produced in the study sites per day. This is a
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Table 2. Amount of Water used in the Kitchen Per Day, Laundry and Bathing Water in lgoma and Mbugani Wards

Wards % of Water Used in the Kitchen Per Day % of Residents producing Laundry Wastewater
11-30 litres 31-40 litres >40 litres 11-30 31-40 >40

Igoma 44 39.1 52.2 0 0 100
Mbugani 20 56 28 8 24 68

Table 3. Knowledge of Wastewater Treatment in some Selected Wards in Mwanza City

Knowledge of Wastewater Treatment Percentage (%) of Respondents in Wards
lgoma Mbugani

Yes 174 36

No 78.3 64

Is it ok. To treat greywater for reuse

Yes 65.2 40

No 26.1 42

Reuse Possibilities

Wash clothes 8.7 6

Irrigation 60.9 28

Toilet Cleaning 44 0

Brick Making 0 2

Accepting paying fee for treatment of used water

Yes 82.6 56

No 8.7 44

Amount that residents are willing to pay for treatment

Amount (Tshs.) 300-5000 (USD 0.2 - 3.3)

500-15000 (USD 0.33-9.9)

substantial amount for irrigation and other use purposes if
adequately treated.

About 21.7% and 8% of the respondents respectively for
Igoma and Mbugani wards said that they keep greywater for
reuse purposes while the rest do not. The purpose of using
the greywater is mainly for cleaning the house as indicated
by 17.4% the residents in lgoma ward. Gardening purposes
accounted for 4.4% of the residents in Igoma ward and 4%
of those in Mbugani ward. Those who could not reuse the
greywater doubted its quality in 26.1% and 44% of the re-
spondents respectively for Igoma and Mbugani wards. How-
ever, 47.8% of residents in lgoma ward and 52% in Mbugani
ward prefer to use clean water rather than greywater for gar-
dening and dust protection. These results indicate a need for
advocacy and educating the people possibilities of reuse of
greywater.

The disposal of used kitchen and laundry water according
to field results were 86.9% for kitchen and 92.3% for laun-
dry in Igoma ward, and respectively in Mbugani ward, 88%
and 72% are disposing their used water by pouring it on the
ground or in trenches. Only 8.7% and 12% respectively for
Igoma and Mbugani wards uses the sewerage system. The

situation might change in future since Mwanza City is ex-
pected to get a big sewerage project.

3.6. Knowledge of Used Household Water

When asked whether the used households’ water has any
effects on the environment, the residents were of the opinion
that yes in 60.9% and 42% 52% in Igoma and Mbugani
wards. However, 34.8% of people in Igoma and 48% in
Mbugani wards said no. Such results indicate the need to
educate people for reuse of greywater. A number of them are
not aware of the hazard potential of greywater. For those
who said yes, they mentioned the effects as water logging
4.4% in lgoma, causing diseases 56.5% and 48% respec-
tively in Igoma and Mbugani; drying the grass/crops 4.4%
and 4% correspondingly in Igoma and Mbugani, while, for
space availability was yes in 78.3% and 84% in Igoma and
Mbugani and correspondingly no for 13% and 16%. Those
who said no, indicated that if well handled and disposed,
greywater is easily absorbed by land, that is, seeps into the
ground.

