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ABSTRACT

Ngong River, a tributary of Nairobi River in the @l City of Nairobi in Kenya, was assessed foahemetal
and their species using atomic absorption speapms(AAS) and the Joint Expert Speciation SysteESS8) a computer

program for equilibrium calculations. Six samplipgints in the middle stream of Ngong River.

Physico-chemical parameters were analyissidu while grab samples were analysed for seven matalstheir
species were predicted using JESS.The samplesHhadlpes of about 7.5, except for sample no.3 whédorded a pH
value of 8.3. Of the seven analyzed ions, the mbshdant metal was iron with an concentration 56 éng/L while some

of the metals were below the detection limits imsssampling points.

The concentrations of the heavy metals were usewnstruct a speciation predicting model of the iNgaiver
using the JESS. Using this model, the major spésiemst of the samples were predicted to be [C)PH [Fe(OH)]*",
[Zn4(OH)]*, Mn?* Cf*, [Phy(OH)** and [Cu(OH)4?* for Chromium, iron, zinc, manganese, cadmium, kad copper
respectively. It is also clear that some ions werend in labile state for example ZnMn?*, and Cd', states that are
considered to be more toxic than their combinetésta situation rendering the Ngong river watesuitable for domestic

use.
KEYWORDS: Ngong River Pollution, Heavy Metal, Speciation, JESS

INTRODUCTION

Nairobi, the capital city of Kenya, is home to wars multinational companies and organizations oy the
United Nations Environmental Programme (UNEP) hestgus. It is a fast-growing industrial town andisrently ranked

as the 13th largest city in Africa, based on pajpateand fourth largest in infrastructure developirend size.

Ngong River a tributary of Nairobi River passesthgh the industrial area of the city. In the e@@’ Century,
the Nairobi River supplied fresh water to the inkeaits of the town. Over time, however, due to stdal and population
growth and lack of equivalent infrastructural growall that remains of a larger part of the rives foul — smelling and

dark coloured water streams.
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Figure 1: Section of Ngong River at Sampling PoinNo. 5

According to the Global Environment Assessment Rei in developing countries, untreated watethis most
commonly-encountered health threat and causes a2®000 deaths per day due to water-borne disedasobi
residents have felt the impact of the degeneratibthe Nairobi River through water borne diseasashsa cholera,
and general decrease in the city’s social and enandecline. Studies by Keraka and Wamicha in 2idd&ated that in
two weeks 12.9% of children living in slums adjaicém the Nairobi River are prone to diarrhoea, @46 develop
diarrhoea with blood [2]. A mortality rate of 66.1€kildren under five years has been reported [Bgr&, however, are
other less obvious effects of water pollution sashthose caused by short or long term exposurexio substances.
These may cause more harm as they are subtle ffdf@@semore long term and the cure more difficoltadminister.

Heavy metals are one such possibility.

Metal ions are expected to be in effluents fronmustdes due to their various uses in such actwitie stainless
steel formulations [4], use in batteries [5], amdirosion agents [6], as coloring elements [7]algais [8], piping

and electrical applications among others.

Heavy metals in excess are known to be harmfulvind systems, for example high levels of heavyatseare
known to be toxic [9] and affect systems in the ypdd0]. They also cause kidney problems [11, 1Zizwres,
coma and death [13], affect reproductive and foké&allth [14], cause learning disabilities, weighdd, and growth and
hearing problems [15].

It is also known that some specific compounds opaaticular substance may be more toxic than others.
For example permanganate exhibits a higher toxtbiy the manganese (1) compounds [16]. The figeian in solution
is highly toxic to plants, invertebrates, and ewventebrate fish [17, 18]. Trivalent chromium {Qr in trace amounts,
is essential in humans, and its deficiency is suspeto cause a disease called chromium deficigh6y, while,
hexavalent chromium (Cr(V1) or &) is very toxic and mutagenic when inhaled,[20] @tbxic and may be carcinogenic

due to its oxidizing potential and easy permeatibbiological membranef21]

