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Rivers Wouri and Meme are surrounded by streams and wells and serve for irrigation, fishing, domestic
purposes and transportation. Water samples were collected from the rivers in February (dry season)
and August (wet season) of 2012 at different sites and at different depths and analyzed for some
physicochemical properties. This was to study the effect of seasonal changes on the properties and
also infer the possible sources of pollution. Water from the other sources was also analyzed. All
analyses were done using standard methods. The properties were generally higher during the dry
season. Both rivers were acidic. The Electrical conductivities (E.Cs) of River Wouri were generally much
lower than those of River Meme with mean values of 2943.0 and 5703.0 pS/cm respectively during the
dry season. Ca2+/Mg2+ ratios for upstream in River Meme were greater than 3 during the dry season.
During the dry season, in Wouri at site WO1, Cations and anions decreased with depth, while at site
WOQO?7, the same properties increased with depth. For River Meme at site ME1, there was no significant
(p<0.01) variation of cations and anions with depth. On the contrary, at site ME8, the anions increased
with depth while the cations decreased significantly (p<0.01) with depth. The streams were weakly basic
with average pH of 8.3 for those of Wouri and 9.0 for those around River Meme. The streams around
River Wouri generally had higher physicochemical properties. Physicochemical properties of the wells
of Wouri were generally higher than those of the streams during both seasons. There was a very
significant correlation (p < 0.01) between nitrate and choride ions in both rivers during the dry season.
Most of the properties were within the levels set by World Health Organization and Environmental
Protection Agency (EPA). The water sources are exposed to increases in anthropogenic activities, such
as industrial and municipal waste disposal and farming practices. A more stringent legislation about
water management, as well as studies about the biological content of the water sources is recommended.
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INTRODUCTION

Water is primordial among the needs of living things and not survive in a few days if deprived of it but could do so
man’s most urgent need is good water. The former could in as many days without food (Faniran, 1991). Its
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importance cannot be overemphasized in industries,
agriculture, economic activities, health etc. Unfortunately,
water scarcity is a global problem affecting close to 2.8
billion people (Mbua, 2013). According to the latter, the
situation is alarming in developing countries. While
improved water sources were accessible to more than 2
billion people from 1990 to 2010, Sub-Saharan Africa had
the lowest drinking-water coverage compared to the other
regions of the world (UNICEF/WHO, 2012). The role of
good water as engine of socioeconomic development
makes its management of pivotal importance. Cameroon’s
record in this respect falls below expectation. Statistics
on the number of persons with access to quality water in
the country vary. The figure is estimated to be between
42 and 74% (Otto, 2014) of the population. In Sub-
Saharan Africa, including Cameroon about 58% of the
population has no access to portable water (Fonjong and
Fokum, 2017). There is therefore an increasing need for
greater access to portable water.

There is an increased dependence on ground water
along the coast of the Gulf of Guinea (Eneke et al., 2011)
and Cameroon in particular. This dependence is
prominent in agriculture, domestic activities, health etc.
The Geology and anthropogenic activities of a region
influence the water quality (Eneke et al., 2011). It is
evident that although water is highly important, it is often
impaired by human and natural activities. Many water
diseases are abound; cholera, typhoid, dysentery etc.
Water safety is necessary (Nwankwoala and Udom,
2011). Cameroon is endowed with many water sources,
which could contribute to the economy of the country.
The country has as a long-term plan to emerge by 2035.
Water quality is one of the indicators of developed/
emerging countries. Hence, the need for more studies on
water quality.

One of the reasons associated to scarcity of drinking
water is contamination or pollution. Among the various
types of pollution, water pollution is second undesirable
only after air pollution, in terms of effects (Milani et al.
1992). Pollution is either natural or anthropogenic. In sub-
Saharan Africa, almost all communities in coastal areas
depend on groundwater for drinking and domestic
purposes (Edet, 2008). This is because it is readily
available and is relatively cleaner than surface water
sources, which are exposed to pollution from domestic
wastes and runoff especially during the rainy season.
Groundwater does not need extensive treatment before
use (Yidana, 2010). Water quality is therefore an
environmental and health issue that needs urgent
attention. One of the technologies to monitor water
quality is the determination of some of its physicochemical
properties. Some of the physicochemical properties of
water of great concern are cations, anions and pH. They

*Corresponding author. E-mail: nnfomenky@yahoo.co.uk.

affect the health of both plants animals. Heavy metals are
soluble at low pH and can easily find themselves into
waterways. Calcium and magnesium, although necessary
for health, cause great health disorders when in excess
or when they are not in appropriate ratios.

Douala harbours most of the industries in Cameroon. In
the area, there are numerous water bodies of diverse
uses by the 2.943 million inhabitants (CDP, 2018). Some
of the water bodies are streams, wells and rivers.
Conspicuous on the list of rivers is River Wouri lined by
the Wouri mangroves. It is hypothesized that the diversity
of industrial activities in the area and their effluents
constitute a potential threat to water and the mangroves.
Many towns in Meme harbour major agricultural
establishments. The Meme River is prominent in these
towns. It is the largest river in Meme Division. Many other
water bodies drain into this river that in turn, empties into
the Atlantic Ocean. Agricultural runoffs into these water
bodies could carry or contain chemical substances, which
would be dangerous at high concentrations. The
inhabitants use these water bodies for various purposes.
Whereas River Wouri feeds the Wouri Mangrove, River
Meme feeds the Rio del Rey Mangrove. The probability
that they could be contaminated from the human
activities that take place around them could therefore be
high. Hence, the dire need to study the quality of the
water sources in the area.