Those who said yes were of the opinion that causes of
problems were mainly poor management of disposed grey-
water mentioned by 52.2% of respondents in Igoma and 60%
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Table 4. Results of Wastewater Samples from Selected Points in Mwanza City in Dry Season
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EC NO:- SO,
Temp. Salinity | TDS (mg (nscm’ NH3-N N (mg COD (mg TSS (mg VSS (mg
Points ¢c) pH (ppt) L) b (mg /L) L) (mg /L) L) L) L) COD:VSS
R. Mi-
rongo 20.6 7.22 0.3 342 684 115 5.6 18 28 550 250 0.45
Mbugani Ward
Min. 22.36 6.76 0.79 790.00 1574.07 52.83 0.68 589.20 6.47 1805.00 926.67 0.64
Max 24.10 7.70 4.70 4260.00 8520.00 210.00 1.10 2175.00 14.00 11750.00 5750.00 0.38
STD 0.94 0.48 1.33 1286.39 2576.40 45.43 0.29 655.04 3.85 3167.08 1624.16 0.40
Average 22.36 6.76 0.79 790.00 1574.07 52.83 0.68 589.20 6.47 1805.00 926.67 0.64
lgoma Ward
Min. 20.56 6.98 1.27 1198.70 2397.10 40.60 0.60 670.40 7.75 2967.50 860.00 0.78
Max 21.20 8.00 3.90 4240.00 8480.00 173.00 2.10 1150.00 15.00 15900.00 2100.00 0.55
STD 0.36 0.50 1.27 1254.28 2508.34 54.83 0.80 303.13 7.27 4658.79 626.85 0.48
Average 20.56 6.98 1.27 1198.70 2397.10 40.60 0.60 670.40 7.75 2967.50 860.00 0.78

in Mbugani wards. Very few cited the problems of soap in
the greywater (4.4% in lgoma and 12% in Mbugani wards)
whereas, 4% of respondents in Mbugani ward mentioned as
well the problem of volume of water. Nonetheless, a number
of people do not have adequate space for disposal of greywa-
ter. Some people have knowledge of treatment of wastewater
and think it is alright to treat wastewater for reuse purposes
as shown in Table 3. Those who did not accept to pay for
treatment of used water said they have no money but as well,
there is no need of it due to the presence of trenches espe-
cially in Mbugani ward.

3.7. Laboratory Results

The laboratory results were as indicated in Table 4 with
discussions in subsequent sections.

3.7.1. pH and Temperature

It is clear from Tables 4 and 5 that, households had
greywater with pH within the recommended range by WHO
standard (6.5 — 8.5). Temperatures were 20.6 — 28.1 °C
which is within the expected level of tropical conditions. The
characteristics of greywater produced by community vary
depending on the used ingredients [26]. The nature of grey-
water is markedly influenced by factors such as diet, meth-
ods of washing clothes and utensils, habits of personal hy-
giene, and the existence of bathrooms and other facilities.

The pH and temperature are important parameters in
greywater treatment since most micro-organisms which are
necessary for biodegradation have their temperature ranges
for them to survive. Depending on the used greywater treat-
ment technology, for example in anaerobic degradation or
digestion which is a biological process where organic carbon
is converted by subsequent oxidations and reductions to its
most oxidized state (CO;), and its most reduced state (CH,),
the methanogens have their specific pH (6.8-7.8) and tem-

perature range (20-35°C) [31] production of biodegradation
by-products. Biodegradation means the biological transfor-
mation of an organic chemical to another form [32]. Methane
production can only represent the hydrolysis rate of particu-
late organic matter when there is no accumulation of inter-
mediary products [33]. The intermediary products are often
due to a certain range of pH (<6.8) which is not favoured by
methanogens. The observed pH and temperature at Mwanza
clearly shows that methanogenic activity will take place in
the treatment facilities to be constructed later. They will be
covered structures and therefore, anaerobic conditions will
prevail. The anaerobic biodegradability of the materials can
be calculated from the maximum methane yield and the
COD of the substrate, according to [9]:

BD =

CH4,max CODsam 100 (1)
Wam 2.85

where BD represents the biodegradability (in % of VS),
CHy max the maximum methane yield (in STP ml.), Wg,m the
sample weight (in g-VS), CODg,y, is the COD of the sample
(in gO, g*VS) and the factor 2.85 corresponds to the COD
(9Oy) of 1 STP litre of methane. However, biodegradability
was not determined in the current greywater samples due to
limited possibilities of determining the CH, by then.

