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Introduction

Water is a natural resource that is essential and

critically needed for sustenance of life and also for

economic development (Mobin et al., 2014; Mishra

and Kumar, 2021), yet this resource is increasingly in

demand and under threat (Jannat et al., 2019).

Abstract

Streams of the Passi sub-watershed, a tributary downstream of the Mungo River, are important sources of water

for agro-industrial activities, irrigation, drinking and other household activities of the surrounding population.

This study was conducted to determine the water quality of the Passi sub-watershed. Seven water samples were

collected from different points including the confluence with the Mungo River and analyzed for

physicochemical parameters, hydrochemicals and trace metal elements. Descriptive statistical analysis (DSA) and

Pearson correlation were performed to show the relationship between samples and access the sources of

chemicals in the watershed. pH was acidic and did not fall within the range of the World Health Organization

(WHO) limits for drinking water. Fe and PO4
3- in a single site of Mboma were above the WHO permissible

limits of the set quality standards for surface water. Pearson correlation analysis showed a significant positive

correlation between Na, Ca, Mg, K, P and Cl indicating a common geogenic origin. DSA and chemical ratios

revealed a significant difference in water quality of the Mboma stream which exhibited high concentrations of

hydrochemicals and trace metals with respect to the other sampling points, highlighting anthropogenic influence

from leaching of fertilizers and discharge of effluent from processing of palm oil. The results of this study point

out the need for these stream waters to be managed properly for the benefit of the end-users.

Keywords

Stream water, Hydrochemicals, Trace metal elements, Passi sub-watershed, Water quality, agro-industrial activities.

.

The earth’s surface is made up of 70% water

including rivers, beels, lakes, streams, seas, oceans,

ground water and all these forms are very important

in life cycle (Arimieari et al., 2014; Jannat et al., 2019).

Natural freshwater bodies (e.g., rivers, lakes and

streams) make up only 3 % of water in the earth

surface (Aniyikaiye et al., 2019) and are the major
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sources of water to fulfill the daily water demand for

household, agriculture and industrial activities

(Mishra and Kumar, 2021). Rivers contain less than 1

% of the world’s freshwater (Tawati et al., 2018) and

are key in controlling the global water cycle and the

most dynamic agents of transport in the hydrological

cycle (Otieno et al., 2017). However, they are

subjected to increasing pressures from human

activities that impair their ecological equilibrium. Due

to the formation of large urban zones, industrial

zones and intensive development of agriculture, the

need for water and the growth of urban and

industrial waste discharges to the rivers with no prior

treatment have increased (Iwata et al., 2013; Adefemi

and Awokunmi, 2010; Otieno et al., 2017). According

to Carpenter et al. (1998), river water pollution is

directly connected with agriculture and agro-

industrial activities, coupled to untreated household

sewages (Igbinosa and Okoh, 2019; Jafarabadi et al.,

2016). In Cameroon, rivers are vital for the economy

as they are used for drinking, domestic activities,

agriculture (irrigation), industries, hydroelectricity,

mining activities, fishing, tourism and leisure

(Rakotondrabe et al., 2017). Due to human activities

(urbanization, agriculture, industries and mining

activities), the quality of these rivers is increasingly

degraded. The fertility of soils in the Mungo basin

has promoted the development of agricultural and

agro-industrial activities in this area (Ako et al.,

2010). At lower altitudes in the Mungo River plain,

the Passi sub-watershed host important agro-

industrial activities such as the vast expanses of

rubber, oil palm and banana plantations operated by

companies such as Cameroon Development

Corporation (CDC) and Cameroonian oil palm

company (SOCAPALM). Agro-industrial activities

such as palm oil production, banana processing and

rubber pre-processing plants are sources of chemical

effluents. These activities have also promoted a pole

of attraction for laborers and enhanced the creation

of agglomerations. The risks related to the

vulnerability of surface water to pollution are quite

obvious in this sub-watershed due to agricultural

operations and rapid increase in population (Ako et

al., 2010). Thus regular water quality monitoring of

the water resources are absolutely necessary to assess

the quality of water for ecosystem health and

hygiene, industrial use, agricultural use, and domestic

use (Radeva and Seymenov, 2020). Therefore, the

objectives of this work are to (1) determine and com-

pare the hydrochemical properties and trace metals

of streams in the Passi sub-watershed with standards

limits of WHO (2) access the sources of chemicals in

these surface water in relation to the agricultural and

agro-industrial activities carried out in this area.