There is a great need for good portable and clean
water for sustainability, survival of industries and above
all, good health of the inhabitants. The increasing
indiscriminate disposal of domestic, industrial and
agricultural wastes on water and soil is a cause for
concern as the latter are exposed to contamination or
pollution. Seasonal variations could also affect the quality
of the water sources. Water pollution is therefore
receiving great attention as an area of research. This
work is therefore, aimed at investigating some
physicochemical properties water sources that feed
certain mangroves of Cameroon and relating them to
natural and/or anthropogenic activities within this sub-
region. It is also aimed at comparing the effect of
seasonal changes and the relative threats on the
mangroves from the quality of the water sources and
make concrete recommendations.

MATERIALS AND METHODS
Description of sites
Location

One of the areas of study is around River Wouri. The river takes its
rise from River Nkam and empties at the Wouri estuary. The region
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Figure 1. Map showing River Wouri, Water sampling sites and Drainage.

lies between latitudes 3 38 30N and 04 09 34 N and longitudes 9 35
OE and 9 45 30 E (Figure 1). In this area are found the Bassa and
the Bonaberi Industrial Zones of Douala. The zones are located
within the Douala Basin. The two industrial zones account for the
bulk of industrial activities in the country, but depict contrasting
features in terms of physical landscape (Dumont, 1968; Regnoult,
1986).The other site is around River Meme. The region lies in the
Rio del Rey Basin. It lies between latitudes 04° 29.000 N and 04°
37.019N and longitudes 009° 02.000E and 009° 08.000E (Figure
2).

Topography, geology and drainage

The Bonaberi Industrial Zone evolved almost entirely on the aquatic
terrain located on lagoon marginal depressions. This necessitated
extensive land reclamation to obtain space on which industrial
activities had to be built. The Bassa Industrial Zone terminates into
estuarine creek formation of the Dibamba River to the East of the
city. The Bonaberi Industrial Zone complex has encroached into the
Wouri River and this most likely provokes increased discharge of
effluents into it (Tening et al., 2013). The river is fed by streams and
passes through the Wouri Mangrove and terminates at the Atlantic
Ocean with the formation of the Wouri Estuary (Figure 1).

The basin around River Meme is part of the Douala sedimentary
basin. From south to north the sedimentary basin is symmetrically
divided by the Cameroon volcanic line (CVL) in two
geomorphological settings: the Douala basin (7,000 km?) to the
South and the Rio del Rey basin to the North (2,500 km?). Within
the Rio del Rey basin, isobaths lie up to 80 km from the beach

(Tening et al., 2014). Figure 2 is a map of sampling points and
drainage around River Meme.

Rock type and soils

The Douala basin consists mainly of sandstone with a few
intercalations of limestone and shale. The Mpundu Formation
consists of poorly consolidated grits and sandstones that
occasionally display bedding (Tening et al., 2013). However, the
Douala metropolis lies on the Wouri member of the Mpundu
Formation, which is dominantly made up of gravely sandstone with
clay matrix. The soils of this area are alluvial resulting from the
decomposition of sedimentary rocks. They are essentially sandy
and commonly rich in quartz and clay minerals. These soils are very
permeable in some areas. However, in other areas, the soils are
very rich in clays to the extent that percolation of rainwater takes
quite a long time (Tening et al., 2013). The soils around River
Meme are ferallitic (Gavaud and Muller, 1980), yellowish in colour
and varying from clayey, silty, sandy to lateritic clay sub soils
(Tening et al., 2014).

Human activities

The human activities in the Douala city are presented in Table 1.
The main activities around River Meme are agricultural with two
agro-industrial complexes: the CDC Rubber Plantation and the
PAMOL Plantation. Few farmers also cultivate crops like plantains,
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Figure 2. Map showing River Meme, Water sampling sites and Drainage.

Table 1. Major activities in the Douala metropolis.

Activity Company Product Chemical entity
. Guinness Cameroon SA. - . 3 .
Aggégﬁzstry and food Brasseries, La PASTA, Drinks/processed foods ’S\ILJCE)ZIZIIS:Z’SPOAl »organic
P g ISEBERG, SIC CACAO.
CIMENCAM, CEP, SAPCAM, Cement, oils, paints,
Chemical/oul UNALOR, SOPARCA, SIPCA, detergents, vanish, soap, NO3, acids, Hg, Cu, Pb, PO.%,
puip CCC, PILCAM, PLASTICAM. butter, plastics, matches, S0.Z, NO;
SOCAME, SCTB batteries, fertilizers
Textiles CICAM, SACC. Cloths Acids, Hg, organic compounds
Petroleum SCDP, TEXACO, BOCOM, Aviation fuels, petrol, diesel Hydrocarbons, Pb, NOs, PO43"
etc. fuel, wax.
Metallurgy alloys ALLUCAM, SOCAAFERE, Metals of various types. 251 Be, Bi, Cd, Cu, Pb, Hg, Ni,
Glass SOCAVERE Bottles 251 Be, Bi, Cd, Cu, Pb, Hg, Ni,

Adapted from Horan (1990) and Montgomery (1992) by Tening et al. (2013).

cocoyams, Cassava etc. Both the Agro-industrial complexes and Sampling
the local farmers use fertilizers and other agrochemicals that are
likely to impact the water quality in the area. Water samples were collected in the areas from rivers, wells and
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Figure 3. Depth sampler before sampling.

