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Abstract 

The study focused on the levels of pollution in industrial effluents discharged into the 
section of Ngong River flowing adjacent to Nairobi’s Industrial area and how this 
pollution affected the river pollution levels. The discharges did not contribute to thermal 
pollution. Except for one drain D2 which had an average pH of 9.7, all the other drains 
had effluents within the acceptable pH range of 6-9. With the exception of effluent from 
drain D3 which discharged at an average of 351mg/l BOD, all other effluents had levels 
lower than those of the river which ranged between 159 and 223mg/l. The levels were 
however higher than those recommended for discharge into surface waters [1]. COD 
levels in the discharges were excessively high at between 589 and 1777 mg O2/l. As a 
result of high BOD and COD pollution in the discharges, dissolved oxygen in the river 
was less than 3 mg/l. Apart from drains D3 and D4 which had above 244mg/l suspended 
solids, the effluents had lower levels than river water which had between 237 and 326 
mg/l. But the reverse was true for dissolved solids. Chlorides levels in the drains were 2-4 
times the level in the river. Apart from drain D1 which discharged high levels of total 
dissolved solids, calcium and magnesium hardness and significantly raised the river 
levels, the other 4 drains had lower or comparable levels with those for the river. Nitrates 
and phosphorus decreased down the river probably due to the wetland farming activities 
along the riverbanks. Metal working, metal finishing and paint manufacturing activities 
especially between Enterprise Road and Outer Ring Road bridges contributed to high 
levels of metal pollution especially with regard to iron, manganese, zinc, lead and 
chromium in both the effluents and river samples. For average chromium levels to be 
0.925 mg/l in drain D4, it implied that some industrial firms were discharging in excess 
of the recommended 1mg/l. Drains D3 and D4 discharged at an average of 2.2 and 
4.5mg/l respectively exceeding the recommended 1mg/l. 
 
Key words: Ngong River, Nairobi industrial area, river pollution, industrial effluents, organic 
pollution, heavy metal pollution. 
Introduction  
There are two forms of pollution control 
inventories: substance inventories 
relating to use, risks and marketing of 
specific substances and the pollution 
discharge inventory which quantifies 
pollution discharging to a particular 
watercourse. Pollution discharge 
inventory refers to the knowledge of the 
source and type of pollution and is 
necessary for the purposes of identifying 
the need for pollution control, assisting 

pollution control regulators and 
assessing the necessity to make changes 
in legislative provisions [1].  
Pollution into an aquatic environment 
may result from point sources or diffuse 
(non-point) sources. A point source is a 
pollution input that can be related to a 
single outlet. Disposal of untreated or 
inadequately treated sewage is probably 
the major point source to the world’s 
waters. Industrial effluents are other 
point sources. Point sources are 
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identifiable and can be monitored. 
Pollution control for point sources 
include end-of-pipe controls and process 
controls. The former controls what is to 
be released from a discharge point while 
in the latter, control starts at the 
industrial process level with the aim of 
minimization of effluents using the best 
applicable techniques. 
Before the enactment of Environmental 
Management and Co-ordination Act 
(EMCA) in 1999, Kenya’s 
environmental laws had been sectoral 
[2]. Therefore, enforcement faced 
serious difficulties due to multimedia 
transfer of pollution from one medium to 
another, for example when pollutants in 
dumped solid waste find their way into 
ground water. EMCA is a basic 
framework law that deals with pollution 
control among other environmental 
issues. One of the principles of 
environmental pollution control is the 
establishment of environmental 
standards. In the case of water pollution, 
the standards include effluent discharge 
and water quality standards for water 
bodies such as rivers and lakes. Attempts 
have been made to develop Kenya 
standards for effluent discharge but so 
far, no standards have been gazetted into 
law [3]. Proposals are taken as 
guidelines and they lack effective 
enforcement capabilities [4]. One of the 
reasons facing standard development has 
been lack of baseline data reflective of 
Kenya’s technological standards and 
economic activities. 
Industrialization and rapid population 
growth have created major 
environmental problems in Nairobi. 
Pollution of rivers passing through the 
city has been of great concern to both the 

