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Abstract 

Elemental analysis of sewage effluents in Kibabii sewage treatment system 
was achieved via Energy-Dispersive X-Ray Fluorescence (EDXRF) spectros-
copy with the aim of assessing the efficacy of the treatment system. Concen-
trations of lead (Pb), mercury (Hg), cadmium (Cd) and arsenic (As) were 
measured based on clay soil “standards” in concentration range for Pb, Hg 
and As as 12.7 ppm, 14.3 ppm and 8.83 ppm respectively for certification. 
Among other probable reference materials, clay soil “standards” were used 
for certification in this work because of similarity in matrix composition with 
the sediments. The concentration for Hg, Pb, and As in the sewage sediments 
were 10.65 ± 2.28 ppm, 8.86 ± 2.92 ppm and 3.41 ± 2.18 ppm respectively in 
lagoon A. In lagoon B the levels were 3.82 ± 0.56 ppm, 6.35 ± 1.50 ppm and 
1.67 ± 0.53 ppm respectively. Lagoon C showed a reduction in the levels with 
3.74 ± 1.39 ppm for Hg and 2.30 ± 0.27 ppm for Pb. As was not detected in 
lagoon C, on the other hand, Cd was not detected in all the lagoons. The effi-
cacies in the treatment varied from 30.34% - 51.78%, 37.63% - 65.41% and 
76.63% - 84.81% for lagoon A, B and C respectively. The study was successful 
in quantifying the heavy elements in the lagoons from which the efficacy in 
the treatment process was determined. The study provided awareness on the 
elemental concentration levels in the Kibabii University sewage treatment 
system, hence creating awareness on what is released into River Kibabii. With 
this information, the surrounding community and the University can partner 
in order to mitigate the effects of heavy metals in the effluents in future due 
to the growth of the University day by day. 
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1. Introduction 

Heavy metals have adverse effects both to human beings and animals which in-
clude: osteoporosis; liver diseases; kidney diseases; harmful on lungs and im-
mune system [1]. A number of researches have been done on sewage effluents 
which have revealed an increasing concentration in water sources [2]. Sources of 
exposure of toxicity of heavy elements among others include: fish; dental fillings; 
fluorescent bulbs which use electricity to excite mercury vapor and thermome-
ters that uses mercury as their thermometric liquid [3]. Metal bio-accumulation 
is a major route through which increased levels of pollutants are transferred 
across food chain web creating health problems whenever man is involved in the 
food chain [3]. There is a need to monitor this rate at which the concentration of 
heavy elements is increasing in the water sources so as to check the hazardous 
effects caused by them both to human beings and animals. Untreated or poorly 
treated sewage effluents contain high levels of biochemical oxygen demand 
(BOD), phosphorous and nitrogen that can be poisonous if released to water-
ways, harming aquatic animals and to large extent human beings [4]. Waste wa-
ter treatments are important means to control transmission of pathogens to hu-
mans as pathogen concentrations vary with time hence monitoring need to be 
done to monitor their concentrations [5]. 

Water quality studies conducted in South Africa revealed poor operation and 
maintenance of wastewater and sewage treatment infrastructure as the cause of 
pollution of water sources; hence there was a need of finding ways to sustain the 
quality of water sources [6]. It was noted that too high inflow load in to 
Keiskammhoek treatment plant resulted in a poor level of wastewater and se-
wage purification hence polluting Keiskamma River causing serious health ha-
zards to water users; as a result, there was a need to quickly and adequately ad-
dress maintenance of sewage treatment plants to counter the hazards on the us-
ers [6]. A report from assessment of pollution levels of Msimbazi River in Tan-
zania from local slaughterhouse by a non-governmental organization pointed 
out an increase in pollution levels due to release into the River and recom-
mended rehabilitation of the River in order to address this pollution [7]. Nation-
al water and Sewerage Corporation in Uganda employs conventional sewage 
treatment works only at Bugolobi and Masaka treatment works while the rest of 
sewage goes into natural wetlands without treatment posing great risk of con-
tracting diseases such as cholera spread due to poor sanitation [8]. 