Figure 4. Water sampling with a depth sampler.

streams. This was done during the month of February (peak of dry
season) and August (peak of rainy season). In the rivers, the
sampling points were located at the tributaries. In rivers and wells,
the samples were collected at the surface, 1m, 3m and 5m
respectively using a llitre depth sampler (The Science Source:
WIFFLE BALL KING, Reg. No. 1149044, USA) (Figure 3). The
collection points were geo-referenced. The sampler was placed into
the water after assemblage and water collected (Figure 4).The
water samples were filtered using Whatman 40 filter papers placed
across a funnel. They were filtered into 250ml plastic bottles to the
brim and corked. It is worth noting that before filling, the bottles
were rinsed several times with water from the point to be collected.

Prior to filtration, temperature, pH and EC were measured using a

CE108380 TRACER Pocket Tester™ field meter. The collected
samples were rapidly put into a cooler containing ice blocks to
restrict microbial activity. They were then transported to the
laboratory where they were stored at temperature of -4 °c before
laboratory analysis. Water from wells and streams were collected
using small buckets and filtered into 250 ml bottles.

Water analysis
Analysis for ions was done using ion chromatography. This was

done at the Biogeochemistry Laboratory, University of Bristol,
United Kingdom. Water samples were analysed for the cations
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Table 2. Physicochemical properties of water from River Wouri and River Meme during the dry and wet seasons

oH S04% NO3(aq) K*(aq) Na*(aq) Ca?*(aq) Mg?* Caz*/Mg?*
Code Name mg L1
D W D W D W D W D W D w D w D W

WO1 Quartier Eloka 74 72 0.7 0.5 20 0.0 29 0.9 8.6 34 5.7 29 5.0 14 1.14 2.07
W02 Beange 8.1 72 1.9 0.2 n.d. 0.0 27 1.3 79 26 44 24 2.1 1.1 2.10 2.18
W03 Beange1 8.2 7.2 25 0.7 n.d. 0.0 38 0.7 15.6 25 5.3 28 47 1.5 1.13 1.87
W04 Todo Njebale 78 72 27.0 0.2 n.d. 0.0 24.2 1.0 123.8 28 19.4 32 10.5 15 1.85 213
W05 Ekongolo 78 72 38.0 0.6 n.d. 1.0 26.1 1.0 148.3 2.7 16.4 35 10.8 1.6 1.52 219
WO06 Wouri bridge 75 72 85.0 0.6 n.d. 0.5 45.7 0.8 300.9 33 24.1 36 16.8 1.8 143 2.00
Wwo7 Wouri Wharf 73 72 201.0 0.8 37 0.7 137.0 1.0 1022.0 36 53.0 35 43.0 1.7 1.23 2.06
W08 Steamer R 76 72 587.0 26 12.0 0.0 337.0 28 26040 19.0 114.0 3.7 101.0 3.7 1.13 1.00
ME1 CDC Pump, 9.5 72 3.0 1.9 0.4 0.9 10.5 5.4 15.8 5.2 13.0 5.4 35 n.d. 3.7

ME2 Mokoko Be 8.0 72 1.6 2.1 44 0.4 12.0 5.2 27.2 6.4 13.7 5.6 4.0 n.d. 343

ME3 Kumbe Be 9.1 72 3.0 0.7 n.d. 0.7 1.2 44 16.9 0.7 13.7 48 43 n.d. 3.19

ME4 Mongossi B. 8.2 72 1.5 1.9 47 0.3 10.8 438 17.2 0.3 13.1 5.0 33 n.d. 3.97

MES5 One Man H 8.1 741 64.0 0.9 n.d. 0.9 44.0 48 246.0 0.9 29.0 5.1 17.0 n.d. 1.7

ME6 Matutu 76 7.1 340.0 0.7 7.1 0.7 228.0 47 1682.0 0.7 82.0 48 71.0 n.d. 1.16

ME7 Via Masore J 74 7.1 317.0 nd 72 nd 234.0 6.0 1736.0 nd 82.0 25 70.0 n.d. 1.17

ME8 Masore Junc 74 72 296.0 nd 5.9 nd 212.0 5.2 1584.0 n.d. 76.0 20 65.0 n.d. 1.17

ME9 Matutu 2 79 72 433.0 n.d 9.1 nd. 445.0 6.5 3454.0 n.d 152.0 33 135.0 n.d. 1.13

ME10 Big Belly 75 72 553.0 n.d 11.3 n.d 335.0 8.1 2554.0 n.d 113.0 3.7 97.0 n.d. 1.17

n.d. = not determined D = dry season W = wet season WO = Wouri River ME = Meme River.

