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Arsenic Contamination in Water from Selected Boreholes
in Nairobi City County, Kenya

Alice S. Kiplangat, Henry Mwangi, Sauda Swaleh and Wilson M. Njue*

ABSTRACT

Arsenic is a metalloid, which may be found in surface water, ground water,
plants and rocks. In high concentrations, its compounds are considered to be
genotoxic and carcinogenic. Its levels in drinking water must be regularly
monitored and controlled. The objective of study was to determine the
concentration of arsenic in water with reference to WHO limits from selected
boreholes in Nairobi County, Kenya. Water was randomly sampled from a
total of 63 boreholes in five zones (Central, Eastern, Northern, Western and
Southern) during dry and wet season. The arsenic was analyzed by Hydride
Generation Atomic Absorption Spectrometer (HG-AAS). The results
showed that the arsenic content in borehole water during dry season ranged
between 0.00455+0.0022 and 0.01007+0.006 and in the range of
0.002057+0.0008 - 0.00744+0.0051 mg/L during the wet season. There was
significant difference (P<0.05) in arsenic content in borehole water samples
in Central zone compared to the other zones. During the dry season, arsenic
content in water from ten boreholes (16%) and four boreholes (6%) during
wet season was found to be above the WHO recommended limit of 0.01 mg/L.
The calculated contamination factor for the borehole water ranged from
slightly arsenic contaminated in Central zone to very slightly contaminated
in the other zones during dry season. During the wet season, the borehole
water in all the five zones were very slightly contaminated with arsenic. The
pollution index showed that the boreholes in all the five zones during both
wet and dry seasons were not polluted with arsenic. Steps should be taken to
monitor and treat borehole water for domestic purposes in order to mitigate
the effect on human health due to arsenic contamination.
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. INTRODUCTION

There are numerous studies around the world on
determination of levels of arsenic (As) in water from
boreholes and surface water. Many scientists have repeatedly
expressed concern about the problem of arsenic pollution [1].
Arsenic enriched minerals have been the primary source of
arsenic in the environment. Anthropogenic activities in
agriculture (pesticides, herbicides, fertilizers, additives to
livestock feed for poultry), mining and combustion of fossil
fuels have also led to the introduction of As to the
environment [2]. Arsenic occurs naturally in organic and
inorganic forms [4], [3] and in four oxidation states, -3, 0, 3
and 5 [5]. The inorganic forms of arsenic compounds in
oxidation states, 3 and 5 are the most toxic [6], [7]. The
arsenic species in water that have been reported include
monomethylarsonic acid (MMA), dimethylarsinic acid
(DMA), arsenate and arsenite (Fig. 1). In oxygenated water
and sediments, pentavalent state (arsenate) s
thermodynamically more stable [8].
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Fig. 1. Chemical structure of arsenic species in water. (source: [8]).

Many people in the world consume drinking water with
arsenic concentrations that exceeds the WHO recommended
limit of 0.01 mg/L [9]. The population that has been mostly
affected by ground water arsenic poisoning in the world
includes those from India, Cambodia and Bangladesh [9]-
[11]. About 6 million and 85 million people were affected by
arsenic poisoning of ground water in India and Bangladesh
respectively [12]. The concentration of arsenic in over 40
districts in Bangladesh had arsenic in groundwater exceeding
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0.05 mg/L [13], [14]. A study done in China registered
concentrations of arsenic as high as 1.8 mg/L while those in
Cambodia and Vietnam found concentrations as high as 1.34
mg/L [15]. A study conducted in Nigeria found out that
Arsenic (As) levels in borehole water ranged 0.05+0.008 -
0.10+0.041 mg/L [16].

Studies have shown that As is carcinogenic to both human
and animals. There is strong correlation between infant
mortality and maternal exposure to arsenic during pregnancy
[17]. Depending on the time of exposure, it can either lead to
chronic or acute effect [18]. The effects of acute exposure to
arsenic can be noticed immediately after drinking the water
and can lead to coma and death while chronic exposure
causes lesions as shown in Fig. 2 and can be noticed after a
few years later [18].

S,

Fig. 2. Skin Lesions on palm and sole [19].