residents and authorities [5]. Ngong 
River is one of the rivers that pass 
through the city for a distance of 28km, 
10km of which is through the main 
industrial area [6]. Before passing 
through the industrial area, the river 
passes through one of the largest slums 
in Africa, i.e. the Kibera Slums, which 
discharge its raw domestic and 
commercial waste into the river. This 
has resulted in the entire coverage of 
Nairobi Dam with water hyacinth. 
Adjacent to the industrial area are other 
slums that pollute in a similar manner.  
This study was conducted to establish 
how industrial effluents discharged into 
the river via identifiable drains affected 
the Ngong River pollution levels and 
thus provide baseline data on various 
parameters for use by relevant 
authorities in standards development and 
for periodically monitoring of the Ngong 
River pollution. We have also proposed 
process technologies in the paint and 
metal finishing industries that mitigate 
against some heavy metal pollution.  
Experimental 
The study area was selected to coincide 
with where industrial pollution was 
evident [6]. 
This was between Magoini, Fuata Nyayo 
slums and Outer Ring Road, a distance 
of 14 km. The discharge points of all the 
large drains were selected as sampling 
points. The river sampling points were 
located as shown in table 1. Although 
the intention was to locate these points 
as close as possible to the downstream 
side of the discharge points, accessing 
the river in some areas was difficult. The 
distances shown were calculated from 
the scaled map of Nairobi’s Industrial 
Area as shown in Figure 1. 

 
 
 
 



International Journal of BioChemiPhysics, Vol 17, No. 1 May 2009 
 

International Journal of BioChemiPhysics, Vol 17, No. 1 May 2009 
 

3 

Table 1: Selected sampling points (Rs) along Ngong River. 
Point   Distance, m  
Reference  0  The Bridge next to The Mater Hospital: 

Description 

R1   350  Near Kenya Commercial Bank Building 
R2    760  Near Kenya Wines Agency 
R3   1950  Enterprise Road Bridge 
R4   2400  Lunga Lunga slums 
R5   3600  Outer Ring Road Bridge 

 
Figure1: Map of a cross-section of Nairobi’s Industrial Area.   
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The details of the drains sampling points (Ds) are shown in table 2. 
 
Table 1: Selected drains sampling points (Ds) along Ngong River. 
 
   Distance, m 
Reference  0   - 

Drain diameter, m 

D1   400  1   
D2   790  0.5   
D3   2120  1  
D4   2700  1   
D5   3420  0.5     
Depending on the parameter to be 
analysed, the size of water samples 
ranged from 250ml to 1 litre.  A day 
before each sampling, the polyethylene 
sample containers were thoroughly 
washed, soaked in chromic acid and then 
rinsed with distilled water. Samples for 
elemental analysis were adjusted to pH 2 
with nitric acid. Samples were 
transported to the laboratory and 
immediately stored in the refrigerator. 
Temperature and dissolved oxygen (DO) 
were measured at site using respectively, 
a mercury thermometer with an accuracy 
of ±0.05oC and a digital dissolved 
oxygen meter having an accuracy of 
±0.05 [6].  All the other measurements 
were made in the laboratory. Sample pH 
was obtained using a reference glass 
electrode that had an accuracy of ±0.1. 
The 5-day biochemical oxygen demand 
(BOD) was determined as the difference 
between the initial dissolved oxygen and 
that remaining after incubating the 
sample in the dark for 5 days at 20 0C. 
The chemical oxygen demand (COD) 
was obtained by refluxing a mixture of 
20ml of sample (or sample diluted with 
distilled water to 20ml), 10ml standard 
potassium dichromate and 15ml 
concentrated sulphuric acid for 2 hours 
according to the following equation: 
K2Cr2O7 + 4H2SO4               K2SO4 + 
Cr(SO4)3 + 4H2O + 3O. 
After the organic matter was thus 
oxidized by the generated oxygen, the 