Knowledge of the total concentration and speciatibheavy metal ions would be advantageous in &skétg
the risk factor posed by their presence. It mayg aksist in identification of point sources andstbontribute greatly to its
subsequent minimization or elimination of pollumniThus, in addition to monitoring specific heavietais, their
speciation studies may be necessary. This is madseilje by computational programmes such as thet oipert
Speciation System (JESS)
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Computational methods have been utilized for eopiilim calculations and the determination of equiilitn
constants since the early 1960s [21, 22]. Wherdlasr programs like SYCHEM [23], DENDRAL [24], GEO@&M¥
[25, 26], MINEQL [27], PHREEQE [28], EQ3/6 [29], EXLES [30] exist, users have encountered difficaltieich as
technical obstacles in preparing input data, a$ asetifficulty in obtaining reliable thermodynantdata. Work on JESS
began in 1985 [31] and attempted to solve soméexfd difficulties primarily by accumulating critijaselected data into
a unified primary source, finding ways of estimgtinnmeasured equilibrium constants and encouragifggmed
feedback (making the program amenable to chang@&)gwa collection of a number of computer prograather than a
single one. In JESS, a model is set up by feediaghalytical data into the database together thhighrequired conditions
of concentration, temperature, pressure, ionimgtreand pH. Various equilibrium calculations tghkace before the final

output.

Cleaning up the Nairobi River has become an urtesk and has been given due priority by the Govemirof
Kenya. UNEP, United Nations Habitat (UNHabitat),itdd Nations Development Progarm (UNDP) in conjuctwith the
government have already gone through three phasiairobi River clean up, through the Nairobi RiBasin Program
(NRBP). The National Environmetal Management AuitigofNEMA) have also attempted to tackle the matW&hereas
cleaning up the river would do the city a lot ofodp monitoring of pollutants, thus knowledge acclatian of the nature
and concentrations of the pollutants as well asngetip systems to contain the pollutants befoeg thre deposited into

the water system would solve this problem in theglterm.

Heavy metal ions have been known to exist in Ngdriger, but speciation of the same has not beetiecaout.
In this study, analysis of some heavy metals ahtsoalong the Ngong’ River have been performedgusie Atomic

Absorption Spectrometry, and speciation of the sassessed using the Joint Expert Speciation SySESS).
EXPERIMENTAL SECTION

Six sampling points, along 1.8 km of the Ngong Riwere identified and mapped. This is section thais
through the city’s industrial area. Sampling Poioie® and two are located just before the river trethe industrial area.
These may be said to be the control points befweriver gets polluted by the industrial waste. Blenpoints number
three, four and five were in the middle sectionhaf industrial area, while sampling point numberisilocated just after

the industrial area. An overview of the pointsssshown in the map (figure 2) below:
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Figure 2: Map of Nairobi River Basin and Neighbouring Provinces
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Sampling was carried out in the dry months of tharysignifying the dry season. Water samples witained in
1- Litre plastic containers, previously rinsed widhute hydrochloric acid (BDH chemicals), thorolglwashed with
detergent and eventually rinsed with distilled wateminimise contamination and ensure reliabitifydata. Heavy metals
were analysed using an atomic absorption specttopieier of the type Shimadzu AA-6300 at appropnedeelengths.

The samples were digested using the method dedagibewhere [32].

The JESS model was created using data obtained #&8 together with other measured parameters,
at a temperature of 25 and at the pH values obtained for the variousmsamples (table 2). This were fed into the JESS

(v 7.3) program, simulations done and the speaiatsults obtained
RESULTS AND DISCUSSIONS
Table 1 below shows the data obtained from AAS;

Table 1: Concentrations of Heavy Metals in Ngong Rer

Concentration (Mg/L) In Sample Points
Metal | Who(Mg/L) 1 > 3 2 5 3

Cr 0.05 ND ND | 0.041] 0.02f ND| 0.577
Fe * 1512| 0.989 0.760 1.819 4.0%3 6.559
Zn 4* 0.061| 0.045] 0.036 0.831 0.691 1.0p5
Mn 0.4 3.410| 3.164 1.696 1.494 2.104 2.247
Cd 0.003 ND ND ND ND ND | 0.00Z
Pb 0.01 0.063 0.002 0.072 0.022 0.059 0.233
Cu 2 0.003] ND ND | 0.033 0.049 0.104
Ni 0.07 ND | 0.020| 0.049 ND ND| 0.019

* No guidelines for drinkingater, but above the indicated thresholds thereiapéeasant
characteristi&e colour, bad taste, slimy feel, and stainsaumdry and plumbing features.