(Na*, K*, Mg?*, Ca*" and NH,") and anions (CI, SO,* and
NO3z) by ion chromatography. Cation analysis was
performed by suppressed conductivity ion chromatography
using a Dionex ICS-90 equipped with an lon Pac CS16
column (5 x 250 mm) and an AS40 Autosampler. The
eluant was 0.04 N methanosulfonic acid at a flow rate of
0.5 ml/min. The sample injection volume was 25 pl. The
cation standards used for calibration were purchased from
Fisher Scientific, UK. Saline samples were diluted 10- and
100- fold with de-ionized water. Suppressed conductivity
detection ion chromatography using a Dionex [C25
equipped with an ASR Ultra Il 4 mm column and AS3500

autosampler performed anion analysis. The eluent was
NaOH at 1 ml/min and the sample injection volume was 25
pl. Anion standards used for calibration were purchased
from Fisher Scientific, UK. Saline samples were diluted 10-
and 100-fold when required with de-ionised water. The
relative precisions of both the cation and anion analyses
methods were typically better than 5% once samples were
corrected for instrument drift. Experimental data was
analysed with the statistical package SPSS11.0 and
EXCEL 2010 for Windows. Correlation and regression
analyses were performed on the various data to evaluate
the relationships.

RESULTS AND DISCUSSION

Physicochemical properties of Rivers Wouri
and Meme during the seasons

During the dry season, there were variations in
physicochemical properties from upstream to
downstream (Table 2 and Figure 5). This may
have been caused by changes in quantity and/or
composition of freshwater discharges. This can



. E .
% % l Wouri 5000 -
16690 - A - . Wouri
14000 | [Jj Meme g 5000 -
12000 - ; 4000 . Meme
10000 . 3000 _

8000 -

6000 - 2000 -

4000 - 1000 -

2000 - 0 -

0 .

Fomenky et al. 431

12345678910

12345678910

Sample sites

Sample sites

Figure 5. Variation of E.C. (A) and CI" (B) from upstream to downstream during the dry season.

Table 3. Comparison of the means of the physicochemical properties of water from Rivers Wouri and Meme during the dry and wet seasons.

pH E.C. Cl'(ag) S04 (ag) NOs (aq) NEWE Mg* ag K aq) Ca” (o
River pS/cm mg L™
D W D w D W D w D W D D w D w D W
Wouri 7.7 7.2 2943.0 56.7 1085.8 3.8 117.8 0.8 59 03 528.9 24.2 1.8 72.4 1.2 302 3.2
Meme 8.0 7.2 5703.0 109.3 2005.2 15.8 201.2 140 6.3 0.7 1133.4 13.4 47.0 n.d. 1542 55 587 4.2
WHO 6.5-8.5 1000 250 250 50 200 30 100 75

n.d. = not determined. W = Wet season D = Dry season.

alter the Chemistry of the environment, such as
hydrogeology and temperature not suitable for the
mangrove ecosystem as was reported by Tening
et al. (2013). Nutrients from fresh water inflow not
only affect water quality but equally species
diversity as was reported by Doering (1996). All
the mean values of River Meme were higher than
those of River Wouri (Table 3). The degree of
acidity of water is inferred from its pH. The mean

pH of 7.7 for Wouri and 8.0 for Meme respectively
were within the permissible range of 6.5-8.5
(WHO, 2008; EPA, 2018). pH of a water body is
very important in determination of water quality
since it affects other chemical reactions such as
solubility and metal toxicity as was reported by
Fakayode (2005). They indicated that the rivers
were slightly alkaline and not polluted (Fakayode,
2005). In a similar study, Tening et al. (2013)

found the pH of River Wouri to be 7.4.

Electrical conductivity is a measure of the
amount of ions in solution. The Electrical
conductivities (E.Cs) of River Wouri were
generally much lower than those of River Meme
with mean values of 2943.0 and 5703.0 puS/cm
respectively. These values were much higher than
the maximum allowable value of 1000 uS/cm set
by WHO (2008). Mean concentrations of the
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cations stood at Na'* g >K'ag > Ca** ag > Mg 2 for both
rivers. Anions showed a trend of Cl g > SO,° (ag > NO3
@g). There was a significant difference (p<0.01) between
the means of both rivers. This could be an indication that
from River Wouri the sampling scenario had no effect on
the statistical detection of temporal trends in
physicochemical properties of water samples as was
reported by Tening et al. (2013) and that the higher
values of River Meme could be attributed to the nature of
activities and the soils of the area.

The concentration of most ions in water is measured in
mg/L. It is a measure of the amount of the respective ions
present in water one litre of solution. The means for Ca*
for River Wouri and River Meme, 30.2 and 58.7 mg Lt
respectively were below the WHO limit for domestic and
industrial use. Too much calcium prevents the uptake of
magnesium, and hence the optimum balance of these
two minerals in the water which we drink is vital to our
health as was reported by Rosborg (2015). Magnesium
concentrations were generally higher in Meme than in
Wouri. Clay minerals have low concentration of M92+
according to Todd (1980). If the concentration of Mg2+
were from clay mineral alone, it would have been low.
Hence the high concentration could be attributed to
natural and anthropogenic sources. Potassium had an
average concentration of 72.4 in Wouri and 154.2 mg L™
in Meme. The high concentrations of potassium in these
rivers could partly be from industrial sources in the area
such as the salt producing industry, Sel camerounaise
(SELCAM)) in Douala for Wouri and the CDC for Meme.