The permitted level of arsenic for drinking water is
0.01 mg/L as per WHO guidelines [20]. In Kenya, the limit
of Arsenic for drinking water permissible by the National
Environment Management Authority (NEMA), is 0.01 mg/L
[21].

Kenya has been experiencing severe drought more often
than before and this resulted to low levels of surface water,
affecting distribution of piped water from rivers to many
people across the country. Nairobi County with a population
of 4,337,080 has severe water shortage [22]. The daily
demand of water in Nairobi County is 740,000 cubic meters
against a supply of 540,000 [23]. In order to mitigate this
shortfall , the National government has drilled and
commissioned more water boreholes to supplement water
from rivers and dams [23]. There is therefore, increased
concern on the safety and quality of borehole water due to
possible contamination with toxic heavy metals such as
mercury, cadmium and arsenic. The United States
Environmental  Protection Agency (US-EPA) has
documented techniques of detecting and analyzing the
arsenic [24]. These methods include inductively coupled
plasma mass spectrometry (ICP-MS), inductively coupled
plasma atomic emission spectrometry (ICP-AES), graphite
furnace atomic absorption spectrometry (GF-AAS), and
Hydride generation atomic absorption spectrometry (HG-
AAS). HG-AAS has been used to analyze arsenic in water
and soil in Kenya [25]. It is commonly used due to its
improved detection limit as a result of hydride generator [26].
The method of choice for our study was Hydride Generation
Atomic Absorption Spectrometry (HG-AAS).

Il. MATERIALS AND METHODS
A. Chemicals

Chemicals used were of analytical grade. They included
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concentrated hydrochloric acid, concentrated nitric acid,
sodium hydroxide, potassium iodide, sodium borohydride
pellets and arsenic trioxide. They were procured from Merck
chemicals (Darmstadt, Germany) and Sigma Aldrich (St.
Louis, MO).

B. Sample collection

Sampling was done in Nairobi County, whose map is
shown in Figure 3. The County is located at longitudes 36°
45°East and latitudes 1° 18°South.
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Fig. 3. Map of Nairobi County showing sampling zones (Source: Author,
2020).

The study area was divided into five zones based on their
various land uses. The zones comprised of Western (zone
W). This zone has agricultural activities and is one of the
deep percolations for groundwater in Nairobi. The next zone
was Central (zone C). This area is dominated by light and
heavy manufacturing industries. Eastern zone (zone E) is on
a lower elevation. The Northern zone (zone N) has the
sewage treatment plant at Ruai. The Southern zone (zone S)
has the largest informal settlement at Kibra with high level
of soil and water pollution. The total number of boreholes in
Nairobi County is 2,632 [27] The study area was divided into
approximately 4 km? blocks. The study blocks design
assumed that the land use of each block was fairly uniform
and therefore the borehole picked at random was a
representative of the studied block [28]. A total of 63
boreholes were selected for the study. The 189 samples were
collected during dry season (January to February, 2020) and
189 samples during wet season (April to May, 2020). Plastic
sampling bottles of 50 ml were soaked in dilute nitric acid
overnight then rinsed thoroughly with distilled water. At
each sampling point, the water from borehole were allowed
to run for 2 minutes then sampling bottles rinsed with the
water from the borehole before filling it. Water samples were
collected in three sets from each site and labeled. The pH was
then measured immediately on site after collection with a
digital portable pH meter. The water samples were collected
from each borehole at intervals of two hours, between the
hours of 8.00 am to 2.00 pm. The samples were then treated
with 1 ml HCI for preservation before being transported to
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the laboratory [29]. The bottles were stored at 4 °C at Jomo
Kenyatta University of Science and Technology research
laboratory Kenya.

C. Preparation of Stock Solution

Arsenic standard stock solution was prepared daily by
dissolving 0.33 g of arsenic trioxide, As;Oz (analytical
reagent grade) in 25 mL of deionized distilled water
containing 1 g NaOH. The solution was then acidified with 5
mL conc. HNO3 and diluted to 250 mL.

D. Preparation of Standard Solution

Standard working solutions of 5 mg/L, 10 mg/L, 15 mg/L,
20 mg/L, 25 mg/L, and 30 mg/L were prepared daily by serial
dilution of the stock solution using deionized water. The
standards were then read in a HG-AAS and a calibration
curve (Fig. 4) of a good linearity was obtained (R = 0.9986).

