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Abstract

Water is an indispensable natural resource that is often prodigiously threatened by anthropomorphic
activities. This study evaluated the physicochemical properties of water and selected heavy metals in
edible muscles of a piscivorous fish (Protopterus annectens) from Nyabarongo and Nyabugogo rivers of
Rwanda. Edibility health risk was evaluated using the target hazard quotient method. Water samples
were taken in triplicate from Ruliba station and Kirinda bridge on Nyabarongo river and Giticyinyoni
on Nyabugogo river. Fish samples were obtained from the sampling stations on Nyabarongo river. All
samples were analyzed following standard methods and analytical results indicated that the average
temperature, pH, total dissolved solids and electrolytic conductivity of water from the rivers were
within WHO acceptable limits. The statistical mean concentrations of the ionic components of the water
samples were 1.61 + 0.03, 0.53 + 0.002, 0.24 + 0.02 and 0.051 + 0.01 mg/L for Fe, Mn, Cu and Pb
respectively at Ruliba station and 0.63 + 0.02, 0.02 = 0.002, 0.09 +0.01, 0.06 + 0.002 and 0.75 + 0.02 mg/L
for Fe, Mn, Zn, Cr and Pb respectively at Kirinda bridge. Water from Giticyinyoni had 1.57 + 0.02, 0.49
+ 0.03, 0.29 + 0.058, 0.43 + 0.058, 0.15 + 0.00 and 0.59 + 0.058 mg/L of Fe, Mn, Cu, Zn, Cr and Pb
respectively. Zinc, Cu, Cr and Cd were below detection limits in samples from Ruliba station and
Kirinda bridge (Nyabarongo river). Edible muscles of P. annectens from Nyabarongo river contained
272.8+0.36,292.2+0.25, 8.8+0.36, 135.2 +0.15, 148.0 + 0.21 and 432. 0 + 0.50 mgkg' for Fe, Mn, Cu, Zn,
Cr and Pb at Ruliba station and 336.0 +0.70, 302.6 + 1.22, 6.4 +0.26, 44.7 +0.20, 138.2 + 0.17 and 302.4 +
1.50 mgkg for Fe, Mn, Cu, Zn, Cr and Pb respectively at Kirinda bridge. Health risk assessment
indicated that consumption of the edible muscles of P. annectens may lead to deleterious health effects
as reflected by values of target hazard quotients being greater than one. Therefore, the Rwandese
government should lay strategies to reduce pollution of the rivers. Further research should evaluate
the heavy metal content of metabolically active organs of P. annectens from Nyabarongo river as well
as the microbiological profile of water from the rivers.

Keywords: Bioconcentration Factor; Estimated Daily Intake; Nyabarongo river; Protopterus annectens; Rwanda; Target
Hazard Quotient.

1.0 Introduction
Global deterioration of water quality and heavy metal pollution of aquatic ecosystems due to natural

and anthropogenic activities such as industrialization, climate variability, poor waste management and
high population growth rates have evoked concerns from international bodies as well as researchers

[1-3]. World population registered a sharp increase to about 6.08 billion in 2000 following the industrial
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revolution and is expected to reach 9.7 billion by 2050 [4]. The current population of Rwanda stands at
12 million (population density of 470.6 people per km?) and is expected to double by 2050 [5]. This
implies that the country is densely populated in comparison to other East African countries [6, 7].
Several industries have sprung up and are causing pollution of water bodies due to discharge of
untreated industrial wastes as well as sewages into surrounding rivers [8]. Thus, conservation and
efficient utilization of water to meet the ever-growing requirement by the population and industries is
necessary and this can only be achieved through constant monitoring of these water resources [9].

Environmental studies have reported pollution of major Rwandese rivers such as Mpazi, Nyabarongo,
Rusine and Nyabugogo [8, 10-13]. Nyabugogo river, a tributary of Nyabarongo river (a tributary of
Akagera transboundary river) pour its water into Lake Victoria, the life artery of East African countries
[14]. The pollution of Lake Victoria due to anthropogenic activities is rated among the top ten
worldwide [15] and the increasing load of contaminants has greatly deteriorated the quality of water
and fish from this freshwater lake [16, 17]. The presence of toxic heavy metals in fish poses health
threats such as development of cancer, renal failure, liver damage, cardiovascular diseases and
eventually death [18-20]. Recently, heavy metals (manganese, zinc, copper, iron, nickel, lead and
cadmium) were reported in the edible parts of Colocasia esculenta, Amaranthus spinosus, Ipomoea batata
and soils from industrially active parts of Kigali, Rwanda [21, 22].

As a contribution to environmental monitoring and public safety, the current study investigated the
physicochemical profile of water, heavy metal content of edible muscles of African lung fish
(Protopterus annectens) and estimated the health risks associated with the consumption of this fish from
Nyabarongo and Nyabugogo rivers of the Republic of Rwanda.

2.0 Materials and Methods

2.1 Description of the Study Area

Rwanda is a landlocked East African country covering an expanse of 26,338 km? on the Eastern
shoulder of the Kivu-Tanganyika rift in Africa. It lies between 1°4' and 2°51' South latitude and 28°53'
and 30°53' East longitude [6]. It shares common frontiers with Uganda to the North, Burundi to the
South, Tanzania to the East and the Democratic Republic of the Congo (DRC) to the West. Like other
East African countries, Rwanda is relatively rich in water resources (Figure 1) [5]. The current study
was done in Nyabarongo (Nyawarungu) and Nyabugogo rivers which form part of the Rwandese
drainage system. Nyabarongo river flows over 300 km from its source in western Rwanda southwards
to its outlet into Lake Rweru in South Eastern Rwanda along the border with Burundi. Its main
tributary is Akanyaru river that flows from the highlands of Nyungwe national park on the Congo-
Nile divide in former Ruhengeri province along the Rwanda-Burundi frontier. The river then flow
Eastwards through swampy valleys and small lakes in the lowlands of Bugesera-Gisaka in South
Eastern Rwanda. Nyabugogo river traverses Kigali city through Nyarugenge district due to its
numerous tributaries such as the Mwange, Rusine and Marenge rivers on its upstream portion. It is
later fed by other rivers from the urbanized parts of Kigali such as Rwanzekuma, Ruganwa, Mpazi and
Yanze. Floriculture, sugar processing at Kabuye works sugar industry, sugar cane plantations, agrarian
and mining activities along this river are the major sources of anthropogenic pollution [8].

2.2 Analytical Reagents and Apparatus

Standard solutions were purchased from Sigma Aldrich (Steinheim, Swiss). The other reagents,
except the certified reference material, were obtained from Merck (Darmstadt, Germany). Water used
as solvent was double distilled water. The volumetric ware used were soaked overnight in 10% (v/v)
nitric acid solution, rinsed with deionized water and oven dried prior to analysis. Mettler PM200 digital
analytical balance (Marshall scientific, USA) was used for all analytical weighing. Hanna 211 digital
microprocessor-based bench top pH/mV/°C meter (Hanna instruments, Italy) calibrated using pH 4.01,
7.01, 10 buffers was used for all laboratory-based pH measurements.
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Figure 1. Map of Rwanda showing the location of Nyabarongo and Nyabugogo rivers (Adapted from [23]).

2.3 Ethical Approval

Approval to carry out this study was granted by the Department of Chemistry, College of Science and
Technology, University of Rwanda, Rwanda for Papias Nteziyaremye (Approval No. 213000076).

2.4 Sampling Procedure and Preparation of Samples

Three sampling points were purposively selected in this study after a prestudy survey which revealed
that the selected points could be hot spots of anthropogenic pollution. For Nyabarongo river, two
sampling sites were chosen. The first site (Ruliba station) was in Kigali city, Nyarugenge district, Ruliba
cell in Nyabarongo wetland near Nyabarongo bridge at Kigali-Butare road (1°58'37”S and 30°0°50”E;
Figure 2). The second sampling site (Kirinda bridge) was in Karongi district, Murambi sector, Shyembe
cell at the bridge joint of Ruhango and Karongi districts (204 4”S and 290 20'46”E). On Nyabugogo
river, samples were taken from Nyabugogo cell (Giticyinyoni) which lies at coordinates 10 55'22” S and
300 252" E.
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Figure 2. Sampling points on Nyabarongo river (a) Ruliba station (near Ruliba Clays Limited); (b) at Kirinda bridge.