resulting mixture was titrated using 
ferrous ammonium sulphate and ferroin 
indicator. The end point was the first 
sharp colour change from blue-green to 
reddish brown. The level of dissolved 
solids was measured by first filtering the 
water in a diatomaceous earth filter. 
100ml of filtered water was then placed 
in a previously weighed and dried 
crucible and dried to constant weight to 
obtain the dissolved solids. The 
concentration of chlorides was measured 
using the Volhard method [7]. Nitrates 
were determined using the Brucine 
method [7] and a Perkin Elmer 
spectrophotometer. A Pye-Unicam SP-
150 spectrophotometer was used for 
calorimetric determination of 
phosphates. To determine corrosion, 
uniformly cut iron sheets were immersed 
in water for one week. (Trial runs had 
indicated that significant values of 
corrosivity were obtainable in 1 week). 
The sheets were then dipped in a mixture 
of stannous chloride and 3M HCl after 
which they were cleaned with zero 
number sand paper and weighed. A 
turbidimeter with an accuracy of ±0.5 
NTU was used to measure turbidity. 
Total hardness was measured by titrating 
a mixture of a 100ml sample and 1 ml 
buffer solution with EDTA using total 
hardness indicator tablets to a colour 
change from red to blue. Calcium 
hardness was determined by boiling 
50ml sample followed by cooling and 
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adding 2ml 1N NaOH. A calcium 
indicator tablet (Calmagite) was 
dissolved in the mixture and the solution 
titrated using magnesium-free N/50 
EDTA until the colour changed from 
wine red to blue. The difference between 
the two gave the magnesium hardness. 
For elemental analysis, concentrated 
nitric acid was used to digest the 
samples. The metals were then 
determined using AA-680 atomic 
absorption spectrophotometer with direct 
air-acetylene flame. The 
spectrophotometer was equipped with a 

cathode ray tube display and graphic 
printer. The calibration for each metal 
was carried out using serial dilutions of 
previously prepared 100μg metal/ml 
stock solution.  The calibration standard 
solutions were between 1 and 6 ppm Cr, 
Cu, Fe, Mn and Pb. Zinc calibration 
standard solutions were between 0.5 and 
3 ppm.  
 
Results and Discussion 
The magnitude of each of the measured 
parameters depended on the location of 
the sampling points (table 3).  

Table 3: Mean Pollution levels for the Ngong River Samples. 
Parameter R1 R2 R3 R4 R5 Class I 

[1] 
Class III 
[1] 

T, 0C 21.56 21.47 21.57 21.47 21.33   

 pH   7.88 7.44 7.28 7.38 7.44 9.0-6.5 6.3-6.0 

DO, mg/l 2 2.83 2.13 2.1 2.46 >7 7-6 

BOD, mg O2/l 222.86 165.71 159.14 165.28 168.57   

COD, mg O2/l 1377 722.14 802.86 769.86 1536.29   

Turbidity, NTU  units 129.14 98.43 90.43 92 83.57   

Suspended solids, mg/l 274.28 234.86 326.28 284.28 226.57   

Dissolved solids, mg/l 651.43 377.71 440 483.43 484.28   

Chlorides, mg/l 57.43 50.14 53.57 71.71 53.29   

Nitrates, mg/l 1.83 2.31 1.39 1.08 0.98 <0.3 (as 
N) 

0.75-1.5  

Total phosphates, mg/l 2.91 1.98 1.79 1.14 0.84 <0.015 
(as P) 