Arsenic Absorbance against Concentration

0,14

012 y =0,0038x +0,0034
01 R? = 0,9986

0,08

0,06

0,04

0,02

Absorbance

0 10 20 30 40

Concentration(mg/L)

Fig. 4. Calibration curve for Arsenic Standards.

E. Method Validation Procedures

Accuracy was tested through recovery experiments. In
recovery, samples were spiked with arsenic standard then
added to a sample in triplicate and extraction procedure
followed. The amount of spiked arsenic in water borehole
water digest was used to determine percentage recovery
using equation below [30].

Spiked sample Concentration-Unspiked Sample Concentration
Concentration of the Standard used for Spiking

%Recovery = x100

The precision of the method was calculated by equation:

Standard Deviation y

%Relative Standard Deviation (RSD) = Viean

100

The calculated values are given in Table I.

TABLE |: PERCENTAGE OF RECOVERIES AND RELATIVE STANDARD

DEVIATION
Recovered
Sample concentration (mg/L) % Recovery % RSD
| 0.0098+0.0003 98 31
1 0.0146+0.0002 97 14
11 0.0193+0.0005 97 2.6
I\ 0.0238+ 0.0006 95 25

The percentage recoveries obtained were close to 100%
hence the method was accurate for quantification of As levels
in the test samples. The %RSD values were below 5%, an
indication of good precision.
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F. Statistical Analysis

The means of arsenic content in water from boreholes
were compared between two sets of values using one- way
ANOVA by Turkey’s HSD test. T- test was used to test
whether there were significant differences between the two
sets of means. If the calculated t-value is greater than the
critical t-value, then the two groups are significantly different
at significance level of .05 and vice versa [31]. All the
statistical analysis was done with SPSS version 21 software.

G. Contamination Factor

Contamination factor (CF) provides a measure of the
degree of overall contamination in a sampled site [32]. The
Contamination factor requires that at least five surficial
sediment samples are averaged to produce a mean pollutant
concentration which is then compared to a baseline pristine
reference level [32], [33].

CF =Cm/Cb

where,
Cm — metal concentration;
Cb — base line/background value.
The World Health Organization (WHO) background
value(Cb) for drinking water was used for this work [20].

H. Pollution Index(PI)

Pollution index (PI) was calculated using the equation
given [34].

_ CF1xCF2xCF3..CFn
n

Pl

where,
n is the number of metals;
CF is the contamination factor.
The contamination/pollution index values according to
Lacatusu [35] are:
< 0.1 — very slightly contaminated,
0.10-0.25 — slightly contaminated,
0.26-0.5 - moderately contaminated,
0.51-0.75 — severely contaminated,
0.76-1.00 is very severely contaminated,
1.1-2.0 is slightly polluted,
2.1-4.0 is moderately polluted,
4.1-8.0 — severely polluted,
8.1-16.0 — very severely polluted and
> 16 - excessively polluted.

I11. RESULTS AND DISCUSSION

The results of water samples analysis for arsenic are
shown in Tables Il to VI. The arsenic levels in water in
boreholes in Central zone (Table II) ranged from
0.0017+0.0001 to 0.0219+0.0008 mg/L with an overall mean
of 0.0101+0.0065mg/L during the dry season and 0.0006+
0.0001 to 0.0144+0.0002 mg/L with an overall mean of
0.0074+0.0048 mg/L during the wet season. The overall
mean arsenic content in water in Eastern zone (Table I11),
Northern zone (Table 1V), Southern zone (Table V) and
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Western zone (Table VI) during dry season were
0.0087+0.0052, 0.0046+0.0022, 0.0051+0.0035 and
0.0047+0.0024 mg/L respectively. During the wet season
they were 0.0040+0.0022, 0.0021+0.0008, 0.0025+0.0012,
and 0.0025+£0.0012 mg/L respectively. A probable
explanation of low arsenic concentration in the wet season
compared to dry season could be due to rapid movement of
water into the aquifer causing water dilution during wet
season [36]. Further recharge during the wet season also
conveys pollutants into the aquifers, which then concentrate
in the dry season hence higher levels. The arsenic
concentration in water in boreholes in Central zone was
higher than in all the four other zones. This could be
attributed to the seepage of industrial effluents or leakage
from underground storage of petroleum and chemicals in the
zone.

