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ABSTRACT

This study presents the impact assessment of
urbanization on wetland pollution in Nyabugogo
wetland. The objectives of this study are to
examine the urbanization status around Nyabugogo
wetland and its catchments, to assess the water
quality of Nyabugogo wetland and to establish the
relationship between urbanization and wetland
pollution, using both primary and secondary data.
Six water parameters including pH, Zinc,
Cromium, Total Suspended Solid (TSS), Total
Nitrogen (TN) and Total Phosphorus (TP) were
analyzed in laboratory of Research Center for
Natural Resources and Environment, and they were
compared to previous findings tested on
Nyabugogo river, swamp, or wetland based on
World Health Organisation (WHQ) standards and
Rwanda Standards Board (RSB) standard. Study
findings show that urbanization in Kigali is
increasing and reached at 75.9% in 2020, Gross
Domestic Product (GDP) increases almost 3 times
from 2010 to 2020, GDP per capita has reached 1.2
thousand US$/Cap, and people remain habituated
in unplanned areas in Kigali city. For water quality,
findings show that the maximum value of pH is
7.2, Zinc 0.22 mg/, Cromium (mg/l) 0.044, TSS
(mg/L) 17, TN (mg/l) 55.7, and TP (mg/l) 0.34.
These findings illustrate that urbanization has a
positive impact to wetland pollution and that well
planned urbanization led to the reduction of
wetland pollution and vice versa.

Key words: Impact; Urbanization; Wetland,;
Pollution; Nyabugogo

l. INTRODUCTION
More than half of the world’s wetlands
have been reformed, corrupted, or lost in the last

150 years (Gardner et al., 2015) and human
activities have globally changed wetland status
(O’Connell, 2003). According to Shengjie et al.
2017 wetland damage and humiliation is a certain
reality, and human activities are chiefly to blame as
the main factors.

As Tengteng et al. (2016) pointed out,
since the early 20™ century, global wetland
ecosystem has confronted great challenges
including rapid economic development, intensive
reclamation of farmland, overexploitation of
biological resources, excessive use of wetland
water, sedimentation, water pollution, tourism
overdevelopment, and habitat destruction. Many
wetland ecosystems have experienced severe
pollution, including wetland area shrinking, water
quality decline, biodiversity loss, and wetland
function disorders (Tengteng et al.,, 2016).
Agriculture and urbanization are two main human
activities, directly cause wetland loss (Ehrenfeld,
2000; Gibbs, 2000; Gong et al., 2012; Niu et al.,
2012).

Urban developments, including residential
expansion, industrial and commercial activities
have contributed to the pollution of Kigali’s
wetlands, especially in areas adjacent to Muhima
Sector. The habitat’s natural vegetation, dominated
by C. Papyrus and a variety of Pennisetum, has
been severely affected by industrial and household
wastes. Industrial activities, such as brick making
and sand mining, have contributed to the pollution
of Kigali’s wetlands (UN-Habitat, 2009). In
Rwanda, despite its great importance in providing
different wvalues to surrounding community,
Nyabugogo wetland is highly polluted so that it can
be a good disease-ridden place. Nkuranga (2007)
observed that Nyabugogo natural wetland (Kigali
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City, Rwanda) receives all kinds of untreated
wastewaters, including those from industrial areas.
Many of these industries do not have onsite
treatment plants. Therefore, they are discharging
their wastewater into two small rivers, called
Kibumba and Ruganwa, which discharge in the
Nyabugogo wetland (Sekomo et al., 2011).
Objectives of the study: the main objective of this
study is to assess the impact of urbanization on
Wetland  Pollution and come up with
recommendations to protect and conserve the
wetlands. And specific objectives were defied as
follows:

1. To examine the urbanization status around
Nyabugogo catchment.

2. To assess the water quality of Nyabugogo
wetland.
3. To establish the relationship between

urbanization and wetland pollution.

