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ABSTRACT: The objective of this paper is to investigate the levels of heavy metals and physicochemical
properties of surface water from the Mbaa River in Inyishi Town, Ikeduru Local Government Area of Imo State,
Nigeria using appropriate standard methods. Data obtained show that concentrations of most of these heavy metals
were much higher than the maximum permissible limits. Pb and Al were found to be at highly elevated levels as
they ranged from 0.37 mg/l to 0.69 mg/l and 3.86 mg/l to 10.36 mg/l respectively. Cr and zinc were below their
respective WHO and SON standard guidelines. Probable sources of these metals could be the aluminium processing
industry domiciled within the vicinity of the study area. It could be recommended that appropriate water treatment
facility be provided in the study for sustainable agricultural and environmental practices.
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The water we drink is an essential ingredient for our
wellbeing and a healthy life; unfortunately, polluted
water and air are common throughout the world
(Europian Public Health Alliance, 2009). Everybody
irrespective of their stages of development, social and
economic condition, have the right to access good
drinking-water for their basic needs (WHO, 2004). In
Nigeria most of the industries are situated along the
river banks for easy availability of water and also for
wastes disposal. These wastes often contain a wide
range of contaminants and chemicals which greatly
change the pH of water. It is found that one-third of
the total water pollution in Nigeria comes in the form
of industrial effluent discharge, solid wastes and other
hazardous wastes (Mosley et al., 2004). Most of these
defaulting industries are petrochemical industries,
sugar mills, distilleries, leather processing industries,

paper  mill, agrochemicals and  pesticides
manufacturing  industries, aluminum  extrusion
industries, pharmaceutical industries and many more.
For industries like this, the surface water is their main
source for waste disposal. Most industries have
treatment facilities for industrial effluents. But this is
not the case for small scale industries because they
cannot afford enormous investments in waste
treatment and pollution control. Consequently, at the
end of each period the problem of pollution takes
menacing concern. The problem of water pollution has
become worse due to toxic heavy metals. The rising
trend in concentration of heavy metals in water bodies
has attracted considerable interest amongst ecologists
globally during the last ten years and has also begun to
cause issues in most of the industrialized towns.
Untreated or allegedly treated industrial effluents
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often contains variable amounts of heavy metals such
as arsenic, lead, nickel, cadmium, copper, mercury,
zinc and chromium (Singare and Sharma, 2010),
which have the potential to contaminate crops growing
under such irrigation. These heavy metals have a
significant effect on the aquatic plants and animals
which through bio-magnification enter the food chain
and eventually affect the human beings as well. Heavy
metal pollution is an ever increasing problem of
aquatic bodies. In India, cases of toxic heavy metal
accumulation in aquatic ecosystems has been reported
regularly (Patil, 2009). These toxic heavy metals
entering in aquatic environment are adsorbed and
forms free metal ions and soluble complexes that are
available for uptake by biological organism
(Salomons, 1984). The metals associated with
particulate material are also available for biological
uptake (Lee, 2000), and are deposited in estuarine
sediments (Weston, 2002). Once deposited, binding by
sulfides and/or iron hydroxides immobilizes trace
metals until a change in redox or pH occurs (Adams
and Maher, 1999). Thus, surficial sediments,
particularly the fine fraction, accumulate trace metals
and provide a means for evaluating the long term
accumulation of contaminants (Kennicutt, 1994;
Singare, 2010). Hence there is a need for extensive
monitoring of river water pollution along the industrial
zones over long periods of time in order to describe
average metal precipitation (Johansson, 1977)
Therefore the objective of this paper is to investigate
the levels of heavy metals and physicochemical
properties of surface water from the Mbaa River in
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Inyishi Town, Ikeduru Local Government Area of Imo
State, Nigeria.

MATERIALS AND METHODS

Area of Study: Ikeduru L.G.A. is one of the 27 L.G.As
of Imo State, Nigeria with a population of 199,316
according to the 2006 National Population Census;
with an annual growth rate of 9%. It is located on
longitude 7°04°E and 7°14°E and latitude 5°29°N and
5°39°N. It is drained by series of rivers and streams
namely Mbaa, Oramiriukwa and Okatankwo. The
rivers are characterized by dry valleys which are
usually covered by flood waters in periods of high
rainfall. The aquifers are recharged by means of flood
water infiltration during the rainy season. The major
economic activities here are farming, small scale
fishing, trading, banking and civil services located at
the headquarters Iho. In this study, the Mbaa river
transverses  Inyishi, Amaimo, and Eziama
communities in lkeduru LGA of Imo State; with
Inyishi hosting an aluminium extrusion plant (ALEX
Ltd). There is no reported incidence or evidence of
improper waste disposal practices such as waste
discharge into the surrounding water bodies; however
there is a high probability of some environmental
impact resulting from industrial production activities
within the community. Other sources of potential
water contamination may result from erosion water
run-off, fishing activities, farming activities such as
washing of some farm produce in the rivers (example
bread-fruit, cassava) and washing of motor vehicles
along the river banks etc.
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Fig 1. Map of Imo State showing the study area
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Climatic Conditions: The study area is in the humid
tropics with over 2,000mm of rainfall per annum and
a mean annual temperature of about 27°C. The rainy
season commences in March/April and ends in
October/November.