The mean concentration of Sodium in River Wouri was
528.9 while in River Meme; it was 1133.4 mg L. These
values are much greater than the maximum allowable
limit of 200 mg L™ set by WHO (2008). High Na levels
may contribute to elevated blood pressure according to
Rosborg (2015). Long term discharge of these ions which
function as dispersants into the mangrove environment
can change the structural properties of the swamp land
and lead to stress events. This could lead to regression
of the mangrove land surface and species that grow on
them.

During the wet season, the composition of anions and
cations varied at different sites of both rivers (Table 2).
Unlike during the dry season where the differences were
significant (p<0.05), the differences during the wet
season were not very significant. Both rivers were acidic
(Table 3). The physicochemical properties of River Meme
were much higher than those of River Wouri. Similar
results were obtained during the dry season. However,
these properties were far below the acceptable limits
formulated by WHO (2008).

The normal Ca*/Mg®* ratio is 2-3/1 as set by Rosborg
(2015). Ca®*/Mg*" ratios for upstream in River Meme
were greater than 3 during the dry season. This is an
indication that inhabitants of this region are exposed to
the effects of excess Calcium. Excess calcium is
associated with prostate cancer and also inhibits

production of Vitamin D3 according to Treadwell (2011).

Variation of physicochemical properties of water
from the Rivers Wouri and Meme with depth during
the seasons

During the dry season, in Wouri at site WO1, located at
upsteam, Cations and anions decreased with depth,
while at site WO7, located at downstream, the same
properties increased with depth (Table 4). Where the
cations increased with depth could be an indication that
one of the major sources of cations is the breakdown of
bedrock materials and where they decreased with depth
could be an indication that one of the major sources of
the cations was anthropogenic. The increase in cations
and anions were reflected in the corresponding increase
in conductivity with depth (Table 4). This increase in
conductivity with depth was prominent at site WO7 (Table
4).

For River Meme at site ME1, there was no significant
(p<0.01) variation of cations and anions with depth (Table
4). This is shown in the conductivity which remained the
same (190.0 pS/cm) with depth (Table 4). On the
contrary, at site MES8, the anions increased with depth
while the cations decreased significantly (p<0.01) with
depth. This could be an indication that at this site, the
cations had anthropogenic sources. It is also an
indication that downstream, the anions had as source
weathering of bedrocks. It can be seen that in both rivers,
one of the major sources of cations was anthropogenic
probably from the industries around the Wouri River and
the CDC and agricultural establishments around River
Meme.

During the wet season, for Wouri at site WO1, there
were no significant (p<0.05) changes in pH and electrical
conductivity with depth (Table 4). This could be an
indication that natural and anthropogenic factors did not
influence these parameters as depth increases. At site
WO1, nitrate was only present (0.4 mg L'l) at depth of 5
m. The anions did not show any trend with depth.
Generally, sodium increased with depth implying a natural
source (bedrock) while the rest of the cations decreased
with depth implying anthropogenic contamination from
runoffs or discharges into the river. At site WO7, pH and
electrical conductivity again remained virtually the same.
The anions decreased with depth. This could be an
indication that they may have had anthropogenic sources
of origin. This was evidenced from nitrate which was
found only at the top (0.7 mg L™) (Table 4) of the river at
this site. Generally potassium and calcium did not show
any trend with depth. Magnesium increased very slightly
with depth while sodium decreased with depth. The
properties were almost the same at both sites.