0.040-
0.075  

Total hardness, mg/l 180.14 169.43 171 155.28 167.86   

Calcium hardness, mg/l 70.14 73 63.14 63.14 74.28   

Magnesium hardness, 
mg/l 

20.81 23.51 26.28 22.61 22.7   

Chromium, mg/l 0.006 0.004 0.017 0.039 0.013 <0.001 0.006-
0.01 

Copper, mg/l 0.027 0.021 0.024 0.024 0.017 <0.002 0.007-
0.012 

Iron, mg/l 2 2.34 7.06 11.16 5.37   

Manganese, mg/l 1.36 1.77 2.11 1.97 1.96   

Lead, mg/l 0.11 0.09 0.15 0.12 0.107 .000003  0.0016-
0.0032  
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Zinc, mg/l 0.38 0.27 0.33 0.82 0.57 <0.045  0.77-1.1  
Corrosivity, % 10.34 9.44 9.43 10.06 10.01   
Note: 
Class I: Water for use as drinking water source without conventional treatment but after 
disinfection. 
Class II: Water for use as drinking water source with conventional treatment followed by 
disinfection [1]. 
 
The mean temperature of the river 
throughout the study area and period was 
21.5 0C. However, the mean 
temperatures of R1, R2, R3, R4 and R5 
were more or less the same with 
downstream R4 and R5 having lower 
means. This was in spite of drains’ 
temperatures having a mean of 24.5 0C. 
This implied that Ngong River was not 
thermally polluted and the temperature 
effects due to discharges were both local 
and temporary. The air temperatures 
were lower than the river temperatures 
as shown in Figure 2 and the river 

temperature was largely dependent on 
the heat exchange between the water and 
the atmospheric air. The largely diatomic 
and monoatomic atmospheric gases are 
transparent to thermal radiation. The 
river water is heated by the radiation and 
the heat transferred by convection to the 
colder air immediately above the ground. 
Thermodynamically, the heat source is at 
a higher temperature than the target. 
The average river pH, also shown in 
Figure 2, varied between 7.32 and 7.72 
during the seven- month study period. 

0

5

10

15

20

25

0 2 4 6 8

Month

pH
, T

em
pe

ra
tu

re
 (d

eg
re

es
 

C
en

tig
ra

de
) River temperatures

Atmospheric
temperatures
pH

 
 
Figure 2: Average atmospheric temperature, river temperature and pH for 7 consecutive 
months, between December and June. 
 
The pH was slightly alkaline at entry 
with a mean of 7.9 which decreased to a 
mean of 7.44 at the last sampling point 

R5. For any kind of open natural water 
system, the pH varies from 5.5 to 10.5 
[8]. Discharges into the river had mean 
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pH ranging from 6.34 to 9.77. These 
values slightly deviated from the 
recommended discharge pH range of 6 
to 9 [1]. Drain D2 consistently 
discharged at pH above the above 9.77, 
suggesting that urgent remedial 
measures needs to be undertaken.  
DO levels were low at between 0.6 to 2 
mg/l in the hot and dry months of 
December, January and February (figure 

3). The low levels of DO were 
characterized by bad odours at the 
sampling point due to the prevailing 
anaerobic conditions. The levels 
increased in the rainy months of March 
to June. The mean for April, May and 
June was above 2mg/l. The increase was 
attributed to dilution and turbulence 
brought about by the storm water. 
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Figure 3: Mean BOD, COD, suspended and dissolved solids along Ngong River. 
 
Ngong River was observed to have high 
levels of BOD. Interestingly, the 
industrial effluents within the study area 
did not contribute to cumulative increase 
in BOD downstream. Rather due to 
dilution factor by drainage effluents, the 
river BOD decreased downstream from a 
mean of 222.9 ml/l at entry to a mean of 
168.6 ml/l at exit. It was therefore 

evident that Kibera slums upstream of 
the study area contributed more to the 
organic pollution of Ngong River than 
the industrial activities. However, there 
were industrial polluters discharging 
effluents above the proposed permissible 
BOD levels of 20 mgO2/l, via all the five 
drains, as shown in Table 4 [1].  