Study design: Effluents were collected from the nearby
aluminum extrusion industry (ALEX) and water
samples were collected at 5 selected points along the
receiving river,

Sampling: Samples of the effluent were collected
directly from the industry each month for a period of
six months (Febuary- July, 2016) as well as the water
samples which were collected at five distinct points in
the river during the morning, afternoon and evening
period using 50cl bottles. (number of samples
collected each month, n =16). The bottles were
thoroughly washed with distilled water twice, at the
point of collection; the bottles were rinsed with the
water samples before sample collection, corked tightly
and labeled. All the samples were taken to the Soil
science laboratory of National Root Crops Research
Institute, Umudike where the test was carried out.

Determination of heavy metals: by the Atomic
Absorption Spectrophotometer (American Chemistry
Society. Washington DC 1968). 100ml of the sample
was measured into a beaker and placed on a hot plate
to evaporate to dampness, 10ml of conc. HNOj3 added
and further heated to reduce the volume, 5ml of per
chloric acid was added to the sample and heated to
complete the digestion, until a profuse per chloric
fumes emerged. The sample was transferred into a
50ml volumetric flask and made up to the mark using
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distilled water. The digest was used for the
determinations of the heavy metals using the atomic
absorption spectrophotometer. PG 500 Instruments.
Water analysis by atomic absorption and flame
emission spectroscopy. Trace inorganic elements in
water (Udochukwu et al., 2017).

Statistical analysis: Values of the various parameters
were subjected to statistical analysis using statistics
package for social science (SPSS). Completely
randomize Design (CRD) with three replicates for
each site in each parameter analyzed was used for the
Analysis of variance (ANOVA) thereafter Dorcan
Multiple Range Test (DTMRT) was used for mean
differentiation. Data were then represented with mean
+ standard error.

RESULTS AND DISCUSSIONS

The results from the first month shows that the
effluent’s pH (9.27), TDS (5649) and the temperature
recorded in site 3 (41.27+67°C were higher than WHO
and SON limits (Tablel).

Table 2, shows that Ni, Cu, Pb were also higher than
the permissible limits. It was observed in the second
month that temperature for site 1 to 5 which ranged
from 28.00+0.29 to 29.27+2.08°C and that of the
effluent (34°C) were above the permissible limits
(Table 3). Also (Table 4) shows that Al and Pb for site
1to 5 were above the permissible limits. Finally in the
third month, it was observed that temperature, NOs
and NH," for site 1 to 5 were above the WHO and SON
permissible limits.

Table 1: Mean + SE for parameters measured at selected sampling sites for physicochemical parameters of the 1% month.

Parameters Site 1 Site 2 Site 3 Site 4 Site £ Effluent WHO S0ON
rH 451£006 | S17£048 | 4532003 | 4424000 | 4460003 | 927 B0 | 630-830
Temp () 3456:002 | 20892248 | 41276710 | 34570010 | 340:0003 | 460 | 2350

emp

Colour (EBC) 001001 | 0042002 | 0.01=0003 | 0.001+000 | 0008z000 | 003

Turbidity (NTU) | 0.0320.01° n.usm.of_ 002+ 0017 | 021+ 0.02 | 0.01+0003 0.05 5.00 -
EC (uS/cm) 7376211 | 5304085 | 2632003 | 4232003 | 38020003 135.60 ; 400.00 1000.00
DO MzT) 4202000 | 3802001 | 4002004 | 4332001 4372027 174.00 3.00

