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Abstract

Iron content associated with pH values and temperature of groundwater samples has been assessed in rainy (March 2013)
and dry (July 2013) seasons in this study using standards methods. The mean variance skewness and kurtosis of pH and
iron content were calculated and show that they exhibit an asymmetric distribution which characterizes a non-uniform
distribution. This suggests that many chemical processes could control the groundwater quality. The mean of pH values
(4.07+0.91 in rainy season and 5.08+0.86 in dry season) characterizes an acidic nature of the groundwater. The iron
contents in some groundwater samples higher than 0.3 mg/L can be considered as contributors to deteriorating
groundwater quality from both natural and anthropogenic sources. In view of these features, regular monitoring of
groundwater quality in the study area is required to protect people against polluted groundwater.
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Introduction

Water is a precious resource for the survival of humans.
Groundwater plays an important part in many domains and the
health of many ecosystems depends of this water resource .
Throughout the world and precisely in developing countries like
Congo-Brazzaville, groundwater becomes an important water
supply”® as well in urban area as in the rural communities.
Unfortunately, there is a lack of information relating to the
quality of groundwater used for drinking water and other
domestic usages by the people. The increasing demand of water
in the world has involved an intensive stress on the quality of
groundwater due to some factors such as climate change,
pollution arising from geology, geochemistry of the
environment'® and anthropogenic sources such as domestic
waste, garbage, fertilizers and industrial waste''. Water of good
quality is important in body metabolism and the work of cells.
But this quality depends on many parameters such as the
presence of metals whom the contents does not exceed the
permissible limits. Iron is one the metals which occurs naturally
in groundwater. Its most sources are weathering of iron bearings
minerals and rocks. At the concentration approaching 0.3 mg/L
Fe, the use of groundwater may become seriously impacted.

In this study, attempt is made to assess total iron concentration

in shallow wells and bore wells located in a peri-urban area of
Brazzaville in Congo.

Material and Methods

Study area: The study area is located in southeastern
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Brazzaville between 15°13°53” to 15°14’10” East and
longitude and 4°15°7.2” to 4°15°28.8” South latitude (figure-1).
The area is in the equatorial climate zone, with two seasons of
rainy (October to May) and dry (June to September).
Temperature varies from 25°C to 36°C in rainy season, while it
is between 18°C and 24°C in dry season. The mean annual
rainfall is 1470 mm. The vegetation is of savanna type (Loutetia
demeusi) and presents a formation to sparse gramineous carpet,
with a shrubby layer of hymenocardia acida. Aquifer is shallow
and generally the deep wells do not exceed 2m depth. Therefore
the lowering of the ground water table increases the risk of
contamination”.

The most well water present iron sheet as well casings in the
study area. The main natural recharge to groundwater is from
precipitation (rainfall). Farming activities are present around
some well water sites and also agricultural activities near the
River Mfilou. Belonging to the continental sedimentary basin of
tertiary age, the southeastern Brazzaville is made of sedimentary
deposits with recent alluvium formations covering the bed rock.
These formations are also made with ochre sands or Batéké
sands (silicate sandstones), which constitute the formation of
Inkisi classically joined to the schisto-sandy group.

Sampling and Analysis: Twenty two samples of groundwater
of which 19 wells water (P), 2 bore wells (F=BH, after running
them for 10 minutes) and 1 water spring (S) were collected in
three times in rainy season (October 2012) and in dry season
(August 2013), in the study area (figure-1)
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Figure-1
Location map of the study area

They were analyzed for temperature T (°C), pH and iron content
(mg/L), following standards methods'”. Before water sampling,
all the polyethylene bottles were cleaned and rinsed thoroughly
with water to be analyzed. All reagents used were of analytical
grade. Samples were unfiltered and the concentration of iron
could correspond to the total concentration if the groundwater
was used by the consumers for drinking. Temperature and
Hydrogen ion concentration (pH) were measured in the field by
using Consort C933 multi-parameters portable. Iron content was
determined by phenanthroline spectrophotometry method.