1. METHODOLOGY

Research Design: This study is descriptive design
and correlative. It describes urbanization
characteristics in Nyabugogo catchment area
(Kigali City) and Nyabugogo water pollution
parameters. The study is restrictively based on
primary data and secondary data retrieved from
long-term databases storing conservation and
protecting wetlands. Other part of data, regarding
the water and wetland pollution, were analyzed in
laboratory of Research Center for Natural
Resources and Environment located at University
of Lay Adventist of Kigali. The study also is
correlative as it ends up by examining the
correlation between urbanization and water
pollution on the case of Nyabugogo wetland.

Data collection and analysis methods: This study
has used both primary and secondary data. Primary
data are based on sampled points of water quality
tests. Here 4 composite samples of water were
taken to laboratory for water quality test. And the
sample were taken in Nyabugogo wetland around
the main catchments. Secondary data also were
collected using documentation review. The main

reviewed documents are reports of National
Institute of Statistics (NISR) on urbanization and
waste management in areas and households
alongside of Nyabugogo wetland and its
catchments. The second mainly used document is
the Nyabugogo Catchments plan 2018-2024 in
addition to papers and reports maid by other
researchers (all sources were written in the
document).

For water quality test, sample taken were taken to
laboratory and results were analyzed as comparison
to wetland water quality national RSB Standards
(Rwanda) as officially by international agencies.
Time series of values for indicators of urbanization
(economic  indicators, poverty, population,
infrastructure) and water pollution (waste handling
and disposal in households, change of water
chemical contents and physical contents, etc) were
presented for last ten years where possible. And the
researcher has made critical analysis from one year
to another. Test of correlation was made using
bivariate analysis model. This is analyzed with the
correlation analysis showing r or Pearson
correlation (always ranging between -1 to +1) and
p-value of Sig. (2-tailed) which is statistically
significant once the value is less or equal to 0.05.

1. RESULTS AND DISCUSSION
3.1. Urbanization in Nyabugogo wetland and its
catchments areas

In this section urbanization level or
characteristics in area surrounding Nyabugogo
wetland and its catchments areas was made using
population growth information, infrastructure (land
cover change from 2010 to 2020) and natural
disasters (floods, etc.).

Population growth in study area was
marked from 2010 to 2020 where total population
in Kigali city increased from 1 million to 1.3
million populations. This is due to the development
of infrastructure, economic development in Kigali
city, access to employment opportunities which
increased migration of people from rural area to
urban area (Antoine R., 2017).

Table 3.1: Kigali City Population Growth for the rea surrounding Nyabugogo Catchments.

Area 2010 2011 2012 2013 2014 2015
Rwanda 10,127,674 10,305,157 10,482,641 10,739,766 10,996,891 11,262,564
Kigali City 1,094,331 1,113,508 1,132,686 1,160,469 1,188,253 1,216,959
274,925 279,743 284,561 291,541 298,521 305,733

Nyarugenge

Gasabo 511,629 520,595 529,561 542,550 555,540 568,961

Kicukiro 307,777 313,170 318,564 326,378 334,192 342,266
Area 2016 2017 2018 2019 2020
Rwanda 11,535,932 11,809,300 12,093,905 12,378,511 12,663,116
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Area 2010 2011 2013 2014 2015
Kigali City 1,246,498 1,276,036 1,306,789 1,337,541 1,368,294
313,154 328,300 336,026 343,752
Nyarugenge
Gasabo 582,771 610,959 625,336 639,714
Kicukiro 350,573 367,530 376,179 384,828

Source: (NISR, Fourth Population and Housing Census, Rwanda, 2012; Thematic Report: Population

Projections , 2014)

As seen from table 3.1, population in
Kigali and in districts areas of Nyabugogo
catchments is increasing from 2010 to 2020. From
2010 Kigali city population was increased from
1.09 million 2010 to 1.37 million population in
2020. In Nyarugenge in the same period of range
was changed from 0.27 million to 0.34 million,

Urbanization Rate

(=~

Urbanization Rate in %
=

Rwanda Kigali City  Gasabo

Nyabugogo wetland area

87.9
75.9 69.0
60
. 35.0
! 19.9
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Kicukiro Nyarugenge Rwanda Kigali City

Gasabo changes was taken from 0.51 million of
population to 0.64 million and for Kicukiro the
changes were from 0.31 million of population to
0.38 million. Population growth in areas of
Nyabugogo wetland catchments also increase
effects to water quality mainly waste generation
and later due to human activities water get polluted.