BOD (MzT) 120+000 | 162001 1.11£0.01 122001 052001 11.30 3.00 -
COD =M 1441 2047 | 1418252 | T.00+124 | 60Bx040 | 502:031 17542 200.00
TDS(Me) 3133+ 805 | 3530+465 | 1153005 | 18032003 | 16332003 | S649.00 | 50000 |  500.00
TsS (Mgl 14204287 | 1624£133 | 45820003 | 2854000 | 30920003 | 198100 1300.00
Salinity (Me/l) 0032001 | 0032000 | 001£003° | 002=003 | 003=p003 | 633 | 20000
NH: Mz 747£345 | 13534343 | 277£003 | 563:003 | 563003 | 5080 4.00
NOs (Mz) 10834147 | 7334083 | 6134127 | 570+£030 | 5204190 3034 1 50.00 50,00
CIMe) 35904205 | BLTILISTS | 35454007 | 49632003 | 39334033 | J65.88 | 250.00 | 250.00
Ca™ Mzl) 937021748 | 732821236 | 60.11+0.01 | 60032003 | 4033+033 1g0.3 1 130.00 120.00
Mg (Mg 24322705 | 3063+558 | 36470005 | 1216£0003 | 24300003 | 5647 | 15000
PO.* (M=) I655£4T3 | 21754546 | 4663:005 | 2646:0003 | 402420007 | 18400 5.00
K (M) 0.38£0.11° 046£0.07 | 0632008 | 0.57£007 0.59 20,02 343 200.00
Na” Mz} 1122017 | 099+005 | 097+003 | 095£003 | 085003 | 2010 | 200.00
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In (Table 6), aluminium both for the effluent and site
1 to 5 were all above the WHO and SON permissible
limits. The study revealed that the pH values of the
river appeared to be slightly acidic in most of the tables

also observed that the pH of all the effluents was
pH>8.5 which indicates that the water is hard WHICH
corroborated with (Mosley et al, 2004; Udochukwu et
al., 2014). The EC values confirmed the low level of

as it had values at 4.42 to 6.40 and outside the
permissible limit by WHO and SON standard. It was

TDS in the river water.

Table 2: Mean + SE for parameters measured at selected sampling sites for heavy metals of the 1% month.

M=) Site 1 Site 2 Site 3 Site 4 Site & Effluent | WHO | 30N
Ni 0272005 | 0.142008° | 031 £0.0005° | 028200003 29 +0.004% 0.19 <0.10 020

' Cu 0.15 = 0L0E 0326 +0.16° 0.45+£0.0003° 0.71 +£0.0003° 0.83 £0.0005° 136 < (.03 1.00
PL 0.60 = 0.002" L7E+ 107 062 20.01° 061 £ 0003° 0.60 + 0003 .60 0.03 0.01
Fe 1211 =037 THOE2707 1 1239 HL.001° 12 5000003 1238 £0.003° 993 _ _
Zn 217 = s 2142017 01.75 20.0°F 2.05 £.0003° 1.72 £0.0003° 4.62 00 3.00
Cd 005 £ 003 024 +0.08" 0.0 £ 00037 .05 £0.00° 0.039 = 003" 033 <001 0.03
Al 10.12 £0.25° 663 +172° 10.36 £0.05° 10,53 H0.33° 10,03 £0.03° 10.12 0.20 020
Cr 0.01=0001% | 0.06£0.02* 0.01 = 0.00° 0.01 £ .0003* 001200003 0.02 < (.05 0.03

Table 3: Mean + SE for parameters measured at selected sampling sites for physicochemical parameters of the 2" month

Means with the same alphabet are not significantly different
SE means Standard Error, < 0.01 Implies that the values were below the minimum detectable limit of 0.01

Farameters Site 1 Site 2 Site 3 Site 4 Site5 | Effluent, WHO | SON
pi 47012 | 45x017 | 513=038 | 553038 | s3=027 | 10 ¢ 830 1 630-B830
TEMF( ) 28.00£129 | 2867+084 | 2927+153 | 27.80+095 2827208 | 4 ¢ 2330
Colour(EBC) 0302001 1 00302 | 003205 | 003x01 | 002=003 01

TurbidityMNTU) | g 102001 | 0.032000° | 00250005 | 00320005 |003+000 0245 | 5.00 -
EC(uSem ) 310032 | 2892043 | 324+112 | 326+066 | 462+079 13840 1400000 1000.00
DOime/D) 4205028 | 469:042 | 4694042 | 3204000 | 3474005 3.00

BOD(meT) 1165012 | 1472036 | 096£08% | 182£058 | 160+021 | 20840 300 -
COD(me]) 12.18+009 | 1133+026 | 11613021 | 11114034 | 8.10+010 | 18430 200.00
TDE(me) 35.87:7.53 | 17374306 | 38071115 | 75.07:2204 | 8874349 | 1066.00 | 500.00}  500.00
T38(mel) 93234380 | 93474712 | 1227325760 | 86832413 | 3832417 | F90 1300.00
Salmity(meD) | 9114004 | 0022008 | 002£000 | 0.0120.001 | 01+0001 | 422 |200.00