STATISTCA 7.1 software was used to perform descriptive
statistics and hierarchical cluster analysis (HCA) which is a data
reduction method used to classify entities or objects with similar
properties into groups called clusters. Objects within the clusters
are similar, while objects in different clusters are dissimilar'®'3,
To identify the number of clusters, hierarchical cluster analysis
was performed on the dataset by Ward’s method using
Euclidean distance as similarity measure. A short Euclidean
distance implies the high similarity between the measured
objects. The distinct groups could reveal the interaction among
the parameters (variables) or the interrelation between the
samples (observations). Many studies have demonstrated the
application of HCA through successfully in the analysis of
hydrogeochemical data'®*.
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Results and Discussion

The results of physical and chemical analysis are presented in
table-1 and table-2. Table 3 shows the descriptive statistics of
the data. The distribution of pH values and total iron
concentration in the groundwater samples are shown in both
seasons in figures-2 and 3, respectively. The average
temperature in the groundwater samples was 26°C + 0.9 and
24°C £ 0.7 in rainy season and in dry season, respectively. The
temperature varied very slightly with sampling location and
time of collection in both seasons. Temperature values of
groundwater samples in rainy season were higher than those
observed in dry season. The pH values ranged between 2.8
(sample BH1) to 5.84 (sample P9) in rainy season and 4.0
(sample BH1) to 6.04 (sample P9) in dry season, which indicate
that water is acidic to slightly acidic in rainy season and slightly
acidic in dry season. In rainy season, pH values of groundwater
samples were lower than those observed in dry season, except
for groundwater sample Pc. In sedimentary formations, iron
occurs as pyrite’ and in oxidizing conditions pyrite is
oxidized™ as describe by the following equation:

FeS, + 15/4 0, + 7/2 H,0 5 Fe (OH); + 4H' + 250, (1)
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Figure-3
Distribution of total iron concentration in groundwater samples
Table-1

Physical and chemical groundwater data in rainy season
Code P, Pin P, P Py Py Py Py P Pyg Py
T 25.6 254 253 25 26.2 25 25.5 25.6 254 25 24.3
pH 3.3 3.69 3.52 3.66 4.07 5.84 3.86 3.97 3.16 4.44 541
Fe o 0.18 0.09 0.03 0.06 0.8 0.9 0.28 0.32 0.17 0.1 0.2
Code PZI P25 P27a PA PB PC PD PE F1 F2 Sl
T 26.7 26.6 27.1 26 26.9 25.5 26 26 27.2 273 27.1
pH 4.16 5.38 4.17 3.67 3.65 5.36 5.61 4 2.8 2.9 2.95
Fe o 0.18 0.18 0.9 0.22 0.18 0.14 0.9 0.15 0.17 0.13 0.1
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Table-2
Physical and chemical groundwater data in dry season
Sample Code P2 P3N P3 P(, Pg Pg Pl() P11 PI(, Plg P19
T 23.5 234 23.3 24.1 23.5 22.9 24.1 23.9 24.6 23.8 22.9
pH 4.23 4.53 6.29 4.36 4.35 6.15 4.86 4.68 4.13 5.03 6.73
Fe 0.19 0.6 0.22 0.17 0.18 0.3 0.18 0.19 0.23 0.19 0.21
(continued)
Sample Code P21 P25 P27a PA PB PC PD PE BHI1 BH2 Sl
T 24.1 24.3 24.8 23.7 25.3 24 24.1 234 25.1 24.2 24.8
pH 6.21 5.95 5.37 5.85 4.41 4.04 6.04 5.49 4 4.36 4.75
Fe 0.2 0.22 0.17 0.18 0.24 0.2 0.8 0.9 0.9 0.15 0.17
Table-3
Descriptive statistics of T, pH and Iron contents in groundwater samples,
Rainy season
Parameter Min Max Mean S.D Variance Skewness Kurtosis
T 24.3 27.3 26 0.9 0.72 0.13 -0.91
pH 2.80 5.84 4.07 0.91 0.83 0.64 -0.59
Fe 0.03 0.90 0.29 0.29 0.08 1.59 0.97
Dry season
Parameter Min Max Mean SD Variance Skewness Kurtosis
T 22.9 25.3 24 0.7 0.43 0.25 -0.40
pH 4,00 6.73 5.08 0.86 0.75 0.44 -1.28
Fe 0.15 0.9 0.31 0.25 0.06 1.88 2.04

This reaction shows acid formation which expresses the acidic
nature of groundwater. Thus, the decreasing of pH value in
groundwater sample Pc in dry season in relation to rainy season
could be explained by the oxidizing conditions. The pH values
of groundwater samples were found to be below the WHO
permissible limit of 6.5 to 8.5 for drinking water. Iron contents
in the groundwater samples varied from 0.03 to 0.9 mg/L and
from 0.15 to 0.9 mg/L with a mean of 0.29 and 0.31 mg/L for

the rainy season and dry season, respectively. Iron contents have
the higher values of skewness (1.59 and 1.88) than pH (0.69 and
0.44) in rainy and dry season, respectively. The skewness and
kurtosis values for pH and Fe,, in both seasons indicate that
their distributions in the study area are not uniform (table-3).
Therefore, the distribution is more asymmetric for iron in the
two seasons as it is shown in figure-5.