In addition to that, temperature is one of the major (key)
factors or variables influencing the overall digestion process
of waste in anaerobic reactors ([9, 31, 34, 35, 36]). Micro-
organisms are classified into “temperature classes” on the
basis of optimum temperature and the temperature span
where the species are able to grow and metabolize and affect
the particles removal through influencing the wastewater
viscosity and conversion of organic matter ([31, 36]). When
enzyme concentration is not rate-limiting, the rate of hy-
drolysis as a function of temperature can be described by the
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Table 5. Results of Wastewater Samples from Selected Points in Mwanza City Soonafter Short Rain Season

Parameter Unit Average Influent Mixed River Bridge Near Near Bridge Car River Mirongo at Average HH
to the Lake and Lake WWT Plant Wash Mabatini Greywater
pH - 7.2 7.1 6.9 7.5 6.8 6.93
EC pscm™ 4915 759.3 509 1162 494 947.75
TDS mg /L 2455 79.7 254 581 247 474.25
Salinity PPt 0.2 0.1 0.2 0.6 0.2 0.57
Temp. 0ocC 25.2 24.9 25.7 27.2 28.1 26.83
NHs-N mg /L 0.155 0.15 0.64 28.25 0.66 12.98
NOs-N mg /L 1.6 0.8 3.6 0.7 25 2.15
SO, mg /L 28.5 1 30 0 30 88.00
PO, mg /L 1.755 0.34 0.81 0.51 13.75 9.29
Colour mg /L 35 13 9 247 19 218.50
Turbidity mg /L 5 4 4 101 5 185.75
Alkalinity mg /L 290.5 83.5 77 248 95 190.13
Chloride mg /L 99 275 52 213 51 168.75
COoD mg /L 68.5 43 304 960 107 529.75
BODs mg /L 26.5 20 168 449 52 264.50
TS mg /L 4125 150 350 850 375 568.75
VS mg /L 187.5 50 250 650 275 468.75
FC x 10° Count/100ml 21 39 61 44 TN 29.00
TC x 10° Count/100ml 455 76 TN 89 TN 24.50
Pb mg /L 0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cu mg /L 0.007 <0.01 <0.01 <0.01 <0.01 <0.01

WWT = Wastewater Treatment HH = Household

Arrhenius equation (Equation 2) for enzyme catalysis ([9,
37)):

k= A.e_AG*/RT (2)

where k represents the kinetic rate constant or hydrolysis rate
constant (in d™); A is the Arrhenius constant, G* the stan-
dard free energy of activation (Jmol™) with typical values of
15-70 kdmol™ [38]; T the temperature (K) and R the gas con-
stant with 64 (+ 14) kJ mol™ as a typical value for enzyme
kinetics [39]. The hydrolysis of pollutants will be determined
after construction of greywater treatment facility.

3.7.2. Total Solids (TS) and Volatile Solids (VS)

When one talks about treatment of wastewater or grey-
water, it is often important to realize that, there are individ-
ual components which need to be treated. One of these im-
portant components is the complex presence of solids in
greywater. Determination of the level of available solids
assists in choosing the treatment technology and suggesting
possible reuse modalities. The solids can be determined in a
number of categories depending on the intended use. In the

Mwanza case, total, volatile and dissolved solids (TDS) were
determined results of which are presented in Table 5. Vola-
tile solids represent the fraction that could be degraded and
hence, possible to get biogas from the wastewater. Total sol-
ids can have inert components as well and hence, possible
accumulation of sludges which will obviously need to be
handled in its own merit. The high level of VS values rela-
tive to TS values indicated that there were a lot of biode-
gradable components in the greywater. However, some of
the components might be slow degradable ones.