Water was selected to determine the concentration of heavy metals being released into the rivers and
the deterioration of water quality due to anthropogenic activities whereas fish was chosen because it
constitutes the diet of many communities both in rural and urban areas. All samples were obtained in
triplicate between April 2019 and May 2019 (10:00 am to 11: 00 am, Central African Time).

Water samples were collected in 500 ml Teflon plastic bottles. The bottles, previously cleaned by
washing in non-ionic detergent were rinsed with tap water, soaked in 10% nitric acid for 72
hours and finally rinsed with deionized water before use. Each bottle was rinsed 3 times with
river water at each sampling point, filled 20-25 cm below the water surface and capped with airtight
stoppers while still under water. The samples were preserved with 5 ml of concentrated nitric acid to
achieve pH < 2.0 (to minimize precipitation and sorption losses to the bottle walls). The samples were
placed in a cooler box with ice and transported to the laboratory where they were stored at 4°C until
commencement of analysis.

African lung fish samples (6.2 to 8.1 cm fork length; 700-903 g fresh weight) were caught using hooks
fed with earthworms as baits with the help of local fishermen [24]. Fish samples were only obtained
from Nyabarongo river because fish caught from Nyabugogo river were small sized and not of edible
size thus would not give representative samples. The samples were taken in ice cool boxes and kept
frozen at — 20 °C in the laboratory until further analysis. The samples were eviscerated within two days
of collection.

Drying of whole edible parts of the fish samples was done in an electric oven at 105 °C for 48 hours.
The edible muscles of the dried fish samples were separately pulverized using clean porcelain mortars
and pestles to obtain fine fish powders. Aliquots (2.15 + 0.01 g) of the homogenized fish powders were
ashed at 550 °C for 3 hours and subsequently transferred into 250 ml volumetric flasks. Measured 15
ml of 6 M Nitric acid and 5 ml of 5 M concentrated hydrochloric acid were added to the flasks and the
samples were digested for 15 minutes, filtered into 100 ml standard volumetric flasks and made to the
marks with sterile double distilled water [24].

2.5 Physicochemical Analysis of Water Samples

Water samples were analyzed for physicochemical parameters: temperature, pH, electrical
conductivity (EC), total nitrogen (TN), nitrate nitrogen (NOs-N), nitrite nitrogen (NO2-N), ammoniacal
nitrogen (NHs-N), total phosphorus (TP), phosphates (P), iron (Fe), manganese (Mn), copper (Cu), zinc
(Zn), chromium (Cr), cadmium and lead (Pb).

Temperature and pH were determined on-site using a handheld Jenway 370 pH/mV/Temperature
meter (Jenway Gransmore Green, England) precalibrated using pH 4.0, 7.0, 9.22 and 10.0 standard
buffer solutions (manual override). The electrodes were thoroughly rinsed with distilled water between
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measurements. Conductivity was determined on-site using a precalibrated Jenway 4520
Conductivity/TDS meter (Keison Products, England) [25].

All the chemical parameters of water samples were determined in the laboratory following standard
analytical methods for examination of water and wastewater [26]. Total nitrogen (persulfate digestion
method), NOs-N (cadmium reduction method), NO2-N (diazotization method), NH4+N (Nessler
method), phosphates and sulphates were analyzed using HACH DR/2500 scanning spectrophotometer.
Ionic components of water samples (Fe, Mn, Cu, Zn, Cr, Cd and Pb) were quantified using Varian
AA240 atomic absorption spectrometer.

2.6 Spectroscopic Analysis of Fish Samples

Prepared fish samples were analysed for Fe, Mn, Cu, Zn, Cr, Cd and Pb using Atomic Absorption
Spectrophotometer (Varian AA 240) after selecting the various wavelengths at which the heavy metals
were determined. The results in mg/L from the instrument were converted to the standard unit for solid
foods (mgkg) for easy comparison with the set international compliance limits [24].

2.7 Human Health Risk Assessment

2.7.1 Estimated daily intake and Target Hazard Quotient

Estimated daily intake (EDI) for fish from Nyabarongo river was calculated to averagely estimate the
daily loading of the heavy metals into the body system of a specified body weight of a consumer
(adult/child) through consumption of contaminated fish. This provides the relative availability of heavy
metals but does not take into cognizance the possibility of metabolic ejection of these metals. EDI in
mgkg'day?! was calculated using Equation 1 used in preceding studies [14, 24].

EfXEgXFip XCgXC
EDI — f d ir f hm (1)
Wab X Taet

Where Er= exposure frequency (365 days/year), Ei = exposure duration, the average lifetime (67 years
for an adult Rwandese) [27], Firis the fresh food ingestion rate (g/person/day) = 48 for fish, Ct is the
conversion factor (0.208) for fresh weight (Fw) to dry weight (Dw) for fish, Chm = heavy metal
concentration in the fish muscles (mgkg! Fw), Wa = average body weight (considered to be 15 kg for
children and 60 kg for adults [14, 28], Taet = average exposure time for non-carcinogens (given by the
product of Ea and Er) [29].

Health risk index, the total risk of a non-carcinogenic element through three exposure pathways was
evaluated using Target hazard quotient in accordance with US EPA region III risk-based concentration
table [30] used in preceding studies [14, 24]. According to the criterion, target hazard quotient less than
unity (1.0) indicate that the exposure is very unlikely to have adverse effects while target hazard
quotient greater than 1.0 represent a possibility of non-carcinogenic effects, with its probability
increasing as the value of the target hazard quotient increases. Target hazard quotient was calculated
as the ratio of EDI to the reference dose (RD) (Equation 2) [14, 24, 30].

Target hazard quotient = :fi; ()
The RD of Fe, Mn, Cu, Zn, Cr, Cd and Pb are 0.7, 0.3, 0.04, 0.3, 1.5, 0.001 and 0.14 mgkg™" respectively
[30]. The RfD is the maximum daily dose of a metal from a specific exposure pathway that is believed
not to lead to an appreciable risk of deleterious effects to sensitive individuals during a life time [31]. If
the EDI is lower than RD, the target hazard quotient is less than 1 and adverse health effects are
unlikely to appear while EDI exceeding RfD gives THQ greater than 1 and adverse health effects are
likely to appear [32].
It has also been reported that exposure to two or more toxicants result in additive and/or interactive
effects [33-36]. Thus, the total target hazard quotient (ITTHQ) was treated as the arithmetic sum of the
individual metal THQ values [2, 36, 37].
The assumptions made during the health risk calculations were that the ingested dose is equal to the
dose absorbed into the body [38] and cooking have no effect on the trace metal content of the edible
muscles of fish [36, 39].
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2.7.2 Assessment of bioaccumulation factors
Metal accumulation and uptake by living organisms can be determined by use of bioconcentration
factor (BCF). This is one of the multipliers (bioaccumulation factors) that is used to estimate
concentrations of chemicals that accumulate in tissues through any route of exposure [40]. Thus, the
bioconcentration factor of the different metals were calculated from the numerical ratio of the
concentration of the respective metals in the whole edible muscles of P. annectens to the concentration
of the same metal in water [14, 41].

2.8 Analytical quality assurance and quality control

All reagents used in this investigation were of analytical grade. Quality control was performed with
spiked samples analyzed once for every 10 samples. Recovery percentages from the spiked samples
ranged from 97.6% to 102.5%. Control samples were prepared from fish tissue homogenate (CRM
IAEA-407, International Atomic Energy Agency, Vienna, Austria) and the recovery values for Fe, Mn,
Cu, Zn, Cr, Cd and Pb ranged from 98.9 to 101.4%.
Method detection limits with reagent blanks were calculated and used as a verification tool as well. The
detection limits were 1.50, 0.20, 0.60, 2.50, 0.50, 1.14, 1.20 and 0.37 mg/kg for Fe, Mn, Cu, Zn, Cr, Cd and
Pb respectively. Bottle, analytical, equipment and filtration blanks were determined throughout the
analyses and blank subtractions were used to correct the metal concentrations obtained. All samples
were analyzed at least in triplicate to obtain a relative uncertainty of less than 5%. Thus, precision in
the analyses were in good agreement, better than + 5.0% relative standard deviation.
2.9. Statistical analysis of results
Analytical data were subjected to statistical evaluation to calculate means and standard deviations.
Differences among means were determined using one-way analysis of variance (ANOVA). To identify
significant differences between groups, Tukey test was done. Statistical analyses were performed at a
95% confidence interval using Minitab statistical software (v 17, Minitab Inc., USA).