A study done in Kenya on Sambul River showed that proper treatment of se-
wage to remove organic matter, nutrients and suspended solids is necessary in 
order for pollution of water bodies by effluents from septic tank to decrease [9]. 
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Sewage effluent discharges must meet acceptable environmental standards to 
ensure environmental protection as indiscriminate sewage release into water bo-
dies lower water quality compromising the health of the users in the long run 
[9]. The study indicated total phosphorous (2.02 mg/l), total suspended solids 
(4.69 mg/l) and biochemical oxygen demand (17.99 ml/l) which was within the 
permissible levels by National Environment and Management Authority (NEMA), 
but there was need to enhance more treatment practices to contain these levels 
[9]. There was an outcry for immediate action to be taken to save River Riana 
from raw sewage released from Suneka treatment plant due to overflow which 
tampered with treatment process, as its waters are used by local farmers for irri-
gation and domestic use hence if not addressed immediately, it could expose 
them to great danger [10]. A research on sewage effluents in Kisumu by NEMA 
and World Bank showed that Kisat River, the recipient of sewage effluents dis-
charged into Lake Victoria poses a health risk to the immediate residents and 
water users [11]. There was need therefore to focus on the analysis of heavy ele-
ments in sewage effluents such as mercury (Hg), arsenic (As), lead (Pb) and 
cadmium (Cd) concentrations in the Kibabii University sewage treatment sys-
tem so as to establish their concentrations hence the risk to the target population 
can be predicted and thus, possible measures can be proposed to manage the ef-
fects of these heavy elements. The findings can then be utilized to determine the 
efficiency of the sewage treatment system under consideration. 

Conventional methods of sample analysis such as atomic absorption spec-
troscopy (AAS) and inductively coupled plasma (ICP) techniques are laborious, 
expensive, involve wet digestion and prone to inaccuracy due to the possibility of 
contamination during digestion process due to reagents used, therefore, spec-
troscopic techniques such as EDXRF which is non-destructive, rapid, affordable , 
entails easy sample preparation and enables data measurements with low back-
ground and high peak-to-background ratio can be applied in sample analyses 
[12] [13].  

Energy Dispersive X-Ray Fluorescence (EDXRF) analyses both liquid and 
solid samples hence can be used as a technique for multi-elemental analysis in a 
large variety of samples [14]. 

2. Materials and Methods 

2.1. Study Area 

The site of study is within Kibabii University in Bungoma County along Bun-
goma-Chwele road, 7 km from Bungoma town. The University’s sewage treat-
ment system is located in the southern end of the University. 

2.2. Sample Collection and Preparation  

Samples from Kibabii University sewage treatment system were collected using 
droppers for liquid samples and spatula for sediments (after being brought out 
of the lagoon using a wire mesh-reinforced rake) then stored in air-tight bottles. 
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The treatment system is stratified into lagoons. Lagoon A is the largest lagoon 
(32 m by 11 m) while B, C and D are of the same size (23 m by 11 m). Liquid and 
sediment samples were collected as follows: Lagoon A (three liquid and sediment 
samples from each corner of the lagoon and across the lagoon at the middle 
whereas; Lagoons B, C and D, three liquid and sediment samples from each cor-
ner of the lagoon were collected.  

In all the three lagoons, there was a distance of 2 m apart from one sampling 
point to the next in order to get samples representing the whole sampling area 
(Figure 1). 

After samples were collected, Labeling was done indicating the lagoon from 
which the sample is collected, the point of collection and the order of sampling 
process. For instance, AS1 imply sampling site one in Lagoon A; BS3 imply sam-
ple site three in Lagoon B; whereas DS2 imply sampling site two in Lagoon D. 
Within sampling site one in Lagoon A (AS1), there are three samples collected a 
distance of 2 m from each other in order of AS11, AS12 and AS13 (Figure 1). 
This happens in all sample sites.  