TABLE Il: MEAN LEVELS OF ARSENIC IN CENTRAL ZONE WATER
BOREHOLES
Mean (mg/L)
+Standard Deviation

Mean (mg/L)

Borehole Code +Standard Deviation

ORIGINAL ARTICLE

TABLE IV: MEAN LEVELS OF ARSENIC IN NORTHERN ZONE WATER

BOREHOLES

Borehole Codes

Mean (mg/L)

+Standard Deviation

Mean (mg/L)

+Standard Deviation

(Dry Season) (Wet Season)
N7 0.0086=+0.0002 0.011+0.0000
N1 0.0063+0.0005 0.0025+0.0001
N3 0.0049+0.0001 0.0029+0.0001"
N8 0.0048+0.0000% 0.0027+0.0000"
N5 0.0041+0.0002% 0.0024+0.0002
N2 0.0033+0.0000° 0.0019+0.0002
N6 0.0023+ 0.000° Not detected
N4 0.0021+0.0000° 0.0009+0.0001°
N10 Not detected Not detected
N9 Not detected Not detected
Overall
Mean 0.0046+0.0022 0.0021 £ 0.0008
Calculated t-value 3.09
Critical t-value
(Tabled t-value) 2145
Contamination Factor 0.455 0.2057
Pollution Index 0.455 0.2057

Means + SD followed by same letters are not significantly different at 95%

confidence level.

TABLE V: MEAN LEVELS OF ARSENIC IN SOUTHERN ZONE WATER

Borehole Codes

+Standard Deviation

+Standard Deviation

(Dry Season) (Wet Season) BOREHOLES
C6 0.0219+0.0008 0.0040+0.0001¢ Mean (mg/L) Mean (mg/L)
Cc8 0.0186+0.0002 0.0144+0.0002 Block Code +Standard Deviation +Standard Deviation
C7 0.0141+0.00022 0.0130+0.0002" (Dry Season) (Wet Season)
C4 0.0129+0.00009% 0.0093+0.0001™ S3 0.0142+0.0000 0.0015+0.0000P4
C10 0.0071+0.0001° 0.0084+0.0001™ S1 0.0075+0.00012 0.0040+0.0000"
C5 0.0067+0.0008° 0.0013+0.0004 S12 0.0071+000017 0.0030-+0.0004"™
C2 0.0066+0.0001° 0.0016+ 0.0001" S11 0.0060£0.0010 0.00295+0.0010
C9 0.0062+0.0002b° 0.0123+0.0001" S5 0.0055+0.0001 0.0034+0.0004"
C3 0.0049+0.0001¢ 0.0043+0.0001P4 S9 0.0044+0.0001° 0.0026+0.0001"™
C1l 0.0017+0.0001 0.0054+0.0001P S8 0.0043+0.0.0002° 0.0025+0.0001™
Overall Mean 0.0101+0.0065 0.0074+0.0048 S10 0.0036 +0.000 0.0044+0.0001"
Calculated t-value 1.0 S2 0.0025 +0.0001% 0.0014+0.00013
Critical t-value 2.101 S6 0.0025 £0.0001¢ 0.0030+0.0004™
(Tabled t-value) ' S7 0.0020+0.00003 0.0004+0.0000P4
Contamination 1 0.74 S4 0.0014+0.0000 0.00097+ 0.0010
Factor ' S13 Not detected Not detected
Pollution Index 1 0.74 Overall Mean 0.005083+0.0035 0.0025+0.0012
Means + SD followed by same letter are not significantly different at 95% Calculated t-value 2.45
confidence level. Critical t-value 2074
(Tabled t-value) '
TABLE Ill: MEAN LEVELS OF ARSENIC IN EASTERN ZONE WATER Contamination
BOREHOLES Factor 0.5083 0.2507
Mean (mg/L) Mean (mg/L) Pollution Index 0.5083 0.2507