3. Results and Discussion
3.1 Physicochemical profile of water from Nyabarongo and Nyabugogo rivers

The physicochemical properties of water from the studied rivers are given in Table 1.

Table 1. Hydrochemical properties of water from Nyabarongo and Nyabugogo rivers.

Parameter Nyabarongo river Nyabugogo river WHO guidelines [42]
Ruliba station Kirinda bridge Giticyinyoni

Temperature (°C) 22.6 £0.30 23.0+£0.26 22.5+0.40 25.0

pH 8.15+0.07 7.96 +0.06 8.22+0.03 6.5-8.5

Conductivity (us/cm) 74.3 £3.84 20.0+0.15 102.0+1.0 1000

TDS (mg/L) 39.0+2.0 10.0£0.01 52.9+0.36 2000

TN (mg/L) 1.62 +0.02 1.56 +0.001 12.81+9.51 3.0

NO2-N (mg/L) 0.01 +0.00 0.017 £ 0.02 0.014 + 0.003 0.1

NOs-N (mg/L) 0.40 +0.01 1.39+0.01 1.07 £ 0.058 10

NHg*-N (mg/L) 0.153 +0.015 0.117 +0.01 0.12 + 0.006 0.5

S04 (mg/L) 0.58 +0.017 0.270 + 0.02 0.86 +0.03 1000

PO# (mg/L) 0.42 +0.01 0.21 +0.02 0.39 +0.058 5.0

Fe (mg/L) 1.61 = 0.03 0.63 = 0.02 1.57 £ 0.02 0.3

Mn (mg/L) 0.53 +0.002 0.02 +0.002 0.49 +0.03 0.1

Cu (mg/L) 0.24 +0.02 BDL 0.29 +0.058 05

Zn (mg/L) BDL 0.09+0.01 0.43 +0.058 3.0

Cr (mg/L) BDL 0.06 £ 0.002 0.15+0.00 0.05

Cd (mg/L) 0.106 + 0.002 BDL BDL 0.01

Pb (mg/L) 0.051 + 0.01 0.75 = 0.02 0.59 = 0.058 0.01

BDL-Below method detection limit. Values in bold indicate exceedance of WHO drinking water standards [42].
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3.1.1 Temperature and pH

Water temperatures from all the rivers were normal. Ruliba station and Kirinda bridge on Nyabarongo
river recorded 22.6 + 0.30 and 23.0 + 0.26 °C respectively. Giticyinyoni sampling station on Nyabugogo
river had 22.5 + 0.40 °C. Overall, the temperatures were below the maximum temperature of 25.0 °C
recommended for drinking water [42]. Temperature impacts both the chemical and biological
characteristics of water such as pH, density, oxidation reduction potential and conductivity. The
solubility of oxygen and other gases are also known to decrease as temperature increases [43].

The pH levels of water for all the sampled sites were not significantly different (p < 0.05). The highest
pH (8.22 £ 0.03) was in water from Giticyinyoni (Nyabugogo river). Usanzineza et al. [12] reported that
water in Lake Muhazi was slightly alkaline (mean pH 7.8) which is only slightly lower than 7.96 + 0.06
reported at Kirinda bridge on Nyabarongo river in this study. The pH values recorded in this study
agreed well with those recorded by previous reports. Nhapi et al. [8] reported a pH of 7.24 + 0.18 at
Rwesero, the first point after Nyabugogo river flows out of Lake Muhazi. Further, a more or less
constant pH in Nyabugogo swamp was reported [11] and the author implicated this to be the effect of
high pH of water in Rwanzekuma and Ruganwa rivers which receive alkaline reagents from Usine
Textile Du Rwanda (UTEXRWA) textile industry and other factories in Kigali city. Another study [44]
bewrayed that the pH increment of Mpazi river water was attributable to the effluent from Nyabugogo
abattoir which had pH of 8.9 + 0.2. Overall, the pH values obtained in this study were within the
acceptable limits for drinking water recommended by WHO [42].

Medically, consumption of excessively acidic or alkaline water is harmful to the body. Drinking water
should have a pH value in the range of 6.5 to 8.5 [42]. It should be emphasized that even within the
acceptable pH range, slightly high or low pH values of water can be unpleasant for several reasons;
high pH causes water to have a slippery feel, tasting like baking soda whereas low pH on the other
hand may cause water to have a bitter or metallic taste and such water may cause corrosion of fixtures
when used in industrial production [25].

3.1.2 Electrical Conductivity and Total Dissolved Solids

Conductivity ranged from 20.0 + 0.15 to 102.0 + 1.0 uS/ecm which were lower than the maximum level
of 1000 pS/cm. The electrical conductivity of water estimates the total amount of solids dissolved in the
water (the water’s TDS) [45, 46] and it depends on the water’s temperature; the higher the temperature,
the higher the electrical conductivity and vice versa. This ability is directly related to the concentration
of ions in the water, and this is supported by the low levels of ions registered in this study [25].

Total dissolved solid is a measure of inorganic salts (principally calcium, magnesium, potassium,
sodium, bicarbonates, chlorides, and sulphates) and some small amounts of organic matter that are
dissolved in water [47]. The TDS readings recorded in this study ranged from 10.0 + 0.01 mg/L for
samples from Kirinda bridge to 52.9 + 0.36 mg/L for samples from Giticyinyoni. These readings are
quite lower than those previously reported for water from Nyabugogo marshland, Nyabugogo,
Rwanzekuma and Ruganwa rivers [12]. High TDS affects the aesthetic quality of water, interfere with
washing operations and can be corrosive to plumbing fixtures [47].

3.1.3 Total nitrogen (TN)

Three forms of nitrogen commonly measured in water bodies include ammoniacal, nitrate and nitrite
nitrogen. Total nitrogen is the sum of total Kjeldahl nitrogen (ammonia, organic and reduced nitrogen)
and nitrate-nitrite. It can be obtained from monitoring organic nitrogen compounds, free-ammonia and
nitrate-nitrite individually and adding the components. The TN levels recorded ranged from 1.56 +
0.001 mg/L at Kirinda bridge (Nyabarongo river) to 12.81 + 9.51 mg/L in water from Giticyinyoni
(Nyabugogo river). The lower TN levels reported in Nyabarongo river are comparable to 2.06 mg/L
and 1.55 mg/L reported in Tigris river (Turkey) and Xin’anjing river (China) [48, 49]. Only water from
Giticyinyoni had TN higher than the maximum acceptable limit of 3.0 mg/L. Such high TN values
(33.71 and 35.21 mg/L) have been reported in Awash and Walleme rivers of Ethiopia [50, 51]. Excess
amount of TN in water may lead to low levels of dissolved oxygen and negatively alter various plant
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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.

3.1.4 Ammoniacal nitrogen (NH4+-N)

This is the sum of non-ionized ammonia and ionized ammonium ion species. The NHs+-N levels were
0.153 + 0.015 and 0.117 + 0.01 mg/L for Nyabarongo river (at Ruliba station and Kariba bridge
respectively) and 0.12 + 0.006 mg/L at Giticyinyoni of Nyabugogo river (Table 2). A previous study
reported that there were high levels of NHs-N downstream towards Kigali city due to release of
domestic wastewater from Kigali urban areas [8]. The NHs-N values reported in this study are
comparable to 1.14 mg/L reported in contaminated wastewater in a Zimbabwean urban river [52].
Ammonia in the environment is reported to originate from metabolic, agricultural and industrial
processes including disinfection operations using chloramine [42]. Natural ammonium levels in ground
and surface water are usually below 0.2 mg/L and in the current study, all the levels were below WHO
maximum permissible limit of 0.5 mg/L.

3.1.5 Sulphates and Phosphates

The sulphate levels recorded in water from the studied rivers were all below 1.0 mg/L which is less
than 0.1% of the maximum permissible levels. This corroborates a previous report [8] which speculated
that high levels of sulphates in some sites of Nyabugogo river could be due to pollution by wastes from
UTEXRWA textile industry. Sulphate content of water is used for determination of the suitability of
water for public and industrial use. Sulphate may also contribute to the corrosion of pipelines in the
distribution system [53]. According to WHO, typical sulfate levels range from 0 to 630 mg/L in rivers
[42]. High doses of sulphate (particularly magnesium sulphate) causes catharsis or purging of the
bowels [54]. In drinking water, the taste threshold of sulphates are 200 - 500 mg/L for sodium, 250 mg/L
for calcium and 400 - 600 mg/L for magnesium [55].