After collection, sediment samples were dried in the oven over aluminum foil 
at a temperature of 70˚C until they were completely dry. Once dry, each sample 
was crushed in a separate mortar and pestle (to avoid cross contamination) to 
fine powder. The powder for each sample was sieved (sieve size < 60 µmm) to 
remove large particles. 2 g of powder of each sample measured (using a top pan 
balance) for uniform pellets. Each powder of mass 2 g was poured into a dice 
and subjected to a pressure of 8 millibars inside the hydraulic press until fully 
compacted. Pellets of diameter 25 mm were made corresponding to the inner 
diameter of the dice. Once the pellets were made, they were put in metal cups for 
analysis by EDXRF spectrometer. 

3. Results and Discussions 

Tables 1-3 show average concentration of heavy metals under study across the 
lagoons.  

3.1. Hg Concentration Level across the Lagoons 

Mercury concentration level at the entrance (AS1) averaged 13.62 ± 1.38 ppm 
(Table 1).  

This high concentration was also observed in the study of the removal of Hg 
from chloralkali Electrolysis wastewater by a mercury-resistant pseudomonas 
pudida strain [15]. The researchers recorded a range of 1.6 mg/l to 7.6 mg/l with 
7.6 mg/l (1 ppm = 1 mg/l) Hg concentration at the start of the removal process 
[15]. The onset of the removal process of Hg from chloralkali Electrolysis 
wastewater was slightly lower than the entrance value of Hg at the entrance rec-
orded in this work. The Hg concentration level varied from non-detection to 10 
mg/kg at the outlet and inlet respectively [16]. The Hg entrance concentration 
level in this work is more closer to the one noted in the study than the one recorded  
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Figure 1. Sampling procedure used in the collection of samples e.g. AS1. 

 
Table 1. Average Pb, Hg, Cd and As concentration in lagoon A. 

Sample Concentration in ppm 

 Hg Pb As Cd 

AS1 13.62 ± 1.38 13.83 ± 0.46 7.75 ± 0.25 ND 

AS2 8.52 ± 0.06 10.46 ± 3.38 2.14 ± 0.64 ND 

AS3 ND 9.57 ± 1.37 2.38 ± 0.89 ND 

AS4 7.50 12.23 ± 0.84 2.63 ± 0.24 ND 

AS5 5.79 ± 1.15 7.16 ± 1.95 2.15 ± 0.29 ND 

 
at the beginning of Hg removal process in [15], however, the studies converge at 
the same point of high concentration at entrance compared to low concentration 
at exit. Hg concentration levels at the second, fourth and fifth (outlet) sampling 
points in lagoon A, averaged 8.52 ± 0.06 ppm, 7.50 ppm and 5.79 ± 1.15 ppm 
respectively with non-detection at third sampling point (AS3) (Table 1). These 
Hg concentrations levels depicted a downward trend comparing the inlet con-
centration in lagoon A (13.62 ± 1.38 ppm) and outlet concentration (5.79 ± 1.15 
ppm). 

In lagoon B, Hg concentration level averaged 4.53 ± 0.21 ppm at the entrance 
and 2.96 ± 0.50 ppm at the exit with an average of 3.87 ± 0.85 ppm and 3.93 ± 
0.36 ppm at BS2 and BS3 respectively (Table 2). This reduction on the concen-
tration level at the inlet of lagoon B compared to outlet concentration in the 
same lagoon can be attributed to the efficacy in the treatment process of the 
sludge in the lagoon. Hg concentration in lagoon C ranged from 2.83 ± 0.36 ppm 
to 2.24 ppm at the inlet and outlet respectively (Table 3). There was a slight re-
duction in the Hg concentration from the inlet to the outlet of lagoon C which 
can be attributed to the refinement of the treatment process in this lagoon. La-
goon D registered no detection of Hg both in liquid samples and sediments 
which was pointed towards the treatment process in lagoon C and D. It was realized  
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Table 2. Average Hg, Pb, As and Cd concentration levels in sediments from lagoon B. 