Materials and Methods

The study area

The Passi sub-watershed which is an entity of the

Mungo watershed is located in the south-western part

of Cameroon between latitudes 4°10' N and 4°25' N

and longitudes 9°25'E and 9°30' E (Fig. 1). It has an

area of 288 km2 and represents about 12% in area of

the Mungo watershed. This area is 60% covered by

the palm groves of the company SOCAPALM. The

rest of the sub-basin is covered by secondary forest

bordering the streams and wetlands. Meteorological

data of the Passi sub-basin were obtained from the

Figure 1. Map of study area
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meteorological service of the Cameroon Devel-

opment Corporation (CDC). This sub-watershed has

a coastal tropical climate, characterized by a long rainy

season (March to October) and a short dry season

(November to February). The regional average annual

rainfall in the area is 2140.84 mm (for the 2011 cycle).

The wettest months are June, July and August and

correspond to the high flow periods while the months

of December and January are dry and the temperature

vary between 26 and 31°C. The Passi sub-watershed

area is located in the coastal plain with lower altitudes

less than 70 m made up of essentially sedimentary

rocks of Cretaceous to Quaternary age and composed

of sands and sandstones (Martin et al., 1996). It is

37

bordered to the north by volcanic deposits of diverse

origin which can be divided into old volcanic series

(Basalts and andesites), medium age volcanic series

(acidic volcanic rocks, trachytes) and young volcanic

series (basalts and lapillis) (Geze, 1943; Ako et al.,

2010). Southward, the Passi sub-watershed is limited

by the coastal mangrove.

Sample Collection

River water samples were collected in May 2012. This

period before the wettest months was chosen as it

allows a better appreciation of the average chemical

composition of the rivers. Six water samples were

collected at the middle of the streams (Soupe, Bea,

Mbondjo, Mabanga, Passi, Mboma and Passi) from

the Passi sub-watershed and one from the Mungo

River after its confluence with the Passi stream

(Figure 1 and Table 1). Prior to sample collection, all

polyethylene and polypropylene bottles were pre-

washed with concentrated nitric acid, washed with

distilled water and MilliQ de-ionized water. The

bottles, sterilized syringes and 0.22 µm cellulose

acetate filters were rinsed three times with the river

water to be collected. Samples for major anions

analysis (SO4
2-, Cl-, NO3

-, F-, and PO4
3-), pH,

Electrical conductivity (EC), Total dissolved solid

(TDS), alkalinity and Temperature measurements

were collected in polyethylene bottles while samples

intended for major cations (Ca, Mg, Na, and K) and

trace elements (V, Cr, Co, Ni, Zn, Cu, As, Rb, Sr, Zr,

Ba, Pb, Th, U) were filtered with 0.22 µm cellulose

acetate syringes filters before being introduced into

polypropylene bottles (Rodier et al., 2009). Two drops

of HNO - at pH<2 were added in the 30 ml3

polypropylene bottles to prevent possible chemical

changes. The bottles were then stored at 4°C before 

analysis.

Physicochemical analysis

The physicochemical parameters (pH, TDS, tempera-

ture and EC) were measured in the field after sampling

with a WTW pH 330 pH meter and a WTW 315i con-

ductivity meter. Alkalinity was determined by titration

method (Reimer and Arp, 2011). Elemental analyses

of major cations and trace elements were carried out

at the laboratory of “Institut de mineralogie et

physiques des milieux condenses” (IMPME) of the

Pierre and Marie Curie University (Jussieu, Paris

France). Cation concentrations were measured with an

atomic abso-àrption/emission spectrometer (Perkin

Elmer 5100 ZL spectrometer); trace elements were

measured with an Inductively Coupled Plasma-Mass

Spectrometer (ICP-MS, Perkin Elmer 5000 ZL).