Table 2: Conductivity and Ph

Sample No.| Conductivity(Ms) | Ph | Bod(Mg/L) | Cod(Mg/L)
1 0.600 7.5 150 50
2 0.628 7.3 150 50
3 0.493 8.3 150 75
4 0.586 7.4 200 100
5 0.603 7.3 300 175
6 0.888 7.0 375 200

It is worth noting that the concentration of leaghn and manganese were found to be high in moghef
sampling points. This is matter of great concemtlie people living at the river banks, for examghle slum, and may be
tempted to use the water for domestic purposes.hidgte concentration of iron, highly colours the eratind may stain
laundry, corrode pipes (due to rust) and causeiditybin the water; forcing the users to use a dbtdetergent,

which is expensive to an already economically s&dipopulace.
RESULTS FROM JESS

The JESS programme was ran on the heavy metal mtwatiens using pH as corroborated by Korfali ancdd
[31]. The heavy metals that were not detected (WEre estimated to be 1.0 x 1fhg/l. The rationale being that, different

species were observed along the water course, lleadmavy metals were present in very low coneéiofrs.



Speciation of Some Heavy Metals in Ngong River ugirthe Joint Expert Speciation System (JESS) 63

Lead
150 -
[Ph3(OH)5]+1
D
2 100 ¥ Ph2+
M
©
< B [Ph4(OH)4}+4
-3 50 -
o B [Ph3(0OH)4]+2
0 I M [Ph3(0H)3]+3
» D O D O e
O O B0
Sampling point

Figure 2: Speciation of the Lead in Ngong’ River

Lead concentrations in all sampling points was &tm be considerably higher than the WHO'’s reconueen
0.01 mg/L value. This impllied that the people wise the water are predisposed to lead poisoninged®eh shows that
exposure of children to high levels of lead maysealearning disability.

In terms of speciation, lead was predicted to vadently in oxidation state two and of the hyddexispecies.
Free lead ion (PB) was predicted to be present in Sample Points ® 4anThe univalent lead hydroxide complex
([Pby(OH)s]™* was predicted to be only present in Sample Pajrtie8ause this ion is only stable under slightlgiba
conditions as in this case where the water is (@ Bhis corroborates with the UNEP findings [33]iethreported that at
higher pH, lead forms hydroxide complexes i.e, {BH),]*>. The predominant lead species in Sampling Poin&dnd 6
were predicted to be the tetravalent lead hydrosjuiecies [PHOH),]** while that for Sampling Points 2, 4 and 5 were
predicted to be the trivalent [RH)s]**. This is most probably due to the fact that thacemtration of lead ion in the
Sampling Points 1, 3 and 6 were considerably highempared to Sampling Points 2, 4 and 5.
Zinc

The total zinc concentration in Ngong'’ river wapaged to be lower than the WHO allowable valuel ahg/L.
The amounts, however, varied from one samplingtpoiranother, for example the concentration is éggtat Sampling
Point 6, most probably due to a point source atritiastrial area. The relatively high level of zincSampling Pointl may
be due to dwellings made of corrugated iron sheeisttucted close to the river bank. Increase inrpaly trigger
precipitation of zinc compounds, since zinc hyddes and zinc sulphates dominate [34] and therdé&s® zinc to be
detected in the water. However, when the pH reduttedspeciation of zinc was altered and the zomopexes therein
formed became more soluble thereby increasing ezoncentration in water after Sampling Point 3. Th&al zinc

concentration increased from Sampling Points 4.to 6
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Figure 3: Speciation of Zinc in Ngong’ River
Zinc was predicted to be predominantly in oxidatatate Il, which supports the observation by Peirand
Harwood (1993) [35] with zinc hydroxide complexasddaraces of the chromate ion in Zn (GyCan indication of the
presence of chromium (VI) ions. The free zinc iorf’Zwas also predicted to be present in substantiahtiies.
This should serve as a warning to the people usiisgvater for domestic purposes and for aquatitesys since free zinc

ion is found to be particularly toxic.

