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ABSTRACT

The area of study occurs mainly within the Calabar
Flank and part of the adjacent basement terrain of
the Oban Massif. The latter is composed of mainly
migmatitic gneisses, phyllites, amphibolites,
granites, schists and granodiorites, while the major
lithologies of the Calabar Flank include carbonates,
shales, claystones and sandstones. This study aims
at determining the quality and usability of the water,
in addition to ascertaining the possible pollutants
and ways to ameliorate their effects.

Results of some physical and hydrochemical
parameters have average values of 5.53pH, 77.4mg/l
TDS, 17.8mg/l Na*, 5.5mg/l Ca**, 13.2mg/l CI,
3.3mg/l SO,*, 0.7mg/l NO",, and 49.6ms/cm
conductivily. The water hardness and sodium
absorption ralio (SAR) are respectively 20.5mg/l and
6.6. The total hardness, Ca**, SO * are higher for
the water draining the carbonate rock ¢nvirons, while
the TDS, Na*, conductivity and Cl" are greater in the
basement rock areas. Hydrochemical parameters in
the piper trilinear diagram, as well as the Gibbs plot,

INTRODUCTION

Throughout the history of humanity, water has
always sustained life and communities and the
quality of available water is essentially an index of
-the living standard of any society. In particular, the
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respectively suggest that the water is of sodium
bicarbonate facies, and dissolved solids are mostly
products of weathering.

Application of R-mode factor analysis suggests that
the main components of the water characteristics are
related to hydrological, lithelogical and
environmental controls. The factor containing CO_*
and HCO,, is derived from the carbonate rocks in
the area, whereas Na* and K* which are possibly
fransported in solution as base exchange of clay
minerals, notably characterize the basement rocks.
The group showing enrichmentin ClI, Mg** and NO |
is considered to be associated with environmental
control, through precipitation of meteoric water,
while the presence of SO * is linkable to the aeration
of sulfide minerals in the area.

On the whole, the water is slightly acidic with low
sodium hazard. It therefore satisfies the World Health
Organisation (WHO) standards for domestic,
agricultural and other industrial uses requiring usual
treatment such as filtration and disinfection.

low level of the socio-cconomic advancement of
most developing countries is sulficiently mirrored
by the unsatisfactory or defective harnessing of their
water resources.

For instance. abundant surface water resources
exist in Nigeria, particularly the southern region lying
within the tropical rain forest zone. However, these
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potentials are yet to be adequately exploited for the
supply of potable water, due to various limitations,
Futther, the cltective development of the ground
waler prospects is constrained by geological,
ceonomic and political factors. Consequently, the
non availability of good quality water persists as a
major bane to the survival of most communities,
especially in the rural districts.

The southeastern segment (Fig.1) which notably
occurs within two major geological domains, namely
the basement suite ol the Oban Massif and the
sedimentary basin of the Calabar Flank, typically
exemplilies this rather pathetic situation. Again, it
iy remarkable that the area is well drained by rivers
and streams lowing through fractures, joints and
channels within the rocks of both domains.
Incidentally, the appraisal of the surface water was
virtually neglected before it was realised that the
geological complexities could hinder optimum
development of the subsurface reserves (Mbuk,
1977). Inaddition, the southeastern littoral drainage
busin supports one of the most dense populations
and this has significant effects on land use and
urbanization. On the other hand, the increasing
industrial, agricultural and mining activities have
substantial implications on demand, and the quality
of particularly the surface run-off.

In this part of the country, only a small percentage
of the rural communities is provided with pipe-borne
water. The greater majority relies on supplies from
rivers, streams and channels. Since the quality of
water is effected by the characteristics of the
environment of circulation and occurrence, such
sources are invariably exposed to anthropogenic and
industrial pollutants.

Consequently, this study is borne-out of the need
to evaluate the surface water resources in the area.
It particularly aims at determining the quality and
usability of the water. In addition; te ascertain the

possible pollutants and ways to ameliorate their
effects.