100.0

759

Target 2024 Target 2024

Figure 3.1: Urbanization rate in Nyabugogo wetland area 2017.

Source: NISR (EICV5 2016/17)

Source: Google Earth,2020

DOI: 10.35629/5252-040525522566 Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 2554



\ﬁf\ International Journal of Advances in Engineering and Management (IJAEM)
R

Volume 4, Issue 5 May 2022, pp: 2552-2566 www.ijaem.net [SSN: 2395-5252

As see from figure 3.2, Kigali city was
having different free places (unused) which has
plants, trees, and some of them were cultivated by
people. Urban planning (Kigali Master Plan) was
started in this period, where people prevented to
use land as they want except if they get approval of
the sector, district, or Kigali City authority (each
level is consulted based on the capacity of land user
need from small project to big project or based on
the project impact).

Source: (Google Earth, 2020)

The figure 3.3 explains well the changes
happened in Kigali for settlement and infrastructure
development. Kigali city is high rated changing
city for 5 years, beautiful infrastructure, planned
settlement, good buildings, water distribution
channels, waste collection centers and landfills
were developed. In Kigali city, the journey is still
long to achieve the category of city in middle
income countries as planned for 2030. It is in that
context in different areas of Kigali city activities
were separated, residential areas were separated
from industrial area, leisure area and all residents in
marchlands were removed. Different works are still
at initial stage, like construction of sufficient
residential and affordable houses, construction of
all connecting roads, construction in all places of
electricty  distribution  networks and  water
distribution networks are still have long way to
travel. As people move plants in favour of houses
and unfractured, they reduce the capacity of water

One may confirm that, in 2010 Kigali city
was with less infrastructure (roads, offices,
industries, etc.), less buildings, and less population
compared to 2020 population, but this population
were not organized in terms of habitation, most of
them were in high-risk zones around Nyabugogo
wetland catchments and they used to accumulate
wastes in the area. All these are the factors for poor
water quality observed in that period.

-
.

Figure 3.3: Land Cover of Kigali city in 2020

management. Construction of more houses also
lead to the accumulation of water which falls the
city dominated by hills to the Nyabugogo wetland
with all materials taken in the way. However,
Kigali of 2020 and today (2021) is being developed
with measures of waste management, rainwater
management, industries in one zone and separation
of zones by main activities (industries, business,
agriculture, sport, culture, etc.) all these are good
however some people remain not compromising to
the measures in place.

By 2020 the management of Kigali city has made
free area (removed all people and economic
activities) in wetland of Nyabugogo or other
wetland inside Kigali City. Infrastructure also was
measured through how GDP is increasing, however
the researcher failure to get disaggregated data on
GDP growth specific to Kigali city. GDP shows the
added values recorded per year.
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Figure 3.4: Growth of Rwanda GDP Per Capita 2015 to 2020.

As explained in the figure 3.4, GDP is the
main indicators for monitoring national economy
development and urbanization. However, GDP
growth or characteristics specific to Kigali City as
the area surrounding Nyabugogo wetland
catchments were not found separate, and they
include in the total nation’s compilations. Currently
an increase in GDP per capita mean changes in
living conditions of people.

Once income increase also people use
money to buy more items and have capacity to
replace goods or items at any time are not properly
or no longer useful. All these are waste increased.
In one way or another GDP growth also increase in
the proportion of waste generation and associated
poor management of waste also lead to
environmental pollution the case of Nyabugogo
wetland.

Table 3.2: Types of habitats (Imidugudu, etc.), by district (EICV5, EICV4).