Analyses of major anions were performed at the

“Laboratoire d'Analyse Géochi-mique des Eaux

(LAGE)” of the “Centre de Recherche Hydrologique

de Yaoundé”, by ion Chromatography (ICS-90

Dionex QUIC).

Statistical analysis

Descriptive statistical analysis (DSA) of physicoche-

mical and chemical parameters: mean values, mini-

mum, maximum, standard deviations, skewness and

kurtosis were computed using SPSS-IBM 23. Their

Variability were assessed using coefficient of variation

(CV). CV less than 20 is regarded as low variability;

between 21 and 50 %, CV is considered as moderate

variability; while between 51 and 100 %, CV is regar-

ded as high variability. CV above 100 % is considered

as very high variability (Phil-Eze, 2010). The hypothe-

sis of data normality was verified by the Shapiro-Wilk

and Kolmogorov-Smirnov (K-S) tests.

Results and Discussion

Summary statistics of water parameters

Summary descriptive statistical data (minimum, maxi-

mum mean values, standard deviations, skewness and

kurtosis) of hydrochemicals and trace elements of the

water samples are presented in Tables 1a and b. pH

had low variability while the other parameters ranged

from high to very high variability. According to

Aremu et al. (2011), the quality of raw water normally

varies from one site to another depending on its

source and its contact with air and environment. Most

of the chemical properties showed positive skewness

except for Co and Zn. Most of the Kurtosis were

greater than 1 or less than -1 (Table 1a and b).

By the Shapiro-Wilk and K-S statistical measurement
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at P < 0.05, it was found that most of the properties

had non-normal distributions. However, Al, Ti, Mn,

Co, Ni, Zn, As, Sr and Zr among the trace elements
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3 4and F-, NO - and SO 2- among the anions had normal

distributions (Table 1a and b).

Parameters Min Max Mean
Standard

diviation
Skewness Kurtosis

Shapiro-

Wilk
K-S CV %

WHO

standard  

(mg/L)

pH 5.31 7.21 5.87 0.64 1.89 1.59 0.04 0.12 10.94 6.5- 8.5

EC (µS/cm) 10.00 171.10 50.81 63.28 1.55 1.59 0.01 0.00 124.52 1400

TDS (mg/L) 2.16 59.21 13.95 20.76 2.28 1.59 0.00 0.01 148.75 25-40

TA (ppm) 10.00 120.00 41.43 36.71 2.05 1.59 0.01 0.00 88.61 --

Sodium 0.04 0.74 0.19 0.25 2.37 5.90 0.001 0.00 130.12 200

Magnesium 0.17 5.21 1.67 2.19 1.23 -0.62 0.00 0.00 131.64 125

Aluminium 0.02 0.08 0.03 0.02 1.54 2.59 0.13 0.20* 61.00 0.05-0.2

Potassium 0.07 25.19 4.25 9.28 2.59 6.77 0.000 0.00 218.49 12.0

Calcium 0.30 5.58 1.82 2.00 1.43 1.04 0.03 0.03 110.20 75.0

Phosphorus 0.00 1.64 0.24 0.62 2.64 6.98 0.47 0.48 254.12 --

Fluoride 0.05 0.15 0.08 0.04 1.02 -0.35 0.10 0.07 47.09 1.5

Chloride 0.78 15.90 3.45 5.51 2.60 6.81 0.00 0.00 159.82 250

Nitrate 0.00 0.61 0.18 0.21 1.53 2.51 0.10 0.20* 117.16 50.0

Phosphate 0.00 2.69 0.41 1.01 2.64 6.96 0.00 0.00 246.45 0.1

Sulphate 0.00 3.64 1.41 1.32 1.01 -0.28 0.22 0.15 94.20 250

Parameters Min Max Mean Standard Skewness Kurtosis
Shapiro

-Wilk
K-S

CV 

( %)