The highest concentration of phosphates (0.42 + 0.01 mg/L) was in water from Ruliba station on
Nyabarongo river (Table 2). In comparison to WHO standards, the values were relatively lower
implying that there is little risk due to phosphate pollution. The values recorded in this study were
lower than that reported in Rusine river (1.11 + 1.76 mg/L) and Nyabugogo river [8]. Technically,
elevated phosphate levels in a river are indicative of pollution from domestic sewage discharges [25].

3.1.6 Nitrite nitrogen (NO2-N) and Nitrate nitrogen (NO3-N)

The NO:z-N results were generally lower than 0.1 mg/L maximum permissible level. The values ranged
from 0.010 £ 0.00 to 0.017 + 0.02 mg/L. Insignificant differences in NO2-N levels in water samples in
Nyabugogo river stretch have been reported previously [8]. Presence of nitrite indicate that there is
oxidation which itself is affected by various environmental factors such as natural re-aeration,
photosynthesis and presence of ammonium which are usually fluctuating in an aquatic ecosystem.
Nitrate nitrogen ranged from 0.40 + 0.01 to 1.39 + 0.01 mg/L in the water samples. The values were
lower than those previously reported in water from Nyabugogo river [8] but is comparable to the
results reported by Mvungi et al. [52] in Zimbabwe. Thus, there is no potential contamination of water
from sewage discharges at the studied stations on Nyabarongo and Nyabugogo rivers.

3.1.7. Ionic Composition of the Water Samples

The chemical composition of natural water depends on factors such as the chemistry of atmospheric
precipitation, mineralogy of the rocks encountered along the flow path, residence time of the water,
topography and climate [56, 57]. As shown in Table 2, Fe and Pb concentrations in water from all the
sampled stations were higher than their corresponding WHO recommended limits in drinking water.
In addition, Mn levels were also exceeded in water from Ruliba station (Nyabarongo river) and
Giticyinyoni (Nyabugogo river).
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Iron is found in natural fresh water at levels ranging from 0.5 to 50 mg/L [42]. The high levels of Fe
reported in this study agreed with previous studies. Usanzineza et al. [12] reported a mean value of
0.756 + 0.734 mg/L for Fe at the Lake Muhazi outlet. Nhapi et al. [8] reported elevated Fe levels in water
from Rusine river (8.76 + 8.88 mg/L) and Marenge river (6.85 + 5.92 mg/L). The study speculated that
the pollution could have been due to the geological composition of red soils in the area. It was noted
that inflows from Kigali city amplifies the concentration of Fe always recorded in Nyabugogo river.
The levels of Fe recorded in this study is supported by a recent study [22] which reported that the
concentration of iron was as high as 2,896 mg/kg in soils taken from Nyabugogo downstream. Earlier,
iron leachate was reported in the range of 1023.1 to 2005.8 mg/kg in clay cooking pots in Rwanda [58].
It is reported that iron is a major inorganic water quality problem and is mainly transported in
groundwater in the reduced form as Fe? [59]. Amadi [60], Eliku and Leta [51] reported lower Fe
concentrations (0.011 to 2.897 and 1.11 to 4.12 mg/L) in water from Sosiani river (Kenya) and Awash
river (Ethiopia) than is reported in Nyabarongo and Nyabugogo rivers in this study. Elevated levels of
Fe in water (12.6 to 15.51 mg/L) comparable to that reported in this study were reported in Mara river
of Tanzania by Kihampa and Wenaty [61]. The high levels of iron reported in this study could be due
to iron, steel and household equipment made of iron that are dumped in the rivers. The dark brown
color of water (Figure 2) is mainly attributed to the oxidation of iron in the ferrous form to ferric form
and the formation of ferric hydroxide colloids and complexes [62].

The concentration of lead reported in this study were above WHO maximum limits. Nhapi et al. [8]
reported that the high levels of lead in Mpazi river (Nyabugogo catchment) could be from Nyabugogo
tannery which uses a lot of chemicals and has many car parks in the area. The high levels of Lead in
Nyabugogo catchment was also reported by Usanzineza et al. [13] who hinted that the prevalence of
Lead in this catchment warranted further investigations. Similar results have been reported in other
African rivers; Mvungi et al. [52] reported 0.213 to 0.544 mg/L of lead in water from an urban river in
Zimbabwe while Okonkwo and Mothiba [63] reported 0.010 to 0.012 mg/L of lead from three urban
rivers in South Africa. The occurrence of lead in urban waters have been reported to be due to use of
leaded petrol and thoughtless dumping of dead car lead acid accumulators [24]. Lead is a toxic non-
essential trace metal even at meagre concentrations. Thus, the concentrations reported in this study is
harmful to fish and humans when ingested or inhaled in high doses [64]. Lead is an antagonist that
interferes with fundamental trace metals of comparable characteristics such as Calcium and Zinc. It is
also associated with human kidney failure and liver degradation [65]. Lead retards interactive, survival,
growth, development and metabolic processes in addition to increasing mucus synthesis and triggering
nervous system disorders [66].

Manganese levels were high in water from Ruliba station and Giticyinyoni. A study conducted in
Rwanda in the same catchment area recorded 10.28 + 11.44 mg/L of Mn in water from Rwanzekuma
river, 11.58 + 11.46 mg/L in Ruganwa river, 28.85 + 23.53 mg/L for Nyabarongo upstream and 25.56 +
2791 mg/L on Nyabarongo downstream water samples [8]. Nzeyimana [67] concluded that
groundwater in Rwanda contained high levels of Mn and thus the high Mn levels recorded in this study
could be due to the surrounding geological formation and disturbance of soils which causes discharge
of Manganese-rich runoffs [8] .

Generally, physico-chemical parameters such as pH, redox potential and salinity affect the mobility of
metals in water [68-70]. The water samples collected from all the stations showed low salinity with
mean values between 0.01 and 0.05 mg/L of chloride ions. This could explain the high concentrations
of Fe, Pb and Mn recorded in the water samples [71].

3.2 Heavy Metal Content of the Edible Muscles of Protopterus annectens

Although fish are migratory in an aquatic ecosystem, metal accumulation in fish gives evidence of
exposure to polluted aquatic environment [72] and could be used to evaluate the health condition of
the environment from which they are collected. Further, fish are good indicators of heavy metal
contamination in aquatic systems because they occupy different trophic levels [73]. The heavy metal
content of the edible muscles of P. annectens from Nyabarongo river are shown in Table 3.
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Table 3. Heavy Metal Concentrations in Edible Muscles of P. annectens from Nyabarongo River.

Sampling point Heavy metal concentration (mgkg)

Fe Mn Cu Zn Cr Cd Pb
Ruliba station 272.8+0.36 292.2+0.25 8.8+0.36 135.2+0.15 148.0£0.21 BDL 432.0+0.50
Kirinda bridge 336.0+0.70 302.6 +1.22 6.4+0.26 44.7+0.20 138.2+0.17 BDL 302.4+1.50
FAO/WHO [74] 30.0 1.0 30.0 40.0 10.0 0.5 0.5

BDL-below method detection limit.

Generally, high levels of heavy metals were recorded in edible muscles of P. annectens from
Nyabarongo river. The chemical sequences were Pb > Mn > Fe > Cr > Zn > Cu > Cd for samples from
Ruliba station and Fe > Mn > Pb > Cr > Zn > Cu > Cd for samples from Kirinda bridge. These
observations agreed well with the conclusions of Watanabe et al. [39] and Masoud et al. [40] that
absorbency of heavy metals in animal tissues varies from one trace metal to another. All the heavy
metal concentrations recorded in this study except that of copper and cadmium were above the
maximum permissible limit in fish recommended by FAO/WHO (Table 3).