Unplanned Unpla Smal
Isolated  nned Modern Total Nber

Year and Umudugud clustered |
s rural urban planned of HHs
District u rural - . settle

housi housing  housi area (000s)

ousing ng ment
EICV5 (2016/17)
Rwanda 58.9 6.5 16.8 14.2 0.7 2.8 2,708
LYATgeng g g 0.0 0.4 919 02 08 81
Gasabo 2.8 0.3 1.2 71.2 0.2 24.3 230
Kicukiro 4.8 0.0 0.2 79.7 0.4 14.9 98
EICV4 (2013/14)
Rwanda 49.2 8.7 25.6 12.8 2.2 1.6 2,493
L\'Var“ge“g 0.0 0.0 0.0 1000 00 0.0 73
Gasabo 4.1 4.4 26.8 62.0 0.2 2.5 147
Kicukiro 2.6 0.0 0.3 91.8 0.0 5.3 76

Source: (NISR, Household Living Condition Surveys (EICV2 2005/06; EICV2 2010/11; EICV4 2013/14 and

EICV5 2016/17, 2018)
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A seen from table 3.2, according to EICV
4 and EICV 5 as published by NISR (2018), from
2013/14 to 2016/17 people living in Umudugudu
were increased from 49.2% to 58.9% all over the
country. Unplanned housing rate in district or areas
of Kigali city remain high, where 14.2%
households in Rwanda live in unplanned urban
housing, 91.9% for Nyarugenge district, 71.2%
Gasabo and 79.7% in Kicukiro all information for

Image D Image E

the year 2016/17. This is the problem for
urbanization effects on water and other
environmental impacts. It is in that context some
people remain living in high-risk zone and
sometimes may lose their life mainly in rainy
seasons. Once people live in unplanned urban
housing area, also meaning that, there is
insufficient infrastructure and protection against
diseases is still at low level.

£
M LT T T
T

Image ¥

Figure 3.5: Floods caused by natural disasters in Nyabugogo wetland and catchments areas.

Source: (City of Kigali, 2020)

Figure 3.5 gives information on how
natural disasters affect people in Kigali city and
contribute to Wetland pollution a case of
Nyabugogo wetland. Image A shows how when it
is raining and wind moving building roofs
accumulate water and follow the hills to the down
relief. Down, there is image B, C and D showing
movement water after rainfall in downstream and
catchments of Nyabugogo (this every year cost
lives and assets of people and government). For
image E and F, shows how water accumulate waste
(all forms) to the Nyabugogo wetland. With
example to the car in Image E both engine and
fuels were taken water in Nyabugogo river,
however more waste remain in wetland for long

and others are taken by water till the main rives
(Nyabarongo).
3.2 Water quality of Nyabugogo wetland

For  dependent  variable  (wetland
pollution), water quality parameters such as pH,
Zinc, Cromium (cr6+), Total Suspended Solid
(TSS), Total Nitrogen (TN) and Total Phosphorus
(TP) were analyzed. In addition to water pollution
characteristics, the researcher also has assessed and
explored different areas where waste accumulated
alongside where Nyabugogo rive catchment meet
the main river and waste management
characteristics within the area of Nyabugogo
catchment.
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Table 3.3: Water management for households surrounding Nyabugogo catchments.

Total %  Type of rainwater catchment system

of HHs

with Total no.
Area/Years rainwater  Rainwater . Piped other  NO Total ~ of HHs

h - tank awa (in 000s)

arvesting y measure

system
EICV5 (2016/17)
Al 14.5 2.2 9.4 1.6 1.3 85.5 100 2,708
Rwanda
Nyarugenge 20.2 35 15.2 0.3 1.2 79.8 100 81
Gasabo 25.7 2.7 20.2 2.0 0.7 74.3 100 230
Kicukiro 49.7 8.7 33.9 6.7 0.5 50.3 100 98
EICV4 (2013/14)
Al 17.4 2.1 13.4 1.8 0.3 82.5 100 2,493
Rwanda
Nyarugenge 22.9 31 17.6 2.1 0.0 77.1 100 73
Gasabo 31.8 4.6 25.6 15 0.0 68.3 100 147
Kicukiro 53.7 5.5 41.8 6.4 0.0 46.3 100 76

Source: (NISR, Household Living Condition Survey, EICV5 2016/17, 2018)

Table 3.3 shows that, in area surrounding
Nyabugogo catchments only 20.2% managing
water from the roofs meaning that 79.8% leave
water cooling in the places to reach Nyabugogo
wetland from Nyarugenge, 74.3% in Gasabo and
50.3% in Kicukiro. Rainwater from rooftop can

wash different types of contaminants into the water
you collect (for example, bird poop on roof could
end up water barrel or tank). Rainwater can carry
bacteria, parasites, viruses, and chemicals that
could make you sick, and it has been linked to
disease outbreaks.