WHO

standard  

(mg/L)

Titanium 0.00 0.00 0.00 0.00 1.49 1.80 0.07 0.12
/

--

Manganese 0.00 0.11 0.05 0.04 0.68 -0.56 0.71 0.20* 78.82 0.4

Iron 0.13 2.75 0.57 0.96 2.62 6.89 0.00 0.00 168.57 0.3

Vanadium 0.05 7.52 1.25 2.77 2.61 6.85 0.00 0.00 221.59 --

Chromium 0.01 1.37 0.29 0.48 2.56 6.66 0.00 0.00 168.17 0.05

Cobalt 0.01 0.81 0.47 0.30 -0.65 -1.14 0.42 0.20* 63.83

Nickel 0.20 1.21 0.59 0.33 1.08 1.65 0.58 0.20* 55.64 0.07

Zinc 0.00 2.79 1.58 1.07 -0.33 -1.66 0.42 0.20* 67.78 5.0

Copper 0.05 1.75 0.44 0.61 2.18 4.98 0.00 0.04 138.12 2.0

Arsenide 0.05 0.37 0.14 0.11 1.64 2.81 0.06 0.20* 81.62 0.01

Rubidium 0.38 145.24 23.17 53.90 2.63 6.94 0.00 0.00 232.57 --

Strontium 4.03 56.60 21.40 20.04 1.08 0.02 0.14 0.20* 93.62 --

Zirconium 0.02 0.28 0.10 0.09 1.42 1.53 0.12 0.15 94.60 --

Barium 12.28 241.64 53.45 83.69 2.56 6.62 0.00 0.00 156.58 0.7

Lead 0.01 0.20 0.06 0.07 2.08 4.32 0.00 0.00 116.63 0.01

Thorium 0.00 0.02 0.00 0.01 2.03 3.88 0.00 0.00 194.51

Uranium 0.00 0.05 0.01 0.02 2.57 6.72 0.00 0.00 114.53 0.015

Table 1a. Descriptive statistical analysis of physical and major cations and anions of river waters at the Passi watershed

Table 1b. Descriptive statistical analysis of trace elements of river water at the Passi watershed
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Variation of hydrochemical characteristics

Physicochemical properties. The results of the va-

riation of physicochemical properties of water

samples are given in Table 2. In general, the pH values

were relatively homogeneous in the river waters of the

Passi sub-watershed. pH was acidic, ranging from 5.3

to 6.1 in comparison with the Mungo River, which has

a neutral pH of 7.2. Apart from the Mungo River, all

the samples were below the permissible range

prescribed by WHO (2011) and FAO (6.5 – 8.5

mg/L). The acidity most probably originated from

acidic soils found in this area. Alkalinity in the Passi

sub-watershed (between 10 and 40 mg/l) are lower

than that measured for the Mungo River (120 mg/L).

There is a strong positive correlation (r2 =0.84)

between alkalinity and pH, acidic waters being less

alkaline than neutral waters. Except in Mboma River

where the total dissolved salt (TDS) were five times

higher than the average calculated value. TDS

measured for the Passi sub-watershed was among the

lowest (between 2 and 6 mg/L) of the world surface

waters (Meybeck, 2005; Thorslund and Van Vliet,

2020) and that of the Mungo River was 19 mg/L. The

ion balance defined by the normalized inorganic

charge balance NICB= (TZ+ - TZ-)/ TZ+ where TZ+

and TZ- are respectively the cationic charge (Na+ +

K+ + 2Mg2+ +2Ca2+ +3Al3+ +2Fe2+) and the anionic

charge (Cl- + NO-
3 + 2SO2-

4) shows anionic deficit,

except for the well-buffered Mbondjo and Mabanga

streams. The range of TDS fell below the limit of 500

mg/L as prescribed by the US EPA (Verma et al.,

1984; US EPA, 1997). Electrical conductivity (EC)

was relatively homogeneous in the Passi sub-

watershed, varying between 10.0 and 23.2 µS/cm,

except at Mboma stream (EC 171.1 µS/cm), higher

than the EC for the Mungo river (107.0 µS/cm). This

water can be classified as very weakly to weakly

mineralize according to the classification of (McNeil

and Cox, 2000). These ECs are comparable to those

measured in desaturated soils (Braun et al., 2012;

Rakotondrabe et al., 2017) and fall below the WHO

standard (WHO, 2011).