Published data indicate that fish ingest heavy metals by direct uptake in aqueous solution or by
epithelial absorption of heavy metal contaminated water that sluices through their gills, skin, oral
cavity and digestive tract [73]. However, chronic intake of heavy metals by fish rest entirely on the
metal concentration, volume of the ingested contaminated food or water, the heavy metal uptake speed,
exposure duration, uptake route, ecological conditions external to the fish (including availability of
water, temperature, pH) and innate factors such as fish age [14, 75], fish nutritional habits as well as the
dynamic processes involved in the trace metal metabolism when ingested [76]. Thus, the high levels of
heavy metals recorded in P. annectens in this study could be because it is a piscivorous species [14, 77,
78]. Protopterus annectens (popularly known as West African lung fish or Tana lungfish) feeds on small
fish, molluscs, annelids, crustaceans and frogs [77, 78]. Further, the fish samples were taken during the
dry season and this is known to influence the concentration of heavy metals recorded in aquatic
organisms [75, 79, 80]. The results of this study are not in agreement with the report of Mohamed [81]
in which P. annectens was reported to contain the least level of heavy metals (beryllium, boron and
molybdenum) in both edible muscles and the head compared to the other species (Barbus bynni, Labeo
niloticus, Marcusenius cyprinoides, Mormyrus niloticus, Clarias lazera and Mormyrops anguilloides). Further,
the levels of heavy metals reported in P. annectens in this study are higher than that reported by
preceding authors in other parts of Africa (Table 4). Only one study [82] reported a zinc concentration
of 211.33 mgkg! which was higher than the concentration of zinc reported in this study.

Overall, the differences in the heavy metal concentrations in the fish samples can be attributed to the
presence of metal contaminants in the rivers. Bioavailability of metals may be influenced by
physiological activities of fish, pollutant loads, water chemistry and other environmental factors.
Differences in temperature, salinity and water flow can also influence metal accumulation and
bioavailability [72].

Table 4. Comparison of Heavy Metal Concentrations in P. annectens from Nyabarongo river with Other Studies.

Study area Mean heavy metal concentration (mgkg) Year  Authors

Fe Mn Cu Zn Cr Cd Pb

Exzzj;’?go T 2728+036 29224025 8.8+0.36 135.2+0.15 148.0+0.21 BDL 432.0+0.50 2019 Tt}:;
(336.0 +0.70) (302.6 +1.22) (6.4+0.26) (44.7 £0.20) (138.2+0.17) (BDL) (302.4 + 1.50) study

Lower River 0.36 +0.02 ND ND ND ND ND 0.09+0.01 2018 (83]

Benue, Nigeria

Osuta Lake, ND ND 30.10 ND 3.75 0.41 18.10 2016 [84]

Nigeria

Nkisa 174.66 11.81 492 211.33 1.03 0.79 0.98 2014 182]

River, Nigeria

Benin City, 0.32", [85]

Nigeria. ND ND ND ND ND P ND 2011

Anambra river, 60.23+0.37" 0.94 +0.06 3.01+0.40 10.60 £ 0.08 0.16£0.03 ND 0.01£0.02 2009 [79]

Nigeria 54,60 £0.20 € 1.00 £ 0.01 2.86 +0.31 11.40 £ 0.30 017 £0.02 ND 0.01£0.02

Notes: a-results in parenthesis are for fish from Kirinda bridge, b and c-results in these rows were obtained in wet and dry seasons respectively.
BDL-below detection limit, ND-Not determined, F-Fresh sample, D-Dry sample. Years cited are the years the data were published, with most
data collected in 1 month to 1 year prior to publication.
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3.3 Health Risk Assessment From Consumption of P. annectens

Chronic low-level intake of priority trace metals has been implicated for deleterious human health
effects which become apparent following years of persistent exposure [86-88]. Weber ef al. [89] reported
that aquatic organisms exposed to copious levels of waterborne trace metals bioconcentrate the metals
upon absorption, ultimately transferring them to humans as they are inevitable in human nutrition.
Thus, for the general population, dietary intake is the dominant exposure pathway to heavy metals
[14]. Target hazard quotient method was used to assess the potential health risks of heavy metal
accumulation through consumption of the edible muscles of P. annectens. The estimated daily intakes
(EDIs) ranged from 0.011 mgkgday! for Cu at Kirinda bridge to 0.719 mgkg'day! for Pb at Ruliba
station for adults (Table 5).

Table 5. Estimated Daily Intakes for P. annectens from Nyabarongo River Consumed by Adults and Children

Consumer  Sampling point Estimated Daily Intake (mgkg-'day)
Fe Mn Cu Zn Cr Cd Pb
Adults Ruliba station 0.454 0.486 0.015 0.225 0.246 ND 0.719
Kirinda bridge 0.559 0.504 0.011 0.074 0.230 ND 0.503
Children Ruliba station 1.816 1.945 0.059 0.900  0.985 ND 2.875
Kirinda bridge 2.236 2.014 0.043 0.298 0.920 ND 2.013

ND-Not determined. Values in bold are higher than the reference oral doses of the heavy metals.

The EDIs ranged from 0.043 mgkg'day? for Cu at Kirinda bridge to 2.875 mgkgday for Pb at
Kirinda bridge for fish consumed by children. Most EDIs exceeded the individual metal reference
doses, implying that there are possible health risks from consumption of P. annectens from Nyabarongo
river. Target hazard quotient of less one indicates the relative absence of health risks associated with
intake of the metal through consumption of a heavy metal contaminated fish. As can be observed in
Table 6, the individual target hazard quotients for Mn and Pb are above 1.0 for adults. In children, the
risk is very high because only Zn at Kirinda bridge and Cr had THQ less than one. Thus, consumption
of P. annectens from the studied parts of Nyabarongo river may have negative health impacts as
reflected by the total target hazard quotients being greater than 1 in both adults and children. Clearly,
children are more vulnerable to health risks associated with trace metal contamination than adults as
the TTHQ for children were always higher than that of adults (Table 6). This risk is also high in
pregnant women and those of childbearing age.

Table 6. Target hazard quotients for P. annectens from Nyabarongo river consumed by adults and children.

Consumer Sampling Point Heavy Metal Target Hazard Quotient Total Target
Fe Mn Cu Zn Cr Cd Pb Hazard Quotient
Adults Ruliba station 0.649 1.620 0.375 0.750 0.164 ND  5.136 8.53
Kirinda bridge 0.799 1.680 0.275 0.247 0.153 ND  3.593 6.75
Children Ruliba station 2.657 6.483 1.475 3.000 0.657 ND  20.536 34.81
Kirinda bridge 3.194 6.713 1.075 0.993 0.613 ND  14.379 25.89

ND-Not Determined. Values in bold are greater than 1.

3.4 Bioaccumulation factor
The bioconcentration factor computed for P. annectens in the sampled stations of Nyabarongo river are
presented in Table 7.

Table 7. Bioconcentration Factor for Protopterus annectens in Sampled Stations of Nyabarongo River.

Location Bioconcentration factor (L/kg)

Fe Mn Cu Zn Cr Cd Pb
Ruliba station 169.0 551.3 36.7 N/A N/A N/A 8,640
Kirinda bridge 533.3 15,130 N/A 496.7 2,303.3 N/A 403.2
Recommended limits [90] 200 500 200 1000 200 200 300

N/A-Not Applicable. Values in bold are higher than the maximum permissible limits.
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The concentration of chemicals in aquatic organisms can be calculated by two factors;
bioconcentration factor (BCF) and bioaccumulation factor (BAF). Both factors illustrate the partitioning
of a chemical between water and aquatic organisms, often fish, at steady-state conditions [90]. BCF
refers to chemical levels in organisms only due to uptake by the organism from the surrounding water
while BAF includes uptake from food. In this study, Fe, Mn, Cr and Pb had BCF more than the
recommended limits in edible tissues of freshwater fish especially at Kirinda bridge. Chromium had
the highest BCF, about 11 times the recommended limit. Bioaccumulation is due to uptake and
retention of elements in organisms and the process is usually complex to describe. The uptake of
elements depends primarily on environmental conditions whereas the retention is dependent on
biological features of the organisms [90]. The complexity of these processes may be one of the reasons
why the range of the reported values for a given element can be very large [90]. Further, the BCF based
on dry weight are reported to be 3 to 10 times higher than those based on wet weight, depending on
the organism and sample preparation. Ash-weight based BAF values are 100 times higher than those
based on wet weight [91].

Alinnor, Ayuk and Igbomezie [84] reported that the BCF of heavy metals in P. annectens followed the
sequence Cu >Pb > Cd = Cr. In this study, P. annectens recorded the highest BCF of 130 for Cu and 27
for Pb. Such trace metal accumulation levels in fish as in this concerted study augment published data
reported by preceding authors on different species of aquatic organisms [14, 37, 41, 92, 93]. Thus, this
study suggests that P. annectens could be used as a sentinel organism for biomonitoring of aquatic
ecosystems.