Table 3.4: Waste management facilities in households surrounding Nyabugogo wetland and its

catchments.
Publ
Throw o ibbish Smu e Incqlgn Total
Area/Year Compos n in - P Othe Nber of
collectio d in aged Burnt Total :
S t heap bushes . - HHs (in
[fields D service river refu 000s)
/lake se
area
EICV5 (2016/17)
All 42.5 46.5 8.3 0.2 2.0 0.1 0.4 100 2,708
Rwanda
e'\'yar”geng 12.7 29.2 55.7 09 15 00 00 100 81
Gasabo 14.9 37.3 43.4 0.8 2.8 0.1 0.6 100 230
Kicukiro 11.4 28.2 56.2 0.4 3.0 0.9 0.0 100 98
EICV4 (2013/14)
All 51.6 40.2 6.2 0.1 15 0.1 0.2 100 2,493
Rwanda
e'\'yarugeng 14.4 240 599 14 03 00 00 100 73
Gasabo 23.1 34.6 39.9 0.2 1.8 0.3 0.0 100 147
Kicukiro 21.7 29.4 46.5 0.0 0.7 0.0 1.8 100 76

Source: (NISR, Household Living Condition Survey, EICV5 2016/17, 2018)
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As mentioned in the contents of the study
topic, there is a need to assess the impact of
urbanization Wetland pollution a case of
Nyabugogo in Kigali city catchments. So that, here
the above table analyze and check if some waste
from Kigali households is well or poorly managed
so that, they can reach Nyabugogo wetland bed or
flow channel of the catchments or the river itself.
As seen from the table, it is clear that based on
recent data of EICV5, only 55.7% of households in
Nyarugenge deposing waste to rubbish collection
service, 43.4% in Gasabo and 56.2% in Kicukiro
all other households are deposing waste on
compost heap (12.7%, 14.9% and 11.4%
respectively), thrown in bushes/fields (29.2%,
37.3% and 28.2% respectively Nyarugenge,

Gasabo and Kicukiro), dumped in river/lake (0.9%,
0.8% and 0.4% respectively), publicly managed
refuse area (1.5%, 2.8% and 3% respectively),
burnt waste (0%, 0.1% and 0.9% respectively) and
0% in Nyarugenge, 0.6% in Gasabo and 0% in
Kicukiro are using other methods of waste
management not identified in the above categories
(see table 3.4).

Water samples have been collected in
Nyabugogo wetland then after analyzed in
laboratory located Research center for Natural
Resources and Environment located at UNILAK
Headquarter. Six parameters including pH, Zinc,
Cromium, Total Suspended Solid (TSS), Total
Nitrogen (TN) and Total Phosphorus have been
analyzed.

9
6.9 6.8 7.1 7.2 I

Nyabugogo Nyabugogo Nyabugogo Nyabugogo Standards
wetland center  wetland on side  wetland Gatsata wetland Gisozi
Catchment Catchment
Figure 3.6: pH

Source: Primary data, 2020

As seen from figure 3.6 for all 4 samples
taken of water taken from Nyabugogo wetland
catchments, pH tested results meet national
standards (means for all points of sample).
Currently the standards limit for wetland water
quality in Rwanda is ranged from 5.5 to 9 and the
lowest value for the samples taken is 6.8 while the
highest is 7.2 all less than 9 and greater than 5.5.
Once pH is too high or too low, the aquatic
organisms living may die. Currently pH shows the
acidity but is measuring the potential activity of
Hydrogen ions in the sample.