Parameters Soupe Bea Mbondjo Mabanga Passi Mboma Mungo

pH 6.06 5.71 5.31 5.40 5.77 5.60 7.21

TA 40 20 40 10 40 20 120

EC (µS/cm) 23.2 11.5 10.9 10 22 171.1 107

TDS (mg/L) 4.96 3.02 3.57 2.16 5.88 59.21 18.87

Table 2 

Physicochemical 

properties of river 

waters of the Passi 

watershed

Major cations and anions

The major cations and anions were slightly variable

with the sampling sites and the Mboma stream having

the highest major ions concentration, followed by

Mungo (Figure 2). Ca2+, K+ and Mg2+ were the

dominant cations in most stream (Soupe, Mbondjo,

Mabanga, Bea and Passi) ranging from 0.3 to 1.2

mg/L, 0.08 mg/L and 0.2 to 0.5 mg/L respectively,

but lower than those observed in the Mungo River

which were 5.57 mg/L, 2.7 mg/L and 4.48 mg/L

respectively. Mn2+, Al3+, PO3-
4, Ti2+, Fe2+ and Na+

have very low concentrations in these streams

generally below 0.3 mg/L. The Mboma stream had

relatively high concentrations of K+, Mg2+, Ca2+, Fe2+

and PO3-
4. Cl- and SO2-

4 were the dominant anions,

with the highest concentrations of 15.9 and 3.64 mg/L

PO2-
4respectively for Cl- and SO2-

4. had low

concentrations below the detection limit (<0.05

mg/L) in the Passi sub-watershed, except at Mboma

where maximum value of 2.69 mg/L was recorded,

with total phosphorus concentration reaching 4.33

mg/L. F- and NO-
3 had concentrations ranging bet-

ween 0.05 mg/L and 0.15 mg/L and between 0.00

mg/L and 0.61 mg/L respectively. The major pollu-

tant in this area was phosphate at Mboma (2.69 mg/L)

and Mungo (0.12 mg/L) sites. These values were

above the prescribed limit (0.1 mg/L) for drinking

water (USEPA, 1986). Phosphate in Mboma also

exceeded the permissible limit for water used for

irrigation (FAO, P ≈ 0 – 2 mg/L). This may be due to

agro-industrial discharges and anthropogenic activities

along the river banks at these sites, especially palm oil

processing effluents or from the leaching of fertilizer

used in agricultural cultivation of oil palm. This high

phosphate level observed at Mboma is associated with

high concentrations of Cl, K, Mg, Ca, Fe and SO4

compared to other sites, thus reinforcing the idea of

anthropogenic inputs.

Trace elements

Trace elements in the Passi sub-watershed were

dominated by Barium, Rubidium and Strontium

(Table 1b) which had fairly broad concentration

ranges from 12 µg/L to 242 µg/L for Ba; 0.4 µg/L to
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145 µg/L for Rb and 4 µg/l to 40 µg/L for Sr. Other