Sample Concentration in ppm 

 Hg Pb As Cd 

BS1 4.53 ± 0.21 5.80 ± 2.19 2.14 ± 0.98 ND 

BS2 3.87 ± 0.85 5.48 ± 2.51 1.95 ± 0.67 ND 

BS3 3.93 ± 0.36 8.93 ± 2.92 1.82 ND 

BS4 2.96 ± 0.50 5.21 ± 1.54 0.78 ± 0.42 ND 

 
Table 3. Average Hg, Pb, As and Cd concentration levels in sediments from lagoon C. 

Sample Concentration in ppm 

 Hg Pb As Cd 

CS1 2.83 ± 0.36 2.40 ± 0.65 ND ND 

CS2 4.02 2.44 ± 0.1 ND ND 

CS3 5.88 2.53 ± 0.49 ND ND 

CS4 2.24 1.84 ± 0.36 ND ND 

 
that the concentration levels of Hg greatly reduced from the inlet concentration 
of 13.62 ± 1.38 ppm in lagoon A and zero concentration in Lagoon D, an indi-
cator of quality treatment by the treatment system. The low concentration of Hg 
at the outlet was also noted in the investigation of concentration levels of toxic 
elements in sewage sludge [17]. The researchers observed Hg concentration level 
of less than 0.2 mg/kg (1 ppm = 1 mg/kg) which was relatively higher than the 
Hg outlet concentration in this work. 0.73 ± 0.20 mg/l and 4.8 ± 1.45 mg/l of Hg 
was realized during the analysis of Hg variation in effluents from two municipal 
wastewater treatment plants [18]. These two values are lower that the Hg inlet 
concentration in this work but higher than the outlet concentration, an indicator 
that Kibabii sewage treatment system is better placed in Hg treatment so as safe 
limits are observed while the effluent is released in River Kibabii. 

3.2. Pb Concentration Level across the Lagoons 

Lead (Pb) inlet concentration into the treatment system in lagoon A averaged 
13.83 ± 0.46 ppm (Table 1) which was higher than the other sampling points in 
Lagoon A. An investigation of Pb concentration from sewage effluents from 
tannery and textile industry recorded Pb range of 2.89 ppm - 3.03 ppm in tan-
nery effluents and 0.96 ppm - 3.89 ppm for textile industry [19]. The researcher 
realized lower Pb value than the Pb inlet concentration in this work since they 
were partially treated before release, while for our case, Pb gains entry into the 
treatment system at this point hence the high concentration [19]. The high Pb 
concentration in the sewage effluents was also observed ranging from 100 mg/kg 
to 350 mg/kg (1 ppm = 1 mg/kg) in Bangkok central wastewater sewage treat-
ment plant [16]. The researcher’s values were much higher than Pb concentra-
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tion levels in this study which can be explained in terms of the small capacity of 
Kibabii University Sewage treatment system serving a smaller population hence 
lesser Pb loadings. Pb recorded an average concentration of 10.46 ± 3.38 ppm, 
9.57 ± 1.37 ppm, 12.23 ± 0.84 ppm and 7.16 ± 1.95 ppm (Table 1) at second 
(AS2), third (AS3), fourth (AS4) and fifth (AS5) sampling points respectively in 
lagoon A. This variation also depicts a downward trend from the inlet (13.83 ± 
0.46 ppm) to the outlet (7.16 ± 1.95 ppm) an indicator of the Pb treatment in 
this lagoon as the raw sewage from the septic tank gains entry in the treatment 
system. There was relatively slight variability of Pb concentration at the inlet of 
Lagoon B (5.80 ± 2.29 ppm) and outlet concentration (5.21 ± 1.54 ppm) which at 
the same time indicated some reduction in the Pb concentration (Table 2). By 
the time the slurry leaves the treatment system from Lagoon D to the River, Pb 
was not detected due to the efficient treatment process. A research done in Ondo 
state, Nigeria did not detect presence of Pb after treatment [20]. This was in 
agreement with the findings of this study which is majorly a pointer towards ef-
ficient treatment of Pb as the treated effluent enters the River. Study on milk 
recorded Pb concentration range of 0.4 - 0.8 ppm in milk contents from cows 
grazing on grass grown in areas near the passage of industrial sewage effluents 
[21]. His values were slightly higher than the Pb concentrations at the outlet of 
the treatment system in this work which can be pointed towards the Pb loadings 
in the effluents from the textile industry under investigation [21]. An investiga-
tion on heavy metal contamination of soils and vegetables irrigated with munic-
ipal wastewater realized 0.88 ± 0.18 ppm which was higher than the maximum 
permissible levels by world health organization [22] [23]. It was noted that the 
levels in the sewage effluents themselves could be higher than the Pb concentra-
tion in the irrigated vegetables since not all the Pb concentration is absorbed by 
the vegetables [22]. 