3.7.3. Ammonia Nitrogen and Nitrate Nitrogen (NH3-N
and NO3-N)

Results in Table 4 and 5 indicate that, the NH3-N level
varied between 6.25 to 29.4 mg/L and NOs-N, 0.5 to 2.7
mg/L for household samples. Ammonia compound levels are
important to be determined since they have an impact on
people’s health, like high level of nitrates causes blue-baby-
syndrome. In addition to that, high levels of ammonia com-
pounds inhibit the hydrolysis and hence, low methanogenic
activity of the greywater. This implies that, the greywater
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will not be able to be stabilized if there are high levels of
ammonia [40]. [41] reported that ammonia inhibition occurs
at total ammonia concentrations between 1500 — 3000 mg-
N/L at pH level exceeding 7.4, but adaptation to high ammo-
nia concentrations is very well possible. In the case of
Mwanza results (Table 4 and Table 5), the values were in-
significantly low and hence, there is no cause of alarm. [42]
proposed that, the ammonia nitrogen threshold levels in the
influent of anaerobic ponds in the tropics should not exceed
400 - 500 mg-N/ L to avoid toxicity of ammonia. In
Mwanza, the treatment facility of greywater that is under
construction is improved tower gardens, study results of
which will be presented in future.

3.7.4. Sulphate (SOy)

Sulphate values ranged on average from 6.47 — 88 mg/L
for the studied households as indicated in Table 5. These
values are lower than the WHO standard of 600 mg/L and
therefore, currently there is no problem. High levels of sul-
phates at household level could be from the type of soaps
used. However, the used soap types s in Mwanza city to-
gether have not been studied during the current research
work. Sulphates are components that are introduced into the
environment through natural processes or using products.
High levels of sulphate can be lowered by calcium contain-
ing compound to form calcium sulphate as this has low level
of solubility but complete removal from solution is not vi-
able [43].

3.7.5. Copper (Cu) and Lead (Pb)

The analysis of heavy metals permits detection of pollut-
ants that may be either absent or present in certain concentra-
tions either in surface or underground water or in either the
wastewater or sediments. The effects of heavy metal con-
taminants especially in fish causes health hazard to people
[10] and in some occasions deaths of human beings. Many of
these metals serve no known biological function in the ma-
rine environment, but can act with other chemical species to
increase toxicity [44]. Moreover, in the case of all the col-
lected liquid samples in Mwanza, the presence of Cu and Pb
was insignificant as seen in Table 5.

3.7.6. Chemical Oxygen Demand (COD)

COD serves as a general parameter that covers all or-
ganic constituents of wastewater or greywater. There are
various fractions of COD possible to be determined in
wastewater depending on interest according to standard
methods [29] with user modifications as need be, some of
which are as follows:

CODss = COD; - COD, 3)
CODCO| = CODp - CODdis (4)
where:

ODs, = COD of suspended solids

COD; = Total COD

COD,, = Paper filtered COD

CODyjs = COD from membrane filtered samples
COD¢ = Colloidal COD
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The COD:VSS results for the case of Mwanza City sam-
pled areas as indicated in Table 4 revealed that, the minimum
ratio was 0.09 gCOD/gVS and maximum 0.78 gCOD/gVS.
The results indicate that the samples were homogeneous.

3.7.7. Faecal Coliforms (FC)

Faecal Coliforms are pathogenic organisms whereby,
their presence in the environment is a health risk and a
treatment concern. [8] cited that “people as an “asset” for
development often produce in secret human “waste” which is
of public concern”. Where present, it is an indication that
excreta has come into contact with water or excreta has been
haphazardly disposed of. Results in Table 5 showed that fae-
cal coliforms were present in greywater produced at Mwanza
study areas. Obtained values at household level varied from
21 to too numerous to count (count/100 ml.). This implies
that, the greywater if haphazardly disposed has a potential of
polluting the environment and the receiving water bodies.
Anaerobic digesters have a capability of killing pathogens to
a certain degree in greywater. The faecal coliform’s average
survival time in wet sludge at 20-30°C have been found to be
<50 days [45]. Such temperatures are present in Mwanza and
therefore, if space could be available anaerobic digestion is
another treatment option. Anaerobic digesters reduced the
number of bacteria, parasite eggs, viruses and other patho-
genic organisms in the effluent of UASB reactor by + 90%
[46]. This is not sufficient to meet the WHO [47] Guidelines
for reuse (like for E-Coli 1000 no./100 ml.) and hence, post
treatment is necessary. Sufficient challenge describes the
beneficial effect of low exposure to toxins, which improves
health [48] by building up natural resistance to attack patho-
gens. Presence of pathogenic organisms is a health risk in
sludges and is a treatment concern, although the collection,
haulage and treatment of faecal sludges (FS) in urban areas
in developing countries remains as yet unresolved [49, 50].

