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ABSTRACT

In mver systems, suface water has been widely used as environmental indicators and ther
chemical amalvsis cam provide siznificant mformation on the assessment of anfhropogenic
activities. The paper evaluates the polludon stats of the Ime Fiver with refersnce to heavy metal
enrichment. The mean concentration of the ten metals used in this stady was shightly hizher than
the recommended maximum permussible limst by the Nigeran Standard for Dnnking Water
Cuabity except zinc. The results of the metal pollution ndex revealed that the river is sizhtly to
moderately palhuted with mefals. The application of factor analysis on the data-set identified thres
factors which maply that these metals enfer the river through thres possible sources. Facior one
comprises of pH, mickel lead, mon and cadmium and accounts far 32.46% of the tofal vanance.
Factor two has a moderate loading of 25.89% of the tofal varance with arsenic, mercury,
chrominm and manganess ¥ contributors. Factor thres had the least loading from copper and zing
which constifutes a tofal varance of 18.84%. The pH of the river water has a mean vahe of 6.10
which siznifies an acdic condstion and & fraceabls to acid-ram rvazng the entire region caused
by several years of contmuous zas flaning. Aquatic arganisms rarely survive under low pH and it
also precipitates mebiliry of mefals. The chimate, local geology and bydrogeclogy of the area
enhance the release and migration of these metals mto the fver system The enrichment of these
heavy metals in the nver may be atirlbuted to the dumping of waste mio the nmver as well as the
discharge of imireatsd indusinial effluent info the river. The prohibition of dumping of waste mto
the mver is smongly advocated The present study demomstrated application of metal polhation
index, and facter analysis in understanding the quality of river water and appsared fo b= promising
in the field of water qualify management.

Eeywords: Assessment, Mefal: Pollution Index, Factor Analyas, Imo Eiver, Southeastern Nigera

1.0 Introduction

River nnning through urban areas has also been faced water qualsfy issuss due to discharge of
unireated domestic sewage, mumcipal wastes and mdustnal effuents mio then leading to increase
the metallic toxicity in the river waters [1]. Haavy mefals are persistent in surface waters in the
farm of colloidal, particalats and dissolved forms and rivers are known as the dominant pathway
for the fransport of metals. Heavy metals are easily mfluenced by eovironmental factor such as
ranoff, roundwater, dissolufion fTom sediment, deposition from atmosphers and anthropozenic
polutants. Metals are parts of the earth crust and are contained in rocks and minsrals but becoms
potentially toxic when dizsolved in water [1].
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Globally, there is an increasing awareness that water will be one of the most cotical nataral
resources m fiubare. Water is an important and life-sustaining substance to both plants and animals,
It is an eszenfial requirement of buman and mdustrial development and it"s the most delicate part
of the environment. Water pollution by trace mefals i an mnportant factor in both peochemical
cycling of mefal and in environmental health. Trace amounts of heavy metals are always present
in fresh waters from termigenous sources such as weathenmz of rocks resulting into geo-chemical
recycling of heavy metal elements in thess ecosystems [3]). Therefore, a contimwus monitoring of
water quality is very essential to determine state of pollution in our rivers hence the need for the
present study.

1.0 Objectives of the Research

Water is an essential requirement of human and industrial developments and & is one the most
delicate part of the enwiropment There has been a Temendous mcrease in the demand for
freshwater dus fo rapid growth of population and the accelerated pace of industrialization The
present study evaluates the level of contamination of Imo River by heavy metal in view of the
enormous human activities domiciled in the region.

3.0 Statement of Problem

Rivers passing through whan cities are usually deteriorated due to the impact of population,
urbanization and industrialization. Imo River is of particular importance in the stdy of surface
water becanse it passas through highly pepulated and industrialized cities of Orwerri, Aba and Port-
Harcourt Efftuents from industries, mumicipal sewage, agriculfural and wban mn-off are
descharged into mver bringing about considerable change m the water quality. These anthropogenic
acinities oo Imo River pose a serious threat not only o organisms m the mver but also the
downstream water users and once surface water is contaminated, its quality canmat be restored by
stopping the polhutants from the source. It therefore becomss imperative to evaluate the qualtty of
the water and to device ways and means to protect if.

4.0 Research Methodalogy

Ten sampling stations were established along the river course i order to gve a comprehensive
idea of overall gualicy of the river (Fig. 1). This was monitored for a period of ene year by takns
the sample once in every month. Water samples were collected from the water surface.

4.1 Laboratory analysis

Callected samples were subjected to filiration prior to chemical analysis while pH was determined
inthe field The water samples were then analyzed for heavy metals using standard procedures of
amalysis [4].