3.3. Arsenic (As) Concentration across the Lagoons 

Arsenic (As) at the entrance in lagoon A averaged 7.75 ± 0.25 ppm (Table 1). 
There was a decrease in the concentration level as the treatment goes on in La-
goon A with an average of 2.14 ± 0.64 ppm, 2.38 ± 0.89 ppm, 2.63 ± 0.24 ppm 
and 2.15 ± 0.29 ppm at second (AS2), third (AS3), fourth (AS4) and fifth (AS5) 
sampling points respectively (Table 1). A range of 10 ppm to 100 ppm of As was 
noted in the determination of heavy metal content and their variation in sewage 
effluents [16]. The entrance concentration in this work is slightly lower than the 
one noted in [16] due to difference in area under consideration [16]. Study on 
heavy metal elements in municipal sewage treatment plant recorded Arsenic 
range of 6.3 mg/kg to 9.2 mg/kg (1 ppm = 1 mg/kg) concentration which was in 
agreement with As entry concentration in this work [17]. The research embraced 
a combined spectroscopic technique in his analysis which gave a concentration 
level which was still closer to the level in this work using EDXRF spectroscopy. 
A study on effluents pointed out As concentration range of 4.5 ppm to 6.6 ppm 
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in untreated effluents from textile industry which was slightly lower than the en-
try concentration in this work (7.75 ± 0.25 ppm) [19]. The lower concentration 
was due to the fact that the study was conducted to the partially treated effluent 
unlike the case of our study where the slurry gains entrance in the lagoons for 
treatment to commence [19]. In lagoon B, As concentration was 2.14 ± 0.98 
ppm, 1.95 ± 0.67 ppm, 1.82 ppm and 0.78 ± 0.42 ppm in the first (BS1), second 
(BS2), third (BS3) and fourth (BS4) sampling points respectively (Table 2) from 
the inlet (BS1) to the outlet (BS4). There was a general downward trend as the 
slurry enters lagoon B all the way to the outlet attributed to the treatment 
process in the lagoon. Arsenic was not detected in lagoon C and D in both the 
liquid samples and sediments which shows that it was well treated in lagoon B. 
With an entry concentration of 7.75 ± 0.25 ppm (Lagoon A) and zero concentra-
tion at the outlet of lagoon D clearly shows that treatment took place as the raw 
sewage enters the treatment system. Various studies of As concentrations in se-
wage effluents have revealed values of As slightly higher than the levels in this 
work but all support the reduction idea due to treatment process. 1.14 mg/l (1 
ppm = 1 mg/l) of As concentration in sewage effluents was observed [24] which 
was slightly above the level realized at the exit in this work. Through the sudy of 
quantifying and investigation of heavy metal removal from the sewage effluents, 
better practices were proposed which improved sewage treatment and manage-
ment [24]. As concentration of 0.55 ± 0.08 mg/kg (1 ppm = 1 mg/kg) in his 
study on industrial sewage contents in Ondo estate [20] which was in agreement 
with the one from [24] but slightly higher than the value in this work suggesting 
quality treatment by the system. On the other hand, a study on effluents from 
tannery industry realized 1.07 ppm to 0.45 ppm As [19] which was still closer to 
the one observed in [20] and [24] which supports the same idea that the As con-
centration level reduce when the sludge is subjected to treatment. 