PHYSIOGRAPHIC AND GEOLOGICAL SETTING
OF THE LOCATION

The study area is bounded by latitudes 5°05' and
5°08'N and longitudes 8°23' and 8°28'E, and covers
approximately 51km?, some kilometres north of
Calabar in southeast Nigeria (Fig. 1). The location
is part of the drainage basin of the Cross River, the
principal river in the region and whose estuary
provides the main outlet into the South Atlantic
Ocean/(Fig. 2). Apart from the important tributaries,
numerous interconnected streams and other water
courses drain and sculpture their routes within the
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FIGURE 1: Geological sketch map of southeastern Nigeria showing the position of the Calabar Flank and location of study
(compiled from Petters 1982 and Ekwueme 1995),
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FIGURE 2: Drainage and Sample location map of the study arca. Inseris the drainage map of Cross River Basin.

basin.  The major rivers are short, with N-S llow
direction, while the streams follow southward
mecandering courses. The drainage pattern is
generally dendritic, since the stream network
essentially constitute a random system. In particular,
the locality of study is traversed by the Kwa Riyer,
its tributaries and streams (Fig. 2).

In the study area, there are two main scasons,
namely wet and dry. The former or the rainy period
is confined to between March and October; while
the latter characterised by relatively hot and dusty
conditions, covers the duration.of November 1o
February. The total monthly rainfall ranges from
about 763.0 during the peak,to about 2.lmm in the
dry scason. The mican . annual minimum and
maximum temperatures correspondingly vary [rom
22.6 10 24.6°C and 28.2 1o 33.2"C, while the mean
monthly humidity is between 81 10 92%.

The geology of the district falls mostly within the
Calabar Flank and part of the Oban Massif. Rocks
of the Oban Massil are mainly phyllites, schists,
pncisses and amphibolites. These are intruded by
pegmaltites, granites, granodiorites, diorites,
tonalites, monazites and dolerites. Associated with
these intrusives are charnockites which occur as
enclaves in gneisses and granodiorites (Rahman ct
al. 1981: Ekwueme 1995). Overlying the Oban
Massil’ within the Calabar Flank, is the Awi
Formation. Tt is made up of crossbedded subarkosic
sandstones, conglomerates, grits, mudstones, shales
and kaolinites cyclically arranged and sourced from
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theé nearby Oban Massif (Adeleye and Fayose 1978;
Nton1999). This is accordingly succeeded by the
Mfamosing Limestone (Petters, 1982), Ekenkpon
Shale<ind New Netim Marl Formations (Petters et
al. 1995). Friable Nkporo shales (Reyment, 1965)
with bands of marlstones and gypsum, as well as the
continental sands of Benin Formation, constitute the
younger sequences respectively. The geologic sketch
of the area of study and rock distributions are shown
in Fig. 3.

METHOD OF STUDY

The ficld investigation involved the examination
ol rock outerops and the distribution of rivers and
streams. At locations along the drainage system,
mainly determined by accessibility, water samples
were collected and stored in labelled clean sterilized
polythene bottles. The bottles were thoroughly
rinsed with aliquots of the stream water, prior to
immersing them well below the surface to collect
water samples devoid of the top film. Altogether,
15 representative water samples were selected and
analysed for the necessary-variables, after effecting
relevant precautions.

Parameters such as conductivity, pH, total
dissolved solids (I'DS), temperature, dissolved
oxygen (DO) and turbidity were determined
instrumentally in the field. A Hach spectropho-
tometer (model DR 3000) was used for the
determination of total suspended solids (TSS) and
colour. Analysis for SO, Ca**, CI, Mg**, CO*
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FIGURE 3: Geology sketch of the study arca and rock diswibiitions

and HCO, were by volumetry technigue. EDTA
standard solution and murexide indicator were
cmployed lor Ca®' and Mg*'| silver trioxonitrate
standard and potassium chromalte solution were
used for Cl determination. Hydrochloric acid and
standard methyl orange indicator were utilised for
CO» and HCO, while colorimetry technigue was
uddplcd for SiO, (molybdenum ycllow mcthod).
Other determinations include NO [ (copper-
cadmium column method), NO, (diazozitization
method), PO (molybdenum blue method) aind
NH,* (nesslerization method). K' and Na'
concentrations were estimated” by standard
computation and ionic *balance, techniques
respectively (e Sobande, 1990): Further details on
analytical methods are presented in Ephraim (1988).