4.1 Statistical amalysis:
The factor and comelation analyses were dope usimg SPSS 16:0. Metal pollution ndex was
calculated from the point of view of suitability of the water for human consumption

5.0 Review of Physiography, Geology and Hydrogeology of the Study Area
The name Imo Sate was coined Fom Imo Biver in 197§ and it is the main river separating Imo
from Abia and Rivers States. It lies between latimde 2°40N to §°30W and longinade 5°00°E to
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T30E (Fig. 1). The area is low lying and is drained by Imo River and its mibutames. The
topography 15 under the influoence of tides which results in floading especially during the ramy
season [5]. The prevalent climatic condition i the arsa comprises of the rainy (Apnl to October)
and dry (November to March) seasons and are characterized by high relative bumidicy throuzhout
the year. The is underlain by the coastal plain sands also known as the Benin Formation which
consists of fine to coarse grained sand with mfercalation of clay lenses which are disconfimuous
{Fiz. 1). The petrographic study on several thin sections shows that guartz makes up of 95% and
feldspar has remaining 5% [6]. Furthermare, the area is underlain by thick uncenfined aquifer of
regional extent (Fig. 1). The depth to water table is below 15 m while the hydraulic conductivity
(E.) rangzed from 5.0 to 44.0 m'd with 3 mean value of 200 m/day [7].

The aquifer transmissivity (T) are more than 500 m*'day and an average poresity of 30.0%. The
hydraulic gradients vary from 00007 in the recharge area to 0.005 m the discharge area while the
limear proundwater velocity is in the range of 40.0 to 400.0 m'vear. Recharge into the unconfined
aquifer &5 through direct infilration of rain water. The anmual groundwater rcharge ranges from
24Dtn31ﬂ“r.-afﬂmanﬂualmm.ﬁﬂnfabmﬂ:ﬂﬂmm[ﬂ] The mformation oo aguifer propertdes
is pecessary for the understandimgz of the dymamics and inferaction between surface and
eroundwater since both overlap and the degres of mixing cannot be oversmphasized.
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Fiz. 1: Gealogy map of the area showing Imo Fiver with the sampled stations
6.0 Resulis and Discussion

Contaminants n rver system are mvestigated by analyzing the water and the result of the water
analyses ars contained im Table 1. The results of the analysis revealed that the Imo Fiver is slightly
to moderately polluted by heavy metals n the orderof Wi>Fe > Cd>Po>Mn > As =Hg> Cr>
Co = In The mefallic ennchment of the river may be attributed to the various anthropogenic
activities such as dumping of solid waste along river channel (Plate 1, gas flanng in the vicinity
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of Ime River bank (Plate 1), fiow stations, discharge of untraated industmal effluent from food,
textile, paint, phammaceutical, soap and deterpent mdustmies located along the river especially at
the Aba and Port-Harcourt end.

Heavy metals are components of the rocks that maks up the Earth crust and ars released into the
rver by namral means such as weathering run-off dissolufion and leaching as well as

anthropogenic inferference throush mining, mum::lpal wastes, industral effiuent and agro-
chemicals [0]. The pH vale rnzed from 532 1o 7. 30 with a mean value of 510 (Table 1) as

azainst the acceptable rangs of 6.5 0 8.5 [10). The vakes imply that the water is predominantly
acidic and such water is bkely to precipitate the mobiity of metals and have a cobesive effect on

materials. The concentration of iron ranged between 0.01 to 1.46 mg/L with an average value of
102 mgL (Table 1). These values excesd the mawimmm permissible lmit of 0.3 mel
recommended by the Nigenan Standard for Drninking Water Cruality. The implication of the high
iron content is that e water from the mver will have taste, colour and other assthetic problems
such as hemochromatosss.

The concentration of manganess variad fom 0.01 to 0.00 mz/T with a mean vahe of 0.05 mgL
and these values are below the recommended value of 01 mgT (Table 1) which implies no
confamiration Manganese is a natarally ocourmng element in the exvironment. It comprises about
0.1% of the earth’s crost. Manzanese is an essential micronutment for plants and animals. It is a
fanctional componsnt of nitrate assimilation and an essental catalyst of numerous enzyme systems
1o amimals, plamts and bacteria [11]. The concentration of dissolved manganess 1s mfluenced by
changes m radox potential dissolved oxyeen, pH and organic marter. Manganese in surface water
can be oxidized or adsorbed to sediment particles and setfle to the bottom. Manganes2 in soil can
migTate 35 a partculate matter to air of water, while the soluble manzanese compounds can be
leached from the sedl. Mangansse does not accur nanmally as a base metal but is a component of
more than 100 minerals, inchding vanous sulfides, oxides, carbonates, silicates, phosphates, and
borates. It is found in rock, soil, water, and food [11]. Thus, all bumans are exposed to mangansse
and it is 2 normal companent of the buman body. Mangansse is released to ar mainly as particulate
mafter, and the fate and fransport of the particles depend on their size and density and on wind
speed and direction Some mansanese compounds are readily soluble in water, so siznificant
exposurss capm alse ocour by meestion of contaminated drmking water, Chromic inhalation
exposuTe 0 manganese affects negaively on hngs, nervons system, and reproductive system,
although effects onofher crgan systems [12].
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Tahle 1: Seatistical Sammary of the analyzed water samples