3.4. Efficacy of the Treatment System 

An overall comparison of the variability from lagoon A to lagoon D clearly 
pointed out the reduction in the heavy metal concentration levels (Figure 2).  

The downward trend of the heavy metals from the first lagoon to the last la-
goon is due to the combined primary and secondary treatment processes in the 
lagoons. Evaluation of efficacy in Hg treatment gave 57.47%, 34.66% and 20.85% 
for lagoons A, B and C (Figure 3). The absence of Hg in lagoon D was an indi-
cator of quality treatment of this heavy element in the lagoons. Efficacy in the 
treatment in lagoon A was higher compared to that of B and C since major 
treatment takes place in this lagoon due to large amounts of sewage coming in. 
There was a reduction in the efficacy in the treatment of Hg (34.66% - 20.85%) 
from the second lagoon to the third lagoon. This suggests that lagoon C is basi-
cally a refinement lagoon which removes what was not removed as the slurry 
passes through these lagoons. 

Efficacy in the treatment of Pb was 48.23%, 10.17% and 23.33% in lagoons A,  
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Figure 2. Variability of Hg, Pb and AS across the lagoons. 
 

 
Figure 3. Efficacy assessment across the lagoons. 
 
B and C respectively. An increase in the efficacy from 10.17% to 23.33% as the 
slurry enters lagoon C from B is a pointer to enhanced treatment of Pb in lagoon 
B. Arsenic on the other hand registered 72.25% and 63.55% efficacy in lagoon A 
and B. As was not detected in the third lagoon which may suggest that all of it 
was removed from the sludge after treatment in lagoon B. Basing on the 
non-detection of heavy elements in lagoon D, its efficacy in the treatment was 
100%, an indicator of superb treatment of these heavy elements in this lagoon. 
The efficacy in the removal of heavy metals assessed in the study of heavy metal 
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concentration and variation in sewage effluents realized 24.9% to 79.0% for Hg, 
54.2% to 78.9% for Pb, 6.8% to 31.7% for As and 0.4% to 87.3% for Cd [16]. The 
efficacies of heavy metal treatment in this work were within the range of [16] 
except for As which was higher in this work (63.55% to 72.25%), this can be at-
tributed to the variations in the loadings. 

4. Conclusion 

This study was undertaken to perform elemental analysis of sewage effluents 
from Kibabii University sewage treatment system using EDXRF spectroscopy for 
analysis of the efficacy of the sewage treatment system. Mercury (Hg) had a 
mean concentration of 9.705 ppm, 3.745 ppm, 2.535 ppm and 0 ppm in sedi-
ments from lagoons A, B, C and D respectively. Lead (Pb) metal concentration 
level averaged at 10.50 ppm, 5.51 ppm and 2.12 ppm respectively across the la-
goons A, B, C and D. Arsenic (As) on the other hand had an average concentra-
tion of 4.95 ppm and 1.46 ppm in lagoons A and B respectively; whereas none in 
lagoons C and D. There was no detection of Hg, Pb, and As in the liquid samples 
across the lagoons attributed to their low abundance in the liquid samples. The 
efficacy in the treatment of Hg was 57.47%, 34.66% and 20.85% in lagoons A, B 
and C respectively. Pb treatment by the system realized an efficacy of 48.23%, 
10.17% and 23.33% in lagoons A, B and C respectively. Arsenic on the other 
hand was treated with an efficacy of 72.25% and 63.55% in lagoons A and B re-
spectively. Based on the above findings, the study was successful in undertaking 
the elemental analysis in order to assess the efficacy in the treatment process by 
Kibabii University sewage treatment system. The users of water from River Ki-
babii therefore have less to worry as pertaining to water safety. However, a com-
bined approach from the University and the surrounding community should be 
embraced in order to enhance the treatment process and constantly share the 
information on the heavy elemental concentrations so as to alleviate worries 
over the heavy metals concentrations released into the River after treatment. 
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