4.0 Conclusions and Recommendations

This study has shown that Nyabarongo river and Nyabugogo river water and fish are polluted with
heavy metals (Fe, Mn Cu, Zn, Cr and Pb) with Fe, Pb and Mn being the major pollutants in
concentrations exceeding maximum permissible WHO limits. Human health risk assessment indicates
that the population consuming P. annectens are subjected to significant health hazard from ingestion of
heavy metal contaminated fish. Nyabarongo and Nyabugogo rivers should therefore be protected from
anthropogenic activities such as mining and agricultural activities carried out along their banks to
mitigate water pollution with metals and agricultural chemicals. Further studies during different
seasons of the year should be done to monitor the variation of the heavy metal content of the edible
muscles of P. annectens in Nyabarongo river. Research should be done to evaluate the trace metal
contents of metabolically active organs (gills, liver, kidney) of P. annectens from Nyabarongo river. The
microbiological quality of water from the studied rivers should be assessed.

Declarations
Ethics approval and consent to participate
Not applicable

Consent for publication

Not applicable

Availability of data and materials

The datasets supporting the conclusions of this article are included within the article (and its additional files).
Supplementary materials

Additional file 1. Physicochemical properties of water and the heavy metal content of the edible muscles of
Protopterus annectens from Nyabarongo and Nyabugogo rivers.

12


https://doi.org/10.20944/preprints201912.0136.v1
https://doi.org/10.1186/s13104-020-4939-z

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 December 2019 d0i:10.20944/preprints201912.0136.v1

Competing interests
The authors declare that there is no conflict of interest regarding the publication of this paper.

Funding

This research received no external funding.

Authors' contributions

TO, PN & SA designed the study, PN performed the analytical experiments, TO, DWO, MDN, RO, SME, A] & AM
performed literature search, PN, LNK, BJK, SME & A] analyzed the collected data. TO, PN, SA, DWO & RO wrote
the first draft of the manuscript. All authors revised and approved the final manuscript.

Acknowledgments

TO, PN, LNK, MDN, BJK, AJ & AM are grateful to the World Bank and the Inter-University Council of East Africa
(IUCEA) for the scholarship awarded to them through the Africa Centre of Excellence II in Phytochemicals, Textiles
and Renewable Energy (ACE II PTRE) at Moi University, Kenya that made this concerted communication possible.

Abbreviations
BAF-Bioaccumulation factor
BCF-Bioconcentration factor
EDI-Estimated Daily Intake
R/D-Reference dose

TDS-Total dissolved solids
THQ-Target hazard quotient
TTHQ-Total target hazard quotient

Author details

! Department of Chemistry and Biochemistry, School of Biological and Physical Sciences, Moi University, Uasin
Gishu County, P.O. Box 3900-30100, Eldoret, Kenya.

2Department of Quality Control and Quality Assurance, Product Development Directory, AgroWays Uganda
Limited, plot 34-60, Kyabazinga Way, P.O. Box 1924, Jinja, Uganda.

3Department of Chemistry, College of Science and Technology, University of Rwanda, P.O. Box 3900, Kigali,
Rwanda.

4Department of Mechanical Engineering, Faculty of Engineering and Architecture, American University of
Beirut, P.O. Box 11-0236, Riad El-Solh 1107 2020, Beirut, Lebanon.

SDepartment of Chemistry, Faculty of Science, Kyambogo University, P.O. Box 1, Kampala, Uganda.
¢Department of Quality Control and Quality Assurance, Rene Industries Limited, P.O. Box 6034, Kampala,
Uganda.

7Department of Pharmacy, School of Medicine, College of Health Sciences, Makerere University, P.O. Box 7062,
Kampala, Uganda.

References

1. World Water Assessment Programme. The United Nations World Water Development Report: Water for People, Water
for Life; UNESCO: Paris, France, 2003.

2. Oyeleke PO, Okparaocha FJ, Abiodun AO. Human Health Risk Assessment of Heavy Metals (Lead, Cadmium and
Copper) in Fresh Water Tilapia Fish (Oreochromis niloticus) from Eleyele River, Ibadan, Southwestern Nigeria. Chem
Res ] 2018, 3(4): 134-142.

3. Meche A, Martins MC, Lofrano BESN, Hardawaya CJ, Merchanta M, Verdadeb L. Determination of heavy metals by
inductively coupled plasma-optical emission spectrometry in fish from the Piracicaba River in Southern Brazil.
Microchem J 2010, 94: 171-174.

4. Akresh R, Verwimp P, Bundervoet T. Civil war, crop failure, and child stunting in Rwanda. Econ Dev Cultural Change
2011, 59: 777-810.

5. Mukanyandwia V, Nahayoa L, Hakorimanaa E, Gasiraboa A, Otgona S. Review on water resources management and
key threats in Rwanda, East Africa. ] Water Secur 2018, 4: jws2018003.

6. Karamage F, Zhang C, Ndayisaba F, Nahayo L, Kayiranga A, Omifolaji JK, et al. The need for awareness of drinking
water loss reduction for sustainable water resource management in Rwanda. ] Geosci Environ Protect 2016, 4:74.

7. UN. World Population Prospects: The 2015 Revision. Desa, Population Division. http://esa.un.org/unpd/wpp/.
Accessed 25 Oct 2019.

13


https://doi.org/10.20944/preprints201912.0136.v1
https://doi.org/10.1186/s13104-020-4939-z

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 December 2019 d0i:10.20944/preprints201912.0136.v1

8. Nhapi I, Wali UG, Uwonkunda BK, Nsengimana H, Banadda N, Kimwaga R. Assessment of Water Pollution Levels in
the Nyabugogo Catchment, Rwanda. Open Environ Eng J 2011, 4: 40-53.

9. Kiptum AR, Sang CC. Determinants of groundwater retention in wells: a case of Keiyo North district, Elgeyo Marakwet
County, Kenya. ] Water Secur. 2017; 3: jws2017007.

10. Gasana ], Twagirimana L, Brenniman G, Hallenbeck W. Industrial discharges of metals in Kigali, and the impact on
drinking water quality. Bull Environ Contam Toxicol 1997; 58, 523-526.

11. Nkuranga E. Heavy metal removal and accumulation by an Urban Natural Wetland: The Nyabugogo Swamp,
Rwanda. MSc Thesis, UNESCO-IHE Institute for Water Education, Delft, The Netherlands. 2007.

12. Usanzineza D, Nhapi I, Wali UG, Kashaigili JJ, Banadda N. Nutrients Inflow and levels in Lakes: A Case Study of Lake
Muhazi, Rwanda. Econ 2011, 19: 53-62.

13. Usanzineza D, Nhapi I, Wali UG, Kashaigili JJ, Banadda N. Distribution of heavy metals in Lake Muhazi, Rwanda. In:

10th WaterNet/WARFSA/GWP Symposium, IWRM: Environmental Sustainability, Climate Change and Livelihoods;
October, 2009.

14. Omara T, Karungi S, Kalukusu R, Nakabuye BV, Kagoya S, Musau B. Mercuric pollution of surface water, superficial
sediments, Nile Tilapia (Oreochromis nilotica Linnaeus 1758 [Cichlidae]) and yams (Dioscorea alata) in auriferous
areas of Namukombe stream, Syanyonja, Busia, Uganda. Peer] 2019, 7: €7919.

15. Grinning Planet. Polluted Seas: Major Bodies of Water/Areas with Serious Water Pollution Problems.
http://grinningplanet.com/2005/07-26/polluted-seas.htm. Accessed 20 Aug 2019.

16. New Vision. 5th November 2012. Water hyacinth reinvades Lake Victoria.
https://www.newvision.co.ug/new_vision/news/1309645/water-hyacinth-invades-lake-victoria. Accessed 06 Sept
2019.

17. Ogwok P, Muyonga JH, Sserunjogi ML. Pesticide residues and heavy metals in Nile perch (Lates niloticus) belly flap
oil. Bull Environ Contam Toxicol 2009, 82 : 529-933.

18. Castro-Gonz’'alez MI, M’endez-Armenta M. Heavy metals: implications associated to fish consumption. Environ
Toxicol Pharmacol 2008, 26: 263-271.

19. Al-Busaidi M, Yesudhason P, Al-Mughairi S, Al-Rahbi WA, Al-Harthy KS, Al-Mazrooei NA, et al. Toxic metals in
commercial marine fish in Oman with reference to national and international standards. Chemosphere 2011, 85 : 67—
73.