Parameters (mzL) Famgze Mean  NSDWQ, 2007)
o 532730 510 5545
Fe 0.01-2.45 1.0 03
Mo 0.01-0.09 0.08 02
Zn 0.02-2.80 1.65 3
Cu 0.03-1.48 1.0 10

Cr 0.02-0.15 0.07 0.05
cd 00010023 01 0003
M 001013 0.07 0.02
P 0.01-4.12 0.03 0.01
Hg DODI-000S 0002 000l
As DODI-0MHS 0031 0

N5DWG = Wizerian Sndard for Drickin Waser Qualiny

The zinc content varied from 0.02 to 2.80 mg/L with a mean value of 1.65 mg'L which are lower
than the [10] permissible valus of 3.0 mg/L thereby suzgesting no pollution. In most waters, the
minc (IT) as oxidation state of zinc is foxic to aquatic arganisms af relatively low concenfrations.
The greatest dizsolved Znc concentration occurs in low pH, low alkalinkty and high ionic strensth
sontions. Zing I3 A Very common emvironmental contaminant and it i commonly found in
association with lead and cadmium. The major sources of zine in the aquatic environment are the
discharge of domestic waste waters; coal-buming power plants and manufachamz processes
invalving meals [13].

The concentration of copper varied between 0.03 to 128 mpL with an averags value of 1. 02 mgL
s against the recommended value of 1.02 mg'L (Table 1). Copper is an essenfial substance to
human Iife, but in high concentration, it can canse anemia liver and kidney damape stomach and
intestinal imitation. Copper normally ecours in dnnking water from copper pipes, weathering of
products made from copper as well as from additives used to confrol weed The values in soms
locations were high than the maximom permissible value which suzzest pessible contamunaton.
The ennchment may be atrited to dumping of abandoned metallic objects and insecticides along
the river as well as discharge of effluents from the neizhboring industries into the river system.
High concentration of copper in the body causes naussa, vomiting, and abdominal pam, breakdown
of red blood cells and Wilson's disease in children [14].

The concentration of chromium ranzed from 0.02 to 0.15 meg/L with a mean vake of 0.07 mgL
as agamst the allowable limut of 0.0% me/T (Tabl= 1), The values of chromium m some locatons
arz shightly higher than the recommended value and it can be atributed leachates from wastes in
the vicinity of the river. The concentration of cadmium varied from 0.01 to 0.023 with an average
vale of 001 mgL as against the acceptable value of 0.003 mgL (Table 1). Discharge of used
batteries, PV'C plastics, paint, motor ofl, insecticides and agrochemicals into the mver may be
responsible for the observed walues. This is the challenge of any mver that passes through
developed cries becauss if receives wastes mare than the river passing threugh villages. Cadmium
is a few of elemenfs spread in natare and can be considered as trace elements in view of the lack
of focus mn rocks, sediments, water and air, and notes an ncrease in concentration only in the case
of a buman activity or agricultural population or mdustrial. Cadmium is a common impurity as
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complex oxides, sulfides, and carbonates in zinc, lead and copper ores, and it is most often isolated
during the production of zinc [15].

The sources of cadmium in the aquatic environment are fom nanural weathering processes,
mining, metal smelters, industnies, agricultural use of shdges, fertilizers and pesticides, buming
of fossdl fuels, and the detenoration of galvamized matenals and cadmium-plated containers.
Cadmium reaches mto the blood sor=am by eating and drinking cadmium-contammated food or
water and by breathing cadmium contaminated air The major effects of cadmium poisoning are
e:penen:edmthehmgs.hdne)sandhones Acute effacts of inhalation are bronchitis and toxemia
in the liver. Chronic mhalation of cadmium compounds as fumes or dust produce pulmonary
emphysema, where the small air sacs of the lungs become distended and evenmally destroyed
pm:;mglmgeﬁmncy[lﬂ Hizh accumulation of cadmium in the body also damages the liver,

enta, brain and
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Plate 1: Gas flaring stations along the Imo Fiver course