Nickel

The total nickel concentrations in all the SamplPgjnts were lower than the WHO allowed value @&7@ag/|

(Table 1). There was an increase in the total hictiecentration at Sampling Points 2 and 3.

100% -
80% -
Q
c
@ 60% - .
2 H Ni(CrO4)
>3
< 40% - [Ni4(OH)4]+4
& B [Ni(OH)J+1
20% -
B Ni2+
O% 1 1 1 1 1 1
AP(1) NW(2) 1CC(3) MT(4) TP(5) PP(6)
Sampling point

Figure 4: Speciation of Nickel in Ngong’ River

Nickel was predicted to be in oxidation state Hed Nf* ion was predicted to be predominant, especiallgrwh
nickel levels are relatively low (figure 4). This in agreement with observation by Martino et @b6]] that dissolved
nickel fraction in fresh and sea water forms fregrhted Ni (lI) cation and soluble nickel inorgaracd organic
complexes of different stability. In Sampling Pai2and 3 there are traces of the chromate anaxigdr complexes with
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nickel. This may be due to higher nickel concerdreat in these two Sampling Points as well as tlewadeéd pH in
Sampling Point 3 whereby the tetravalent nickelrbyde ion ([Ni(OH),]*" is predominant. Cornellis et al. [37] observed
that the speciation of nickel in sea and fresh ma#pends on pH, redox conditions, ionic strenge and concentration

of inorganic ligands, pressure and temperatureitond among others.
Chromium

Total chromium concentration was also found to lithinthe WHO acceptable limits in all the SampliRgints
except 6 (See Table 1). The speciation studiesmmigium predicted that the univalent hydroxide sefCr(OH)]'* was
predominant except in Sampling Point 3, with hyddex [Cr,(OH)®*. Chromate ion (Crg) complexing with
manganese, nickel or zinc, was also predicted.uRigue behavior at Sampling Point 3 is attributethie high pH of 8.3.
At this pH Cr (VI) ions are readily reduced to @i)(in the presence of organic matter [38]. Thedst shows in addition

to knowledge of the total concentration, speciatibthe elements is key in establishing water piafu
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Figure 5: Speciation of Chromium in Ngong’ River
Iron

Iron was found to be the most abundant heavy nietidde Nairobi River (Table 1). The concentrationail the
Sampling Points was quite high implying that theoNg' river water have colour, bad taste, may simdry and lead to
rust covering pipes and tanks. Sampling Point 1 thedhighest iron content and is surrounded bycgiras made of
corrugated iron sheets and thus a direct sourdeonf The concentration decreases in Sampling Pdnand 3 before
being elevated in Sampling Points 4 to 6. The erflze of the man-made activities next to river cesiis therefore quite
significant.

The speciation predictions show that the ferric rbxile is predominant in most of the Sampling Point
(Figure 6), and that the free ferrous iron is gsmsent in substantial amounts. The most predomspeties of iron in all
Sampling Points except Sampling Point 3, is [Fe(P(Figure 6). The ferric hydroxide species is predwnt in
Sampling Point 1. The ferric ion is predicted torbduced to ferrous ion in Sampling Point 2 while abundance of the
univalent ferrous hydroxide ion [Fe(O#f)' remained the same. In Sampling Points 4, 5 anke6F8" concentration
increased while that of Fe(OHecreased. This can be attributed to reducingtadgem industrial effluents inflows near

this Sampling Points. The oxygen demand was obdetoeincrease across Sampling Points 4, 5 and 6I€T2).
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The speciation in Sampling Point 3 was markedlfedint from all the others, with the speciess(B#1),]®"being the most

predominant.