Laboratory test results for samples taken
in 2020 (taken and tested by the author) pH test
results are less than that observed by Omara T. &
Papias N., et al., (2019) for the sample taken in
December (pH was 8.2 with the sample taken at
Gitikinyoni) (Omara T. & Papias N., et al., 2019).
The primary data test results also are less than these
taken and tested by Rwanda Natural resources in
the study conducted 2018-2019 where phase one of
test taken November 2018 and the second was

made in February 2019. Respectively the pH test
results were 8.2 to 7.8 for samples taken at
Nyabugogo River downstream and 7.5 to 7.5 for
Nyabugogo River upstream (RNRA, 2019). It is
consistent that, from 2018 to 2020, pH contents of
Nyabugogo wetland remain in standard range not
less than 5.5 and not greater than 9.5. This also is
in range of WHO (World Health Organization),
standards which is ranged to 6.5-8.5 (WHO, 2019).
As seen from the assessment made by (Christian B.
et al, 2011) pH of Nyabugogo river was 7.02 as
resulted by the test made to water taken in
Nyabugogo swamp and for Nyabugogo river in the
same period pH was 6.82.

Meaning that from 2011 to 2019 the water
quality was changed however the changes were not
exceed the WHO organization limits or that of RSB
standard. Again by 2011 as reported by (Banadda
N. et al, 2011), Nyabugogo river water tests were
resulted pH which is between 7.04+0.69 and is in
range of the standards as include between 5.5 to 9
values. Nyabugogo wetland at Gitikinyoni was
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displayed in 2020 as the highest with pH from all
tests taken which is linked to the urbanization

0.02 0.01

Nyabugogo wetland Nyabugogo wetland Nyabugogo wetland Nvabugogo wetland
Gatsata Catchment  Gisozi Catchment

center on side

characters in the area where more households’
wastes are deposited in non-protected area.

n

0.03

Standards

Figure 3.7: Zinc (mg/l)

Source: Primary data, 2020

As seen from the figure 3.7, Zinc contents
in Nyabugogo wetland is in range of the standards
as all values for tests taken are less than 5mg/l.
They are also less than the value obtained
December 2019 (0.43 mg/l). This is significant
based on the change in season where the contents
quantity increases or reduce based on the season.
This again is in range of the range of WHO as
limited to 3mg/l (RNRA, 2019). In the test made by
(Banadda N. et al, 2011) Nyabugogo river water

0.06
0.05 0.042 0.042

b

(=]

Nyabugogo Nyabugogo

Nyabugogo

shown Zinc ranged 0.00+0.00 which also less than
the standard value but also less than the four tested
values in 2020. (Omara T. et al, 2019) tests shown
Zinc 0.43+0.058 which is always less than the
standard but greater than all values optioned by the
researcher. Meaning that, water quality of
Nyabugogo wetland were good from 2011 and later
by 2019 was somehow polluted and by 2020
quality was improved.

0.05

0.041
0.04
0.03
0.02
0.01

Nyabugogo Standards

wetland center  wetland on side  wetland Gatsata  wetland Gisozi

Catchment

Catchment

Figure 3.8: Cromium (mg/l)

Source: Primary data, 2020

In figure 3.8, sample tested results is in
range of RBS (Rwanda Bureau of Standards) and
were reduced from the sample taken in December
2019 (0.15mg/l) which was beyond RBS and WHO
standards (all fixed to 0.05mg/l). This shows that
from 2019 to 2020 chromium contents was varied
reducing, however also this may be affected by
seasons (RNRA, 2019). Nyabugogo wetland at
Gatsata was show high number of Cromium

compared to other catchments. As studied or tested
by (Banadda N. et al, 2011) Nyabugogo wetland
tested Cromium was (0.10+0.07) which shows a
level beyond the standard (poor quality) and this
was later improved to 2019 where tested Cromium
(Mg/l) 0.15£0.00 to 0.05 suggested by WHO
(Omara T. et al, 2019). All these values were
greatly but not strongly improved to 2020 where all
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values from 4 tests remain significant to the WHO standard.
50
8 - 17
— Co ]
Nyabugogo Nyabugogo Nyabugogo Nyabugogo Standards

wetland center wetland on side wetland Gatsata wetland Gisozi

Catchment

Catchment

Figure 3.9: Total Suspended Solid (mg/l)