The value of l=ad i surface water ranged between 0.01 to 1.2 mpL with a mean valoe of 0.03
mgL a5 against the permissible vahoe of 0.01 mg1 [10]. Lead is potentially hazardous to mest
form of 1ife and is consider=d toxic to organisms. Low lead concentration can affect fish by causing
the formation of coagnlated mucous over the zills and subsequently over the entire body and thus
cause the death of fish due to suffocation. Lead is bio-accumlated by benthic foraminifera
freshwrater plants, myvertebrates and fish. The chronic effact of lead on man inchides peurolozical
disorders, especially in the fehas and i children, synthesis of hemoglobm, astroimbestinal wact,
kidney diseases and mpaired performance im I test. Lead is howewer used in batteries, petrol
additives, alloys, cable sheathing, pizgments, rolled and extraded products [14].

The concenfration of nicke] vaned from 0.01 to 0.13 mpL with a mean vale of 0.07 mgT as
agzainst the recommendad vahue of 002 mgL (Table 1). The elevated values may be due to lzachate
anising from smelting activities, nickel-cadmium batteries, lead-nicks] batteries, nickel platmg as
well a5 leachate and effluent discharge mto the mwer as a result of wbanization and
industrialization The concentration of arsenic varied from 0.00] to 0.045 mg/L with a mean value

of 0.02] mg'L as against the allowahle vae of 0.01 mg/L (Table 1). The dumping and subsaquent
decomposition of chemicals wsed in making paints, rat peisoning, fungmicides and wood
preservation may led to the enrichment of the river with arsenic [17]. High concentration of arssnic
in human body canses cancer and damage to the crgans. The concentration of mercury ranged from
0.001 to 0.005 mz'L with an average vahue of 0. 002 mg'L while the NSDWQ valae is 0.001 mgT.
High concenfration of meroury causes brain and kidney damage, anxiety, deafness and depression.

6.1 Metal Pollution Index

Heavy metal refers to any metallic chemical element that has a relatively hizh density and tersic or
poisonous af low concentrations. They cannot be degraded or destroved and can enter our bodies
through food dnnking water and air. Heavy metals are danperous becamse they fend to
bioaccunmalate. Bioaccunmlation & an increase in the concentration of a chemical in a biological
organism over fime, compared to the chemdcal s concentration in the environment.

Mefal pollution index is a method of rating that shows the composite influence of individual
parameters on the overall quality of water. The rating i a value between zero and one, reflacting
the relative importance indrvidual quality considerations. The higher the concentration of a metal
compared to its maximum allowable concentration, the worss the quality of the water. It is also a
combined physto-chemical and microbial mdex which makes it possible to compars the water
quality of various water bodies [18. 19]. It has wide application and it is used as the indicator of
the quality of sea and river water as well as drnking water [19, 20]). The MPI is the sum of the
ratio of the analyzed parameters and their corresponding national water standard.

_ 'ln {.j
MPI = 2..1 ——
where: £ concentration of sach element

MAC maimmam allowabls concentration
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The results of the computed metal polhution index are shown in Table 2. I can be observed from
Table 2 that the degres of metallic contamination in the river is within the range of slishtly polluted
to moderately polluted. The polluting medals in their order of ennichment are: Mi = Fe = Cd = Pb
>Mn> As>Hg>Cr> Co’ Zn. The poor samitary condifion within and around the river coupled
with the high rate of wbanization and industrialization of the region through which the river passes
are responsible for the poor nver quality. The leachate arising the vanious human activities within
the rmver banks poses a threat to the mver quality.

Tahle 2: Caloulated Heavy Metal Pollutton Index;, for the Groundwater in the Area

Parameters (meL) HMET Vahs Rating

Arsemic 210 Moderaely polluted
Cadminm 333 Moderaely polluted
Chromium 140 Moderaely polluted
Copper 102 Moderaely polluted
Iron 340 Moderaely polluted
Lead 300 Moderaely polluted
Manzanz:e 250 Moderately polhuted
Mercury 200 Moderaely polluted
Mickel 350 Moderaely polluted
Zinc .35 hizhtly pollured

=001 = Very lightly poliuteZ. 0010 00 = Lightly poluwted; 1.0-2 09 = Moderaraly poliuted,
50-10.0 = Highiy palited; = 10.0 = Very highly polhted

6.2 Factor Analysis

Factor analysis is a prosfatistical technigue that focuses on data reduction in order to idenfify a
small pumber of factors that are used to interpret the variations observed in the larger dataset It
attempts to idenfify new underlying factors that give a better understanding of the pattern of
comelation within a set of observed vamables [22, 12]. The objective of factor amalysis is fo
interpret the structure within the variance-covariance mafrix of 2 multvariate data collection. It
uses the exmaction of the sigenvalues and eipemwectors from the matmx of comsladon or
covariance The information gained about the interdependencies between observed variables can
be used later to reduce the set of variables in a dataset [13, 24].