20. Rahman MS, Molla AH, Saha N, Rahman A. Study on heavy metals levels and its risk assessment in some edible fishes
from Bangshi River, Savar, Dhaka, Bangladesh. Food Chem 2012, 134 : 1847-1854.

21. Etale A, Drake DC. Industrial Pollution and Food Safety in Kigali, Rwanda. Int ] Environ Res 2013, 7 :403-406.

22. Hakizimana P, Maniragaba A, Nshimiyimana FX. Assessment of Heavy Metals in Amaranthus Spinosus, Kigali,
Rwanda. Int ] Advanced Res Publ 2019, 3 : 7-12.

23. Karamage F, Zhang C, Kayiranga A, Shao H, Fang X, Ndayisaba F, et al. USLE-Based Assessment of Soil Erosion by
Water in the Nyabarongo River Catchment, Rwanda. Int ] Environ Res Public Health 2016, 13: 835.

24. Omara T, Ogwang R, Ndyamuhaki S, Kagoya S, Kigenyi E, Musau B, et al. Spectroscopic analysis of selected priority

trace metals in the extant East African gilled lungfish (Protopterus amphibius) in Lira municipal lagoon and its edibility
health risk. Sci ] Anal Chem 2018, 6 : 38-45.

25. Omara T, Nassazi W, Adokorach M, Kagoya S. Physicochemical and Microbiological Quality of Springs in Kyambogo
University Propinquity. OALib ] 2019, 6: 1-13.

26. American Public Health Association (APHA). Standard methods for examination of water and wastewater, 20th edn.
American Public Health Association, Washington. 1995.

27. National Institute of Statistics of Rwanda. Life Expectancy at Birth. 2019. http://www.statistics.gov.rw/publication/life-
expectancy-birth . Accessed 14 Nov 2019.

28. Ali M, Hau VTB. Vegetables in Bangladesh: Economic and Nutritional Impact of New Varieties and Technologies.
Technical bulleting (25) Tainan, Taiwan. The World Vegetable Center (AVRDC). 2001. p. 69.

29. Saha N, Zaman MR. Evaluation of possible health risks of heavy metals by consumption of foodstuffs available in the
central market of Rajshahi City, Bangladesh. Environ Monit Assess 2012, 185: 3867-3878.

30. US EPA. Risk-based concentration table. Washington DC, United States Environmental Protection Agency. 2009.

3L Qing X, Yutong Z, Shenggao L. Assessment of heavy metal pollution and human health risk in urban soils of steel
industrial city (Anshan), Liaoning, Northeast China. Ecotoxicol Environ Safety 2015, 120: 377-385.

32. Superfund Public Health Evaluation Manual. US EPA, Washington, D.C. United States Environmental Protection
Agency. 1986. p. 1-86.

33. Akoto O, Bismark EF, Darko G, Adei E. Concentrations and health risk assessments of heavy metals in fish from the
Fosu Lagoon. Int ] Environ Res 2014, 8 : 403-410.

34. Hallenbeck WH. Quantitative Risk Assessment for Environmental and Occupational Health, Lewis, Chelsea, MI. 1993.

35. YiY, Yang Z, Zhang S. Ecological risk assessment of heavy metals in sediment and human health risk assessment of
heavy metals in fishes in the middle and lower reaches of the Yangtze River basin. Environ Pollut 2011, 159: 2575-2585.

36. Chien LC, Hung TC, Choang KY, Yeh CY, Meng PJ, Shieh M], et al. Daily intake of TBT, Cu, Zn, Cd and As for
fishermen in Taiwan. Sci Total Environ 2002, 285: 177-185.

37. Zhao S, Feng C, Quan W, Chen X, Niu ], Shen Z. Role of living environments in the accumulation characteristics of
heavy metals in fishes and crabs in the Yangtze River Estuary, China. Marine Pollut Bulletin 2012, 64 : 1163-1171.

38. US EPA. Risk assessment guidance for superfund, human health evaluation manual Part A. Interim Final I,

Washington, D.C. United States Environmental Protection Agency. 1989.

14


https://doi.org/10.20944/preprints201912.0136.v1
https://doi.org/10.1186/s13104-020-4939-z

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 December 2019 d0i:10.20944/preprints201912.0136.v1

39. Cooper CB, Doyle ME, Kipp K. Risk of consumption of contaminated seafood, the Quincy Bay case study. Environ
Health Perspect 1991, 90: 133-140.

40. US EPA. Bioaccumulation testing and interpretation for the purpose of sediment quality assessment. U.S.
Environmental Protection Agency, EPA-823-R-00-001. 2000.

41. Benson NU, Anake WU, Essien JP, Enyong P, Olajire AA. Distribution and risk assessment of trace metals in Leptodius
exarata, surface water and sediments from Douglas creek in the Qua Iboe Estuary. ] Taibah Univ Sci 2017, 11 : 434-449.

42, WHO. Guidelines for drinking-water quality, 3rd edition First Addendum to the 3rd edition Volume 1
recommendations (Vol. 1) WHO. Geneva, Recommendations. 2008.

43. Perlman H. Water Properties: Temperature. In: The USGS Water Science School. 2013
http://ga.water.usgs.gov/edu/temperature.html. Accessed 10 Oct 2019.

44. Muhirwa D, Nhapi I, Wali UG, Banadda N, Kashaigili JJ, Kimwaga R. Characterisation of wastewater from the
Nyabugogo Abattoir, Rwanda and the impact on downstream water quality. Int ] Ecol Dev. 2010; 16: 30-46.

45. Trivedi RK, Goel PK. Chemical and biological methods for water pollution studies. Environmental Publications, Y. K.
College of Science, Karad, India. 1986. p. 250.

46. Abdullah MH, Ying L, Aris AZ, Park JH. Water chemistry in downstream region of Tuaran River: A preliminary

assessment on seawater intrusion due to sea level rise. In: Park JH, Inam E, Kim KW (eds) Proceedings of the 1st
International Workshop on Climate Change Impacts on Surface Water Quality in East Asian Watersheds, Chuncheon,
Korea. 2007. p. 100-104.

47. Water Research Center. Water Testing Total Dissolved Solids Drinking Water Quality. 2019. https://water-
research.net/index.php/water-treatment/tools/total-dissolved-solids. Accessed 11 Nov 2019.

48. Varol M, Gokot B, Bekleyen B, Sen B. Water quality assessment and apportionment of pollution sources of Tigris River
(Turkey) using multivariate statistical techniques: A case study. River Res Appl 2011, 28 :1428-1438.

49. Li X, Li P, Wang D, Wang Y. Assessment of temporal and spatial variations in water quality using multivariate
statistical methods: a case study of the Xin’anjiang River, China. Front Environ Sci Eng 2014 8 :895-904.

50. Minuta T, Jini D. Impact of effluents from wet coffee processing plants on the Walleme River of Southern Ethiopia.
Res ] Environ Toxicol 2017, 11 : 90-96.

51. Eliku T, Leta S. Spatial and seasonal variation in physicochemical parameters and heavy metals in Awash River,
Ethiopia. Appl Water Sci 2018, 8: 177.

52. Mvungi A, Hranova RK, Love D. Impact of home industries on water quality in a tributary of the Marimba River,
Harare: implications for urban water management. Phys Chem Earth 2003, 28 : 1131-1137.

53. Mariraj MS, Vanalakshmi P. Assessment of Water Quality in Noyyal River through Water Quality Index. Int ] Water
Res Environ Eng 2013, 5 : 35-48.

54. Cocchetto DM, Levy G. Absorption of Orally Administered Sodium Sulphate in Human. ] Pharm Sci 1981, 70 : 331-
333.

55. Zoeteman BCJ. Sensory Assessment of Water Quality. 1st Edition. Pergamon Press, New York, USA. 1980. p.162.

56. Guler C, Thyne GD, McCray JE, Turner AK. Evaluation of graphical and multivariate statistical methods for
classification of water chemistry data. Hydrogeol ] 2002, 10 : 455-474.

57. Mokthar M, Aris AZ, Abdullah MA, Yusoff MK, Abdullah MP, Idris AR, et al. A pristine environment and water
quality in perspective: Maliau Basin, Borneo’s mysterious world. Water Environ ] 2009, 23 : 219-228.

58. Nsengimanaa H, Munyentwalia A, Muhayimanaa P, Muhizia T. Assessment of heavy metals leachability from
traditional clay pots “inkono”and “ibibindi” used as food contact materials. Rwanda J 2012, 25 : 52-65.