Source: Primary data, 2020

With figure 3.9, total suspended Solid in
Nyabugogo wetland is changing over the season
where by November 2018 was 314mg/l to 168 mg/I
in February 2019 for samples taken at Nyabugogo
river downstream, was too much to the RBS
standards and again change for the samples taken at
Nyabugogo river upstream where by November
2018 TSS was 4mg/l and in February was 6mg/l
the later samples test results are in range of the
RBS standards. This is changing with seasons and
incremental factors.

n
n

During rainy seasons, water have capacity
of transporting materials to the downstream of river
and create high value of TSS in the wetland
(RNRA, 2019). The capacity of water for
transporting materials up to the downstream is
given by the quantity of water and the speed which
increased by the relief, or the accumulation of non-
roof captured water from buildings as well as roads
which are the main components of urbanization
also.

45.2
. 293 34.2 30
Nyabugogo Nyabugogo Nyabugogo Nyabugogo Standards
wetland cenfer  wetland onside  wetland Gatsata ~ wetland Gisozi
Catchment Catchment

Figure 3.10: Total Nitrogen (mg/l)

Source: Primary data, 2020

Reference to results in figure 3.10,
Nyabugogo Wetland is with higher total nitrogen
with a comparison to the RBS standards (results of
author’s sample tested 2020). However, this was
increased with a comparison to that obtained
December 2019 12.81mg/l. By November 2018 to
February 2019 TN test results shows that it was
6mg/l to 7.9mg/l for samples taken at Nyabugogo
river downstream and this changed to 5.1mg/l to
8.8mg/l for samples taken at Nyabugogo river
upstream. Both results strictly higher than WHO
limit which is 3mg/l (RNRA, 2019).

Total Nitrogen is an essential nutrient for
plants and animals. However, an excess amount of
nitrogen in a waterway may lead to low levels of
dissolved oxygen and negatively alter various plant
life and organisms. Sources of nitrogen include
wastewater treatment plants, runoff from fertilized
lawns and croplands, failing septic systems, runoff
from animal manure and storage areas, and
industrial discharges that contain corrosion
inhibitors. All these engines or sources TN contents
are mainly from urban areas. Nyabugogo wetland
catchment of Gatsata and that of center to Gisozi
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need improvement of the urbanization factors in the

rea as the total Nitrogen is higher than the standard.
(Omara T. et al, 2019) tests were shown TN (mg/l)

12.81+9.51 to 30.0 suggested by WHO for the test
taken at Nyabugogo river (Gitikinyoni side). This
was in range of standards.

5
0.19 034 0.18
e = [remm——
Nyabugogo Nyabugogo Nyabugogo Nyabugogo Standards
wetland center wetland on side wetland Gatsata wetland Gisozi
Catchment Catchment

Figure 3.11: Total Phosphorus (mg/l)

Source: Primary data, 2020

Learning from primary sampled test
results as shown in figure 3.11, Nyabugogo
wetland water are under the limit of RBS total
phosphorus standards (mg/l). The same good
quality was observed for the sample taken by
RNRA (2019) on Nyabugogo river downstream
where results show TP of 0.7mg/l by November

2018 and 0.8mg/l by February 2019 and good
results again were obtained by the same institution
at Nyabugogo upstream where results show
1.5mg/l by November 2018 and 1.4mg/l by
February 2019. This shows that from 2018 to 2020
Nyabugogo wetland water total phosphorus meets
the limit of RBS (RNRA, 2019).

B

Figure 3.12: Waste accumulated by Nyabugogo wetland catchments.

Source: Primary data, 2020
As observed from figure 3.12, image A
and B shows how water deposits waste in wetland

for Nyabugogo river. Waste deposited are these
from different sources either industry, service
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centers, in fields and some others from households
and these are the main factors for increasing
pollution level.

Based on the findings of the study
conducted by United Nations (2014), people and
their activities are the part of Wetland pollutants.
The sample example was taken to mining activities
in Nyabarongo river, Nyabugogo wetland water
polluted by the people dumping waste inside etc.
From this point, the study assessment has
confirmed that in Kigali city only average of 51.8%
households from three sampled districts paying
waste collection fees to consigned companies to
collect waste from their households all others are
not using this method which facilitate them to
ensure poor deposit of waste mainly in the areas to
be taken by rainwater and being deposited in
Nyabugogo wetland. In other case, this also was

confirmed by the extent to which, 80.9% urban
population in Rwanda are living unplanned urban
settlement. So that, they ensure contribution in
Wetland.