For Meme at site ME1, pH and electrical conductivity
were about the same with depth with average of 7.2 and
76.0 pS/cm respectively (Table 4). Generally, chloride
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Table 4. Variation of physicochemical properties of water from River Wouri with depth during the seasons.
H E.C. cl S0,” NOs’ Na" Mg** K* Ca® Ca’*/Mg**
Code P uS/cm mg L™
D W D W D w D W D w D w D W D w D w D w
wOo1 74 7.2 50.0 43.0 1.8 0.6 0.7 05 20 00 8.6 3.4 5.0 14 29 0.9 5.7 29 114 207
1wo1 78 7.2 50.0 41.7 1.8 0.4 1.8 02 nd 00 9.5 3.4 3.6 14 3.0 0.9 5.9 35 164 250
2wWo1 78 7.2 50.0 40.6 1.0 0.5 1.8 14 nd. 00 9.2 4.4 2.6 1.3 29 0.5 5.6 33 215 254
3wo1 78 7.2 30.0 42.0 0.8 0.7 0.6 11 19 04 5.2 3.9 14 1.3 2.6 0.6 5.3 33 379 254
wo7 73 7.2 5890.0 46.5 1965.0 1.9 2000 08 3.7 0.7 10220 3.6 430 17 1370 10 530 35 123 206
1WOo7 7.2 7.2 6700.0 48.7 2240.0 14 2270 14 45 00 1175.0 5.4 480 18 1560 04 59.0 31 123 1.72
2Wo7 73 7.2 6800.0 49.9 2405.0 14 2430 13 45 00 1179.0 5.2 480 18 1550 05 59.0 36 123 200
3wo7 73 7.2 7230.0 48.6 2499.0 11 2490 10 52 00 12740 3.7 51.0 19 1670 08 620 34 122 1.79
ME1 95 7.2 190.0 78.8 6.2 2.1 3.0 19 04 09 15.8 5.2 3.5 n.d 10.5 54 130 54 371 -
1ME1 92 7.2 190.0 73.4 6.0 34 1.7 20 44 00 18.5 6.1 2.9 n.d 10.9 49 134 52 462 -
2ME1 86 7.2 190.0 79.8 6.2 2.9 3.6 32 nd. 04 18.5 9.7 3.4 n.d 10.4 48 130 53 382 -
3ME1 nd. 7.2 n.d. 73.1 n.d. 2.2 n.d. 23 nd. 0.0 n.d. 7.3 nd. nd n.d. 48 nd. 5.4 - -
MES8 74 72 87100 1414 30600 311 290 nd 59 nd 15840 216 650 nd 2120 52 760 20 117 -
1MES8 73 7.2 8540.0 138.7 28440 310 2720 nd 56 nd 15300 212 590 nd 2070 47 740 19 125 -
2MES8 73 7.1 8660.0 129.0 30470 287 2910 ~nd 6.1 nd 275 20.2 6.8 n.d 12.6 45 157 23 231 -
3MES8 74 72 8770.0 1291 30950 292 2970 nd 68 nd n.d. 20.9 4.0 n.d 3.6 4.5 7.7 26 193 -

1, 2, 3 before codes represent depths of 1m, 3m and 5m respectively, n.d = not determined D = dry season W = wet season.

decreased while sulphate increased with depth
implying anthropogenic and natural sources
respectively. Sodium increased significantly,
potassium decreased while there was a fluctuation
in calcium with depth (Table 4). At site MES8, pH
increased, while electrical conductivity decreased
slightly with depth (Table 4). This is an indication
of the influence of anthropogenic activities at this
site. Chloride, sodium and potassium decreased
slightly with depth thus confirming the influence of
anthropogenic activities on the water quality of the
river. Unlike at site ME1 where only ammonium
and potassium were completely absent, at site
MES8 sulphate, nitrate, ammonium and potassium
were absent. The chloride, sodium and electrical

conductivity of site ME8 were much higher than
those of site ME1.

Physicochemical properties of streams during
the seasons

The streams (Table 5) showed concentrations,
which varied with locations during the dry season.
This was very pronounced among the streams
that feed Wouri. For example, the EC of site
WOS1 was 410.0 while that of site WOS2 was
<10.0 uS/cm. This could be an indication that
Stream WOS1 suffered from anthropogenic
incidence than stream WOS2. The streams that

feed River Meme had same ECs of 60 uS/cm
(Table 5). This may be an indication they had less
anthropogenic disturbances than those that feed
River Wouri, The streams feeding both rivers were
weakly basic with average pH of 8.3 for those of
Wouri and 9.0 for those around River Meme. The
streams around River Meme had pH> 8.5 (Table
5). This was out of the allowable range of 6.5- 8.5
set by WHO (2008) and EPA (2018).

Streams WOS1 in Wouri and MES2 in Meme
had Ca”/Mg* greater than the ideal value
proposed by Rosborg (2015) during the dry
season. These streams are located upstream.
This could be an indication that the inhabitants of
these localities who use the streams for various
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Table 5. Physicochemical properties of water from streams that feed River Wouri and River Meme during the seasons.

E.C. CI- S04% NOs Na* Mg K* Ca? Ca?*/Mg?
Code Name PH pSicm mg L
D W D W D W D W D W D W D W D W D W D W
WOS1 Akwa Nor 85 73 410. 1793 220 74 40 3.6 13.0 3.9 70.4 12.6 124 - 20 4.3 20.5 205 1.65 -
WOS2 Bekoko 81 72 100 30.5 05 19 1.0 0.0 n.d. 0.0 41 49 0.6 - 05 04 29 2.3 483 -
MES1 Small 86 73 600 491 0.8 05 07 nd n.d. nd 75 29 45 - 55 1.8 79 22 1.76 -
MES2 E. Titi,M.B 94 73 60.0 66.3 1.7 19 1.0 n.d 0.9 n.d 6.8 n.d 1.6 - 4.1 2.1 54 2.6 3.38 -
n.d. = not determined.
Table 6. Physicochemical properties of water from the wells around River Wouri and River Meme during the seasons.
H E.C. Cl- S04 NOy Na* Mg K+ Ca Ca2*/Mg2*
Code Name P pSicm mg L
D W D W D W D W D W D W D W D W D W D W
WOW1  Clinic Akwa N 75 72 660.0  701.0 21.0 8.4 117.0 213.0  49.0 10.0 321 323 243 nd 8.0 26.3 825 1040  3.40
WOw2 Opp.Council Bonaberi 6.9 7.2 60.0 530.0 43.0 38.2 44.0 21.9 32.0 7.2 37.9 393 165 nd 3.1 13.8 329 60.5 2.00
MEW1 Ekondo Titi 6.3 7.2 30.0 914 1.8 5.0 0.8 211 5.0 211 47 8.5 18 nd 1.2 3.6 31 34 1.72 -
EW2 Bogongo 58 7.2 20.0 34.6 1.3 0.6 1.0 46 3.9 46 5.2 4.2 30 06 0.7 04 1.8 1.3 0.60 1.0
MEW3 Pa Balemba 7.6 7.3 340.0 73.8 0.7 1.9 49 17.3 3.7 17.3 14.1 3.7 58 nd 235 24 32.8 24 5.66 -
MEW4 R.M Bridge 7.2 7.3 10.0 139.6 0.8 6.7 1.3 43.7 1.1 43.7 6.1 8.7 06 37 1.5 3.2 3.9 7.7 6.50 1.76
purposes could be exposed to the risks of 49.1 and 66.3 uS/cm respectively (Table 5). indication that ground water contamination is