RESULTS AND DISCUSSION

The data for the wateranalyses, have been grouped
into three categories, based on the dominant
lithology at.the sampling sitc. Group A data sct
represents samples obtained from arcas in which
sandstonges, siltstones and shales outcrop. Group B
representsithose samples from the limestone and
marlstone area, while C groups those sampled [rom
arcas of grits and basement rocks,

The results and summary ol the analytical
parameters are represented in Tables | and 2. The
total dissolve solids (‘TDS) constitute a greater
proportion of the total solid componcents, with a
range Irom 56.2 to 103.7mg/l, whercas the total
suspended solid (TSS) ranges from 3 1o omg/l. The
an

TS averagevitues are 06,0, 81.7 and 84.5mg/l
respectively for groups A, B, and C. The total solid
content indicates that the water is generally ol low
mineralization and low suspended solid content.
This i borne out of the fact that the TDS
concentration falls within the range for fresh water
class of Fleath (1984). The lowest value of TDS
(6omg/l, from the Group A) may likely point to low
weatherability ol the geological material.

The major dissolve components ol the water
include Na* . K*. Ca®*, Mg™*, CI, HCO, CO > and
S0/ The comparative major ionic components of
the different groups is shown in Fig. 4, while the
relative compositions of the dissolved solids are
shown in Fig. 5. It is clearly seen from both
illustrations (Fig. 4 and 5) that Na' and HCO, arce
the most abundant cation and anion, with respective
compositions 23% and 28%. CO X, CI' and Ca**
are cqually of significance with respective
pereentages 17.0%, 18.0% and 5%. The remaining
major solids are comparatively of less signilicance
(Fig. 5).

The minor dissolved solids comprise NH,*, NO,
NO,, PO*, and SiO, (Tables 1 and 2). The values
of NH,*, NO, and SiO, are generally low (<2mg/l)
with the exception of NO, having a value ol 4.3dmg/!
inonc ol the Group A location (Table 1). However,
NO, and PO,* are below detection limit. The
comparative minor dissolved ionic compositions of
the different groups are shown in Fig. 6. The low
valucs of NO “and NH [ refleet low pollution status
ol the water. The very low and/or undetectable
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TABLE 1: Water Analyses Result.