59. BGS. Groundwater Quality: Uganda, London, British Geological Survey. Nottingham, UK, USA. 2001.

60. Amadi EK. Nutrient loads and heavy metals assessment along Sosiani River, Kenya. Chem Mat Res 2013, 3 : 14-20.

61. Kihampa C, Wenaty A. Impact of mining and farming activities on water and sediment quality of the Mara river basin,
Tanzania. Res ] Chem Sci 2013, 3 : 15-24.

62. Chu LM, Cheung KC, Wong MH. Variations in the chemical properties of landfill leachate. Environ Manage 1994, 18 :
105-117.

63. Okonkwo JO, Mothiba M. Physico-chemical characteristics and pollution levels of heavy metals in the rivers in
Thohoyandou, South Africa. ] Hydrol 2005, 308: 122-127.

64. Badr AM, Mahana NA, Eissa A. Assessment of Heavy Metal Levels in Water and Their Toxicity in Some Tissues of
Nile Tilapia (Oreochromis niloticus) in River Nile Basin at Greater Cairo, Egypt. Global Vet 2014, 13 : 432- 443.

65. Salem HM, Eweida EA, Farag A. Heavy metals in drinking water and their environmental impact on human health.

In: The International Conference for Environmental Hazard Mitigation ICEHM 2000. Cairo, Giza Egypt. 9-12
September 2000, Cairo University, Cairo, Egypt.

66. Eisler R. Lead hazards to fish, wildlife and invertebrates: A synoptic review. 1988. p. 1-14.

67. Nzeyimana V. Assessment of Groundwater Quality in Nyagatare and Gatsibo Districts, Rwanda. Unpublished MSc
Thesis, National University of Rwanda, Kigali, Rwanda. 2008.

68. Kelderman P, Drossaert WME, Zhang M, Galione LS, Okonkwo LC, Clarisse IA. Pollution assessment of the canal
sediments in the city of Delft (The Netherlands). Water Res 2000, 34 : 936-944.

69. Kelderman P, Osman AA. Effect of redox potential on heavy metal binding forms in polluted canal sediments in Delft
(The Netherlands). Water Res 2007, 41: 4251-4261.

70. Du Laing G, De Vos R, Vandecasteele B, Lesage E, Tack FMG, Verloo MG. Effect of salinity on heavy metal mobility

and availability in intertidal sediments of the Scheldt estuary. Estuar Coastal Shelf Sci 2008, 77 : 589-602.

15


https://doi.org/10.20944/preprints201912.0136.v1
https://doi.org/10.1186/s13104-020-4939-z

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 December 2019 d0i:10.20944/preprints201912.0136.v1

71. Sekomo CB, Nkuranga E, Rousseau DPL, Lens PNL. Fate of heavy metals in an urban natural wetland: the Nyabugogo
swamp (Rwanda). Water Air Soil Pollut 2011, 214: 321-333.

72. Qadir A, Malik RN. Heavy Metals in Eight Edible Fish Species from Two Polluted Tributaries (Aik and Palkhu) of the
River Chenab, Pakistan. Biol Trace Element Res. 2011; 143(3):1524-1540.

73. Burger ], Gaines KF, Boring CS, Stephens WL, Snodgrass J, Dixon C, et al. Metal levels in fish from the Savannah river:
Potential hazards to fish and other receptors. Environ Res 2002, 89: 85-97.

74. FAO/WHO. WHO technical report series No 505, Evaluation of certain food additives and the contaminants, mercury,

lead and cadmium for environment monitory report No 52 center for environment. Tech. Rep., Fisheries And
Aquaculture Science Lowest Tofit UK. 1989.

75. Ahmed AK, Shuhaimi-Othman M. Heavy metal concentrations in sediments and fishes from Lake Chini, Pahang,
Malaysia. ] Biol Sci 2010, 10 : 93-100.
76. Koca YBM, Koca S, Yildiz S, Gurcu B, Osanc E, Tuncbas O. Investigation of histopathological & cytogenetic effects on

Lepomis gibbosus (Pisces: Perciformes) in the Cine stream (Aydin/Turkey) with determination of water pollution.
Environ Toxicol 2005, 20: 560-571.

77. Fish Base. Protopterus annectens (Owen, 1839). West African lungfish. 2019. https://www. fishbase.se/summary/2384 .
Accessed 27 Oct 2019.
78. Otuogbai TM, Ekhenoba A, Elakhame L. Food and feeding habits of the African lungfish, Protopterus annectens

(Owens) (Pisces: Sarcopterygii) in the flood plains of River Niger in Etsako east of Edo State, Nigeria. Afr J Trop
Hydrobiol Fisheries 2000, 14-26.

79. Nwani CD, Nwoye VC, Afiukwa JN, Eyo JE. Assessment of Heavy Metals Concentrations in the Tissues (Gills and
Muscles) of Six Commercially Important Fresh Water Fish Species of Anambra River South-East Nigeria. Asian Jr
Microbiol Biotech Env Sci 2009, 11 : 7-12.

80. Mol JH, Ramlal JS, Lietar C, Verloo M. Mercury contamination in freshwater, estuarine, and marine fishes in relation
to small-scale gold mining in Suriname, South America. Environ Res 2011, 86 :183-197.

81. Mohamed HEA. Bioaccumulation of Heavy Metals in Muscle Tissues and Head of Some Commercial Nile Fish in
Sudan. Int ] Aquaculture. 2014, 4 : 118-122.

82. Alinnor IJ, Alagoa AF. Trace metal distribution in fish, sediment and water samples from Nkisa river, Nigeria. British
J Appl Sci Technol 2014, 20:2901-2913.

83. Ikape SI, Solomon SG and Ed-Idoko J. Proximate and Macro Element Composition of Four Fish Species from Lower
River Benue Makurdi Benue State Nigeria. ] Nutr Health Food Sci 2018, 6 : 1-6.

84. Alinnor IJ, Ayuk AA, Igbomezie MC. Distribution of elemental contaminants in water and fish samples from Oguta
Lake, Nigeria. Int ] Fish Aquatic Stud 2016, 4 : 659-664.

85. Atuanya EI, Edefetah MA, Nwogu NA. Microbiological Qualities and some Heavy Metals (Mercury and Cadmium)
Levels of Fresh and Dry Fish Species sold in Benin City, Edo State, Nigeria. Bulletin Environ Pharmacol Life Sci 2011,
1:10-14.

86. Bortey-Sam N, Nakayama SMM, Ikenaka Y, Akoto O, Baidoo E, Yohannes YB, et al. Human health risks from metals

and metalloid via consumption of food animals near gold mines in Tarkwa, Ghana: Estimation of the daily intakes and
THQs. Ecotoxicol Environ Safety 2005, 111: 160-167.

87. Liu H, Probst A, Liao B. Metal contamination of soils and crops affected by the Chenzhou lead/zinc mine spill (Hunan,
China). Sci Total Environ 2005, 339: 153-166.

88. Huang SS, Liao QL, Hua M. Survey of heavy metal pollution and assessment of agricultural soil in Yangzhong district,
Jiangsu Province, China. Chemosphere. 2007; 67: 2148-2155.

89. Weber P, Behr ER, Knorr CDL, Vendruscolo DS, Flores EMM, Dressler VL, et al. Metals in the water, sediment and
tissues of two fish species from different trophic levels in a subtropical Brazilian river. Microchem ] 2013, 106: 61-66.

90. Karlsson S, Meili M, Eco UBS, Safety AB. Bioaccumulation factors in aquatic ecosystems : A critical review, July 2002.

91. TAEA. Sediment Kds and Concentration Factors for Radionuclides in the Marine Environment. IAEA, Austria, Vienna.
1985, Technical Reports Series No. 247.

92. Avelar WEP, Mantelatto FLM, Tomazelli AC, Silva DML, Shuhama T, Lopes JLC. The marine mussel Perna perna

(Mollusca, Bivalvia, Mytilidae) as an indicator of contamination by heavy metals in the Ubatuba Bay, Sao Paulo, Brazil.
Water, Air Soil Pollut 2000, 118: 65-72.

93. Kwok CK, Liang Y, Wang H, Dong YH, Leung SY, Wong MH. Bioaccumulation of heavy metals in fish and Ardeid at
Pearl River Estuary, China. Ecotoxicol Environ Safety 2005, 106: 62-67.

16


https://doi.org/10.20944/preprints201912.0136.v1
https://doi.org/10.1186/s13104-020-4939-z