100% -
M [Fe3(0H)4]+8
v 50% -
2 WFe2+
1
2 o [Fe(OH)4]-1
>
2 T mre(OH)3
® Y D O D O 0
NN QRN m [Fe(OH)2)+1
v?,\.\\*\,c&\ix‘«qﬁ [Fe(OH)2]
Sampling point

Figure 6: Speciation of Iron in Ngong’ River

Manganese

The total manganese concentrations in all the Samploints exceeded the WHO acceptable value ofrigA.
Sampling Point 1was found to have Mn concentratiime concentration of Mn decreases in Sampling tBdinto 4,

then increases in Sampling Points 5 and 6.

Speciation predictions in all Sampling Points excgépmhowed that the predominant species is the dop®
complex, MA*. This also has been observed by Faullaet [40], who observed that only upon oxidation, aeeés of
the oxidized form, Mfi" are observed. The water was quite deprived of emygjven the oxygen demand values (Table 2)
and therefore only Mil was expected. They also noted that manganesetioxida primarily biologically mediated but
above pH 8, manganese oxidation is observed. Kpilaias the difference in speciation in SamplingnP8 which had a
pH value of 8.3 (Table 2). Traces of the hydroxa® chromate were also envisaged in most of theplgagnpoints

(Figure 7).
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Figure 7: Speciation of Manganese in Ngong’ River
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Cadmium

A similar trend is observed for cadmium as thatnminganese, with Gt being the predominant species
(Figure 8). At Sampling point 3 there are predigsioof substantial quantities of cadmium in the foomCdCrQ
and [Cd(OH)I*, which is most probably due to the elevated pHb(@a2). It has been previously observed [41] that
complexation of Cd decreases with increase in gHisTat lower pH values (pH 7+0.5), €ibns predominate, whereas at

higher pH values (>pH 7.6), complexes of Cd forrd &uf* becomes less dominant.

100 +

98 1

% Abundance ¢

94 -

CdCrO4
92 1 H [Cd(OH)]+1]
90 T T T T T T HCd2+

N O N o O
QY (&

X B O &
LSRRG

Sampling point

Figure 8: Speciation of Cadmium in Ngong' River

Copper

The total copper concentration in the river wasegally below the WHO limit of 2 mg/l (Table 1). Tieewas no

detectable copper at Sampling Points 2 and 3. ®heeantration increases from Sampling Points 4 to 6.

Speciation predictions indicated that at higherpsspconcentrations the predominant species waslittadent
copper hydroxide species [(§@H),*". The free copper Il ion was observed to be predanti where total copper
concentration is low (Figure 9). A different scdnais observed when the pH is high as in Samplir@nt?3

(Table 1 and Figure 9) where the predominant spésithe univalent copper hydroxide species [Cu(&H)
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Figure 9: Speciation of Copper in Ngong’ River
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CONCLUSIONS AND RECOMMENDATIONS

Iron was found to have the highest with an avegeentration of 8.87 x 1M while the least was copper with
an average concentration of 2.95 X’ Using this model, the major species predictednimst of the Sampling Point
were found to be [Cr(OH)™, [Fe(OHY]*, [Zny(OH),] ™, Mn™ Cd*?, [Phy(OH),*" and [Cy(OH),]** for Chromium, iron,
zinc, manganese, cadmium, lead and copper respbctithe samples had an average pH value of 7egptxhe sample
from sampling point three which recorded a pH vahfe8.3. The speciation predicted at Sampling P@&@ntwas
considerably different from that from the other géing points, due to its high pH value. The studiesroborate the
findings of various authors that pH greatly affespeciation of the elements in the water and tbeeeis an important
factor to take into account when considering whetivenot water is suitable for domestic use. Thaduztivity of the
water and the quantity of heavy metals implies tthas water is unsuitable for drinking or other dstic use.
These specification predictions can be traced tmwa point sources, and hence pollutants neee tmitigated at source,
and pH of water bodies needs to be regulated. »astigation can also be carried out in conjunctidth the health sector
to identify any correlation between various corudit of residents of the City of Nairobi, especidiigse residing adjacent

to the river.
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