Water Componenis Group A (Silistone. Sandstone & Shale) Group B (Limestone & Marl stofig) Group C (Grit & Basement Rock
Sample Numbers = 1 2 3 4 5 6 7 § 9 10 11 12 13 14 15
Ca** 24 4.8 24 32 32 32 15:2 124 126 6.4 4.0 4.0 24 24 32
Mg* 1.6 32 64 1.6 0.6 0.8 0.6 04 0.8 0.8 0.0 24 0.8 24 24
Na~ 166 | 2035 83 163 149 19.1 18.2 7.6 9.0 278 | 264 255 17.7 17.0 228
K- 0.9 12 0.8 0.9 0.8 1.0 1.3 0.9 0.9 1.3 1.3 14 0.9 1.0 1.2
cr 9.5 215 10.5 10.5 9.2 11.8 13.0 10.9 109 | 20.6 10.9 219 8.7 122 15.2
HCO,; 183 183 184 184 154 183 | 308 153 183 | 2746 | 275 214 184 183 244
co” 1.7 1.7 11.7 1.7 9.7 1.7 19.5 %9 1169 | 17.5 17.3 13.6 1L7 | 117 15.6.
SO 14 5.6 1.9 21 24 34 $2 53 53 1.62 20 6.4 1.9 29 1.3
Si0. 091 0.77 | 0.69 | 092 0.71 116 (082 [ 081 077 | 033 0.94 1.06 0.9 072 | 095
NO/; 037 | 434 | 054 | 043 0.13 0.1 009 | 008 [ 008 | 083 | 048 |.0.29 | 0.73 1.0 043
NO. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.01 0.01. [ 0.0 0.0 0.0 0.0 0.0 0.0
NH" 008 | 032 | 022 | 036 0.340) 0.09 1.87 | 092 | 084 | 007 | 006 [ 0.01 0.21 1.26 | 0.07
PO~ 0.0 0.0 0.0 0.0 043, | 0,004 | 0.003 | 0.004 | 0.004 | 0.006 | 00 | 0.001 0.0 0.0 0.0
Dissolved Oxygen 5.0 435 49 4.5 4.4 3.6 4.0 4.1 4.1 52 43 4.8 5.0 4.6 31
TDS 623 86.7 | 00.3 64.6 562 4 693 | 1035 | 627 | 695 | 103.7 | 89.7 | 966 | 825 67.9 86.0
TSS 5 6 6 4 4 3 4 4 3 3 5 6 6 4 6
Conductivity (Ms/Cm)| 399 [ 355 38,6 [t 36.0 | 443 | 663 | 401 445 | 664 574 | 618 | 528 | 435 55.1
Temperature ("C) 282 | 283 | 28.L 28.6 28.6 286 | 28.6 | 287 | 288 282 | 284 | 283 28.5 285 28.3
pH (pH Unit) 3.72 58 37 33 532 53 566 | 5.67 5.7 5.86 53 622 | 505 | 5.28 '5.14
Turbidity (FTU) 1 5 7 9 11 2 33 35 37 2 1 20 8 10 2
Colour (Py/CO) 23 50 49 81 93 37 270 23 39 22 25 81 62 72 . 31
Total Hardness (mg1)| 126 | 2352 7323 14.6 10.5 113 40.5 326 | 348 1937 100 19.9 93 159 17.9
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TABLE 2: Summaiy of Physical and Chemical characteristics and WHO (1984) Standard for Diinking water. v
Water Components Measured Parameters Group A Group B Group C Overall | Acceptance | Max.
Mean Level * Permissible
X (r)* X* (0 X* (0* level *
Total Solids Range
°| TSS 3-6 5.0 (0.89) 34 (0.49) 5.4 (0.80) 4.6
TDS 56.2-103.7 (66.0) | (10.71) | 8L7 J.(18.03)| 845 | (9.35) | 774 1000.00
Major Dissolved Solids | Na* 7.6-27.8 153 | (3.97) 163 |W#7.39) | 219 [ (3.90) 17.8 200.0
K* 0.8-1.5 0.9 (0.15) 1.1 (0.15) 1.2 (0.19) 1.06
Ca** . 24-15.2 3.2 (0.88) 10.0 | (0.88) 3.2 (0.72) 55 75.0 200.0
Mg 0-64 2.7 (2.03) 0.7 (2.03) 1.6 | (1.01) 1.63
Cr 8.7-219 122 | (4.66) | 7134 | (4.66) 13.8 | (4.57) | 13.2 250.0
HCO, 15.3-30.5 17.8 | A119) [©.22.0 | (L.19) | 22.0 | (3.50) | 20.6
CO,* 9.7-19.5 113 .| (078) 14.1 (0.78) 140 | (227) 13.1
] SO 1.3-6.4 27 IN148) 42 [ (148) 2.9 (1.81) 33 200.0 400.0
Minor Dissolved Solids | NH,* 0.01-1.87 0.26 | (0.10) | 076 | (0.66) | 0.32 | (0.51) 0.4
NO; 0.08-4.34 1de | (1.60) | 0.24 | (0.30) | 059 | (0.25) 0.7 10.0
NO, 0-0.01 bdil o34 bdl pas bdl i bdl
PO 0-0.13 bdl ane 0.01 (0.10) bdl o bdl
Sio, 0.33-1.16 0.80 | (0.10) [ 0.78 [ (0.26) | 0.92 | (0.11) 0.8
Dissolved Oxygen and DO 3.6-5.2 4.7 (0.24) 4.2 (0.53) 4.8 (0.23) 4.5
Physical Characteristics | Temp. (*C) 28.1-28.8 284 | (0.21) | 28.6 | (0.20) | 284 | (0.12) | 284
pH (pH Unit) 5.05-6.22 3.6 (022).| 5.6 (0.18) 54 (086) | 3.53 6.5 85
Cond.(Ms/cm) 36.0-66.4 423 | (6.35) | 523 | (11.54) ] 3541 | (6.11) [ 49.6 ¢ 14Q0.0
Turb. (FTU) 1-37 6.6 (344) | 218 | (16.22 8.2 (0.80) 12.2 5.0
Colour (Pt/Co, Unit)|  22-270 59.6 [ (24.39)| 782 | (96.15) 34.2 [ (17.88) 64 13
Total hardness
(mg/1) 9.3-40.5 19.04 27.7 14.6 20.5