associated with excess calcium or magnesium
deficiency.

During the wet season like in dry season, the
streams showed concentrations which varied with
locations (Table 5). This was very pronounced in
stream WOS1 that feeds Wouri where the
electrical conductivity of the site was 179.3 uS/cm
while that of site WOS2 was 30.0 yS/cm. WOS1
was situated at Akwa Nord, at the heart of the city
where there was much habitation. While WO2
was situated at Bikoko where there was no
habitation at the moment. The streams that feed
River Meme had different electrical conductivities

The streams around River Wouri generally had
higher physicochemical properties.

Physicochemical properties of wells during
the seasons

Physicochemical properties of the wells of Wouri
were generally higher than those of the streams
during the dry season (Table 6). On the contrary,
the physicochemical properties of the wells of
Meme were generally lower than those of the
streams (Tables 5 and 6). This could be an

minimal and that anthropogenic activities were
responsible for the higher levels in streams. The
wells feeding both rivers were acidic with average
pH of 6.7 for the wells in around Meme and 7.2
for wells around River Wouri. The wells MEW3
and MEW4 had very high Ca/Mg ratios during the
dry season. This exposes the population who use
these wells to the deleterious effects of excess
Calcium or magnesium deficiency.
Physicochemical properties of the wells of
Wouri were generally higher than those of the
streams (Tables 5 and 6) in the wet season. This
was same in the dry season. Just like Wouri, the
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Table 7. Means of water properties from Rivers Wouri and Meme during the seasons.
, Cond cr S04% NOs’ Na* Mg** K* ca”
River/Season pH 3
uS/cm mg L
Wouri/dry 7.7 2943.0 1085.8 117.8 5.9 528.9 24.2 72.4 30.2
Wouri/wet 7.2 56.7 3.8 0.8 0.3 5.0 1.8 1.2 3.2
Mean 7.5 1499.9 1087.7 59.3 3.1 267.0 36.8 36.8 16.7
Meme/dry 8.0 5703.0 2005.2 201.2 6.3 11334 47.0 154.2 58.7
Meme/wet 7.2 109.3 15.8 1.4 0.7 134 n.d. 54 4.2
Mean/ 7.6 2906.2 1010.5 101.3 35 573.4 n.d 78.9 315
n.d. = not determined.
Table 8. Correlation matrix of water properties for River Wouri during the wet season.
pH EC Cl- SO~ NOs  Na' Mg®* K* ca®
pH 1
EC -0.71 1
cr -0.68 0.99" 1
S04~ 0.77 097" 097" 1
NO3z -0.06 -0.23 -0.24 -0.13 1
Na* -0.69 099" 099" 096  -0.26 1
Mg** -0.73 098" 098" 098  -011 098" 1
K* -0.56 096" 097" 088" -028 097" 00917 1
ca® -0.50 0.48 0.45 0.52 0.56 0.44 0.61 0.32 1
** Correlation Significant at 0.01 level * Correlation Significant at 0.05 level.
physicochemical properties of the wells of Meme were indication that the dissolved salts were not evenly

generally higher than those of the streams (Tables 5 and
6). The wells feeding both rivers were acidic with same
average pH of 7.2. The streams feeding both rivers were
also acidic with similar pH, which ranged from 7.20 to
7.30. This was within the allowable range of 6.5 — 8.5 set
by WHO (2008) and EPA (2018).

Comparison of the influence of seasonal changes on
the physicochemical properties of the water sources

A comparison was done in order to find out if seasonal
changes between the dry and wet seasons affected the
concentration or magnitude of the properties as well as
source of the properties.

Rivers

All the properties decreased drastically on moving from
the dry season to the wet season (Table 7) in both rivers.
Similar results of strong seasonal variation had been
reported by Agbaire and Obi (2009), Ladipo et al. (2011)
and Vaishali and Punita (2013). The variation in E.C. was
significant (p<0.05) along the rivers. This was an

distributed.

There was a very significant correlation (p<0.01) between
EC and the ions except nitrate and calcium ions in the
wet season in Wouri (Table 8). However, during the dry
season there was a similar significant correlation (p<0.01)
between the ions and EC except nitrate ion (Table 9).