3.3 Relationship between urbanization and
Wetland Pollution

The test of relationship or correlation was
made with reference to the secondary collected
data. Independent variable (urbanization was
presented by the rate of urbanization counted for
Kigali city as an area of Nyabugogo wetland
catchments) and dependent variable was presented
by share of households who ensure poor domestic
(solid and wastewater) handling (it was assumed
that these are taken by rainwater to the Nyabugogo
wetland, or the processes is supported by other
means like small animals and people themselves:

Table 3.5: Test of correlation between urbanization and Wetland pollution

Correlations

Poor
|Urbanization growth household
waste
handling
Pearson Correlation 1 3717
|Urbanization growth Sig. (2-tailed) 081
N 2 2
Pearson Correlation 3717 1
\Wetland Pollution Sig. (2-tailed) 081
N 2 2

**_Correlation is significant at the 0.05 level (2-tailed).

Source: Statistical Analysis, 2020

With table 3.5, test of urbanization growth
with its correlation to share of households which
ensure poor waste handling in Kigali city areas of
Nyabugogo wetland catchments has resulted
Pearson correlation (r) which is equal to 0.371 and
p-value or Sig. (2-tailed) which is equal to 0.081. It
means that there is a positive correlation or
relationship between urbanization and Wetland
pollution however this correlation is not
statistically significant at 0.05 confidence interval.
P-value is greater than the level of significance
(p=0.081>0.05). Urbanization growth has 37.1%
contribution to wetland pollution as from our case,
it was assumed that poor waste handled contribute
to wetland pollution. However, this contribution is
limited to 37.1% meaning that remaining 62.9% of
wetland pollution could be delivered from other
factors not concerned by this study.

The correlation between urbanization and
wetland pollution is not statistically significant,
means that, it is not always positive for
urbanization growth and wetland pollution, well
implemented urbanization with proper measures of
environmental and waste management could not
lead to wetland pollution. With this regard the
researcher failure to confirm that the increasing
urbanization in Kigali city pollutes and degrades
the Nyabugogo wetland. It depends on how
urbanization  policies and  projects were
implemented.

V. CONCLUSION
The findings show that, Rwanda
urbanization rate is increasing from 2010 to 2020,
GDP also is increasing, population density also
increasing. However, housing characteristics are
not suitable to modern urbanization category as
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they do not have mechanism for rainwater
management (only 32.9% average for all three
districts have water catchment system), houses are
not deposing waste in proper landfills so that they
are taken by rainwater to the Nyabugogo wetland,
in other case more 80% of houses in urban area are
not respected modern urban planning scheme. The
assessment of water quality has been shown that
around 86% indicators (water quality contents) feet
the range of water quality RSB Standards in
Rwanda and only 14% beyond the range.

The test of correlation between

urbanization and Wetland pollution also has shown
that, there is positive but weak impact of
urbanization to Wetland a case of Nyabugogo
wetland and catchments. Urbanization impact
37.1% to Wetland pollution while remaining 62.9%
is signified by other factors not captured by this
study.
This impact between study variables is not
statistically significant, meaning that increasing
urbanization is not always increasing Wetland
pollution, so that it depends to the urbanization
process and quality of urbanization as well as
location of the urban area to the Wetland. In other
case, once urban planning is ensured, Wetland
pollution contributions will be reducing.

Based on the study findings, the quality of
Nyabugogo wetland is not good for use (drink,
cooking or washing cloths), we recommend
authority to protect their population against this use
with supply of good water. In other case, the
authority in charge of land management and
environment protection as well as urbanization,
they are encouraged to increase and supervise the
implementation of Kigali master plan. Create water
flow channels in hills landsides and encourage
people to handle waste properly. All activities also
in Nyabugogo marchland could be controlled.
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