i Below detected limit
a After WHO (1984)

3 Mean Congentration in Mg/l or ather specified units for each group
(r1*  Standard deviation of grouped samples




G@Na’ %
S 17% .
SMg™ -
K FHHE i
BHCO,

@Cl-

BCO,?

Pranis
PLussnis

S02

FIGURE 4: Comparative major ionic composition of graups A, B, and C waters.

mso;? 18%

i e con e

b -

concentrations of NO, and PO * are expected sinee
NO . is an unstable phase of nitrogen compound,
also the low plEfalls helow the r;mgc' favouring the
occurrence ol phosphoric acid in solution therehy
not enhancing the concentration of PO >

The ranges of dissolved oxygen (DO) and walter
temperatures: are 3.6 1o 5.2mg/l and 28.1 to 28.8°C
respectively while the relationship between water
temperature and dissolved oxygen is shown in Fig,
7. 'This relationship exists because with higher
temperatures, natural walers release their gascous
content into the atmosphere, resulting in lower
concentration (Kashel, 1986; Martins and Awokola
1996).
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28%

FIGURIZS: Relative composition of the imajor dissolved solids component of the water.,

Values for pll show ranges from 5.05 to 6.22 with
overall average of 5.53 (Table 2). The values are
restricted 1o a particular rock type; however, the
higher value of 6.22 is associated with the grits ahd
basement domain. From the average pH value, the
water is slightly acidic. This condition may be
attributable to biotic activities that result in the
production of CO, in the water column. So far,
leaching of the organic acids from decaying
vegetation and the soils is presumed to be the main
biotic activity in this area. This corroborates the
views ol Ezeigbo (1989). According to Onuoha and
Offodile (1995), environmental contaminants
resulting from gas flaring in the nearby Niger delta
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and volcanic outgassing in the adjacent Cameroon
Volcanic Zone may contribute to low pH values.
IFrom the location of the study area (Fig. 1) similar
conditions are envisaged.

The conductivity values are quile variable, ranging
from 36.0 1o 66.4ms/cm while the relationship
between conductivity and total dissolved solids
(TDS) is shown in Fig. 8. Higher conductivity values
were observed in the basement and grits domain.
The strong correlation of conductivity and dissolved
solid is an approximate relationship for most natural
water (Richard 1954). Based on Gibb’s (1970) plots
of TDS against the Na/(Na+Ca) ratio (Fig.9), the
water may have acquired its chemistry from the
weathered materials from the associated rock tynes.

The turbidity and colour values are respectively |
to 37 FTU and 22 to 270Pt/Co in ranges. It is
observed that the turbidity values are higher in the
carbonate area. However an abnormal colour value
ol 270 Pt/co measured at one location within the
carbonate terrain may be associated with the logging
activity that was on going at the time of sampling.
This may also have some ceffect on the scemingly
high turbidity in this location.

Computed values of water hardness and sodium
absorption ratio (SAR) are represented in Table 3.
These values show ranges 9.3 to 40.5mg/l and 1.210
13.2 for water hardness and SAR respectively.
Higher values of hardness in the carbonate area
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FIGURE Y: Plot of log TDS against Na/(Na + Ca) ratio
(after Gibbs 1970).

(11.3 to 40.5mg/l) are expected. With an overall
average of 20.5mg/l for the hardness, and majority
of SAR being <10 (with exception of 11.1 and 13.2
values recorded in the grits and basement area), the
waler in the area of study fits mainly into the soft
and low sodium hazard grouping (Sawyer and
McCarthy 1967; Todd 1980; Hem 1985 and Leeden
et al, 1990). (See Table 3).