For River Meme, there was a very significant
correlation (p<0.01) between EC and chloride, potassium
and sodium ions during the wet season (Table 10). In the
dry season, there was a very significant correlation
between EC and all the ions (Table 11). This is an
indication that in Meme chloride, potassium and sodium
ions had natural origins while the rest of the ions had
natural and anthropogenic sources. There was also a
very significant correlation (p < 0.01) between nitrate and
choride ions in both rivers during the dry season (Tables
9 and 11). Demlie et al. (2007) indicated that a positive
correlation of NO;” and CI” was a diagnostic indicator of
anthropogenic activity. This suggests an anthropogenic
source of nitrate ions from the use of agrochemicals in
the nearby plantations, other farms and inputs from
domestic waste as was reported by Wotany et al. (2013).
The nitrates leach into ground water sources and eventually
into the river. The source of nitrate in River Wouri could
be from the intense habitation and/or the industrialization.


file:///C:/Users/bf/Documents/waternitrate.htm%23CR18

436

Afr. J. Environ. Sci. Technol.

Table 9. Correlation matrix of water properties for River Wouri during the dry season.

pH EC cr S04% NOs" Na* Mg** K* ca”
pH 1
EC -0.40 1
cr -0.38 0.99” 1
S04> -0.37 0.997 0.99” 1 0. 0.
NOs5 0.96* 0.96* 0.98* 0.98* 1
Na* -0.38 0.997 0.99” 0.99” 0.97%* 1
Mg** -0.40 0.99” 099"  0.99” 0.97* 0.99” 1
K* -0.39 0.997 0.99” 0.99” 0.97%* 0.997 99" 1
ca®’ -0.42 0.99” 099"  0.99” 0.96** 0.99” 0.99” 0.99” 1
** Correlation Significant at 0.01 level. * Correlation Significant at 0.05 level.
Table 10. Correlation matrix of water properties for River Meme during the wet season.
pH EC cr S0,  NOj Na" K* ca?
pH 1
EC 0.04 1
cr 0.02 0.98" 1
so.s  0.70+  -0.15 -0.59 1
NOs° -0.32 0.61 -0.14 -0.54 1
Na* 001 098" 099" -072* -0.06 1
K* 0.13 0.90" 083" 0.78* 006 080" 1
ca* 005 -0.77° -086"  0.78* -008 -0.87° -0.44 1
** Correlation Significant at 0.01 level *Correlation Significant at 0.05 level.
Table 11. Correlation matrix of water properties for River Meme during the dry season.
pH E.C Cl- S0,> NO3 Na* Mg?* K* ca®’
pH 1
E.C. -0.73 1
cr -0.72" 0.99” 1
S0, -0.71 099"  0.99” 1
NO3’ -0.79° 0.89" 0.90" 0.90" 1
Na* -00.63* 0.95" 0.95" 0.95" 0.85" 1 0.
Mg** -0.64" 095" 095 0947 084" 0.99” 1
K* -0.64" 0.95" 0.95" 0.95" 0.85" 10.00” 99" 1
ca” -0.63" 0.95" 0.95" 0.94" 0.84" 0.99” 0.99” 0.997 1

** Correlation Significant at 0.01 level *Correlation Significant at 0.05 level.

Streams around Rivers Wouri and Meme

Acidity,

sulphate,

nitrate,

potassium

and

calcium

concentrations were higher in the dry season than in the
rainy season (Table 5). Stream WOS1 was located at
Akwa Nord and Stream WOS2 was located at Bikoko
junction. Stream MES1 was located at Small Nganjo
while stream MES2 was located at Ekondo Titi where the
main activity is agricultural. Akwa Nord is located at the

heart of the city where there is human habitation. The
activity around Bikoko junction is mostly industrial. The
water properties of River Meme were generally higher
than those of River Wouri.

Wells around Rivers Wouri and Meme

Electrical conductivity (E.C.), K, Na and Ca concentrations



were generally lower in the dry season when compared
to the wet season (Table 6). Nitrates were higher during
the dry season than during the wet season among the
Wouri wells. Among the Meme wells, they were higher
during the wet season (Table 6). The higher
concentrations during the wet season could be attributed
to runoffs or increased dissolution from fertilizers, hence
anthropogenic source of pollution.

Conclusion

During both seasons and in both rivers, there were
variations in physico-chemical properties from upstream
to downstream. The pH of the rivers and most other
physico-chemical properties of the rivers were within the
acceptable limits of WHO except in the upstream of River
Meme where the pH > 9.00 was high. Some of the
sources of pollution were anthropogenic. The properties
during the dry season were generally higher for the rivers
and streams and were lower for the wells. A stream at
Meme had pH > 8.50 while the stream at Bikoko had a
very high Ca/Mg ratio (4.83). The well in Akwa Nord had
a comparatively high (49 mg/L) nitrate, Ca and Ca:Mg
ratio (3.4). River Meme is more threatened. Proper and
safer means of waste management such as reducing, re-
using and recycling are recommended. The use of less
acid forming fertilizers and more compost is also highly
recommended.
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