metals have intermediate concentrations from 0.75

µg/L to 2.78 µg/L for Zn; 0.44 µg/L to 1.23 µg/L for

V; 0.44 µg/L to 1.12 µg/L for Li; 0.19 µg/L to 1.21

µg/L for Ni. The lowest concentrations were

observed for As, Zr, Pb, Th, U with an average below

145 µg/L for Rb and 4 µg/l to 40 µg/L for Sr. Other

metals have intermediate concentrations from 0.75

µg/L to 2.78 µg/L for Zn; 0.44 µg/L to 1.23 µg/L for

V; 0.44 µg/L to 1.12 µg/L for Li; 0.19 µg/L to 1.21

µg/L for Ni. The lowest concentrations were

observed for As, Zr, Pb, Th, U with an average below

Figure 3

Trace element 

concentrations at 

sampling sites

Figure 2

Major cations and 

anion concerntrations 

at sampling sites
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0.1 µg/L. High trace metals concentrations were

recorded in Mboma stream, corroborating the

observation made for the major ions in this same

point. Except for Fe in Mboma and Mbondjo, the

concentrations of metals in the study area were noted

to be within the recommended limits. However, Fe

concentrations were far above the concentrations of

other metals (Figure 3), suggesting that the geology is

not the only source of Fe in this sites, especially in

Mboma stream (Wedepohl, 1991). The high

concentrations of Fe observed along with Ni, Cr and

Cu (Table 1b) in this sampling point could suggest

significant effect of anthropogenic flux into stream,

mainly from agro-industrial activities (Zhou et al.,

2020).

Inter-element relationships and source of

chemicals in streams

In order to determine the pathway and input source

of elements in the river water, Pearson correlation

analysis was performed. It can be observed a strong

correlation between Ca, Mg, Na, K and Cl with each

other, indicating their common source rather related

to rock weathering and soil. This statement is

supported by the ratio Na/Cl, which apart from

Mboma stream (Na/Cl= 0.01) is on average Na/Cl=

0.14. This imbalance indicates that rainwater, in which

Na/Cl is close to 1 (Wotany et al., 2013), is not the

main source of Cl in the Passi sub-watershed.

Generally, calcium and magnesium maintain a state of

equilibrium with Cl in most natural waters (Chandra et

al., 2014; Tawati et al., 2018).

41

The good correlations r= 0.9 observed between Cl, Ca

and Mg show that lithological factor has an influence

on the excess of Cl which would arise from the

dissolution of sandstones. This is further supported by

the Ca/Mg, Ca/Na and Mg/Na ratios, which average

1.7, 8.8 and 5.2 respectively apart from the Mboma

stream. These results suggest that the source of these

ions results mainly from the weathering of silicate

rather than carbonate minerals (Gaillardet et al., 1999;

Nkoue et al., 2021). In Mboma stream, Ca/Mg,

Ca/Na and Mg/Na ratios of 0.7, 19.8 and 28.9

respectively, were recorded, reflecting additional

source, probably due to anthropogenic inputs, since

carbonate minerals are rare in this area. Furthermore,

there was a strong positive correlation between

phosphate and Mg, Ca and K, mainly supported by

the high concentrations measured at the Mboma

stream. This good correlation reflects the sources of

ions related to human activities, particularly through

phosphate fertilizers. Aluminium and iron

oxyhydroxides are important components of colloids

and suspensions, which originate from the

precipitation of the secondary minerals of kaolinite,

goethite and hematite (Olivia et al., 1999). In this

study, although there was weak correlation between

these two parameters, by isolating the Mboma stream,

the other streams showed negative correlation

between Fe and Al that justified the dominance of

hematite on kaolinite in the clay fraction in this area.