(Dry Season) (Wet Season)
UE2 0.0229 +0.0001° 0.0031 £0.0003"
UE1l 0.0141 £ 0.0020? 0.0076 £0.0020P
LE6 0.0137 £ 0.0000? 0.0024 £ 0.0020"
LE1 0.0135 £ 0.0000? 0.0095 =+ 0.0000"
LE2 0.0122 +0.0010° 0.0002 £ 0.0002"
LE8 0.0095 + 0.0000° 0.0059 £ 0.001¢
LE9 0.0095 + 0.0010° 0.0099 + 0.0000"
UE3 0.0082 £ 0.0008¢ 0.0013 £0.0002"
LE4 0.0082 £ 0.0000° 0.0013 £ 0.0002"
UE7 0.0080 + 0.0005° 0.0072 +0.0011P4
LE3 0.0078 £ 0.0000° Not detected
LES 0.0061 + 0.0000¢ 0.0020 £ 0.0010t"
UE6 0.0061+ 0.0004¢ 0.0040 +£0.0006"
UE5 0.005 +0.0015° 0.0031 £0.0005"
LE7 0.0045 £ 0.0001° 0.0027+ 0.0000
UE4 0.0031 + 0.0003f 0.0030 +0.0007"
UE9 0.0023 + 0.00021 0.0030 +£0.0020"
UES8 0.0020 £ 0.00099 Not detected
Overall Mean 0.0087+0.0052 0.0040+0.0022
Calculated t-value 3.57
Critical t-value
(Tabled t-value) 2.083
Contamination Factor 0.8706 0.3976
Pollution Index 0.8706 0.3976

Means = SD followed by same letters down the column are not significantly

different at 95%.

TABLE VI: MEAN LEVELS OF ARSENIC IN WESTERN ZONE WATER

BOREHOLES

Mean (mg/L) +Standard

Mean (mg/L)

Means + SD followed by same letter are not significantly different at 95%
confidence level.
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Block Code Deviation +Standard Deviation
(Dry Season) (Wet Season)
W6 0.0085 £+ 0.001a 0.0025+ 0.0020pq
W2 0.0079 £ 0.0000a 0.0019 + 0.0010qr
W9 0.0063 =+ 0.0000b 0.0007+ 0.0003r
W3 0.0062 + 0.0011b 0.0037+ 0.0004np
w8 0.0054 + 0.0004bc 0.0003+ 0.0000np
W4 0.0048 + 0.0012¢ 0.0053 £0.0040
w7 0.0045 + 0.0003cd 0.0039+ 0.0010n
W10 0.0041 £ 0.000 0.00131+0.0010
W11 0.0035 = 0.0000de 0.0016+ 0.0010gr
W12 0.0026 £+ 0.001e 0.0023 + 0.0000q
W5 0.0024 £ 0. 001f 0.0022 + 0.0003q
w1 0.0001 +0.001 0.00226+0.0010
Overall Mean 0.0047+0.0024 0.0025+0.0012
Calculated t- 281
value
Critical t-value
(Tabled t-value) 2014
Contamination 0.4692 0.2524
Factor
Pollution Index 0.4692 0.2524

Means + SD followed by same letters down the column are not significantly
different at 95%.
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As shown in Table 1l to VI, the study revealed that Central
zone had a calculated t-value of 1.0 against a critical t-value
(tabled t-value) of 2.101 at a significance level of 0.05,
indicating that the means of dry and wet seasons are not
significantly different. On the other hand, the calculated t-
values for Eastern zone (3.57), Northern zone (3.09),
Southern zone (2.42) and Western zone (2.81) were greater
than the critical t- values of 2.033, 2.145, 2.074 and 2,074
respectively. This indicated that there was significant
difference in the two seasons at a significance level of 0.05
for the four zones.

The contamination factor and pollution index are normally
used to verify the level of contamination and pollution due to
contamination effect from heavy metals. As shown in Table
Il to VI, the study revealed that the borehole waters during
dry season were slightly contaminated for Central zone and
very slightly contaminated for all the other zones. During the
wet season, the contamination factor from the results showed
that water from the different boreholes in all the five zones
were very slightly contaminated with arsenic. The pollution
index from the results showed that water from the different
boreholes during both wet and dry seasons were not polluted
with arsenic (PI< 1).

IV. CONCLUSION

The study revealed that arsenic concentration in water in
some boreholes was above the WHO allowable limit for
drinking water. However the boreholes were not
contaminated. Arsenic in the borehole water should be
regularly monitored in order to overcome health hazard due
to arsenic accumulation.
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