Water Types
Plots of hydrochemical parameter on Pipers (1944)

TABLE 3: Computed Water hardness (I1,) and sodivm absorption ratio (SAR) VALUES. _

Group | Sample Noso |, (mg/l) CaCO, | SAR REMARK

| 12.6 b | Soft waters of low sodium hazard
4 25.2 5.1 »

A 3 323 1.9 »
4 14.6 6.8 »
5 10.5 7.8 »
6 1.3 9.6 | Soft waters of low Sodium hazard
7 40.5 23 »

B 8 32,6 1.2 »
9 348 1.3 . »
10 193 7.7 »
1 10.0 13.2 | Soft waters of low Sodium hazard
12 19.9 8.0 »

C 13 : 9.3 1.1 »
14 159 7.1 »
15 179, 8.1 »
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FIGURLE W0: Trilinear Piper diagram showing the
chemical characteristics of surface waters in southeastern
Nigeria.

trilincar diagram (Fig. 10) indicate that the points
concentrate within 2 ficlds that have been
interpreted after Levin (1981) as follows:
Field HI: (Ca®* + Mg'')  >50% and

(HCO,; + CO*) >50%
Field IV: (Na' + K') >30%% and

(HCO, + CO ) >50%

Since field 1V, has the highest concentration®lthe
plotted points, the waler is classificd as being predo-
minantly ol sodium bicarbonate (Na' - 11CO,)
facies. This corroburates the comparalive major
ionic component ol the different groups (Fig, ).

According to Lohnert (1970), the sodium
bicarbonate water type is an indication ol cation
exchange processes, and suchaviter is referred to as
‘exchange waler’. This implies that the bicarbonate
(HCO ) anionis in excessul the total alkaline carths
(Ca®' 4 Mg*") conceptration. The Tormer is
therelore available to act as scavenger in the release
ol cations, notably alkalis (Na' + K'), through
exchange r&etion with clay mincrals. Such activity
may accourit [for the nature of the water of the study
area.

Water Quality and Usability

The chemical character of any water determines
its quality and utilization. The quality is a Tunction
ol the physical, chemical and biological parameters
and could be subjective since it depends on a
particular intended use (Tijani 1994). Hence, there
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are dilferent water quality standards for the various
uses of water (WHO standard 1984).

Drinking waler standards are generally basced on
two main criteria (Davis and De Weist 1900). These
arc: .

(1) Presence of objectionable taste, odour and

colour.

(2) Presence of substances with adverse physio-

logical (health) effects.

The chemical analysis results show that the surface
walter in the southeastern Nigeriahas the various
ionic concentration and parametcerssuch as NO * |
CETDS, Ca™' Na', SO deonductivity, pllall
falling within the maximumeacceptable limit ol the
WHO standard (Table 2).  According to Ezcigho
(1987) the presence ol exeessive suspended sediment
(high turbidity) in streams used for reercation could
be controlled by dameonstruction while those in the
surlace water used for domestic water supply could
be controlled through filtration. ‘T'he latler case
scems applicable to this study. Basced on the work
ol Leadenact, al. (1990), the ranges ol additional
patameters such as SAR, hardness, cle are consistent
with domestic supplics, reercation, wildlife propi-
galion, irrigation and most industrial requircments.
Apart from the water mecting WHO (1984)
standard. the concentration of the parameters fit into
the class designated “good source ol water supply
requiring usual treatment such as liltration and
disinfection™ in the standard for raw.waler used as
source ol domestic supplics (Lecden et al 1990).

On the other hand, frvigation water criteria are
dependent onwater conductivity, sodium-absorption
ratio (SAR). type of plants. amounts ol irrigation
waler used, soil und climate. Using Wilcox model
(Table 4), the surface water in the study arca could
be regarded as excellent — good with low SAR. Oul
ol a total of 15 water samples, 13 samples (more
than 86%¢) show low values of SAR< 10, The other
two values are within medinm salinity hazard of good
waler class (Table 4).