Also, at acid pH observed in these streams, Fe and Al

are mainly carried by the particulate phase, which

Parameter  

s Na Mg Al P K Ca Ti Mn Fe F Cl NO3 PO4 SO4 Rb Sr Ba

Na 1

Mg 0.92** 1

Al -0.28 -0.17 1

P 0.74 0.88** 0.00 1

K 0.89** 0.96** -0.10 0.88** 1

Ca 0.96** 0.96** -0.35 0.85* 0.92** 1

Ti 0.55 0.74 0.07 0.92** 0.74 0.70 1

Mn 0.10 0.35 0.14 0.18 0.32 0.14 0.18 1

Fe 0.21 0.42 0.10 0.29 0.25 0.25 0.29 0.78* 1

F 0.38 0.34 0.30 0.51 0.29 0.38 0.64 -0.32 0.05 1

Cl 0.92** 0.92** -0.14 0.70 0.85* 0.89** 0.59 0.39 0.50 0.40 1

NO3 -0.14 -0.43 -0.14 -0.67 -0.54 -0.34 -0.78* -0.37 -0.14 -0.15 -0.19 1

PO4 0.47 0.51 0.45 0.63 0.61 0.47 0.73 0.02 -0.03 0.73 0.51 -0.54 1

SO4 0.60 0.53 0.32 0.44 0.42 0.50 0.44 0.03 0.39 0.80* 0.71 0.10 0.61 1

Rb -0.26 -0.13 0.75* 0.04 0.04 -0.26 0.23 0.22 -0.13 0.18 -0.13 -0.51 0.63 0.04 1

Sr -0.18 0.10 0.65 0.43 0.23 -0.05 0.54 0.30 0.10 0.18 -0.09 -0.81* 0.53 -0.05 0.77* 1

Ba -0.51 -0.29 0.25 0.00 -0.11 -0.37 0.07 0.11 -0.29 -0.37 -0.55 -0.63 0.02 -0.70 0.55 0.73 1

Table 4. Pearson correlation for chemical properties

**. Correlation is significant at the 0.01 level (2-tailed) - *. Correlation is significant at the 0.05 level (2-tailed).
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could justify the low concentrations in the dissolved

fraction. Nevertheless, in the Mboma stream the

concentration of Fe is quite high despite a pH that is

in the same range to that of the other sampling sites,

suggesting iron complexation in this water. Trace

elements were dominated by Ba, Rb and Sr. The

concentrations of these alkaline and alkaline earth

metals in streams are highly influenced by the

lithology, depending on whether they drain silicate,

carbonate or sulphate substratum (Blum et al., 2001).

Overall the relationships between these metals, pH

and SO2-
4 are quite significant. When isolating the

Mboma stream and the Mungo River, the correlation

coefficients become interesting, highlighting the

control of these elements in solution by pH and

SO4
2-. The balance between barium and sulphates in

natural water is such that there is an inverse

relationship between the two parameters (Barbier and

Chery, 1997). In this study, the high concentrations

of Ba correlate well with the low concentrations of

SO4
2- which reflects the lithological origin of Ba.

Contrary to this prediction of natural equilibrium, the

correlation of barium with sulphates is positive in the

stream, indicating 

The concentrations

Mboma 

influence.  

elements are relatively low

an anthropogenic

of the other trace

in the Passi sub-

watershed. The observed concentration ranges are

rather characteristic of denatured and highly leached

soils, which could thus be attributed to a lithological

origin.

Conclusions

This study evaluated the hydrochemical characteri-

stics of surface water in the Passi sub-watershed to

access the origin of the water quality in this area.

From the results obtained, except for the Mboma

stream, the concentrations of hydrochemicals in the

Passi sub-watershed reflect the lithological character-

ristics of the study area. The low concentration of

major ions observed in these streams would result to

inputs from leached sedimentary soils that character-

rize this site, the chemical composition of these

waters being mainly related to the dissolution of

silicates minerals and sandstones. In the Mboma

stream, high concentration of hydrochemicals and

trace elements were observed compared to other

sampling points, with phosphate and Fe exceeding

the permissible limits. The chemical balances in this

stream reflected an anthropogenic influence which

could result from the leaching of fertilizers used in

agricultural practices and discharge effluent from

processing of palm oil. Apart from Mboma stream,

surface waters analyzed within the period of this

study was of good quality with regard to WHO

permissible limits for drinking water. The main

contaminants of surface water in this sub-watershed

come from agro-industrial and agricultural practices.

There is need for detailed and continuous monitoring

and assessment of chemical species in the area.

Furthermore, the population and agro-industries

should adopt best management practices for farming

and adequate waste management practices to main-

tain the environmental equilibrium of these streams.
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