NH (mgz]) TAET+£247 | 6732085 | 560161 | 340+£280 | §27+121 ;0 4330 4.00
N0y (me/) 607+284 | 4402083 | 327+124 | 560+£214 | 467+053 | 2800 | 5000 5000
ClimeT) 4370+312° | 62602312 | 72752602 | 41352426 | 6054593 | 241000 | 230.00}  250.00
Ca™mel) 20692240 | 387421166 | 26.07+3.08 | 1872107 | 3084431 | 40080 1 150.007 130.00
Mz (me) 18632163 1 22717217 ) 1783353 | 12972811 | 1701242 | 7300 115000

PO: (mgl) 067240 | 1252+436 | 16152170 | 1393071 ¢ 142023 | 1200 3.00
Kmel) 0397003 0512013 | 045£004 | 063£005 0722017 280 20000

Na'(mg) 089000 | 0782022 | 0814017 | 077010 080006 | 2740 ;20000

Table 4: Mean + SE for parameters measured at selected sampling sites for heavy metal of the 2" month (mg/l)

Site 1 Site 2 Site 3 Site 4 Site & Effluent | WHO ;| SON
Ni 0.05£0.02* 005 £001* @ 006£002 | 0414032° ¢ 0.060.01% 1.50 =010 020
_Cun 012005 ¢ 0102002 | 01B=0.04° | 0172003 | 0452012° 12.40 <005 100
Fh 04340.1% @ 0 =027 037 +0.14° 0304023 ¢ 0614025 1.1% 0.05 001
Fe 4382057 ¢ 460055 TEIx 141 0 eTexl1S | 3341460 20.66 - -
In 353 2054° 0 205 £006° 247 +0.31° 3304055 | 341+1.05° 7.0 3.00 3.00
Cd 0172007 ¢+ 041 £002° ¢ 04120008 ¢ 0244003° | 0.760.67° 1.04 =001 003
Al 4964013 | 471 £078 | 3332054 ¢ 3TMLSIY 1 3T6£12D° 40.20 020 020
Cr 0.10+0.01° 0.08 £0.01% 042 +£0.34° 0.3740.5° | 0.06+0.01% 0.60 =003 003

Means with the same alphabet are not significantly different
SE means Standard Error, <0.01 Implies that the values were below the minimum detectable limit of 0.01

The result also implies that the water is palatable for
domestic and agricultural use (Schwab et al, 1993). A recommendations (Smith and Davis-Colley, 2001,
low turbidity was recorded across in the effluent and Atuanya et al., 2016). The BOD values also complied
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with WHO permissible limits. It was reported that
natural water with the BOD values of 4mg/l is
considered to be slightly polluted with organic matter,
but safe for drinking (Alpha, AWWA and WEF,
1998). Stream keepers field guide (1991) reported that
unpolluted natural waters should have a BOD of 5mg/I
or less. The high COD value in the sample effluent
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recorded indicates that the effluent had high organic
load. (Basawaray et al, 2014). Low level of COD
recorded across tables (1,3,5,) could therefore suggest
that there may not be direct influence of effluent
discharge into the river and also that such a river is
good for irrigation, domestic and aquatic life.

Table 5: Mean + SE for parameters measured at selected sampling sites for physicochemical parameters for the 3 month.