Two principal elfects of sodium arc a reduction in
soil permeability and a hardening of the soil. In this
study. such cllects are ruled out because of low SAR.
Henee, it can be used to irrigate most plants (crops)
and on most soils (Todd 1980; Hem 1985; Leeden
et al., 1990).

Sources of Possible Pollutants
R-mode factor analysis is 2 multivariate statistical
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TABLE 4: Moadified Wilcox Quality Classification of
Irrigation Waters.”

Water Class | Elect. Conduct. | Salinity hazard| SAR
{(Ms/cm)
Exccllent <250 Low 0-10
Good 250 - 750 Medium 10-18
Permissible 750 - 2000 High 18-26
Doubtful 2000 - 3000 Very High | 26 -30
" Source: Todd 1980

technique that is widely used to aid interpretation
of geochemical data and enhance subtle but
significantly single-element anomalics (Garret and
Nichol 1969). Application of R-mode factor analysis
data in water chemistry has been reported in
literature (Dalton and Opchurch 1978). Similarly,
Imeokparia (1984); Elucze and Olade (1985) have
reported successful applications of R-mode factor
analysis in lithogeochemical and stream sediment
reconnaissance studies respectively.  In this study,
R-mode factor analysis was used to process thie data

in an effort to determine the sources of pollutants,
their controlling factors and ways to ameliorate
them. All computation of the R-mode factor
analysis are by means of statistical package for social
sciences software (SPSS) (Nie et al. 1975). The
results of factor analysis are summarised in a factor
matrix (Table 5), while the requirements and details
are discussed in Ephraim (1998).

According to Reyment and Joreskorg (1993),
Malinowski, (1991), careful data selection is a crucial
requirement for successful factor analysis operation.
In this study, data which are sell consistent and
provide new information are the ones included in
the matrix. The paramélers selected as most reliable
include conductivity, total dissolved solids, tempera-
ture, dissolved oxygen (DO), Mg?*, Nat, K*, Ca?*,
Cr, HCOy, CO %, SiO,, NH,*, NO, and SO *.

Alter inspection©f the various factor models that
were computed, a four-factor model that accounted
[or 82.7% ol the data variance was considered to be
the mostconsistent with known hydrological, geolo-
gical an environmental processes and appropriate
to the limits of analytical precision. Only variables
with loading greater than 0.55 were considered
significant members of a particular factor. These
different lactors are discussed below:

Factor 1 (Conductivity, K*, TDS, HCO_, Na*,

TABLE 5: R - Mode varimax factor matrix )
) FACTOR FACTOR FACTOR FACTOR
| 2 3 4
Loading Conductivity 0,97 Ca*t 093 SO 086 NO, .82
K' 096 | NI 080 | SO, 076 | < 070
TDS 0.95 Temp. 0.61 DO 072 | Mg 058
1CO, 0.89
Na* 0.85
co; 0.80
Eigenvalue 5.60 348 1.72 1.61
Percent of Total Variance 373 23.3 11.4 10.7
Cummulative Pereentage 37.3 6.6 72.0 82.7
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CO,*-) accounts for 37.3% of total data variance.
The high loading of Na*, K*, HCO, and CO *
reflect geochemical interactions ol transported
foreign materials with those occurring within the
study arca. The southward hydraulic gradient and
the general relicf of the arca permit transportation
and weathering products such as clays from the
adjoining basement into the drainage basin of the
study arca. Foster (1950); Krothe and Parizek (1970)
agree that sodium bicarbonate waters exist in
drainage basins that had or arc presently experienc-
ing cation exchange, provided all of calcium
carbonate, organic deposits and base exchange
mincrals are present beneath such drainage
channels. The cation exchange operation that
probably occurred in the arca is explained accor-
dingly by the lollowing sets of reaction;

CH,0 + O, = CO, + H0.ccceee. (1)
CaCO, + CO, + H,O = Cua** + 2HCO;y ...... (2)
Ca?' + Na, Clay = 2Na'+ Ca Cly ...... (3)