 
Table 4: Mean Drainage Pollution Levels. 
Parameter D1 D2 D3 D4 D5 Nigeria 

guidelines 
[1] 

T, oC 24.58 22.83 25.12 24.25 22.33 40 
 pH   7.8 9.77 8.45 6.34 8.08 6-9 
BOD, mg O2/l 136.7 138.33 350.83 199.16 105.17 50 
COD, mg O2/l 618.83 587.83 1776.7 1365.5 658.83  
Turbidity, NTU units 80.67 134 113.16 245 36  
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Suspended solids, 
mg/l 

136.33 177.33 244.33 322 123.67 30 

Dissolved solids, 
mg/l 

739.67 1574.67 1755 1550 468.83 2000 

Chlorides, mg/l 125.67 96.33 177.33 239.83 99.85 600 
Total hardness, mg/l 249.67 72.17 163.83 165.17 88.17  
Calcium hardness, 
mg/l 

138.5 33 89.33 51.67 43.67 200 

Magnesium hardness, 
mg/l 

26.97 9.48 18.1 27.58 10.78 200 

Chromium, mg/l 0.016 0.015 0.033 0.925 0.015 <1 (total) 
Copper, mg/l 0.04 0.025 0.142 0.032 0.022 <1 
Iron, mg/l 1.31 1 7.24 14.12 4.14 20 
Manganese, mg/l 0.67 0.5 0.87 2.77 0.915 <5 
Lead, mg/l 0.12 0.42 0.755 0.37 0.16 <1 
Zinc, mg/l 0.18 0.28 2.17 4.47 0.72 <1 
 
The river COD varied from 500 to 
200mg/l. Low levels were observed 
between the rainy months of March, 
April and May. Again as for BOD, all 
five drains violated the proposed 
discharge limits of 50 mgO2/l [1]. Mean 
suspended solids ranged between 22.6 
and 284.3 mg/l. There were seasonal 
variations with the dry months having 
higher suspended matter than wet 
months. This was contrary to what one 
would expect for a river flowing in the 
Kenyan countryside whereby the water 
is fairly clear during the dry months and 
brown during the rains. As there is no 
municipal sewage system serving Kibera 
slums, residents routinely discharge 
solids into open sewers which then 
discharge into Ngong River. Suspended 
solids emanating from the slum area 
therefore include faecal matter. In the 
absence of dilution by storm water, the 
levels of suspended solids were therefore 
bound to be high during dry months. 
The mean levels of suspended solids for 
the industrial drains ranged between 
123.7 and 322.0mg/l and they were in 
the order of magnitude of the river 
samples. The data indicated that some 

industrial firms in the area were not pre-
treating their waste with respect to this 
parameter. It was also noted that high 
levels of suspended solids corresponded 
to high BOD levels. 
There was a reduction in dissolved solids 
down the river from a mean entry level 
of 651.4 to 484.3 mg/l. Maximum 
permissible levels for drinking water is 
500mg/l [9]. All the drains had high 
mean levels ranging from 468.8 to 1755 
mg/l. Thus, the river dissolved solids 
levels did not drop because of dilution 
from the drains discharges. From Table 
4, one can see a relationship between 
dissolved solids and chlorides, nitrates 
and phosphorus all of which decreased 
down the river. We suspected that 
eutrophication and / or farming activities 
down the river course could have been 
responsible for the consumption of these 
dissolved nutrients.  
Lead, chromium, iron and zinc 
concentrations were observed to increase 
downstream especially around discharge 
points D3 and D4 located at 2120 and 
2700m along the river respectively 
(Figures 4 and 5). Zinc levels were 
consistently high in drainages D3, D4 
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and D5 as can be seen from Table 2 and 
Figure 4. Iron was also quite high in the 
same drainages, D3-D5. While river 
water was found to be still suitable for 

irrigation purposes with regard to metal 
pollution, the river was nevertheless not 
suitable as a source of drinking water 
[9]. 
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Figure 4: Variation of chromium, copper, lead and zinc down the Ngong River. 
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Figure5: Metal discharge levels down Ngong River. 
 