Possibilities of getting FC in greywater might come from
washing of babies’ clothes and nappies (diapers) which is
likely to increase the count substantially. Some data suggest
that bacteria grow well in greywater [26]. Moreover, a sub-
stantial danger from pathogens is posed by careless tipping
of greywater on the ground; and if one particular area is al-
ways used, its continual moistness will favour the survival of
helminthes, such as hookworm, and the breeding of flies and
mosquitoes [26].

3.7.8. Greywater Reuse and Recycling Potential

Reuse and recycling of greywater is not common in East
Africa. However, evidence from some literature [16];[19]
indicate that reuse of wastewater is common in Kenya, Tan-
zania and Uganda. As fore-mentioned in section 3.6, some
residents have the knowledge of greywater reuse and 60.9%
and 28% cited the reuse possibilities in agriculture for irri-
gating various food crops. The potential of reuse and recy-
cling of greywater from the socio-economic and cultural
point of view is available in Mwanza although education and
advocacy should be part and parcel of the practice.

4.0. CONCLUSIONS

The following concluding remarks can be made out of
this study:
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Vi.

Vii.

viii.

Xi.

Xii.

Igoma and Mbugani wards in Mwanza were selected
for study purposes since they have people with different
income brackets, located in unplanned settlement and
have a big potential of polluting Lake Victoria.

Greywater quality generated in Mwanza City’s se-
lected households (40) is contaminated by faecal mat-
ter. Observed values for faecal coliforms in the house-
hold samples ranged from 21 Count/100ml. to too nu-
merous to count.

Presence of observed contamination by faecal matter
confirms the need for treatment of greywater for reuse
purposes to avoid health hazards. Improved tower
gardens could be a good treatment facility.

A number of residents in Mwanza City have no
knowledge of greywater treatment as indicated by
78.3% and 64% of respondents correspondingly in
Igoma and Mbugani wards. However, 65.2% and 40%
respectively for Igoma and Mbugani said it is alright
to treat greywater.

Greywater reuse needs educating the community and
continued advocacy. In Igoma ward 34.8% while in
Mbugani ward 48% felt that greywater has no adverse
effects to the environment.

Reuse and recycling potential that has been determined
from the qualitative point of view showed that, resi-
dents are ready to reuse the greywater especially for ir-
rigation as cited by 60.9% and 28% of the people cor-
respondingly for Igoma and Mbugani wards.

Residents are ready to pay per month Tshs. 300 — 5000
(USD 0.2 — 3.3) in Igoma ward and Tshs. 500 —
15,000 (USD 0.33 — 9.9) in Mbugani wards for grey-
water treatment.

The quality of greywater in terms of Cu and Pb is in-
significant for both greywater from the households and
other selected points for sampling purposes as shown
in Table 5. Result values in all cases ranged from
0.007 to 0.01 mg/L.

The greywater pH values observed ranged from 5.9 to
75 while the recommended World Health
Organisation (WHO) range is 6.76 — 8.0.

People of Mwanza City, especially those residing in the
study wards, are already separating the greywater
(17.4% and 8% respectively in lgoma and Mbugani
wards) due to inadequate pit volume for excreta dis-
posal and therefore, a greater chance for treating the
greywater for reuse purposes.

Generated greywater in Igoma and Mbugani wards per
day ranges between 4480 m® to 8000 m®.

The greywater in Mwanza City is homogeneous as evi-
denced by the COD:VSS ratio of the samples which
varied between 0.09 - 0.78 gCOD/gVS.
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