41%
o
_— 36.36%
@
329
Z 279
=
=
g 239
= i
& 15% 18.18%
B a0 13,64% . 13,64%
o Z 0.00% 1 0.00%
i . i o
el ] % f 5 ?
i 0,00% i i 1 0,00% x 0;
2.0 75 3.0 3.5 4.0 45 5.0 5.5 6.0 6.5
pH
Figure-4

Histogram of frequency for pH: (a) rainy season, (b) dry season
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Figure-5
Histogram of frequency for iron content: (a) rainy season, (b) dry season
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The diagram of frequency for groundwater samples in figures 4
and 5 illustrate the percentage of water samples versus pH
values and iron contents, respectively. According the WHO
permissible limit of iron content which is 0.3 mg/L for drinking
water, in both seasons five groundwater samples have an iron
content higher or equal to 0.3 mg/L such as P8, P9, P11, P27a,
PD in rainy season and P3N, P9, PD, PE, BHI in dry season.
For iron contents higher or equal to 0.3 mg/L, one find again the
wells water P9 and PD in both seasons. These water points are
located in a wet part of the study area. In the case of iron, the
distribution of frequencies was bi-modal in both seasons. In
rainy season, the total concentration of iron in the samples P8,
P9, P27a and PD was between 0.8 and 0.9 mg/L. In dry season,
it was the samples PD, PE and BH1 which have a total iron
concentration between 0.8 to 0.9 mg/L.

The correlation between the total iron concentration and pH at
p<0.05 is low in rainy season (r = 0.48) and nil in dry season (r
= 0). To the sight of the values of r (correlation coefficient), one
can say that rainfall play a significant role in the process of
water-rock interaction which supports the dissolution of certain
minerals of iron present in the ground of the study area. It is

Int. Res. J. Biological Sci.

clear that iron in the groundwater could come from the
environment surrounding the location of the water points. The
factors such as runoff, dissolution of iron minerals from the
aquifer and iron sheet as well casings might be a source of iron
in the groundwater®, such is also the case in our study. At long
term, the consumption of these waters could expose the people
to the risk of liver disease.

The results of cluster analysis are presented in figures 6 and 7.
The dataset were classified in three groups and two groups in
rainy and dry seasons, respectively. In rainy season, group I
contains six samples, seven samples for group II and nine
samples in group III (figure-6). On the other hand, in dry season
we observe two clusters or groups such as: group I with eight
samples and group II with fourteen samples (figure-7). Clusters
of samples are listed in table-4. In rainy season, groundwater
samples in group III have the lowest mean of total iron
concentration while group II contains the more acidic samples
and groundwater samples slightly acidic were present in group L.
In dry season, group I of contains the less acidic groundwater
samples and less mean value of iron concentration relatively to
group II.
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Dendrogram of groundwater samples in rainy season
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Dendrogram of groundwater samples in dry season
Table-4
Cluster groups and their members
Seaso Group Members (Location/sample code) pH_Mea | pH_Ran Fe tot Fe tot
n n ge Mean Range
I (n=6) P9, P18, P19, P25, PC, PD 5.34 444147_ 0.40 0.10-0.90
Rainy | II (n=7) P8, P21, P27a, PB, S1, BHI, BH2 3.53 2.8-4.17 0.35 0.10-0.90
III 3.16 -
(n=9) P2, P3N, P3, P6, P10, P11, P16, Py, Pg 3.63 4.00 0.17 0.03-0.32
I (n=8) P3, P9, P19, P21, P25, P4, Pp, Pg 6.09 [5.49-6.73 0.38 0.18-0.90
II BHI, BH2, S1, P2, P3N, P6, P8, P10, P11, P16, P18, P27a, 4.00 -
Dry (n=14) PB. PC 4.51 537 0.27 0.15-0.90
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