Paint manufacturing, electroplating, 
metal galvanizing and other metal 

finishing activities were believed to be 
responsible for the presence of heavy 
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metals in both the drainage and the river 
samples. Following production of either 
solvent or water-based paint, 
considerable waste remains fixed to the 
sides of preparation tanks. The three 
commonly used cleaning methods in 
paint manufacturing include solvent 
cleaning for solvent based paints, caustic 
washing for either solvent or water based 
paints and water washing for water 
based paints [10,11]. Equipment 
cleaning generates most of the waste 
associated with paint manufacturing. 
Pollution control measures that may be 
taken in the paint industry include the 
reduction of both residual paint in 
apparatus and the need for cleaning, as 
well as promoting the re-use of cleaning 
solutions.  
Hot-dip galvanizing of construction parts 
such as plates, pipes, wires, poles, steel 
structures as well as small components 
result in emissions of zinc fumes and 
zinc compounds such as zinc chloride 
and zinc ammonium chloride. These 
fugitive emissions find their way into 
roof tops from where they are carried 
into the river via storm water. A viable 
solution is the installation of cost-
effective storm water cartridge filters in 
existing gutters and downspout systems 
[12]. 
Electrolytic hard chrome plating uses 
hexavalent chromium, a known 
carcinogen. The potential replacement 
for this hazardous technology is the use 
of high velocity oxygen fuel (HVOF) 
spray to coat a surface with ceramic–
metal or oxidation resistant alloys [13]. 
Industrial effluent containing metal ions 
can be treated using biosorption 
technology. Alkali-extracted mycelial 
biomass has been used successfully as 
biosorbent for removal of toxic metals 
such as zinc and chromium from battery 
manufacturing and electroplating 

industry [14]. It is also important to 
consider the use of certain plants for 
phytomining of heavy metal 
contaminated environment [15,16]. 
People who would like to use water from 
Ngong River are limited by its quality. 
Any effort to establish its water quality 
criteria would have to consider the down 
stream use of the water as source for 
drinking water supply, livestock 
watering, irrigation, amenity and 
protection of aquatic life. The restoration 
of Nairobi Dam for recreational purpose 
is another consideration [17]. This then 
requires the setting of water quality 
standards that limit the level of 
contaminants that find their way into the 
river. Subsequently, Nairobi City 
Council should track the individual 
polluters and institute measures to 
minimize these discharges to as close as 
possible to international standards. If 
permanent sampling points were 
established, regular and random 
sampling could be carried out by the 
Nairobi City Council and offenders 
charged accordingly. Polluting industries 
should be connected to the sewer line so 
that only storm water runs into the 
drainages. Pre-treatment methods should 
be applied by industries before 
discharging effluent into the sewer or 
any authorized water body. This will 
ease pollution load at the treatment 
works. 
The National Environmental 
Management Authority (NEMA) has a 
role to play in pollution minimization 
through process control. During 
environmental impact assessment and 
environmental audits, NEMA has access 
to basic details of manufacturing 
processes and the levels of polluting 
substances inventories. Issuance of 
project approval, business and discharge 
licenses for industries located in the 
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Nairobi Industrial area should be based 
on demonstration of best practices by 
these industries. 
Conclusion  
Ngong River was found to be heavily 
polluted with respect to organic 
pollution as demonstrated by low 
dissolved oxygen levels of less than 
3mg/l compared to a desirable level of 
above 7mg/l. Industrial effluents had 
high BOD and COD levels. The nitrates 
and phosphates were also at high levels 
and this could cause eutrophication in 
sections of the river where flow rates 
may be low. However, the levels of 
these nutrients were found to decrease 
down the river. High levels of 
chromium, copper and lead in the river 
made it unsuitable as a source of 
drinking water within the study area. 
Industrial effluents were major 
contributors to the high level of heavy 
metal pollution in the river. To improve 
the quality of Ngong River water, 
Nairobi City Council, NEMA and 
individual manufacturing firms all have 
roles to play. 
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