Reaction (3) drives the carbonate dissolution
cquilibrium to the right by absorbing Ca*! and Mg
on the exchange sites, thereby concentratiing Na*
and HCO, and probably K+ and CO* Itis obvious,
from alrcady known geological information that
Ca, HCO,  and CO, arce sourced from carbonate
rocks ol the study areas while Na* and K' aré
transported in solution or in base exchange minerals
occuring in clays from the adjoining basement arca.
From the plot of the log,, TDS against the Na/ (Na
+ Ca) ratio shown carlicr (Fig. 9), itiis appdrent
that the water in the arca may have dcquired its
chemistry from the weathered ptaterials derived
from the associated rocks. Ntor (1999) had carlicr
reported the presence ol kaolinite clays within the
Awi Formation of the Calabar Flank to be sourced
from the Oban Massil by weathering of feldspathic
rocks in warm humid environment. This further
affirms that much of the dissolved solids/pollutants
in the water are traccable to hydrological processces.
The conductivity, which is related to the overall
componentof the TDS is similarly effected.

Factor 2 (Ca’*, NH,*, Temperature). This
accounts for about 25.3% of the total data variance.
The high loading of Ca®*, NH_* and temperature in
this grouping reflects weathering and decompos-
ition. Decomposition of the organic deposits
probably involved the breakdown of complex protein
into amino acids with the release of NH, according
Lo the reaction.

56

R - NH, + H,O = NH, + R - OH + energy
(Amino —N). Here the NH; released is hydrolyzed
to NH ',

This interpretation is borne out of the fact that
abundant depositseol limestones, maristones and -
organic shale deposits oulerop in the arca. Tempe-
rature is a very important factor in weathering
process and its inclusion in this factor grouping
supports the interpretation. The presence of Ca®t
is related o the geology.

Factor 3: (SO,%, SiO,, DO) accounts for about
11.6% of the total data variance. The inverse asso-
ciation of SO with DO in the group may suggest
cnvironmental and hydrological controls by the
oxidation of sulphide minerals such as pyrite. Hem
(1970) has reported that when sulphide mincrals
weather in contact with acrated water, sulphur is
oxidized to yicld sulpliate ions which go into solution.
It is envisaged thatthis is the mode of acquisition of
SO,* in this area as there are reported occurrence
of pyrites mineralsavithin the organice shales of the
Calabar Flank (Reyment, 1965, Adceleye and Fayose,
1978, Nton, 1999). SiO, may be derived from natural
sourees sach as feldspars, ferromagnesium and clay
minerals (Todd, 1980). DO is associated with
natucil geochemical eycle of the walter.

FFactor 4: (NO, CI, Mg?*) accounts for 10.7% ol
the data variance. The ionic assemblages in this
grouping clearly indicate environmental control.
NO, can be obtained from the atmosphere, plants
debris cte. Mg** may be associated with amphibolcs,
olivine, pyroxcne or even clay minerals [rom the
adjoining basement terrain.  Indications arc that
most il not all of CI, Mg' and the low NO¢
concentrations arc derived from environmental and
atmospheric precipitation.

CONCLUSIONS

Hydrochemical and statistical reduction methods
have been used 1o investigate the surface waters of
the Calabar Flank and part of adjacent Oban-Massil.
Results of the water qualitics show that the water is
slightly acidic of low mincralisation and suspended
solids and generally dominated by Na* and HCO ;!
water type. Computed values of water hardness and
sodium absorption ratio indicate that the water is
generally soft and with low sodium (alkali) hazard.
Gibbs plots show that the dissolved solids are
products ol weathering. “Application of R-mode
factor analysis indicate a 4 factor model showing that
the main components of the water characteristics
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are related to hydrological, lithological and environ-
mental controls. Generally, the hydrochemical
parameters satisfy the WHO standard for domestic,
agriculture and other industrial uses requiring usual
treatments such as filtration and disinfection.
Using this study as a basis, it could be suggested
that the surface water reserve be developed to
supplement subsurface water supply in the region.
With this background information, Turther
investigation could span a wide scope in terms of
time and space so that the temporal and spatial
variations could be better understood. . Such

investigations would be most meaninglul if heavy

metals and isotopic compositions of the water are
incorporated.
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