Factor analysis has been used with remarkable success as a tool m the study of sroundwater
chemiztry. The factor analysis has the potentials to unravel hidden mier-variable relationships and
allows the use of virtually limitless sumber of variables, thereby allowing heavy metals to be used
in surface water shudies. Several researchers have used multivariate analyses to understand
hyvdrogeological characteristics and confamination of regional surface water [25, 24].

Factor apalysis extracts the nmifivariate imfluence fo understand the causes of major factors
affecting water quality and acquires information on the strength of the influence. It has also been
adopted as an mportant anatytical tool to describe and map the spatial varability of hydrochemical
parameders [27]. The characteristics of surface water quality are closely related to environmental
vanabdlity. 5PS5-window-20 version was the statistical software used to perform factor analysis
on the datasets.
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Tahle 3: Factor loading of the dataset after varimax rotation

Parametzrs (mgl) Factar-1 Factor-2 Factor-3
Arsanic 002 317 316
Cadmium 502 301 116
Mercury 135 05 149
Chromium 3460 Bk 334
Copper 134 -.003 549
Iron 850 3901 288
Lead 520 353 091
Mangansse 002 6359 114
Nickal M 142 338
Zinc 357 036 5
pH T0s 380 345
Eigemvalues 1446 1332 1.106
% of Variance 34459 15,800 16638
Cumnlative % 34450 60,349 76.987

Factor analysis was applied to dataset and it penerated three maim factors with Eipenvalues greater
than one. The three factors accounts for a total of 76.09% of the vaniance in datasets and it implhies
thres different sources of contamination to the river. The first facter consists of cadmimm. iron,
lead, mickel and pH and thess explained the 34 46°%: of the tofal vanance (Table 3). Their presence
may be atmbuted to anthropogenic activities such as zas flaring discharze of indusirial effluent
and dumping of solid waste along the river course. The low pH can be atmbuted to the gas flanng
in the regsomn.

Factor 2 explams 23.59%; of the tofal variance and the contributors are arsenic, mercury, chromim
and manpanese. The use of agrochemicals for farming along the rver banks as well as leachate
from decompasing wastes may be responsible for their enmichment Factor 3 15 a moderate loading
copper and zinc and account for 16.54%: of the fofal varance. Dumping and gradual decay of used
metals and electronic gadeets such as computers, phones, cars, fans, refigerator, television,
metallic chairs and tables may have constifuted to their presence in the surface water. High
precipitation and relative humidity of the area coupled with porosity and permeability of the
underlying litwlogy encourages rapid chennical weathenne and infiltaton of kachate o the
rivers as well as the shallow water table. Furthermors a comelation amalysis was done ameng the
metals analyzed (Table 4) and a strong pesitive alisnment exist between arsenic and lead, iron and
nicke] as well as copper and zine.
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Table 4: Pearson Comelation Coefficient Mamix for Heavy Mefals in Solls fom the Dumpsite
As Cd He CTu & Fe Mo Mi Pb  Zn

1.0:D0

0281 1.000

0117 0364 1.000

0135 0185 0275 1.000

0251 0422 0098 0329 1.000

0075 0333 0153 0154 0458 1.000

0128 0223 0331 0.042 0615 0.154 1.000

0319 0176 0113 0355 0309 0.462* 0254 1.000

0.564* 0212 0435 0423 0121 034 0445 0117 1.000
0248 0387 0258 0.657* 0430 0372 0050 0085 0101 1.000

BEZETOOEOE

7.0 Conclusion and Recommendation

The applhcation of MPI has clearly revealed that Imo River 1s shighily to moderately conamimnated
by heavy metals in the order of Ni = Fe = Cd > Pb > Mn > As = Hg > Cr > Cu > Zn. Human
activities domiciled in the area are the major sources of these memk. The hish porosity,
permeability, hydraalic conductrvity and mansmissivity that characterize the aqlu.f&r Eeometry
encouraged mobility of these metals with the aguiferous zome. The mebility of these metals
between the surface water and stream sediment are ephanced by the low pH which is caused by
lomgz term gas-flaring in the area. This has l=d to death of aquatic orpamism and damage to the
manzrove vegsfation. The prolubiion of dumping of waste alonz river bank: is smomgly
advocated.
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