Site 1 Site 2 Site 3 Site 4 SiteS | Effluent | WHO | SON
rH 513018 | 5.03+028 | 5702025 | 587041 | 6234019 | 560 | 830 | 650830
Temmmd ) 1717058 | 2743079 | 26805115 | 2657£027 | 2657=027 | 2% 1 2330
ColowrEBC) | gos+0.03 | 0.05£001 | 0.06£00% | 0132000 | 0lizpps ¢ 0203
Turbidity(NTU) | gpg40.03" | 0084002 | 0074002 | 0082003 | possnoy | 0118 | 300 -
EC((uS/em]) | 3600055 | 3484137 | 28420017 | 2622082 | 4504065 | 2Z8.00 {400.00; 1000.00
DO(mg 1) 3424011 1 374010 ' 434+023 | 4642025 | 655+330 3.00
BOD(mg1) 129+004 ¢ 135+078 | 1724021 ¢ 1532003 | 131+027 : 40 © 300 -
COD(me 1) 14142043 | 14212267 | TO0+124 | 616038 | 510+0gl | 24360
TDSmel) 19002280 | 12572035 | 12432248 | 13478233 | 1467066 | 40900 1 30000 500.00
TSS(meD) 8774043 | 7520037 | 8872134 | RO7L1T0 | 12.00£121 | 266.30 1500.00
CRNE h] El % 'y El r -
Salimity(mgD) | 120021217 | 0.08+0.03 | 0.05+0.005 | 0052003 | 0lox0ns | 320 ¢ 200.00
NO; (mzT) 15402291 | B40+161 | 1150386 | 1540+247 | 10662320 ¢ 640 1 300 3.00
LI {mz ) 37242270 1 53172738 | 44045395 | 4793£537 | 4247+574 ¢ 21980 1230000 25000
Ca* (mz) 72442437 | 62062417 | 48095617 | 42 T6£11 88 | 43 10a4.65 | 19241 [ 150.00¢ 150.00
Mg" (mz) 33234353 26742244 | Bedel 62 | 21484423 31762819 ¢ 8311 0 150.00
FO." (mz) 11452183 | 13274142 | 12952210 | 12504289 | 11692239 | 193.00 30
i a B = k) ] Y
K" (mgD) 0324005 | 052010 | 0372007 | 050001 | 071x01s | 433 20000
Na™ (mgl) 0654004 | 0642004 | 0442005 | 0632023 | ogsxp2l | 2360 0 20000
NS (me) 19275425 | 14472327 | 1867612 | 2147+460 | 22402323 ¢ 100.80 4.00
Means with the same alphabet are not significantly different; SE means Standard Error,
Table 6: Mean + SE for parameters measured at selected sampling sites for heavy metals ofthe 3 month. (Mg/l)
Site 1 Site 2 Site 3 Site 4 Site § Effluent | WHO | SO
M 010015 | 0072001 | 008005 | 04020032 | 0.0620.012 760 =010 | 020
TCu OO0 0E00F 0062005 0142005 1 027008 150077005100
Ph 03820.18° | 0752028 | 025+027F 0474038 | 0.60£0.27 13 005 a0l
Fe U0 3 e R T B L Y R JE K N 1430 N .
Fn T AATEAT U IR0 06 T IS0 60% | I 005008 T 13040 55 &80 LT
Cd |07 T 0.1420.004 T 00TH0.05 | 0455038 | 0.8540.40° 034 <001 003
Al T 860 044 A0 A T00.3% |4 I50805 T AR08 3350 020 7020
L S V1 | o (1157 1) G (1 (1 B 1) ¥ 1 X 57 1) 047 0057005

Means with the same alphabet are not significantly different

SE means Standard Error, < 0.01 Implies that the values were below the minimum detectable limit of 0.01

Ammonia values recorded were high and contrary to
the permissible limit of SON at 4.0mg/l. Such high
level of Ammonia in the water could be due to
industrial activities, domestic and fecal matter in and
around the river bank. Also the very high ammonia
content of the effluent may not pose a strong issue to
the water body because according to USAS, (2014),
NHs (un-ionized ammonia) is particularly toxic to
aquatic animals than NH4*. Also Brian (2016) reported
that NH4* is readily used by algae and other aquatic
plants. The presence of Cl-in Mbaa, river agrees with

the report of Nwoko and Ezeibe (2015) who reported
that chloride is commonly found in streams and
freshwater. Some of the heavy metals like Pb and Al
were found to be at highly elevated levels while Cr and
zinc were below the WHO and SON permissible limits
(Udochukwu et al., 2020). These trace metals (lead
and cadmium) have been implicated to be responsible
for certain health disorders. Cd is a known human
carcinogen and has been reported to originate from
impurities in phosphate fertilizers (Onyenechere et al,
2011). Other possible source which includes, metal

ANUNIHU, C.L; ODOEMELAM, S.A.
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smelting and refining, leachates from nickel-cadmium
batteries discarded carelessly. The first explanation
seems more plausible as there is extensive agricultural
activity within the study area, with potential high use
of NPK fertilizers. Elevated levels of these heavy
metals beyond WHO level may suggest that there may
be a possible link with activities of industries in terms
of waste and effluent discharge and the metal content
of the river. Also metals may enter the river through
geological weathering and human activities such as
passing product and waste pipes through the river
water to the points of discharge causing the leaching
of the pipe metallic components into the river.

Conclusion: The impact of domestic, agricultural and
industrial waste channeled into the water body cannot
be over emphasized. The quality of this water body
cannot be guaranteed due to constant disposal of
industrial effluents, agricultural activities, high
vehicular traffic, and beach side laundry by locals, and
fishing. An aggregation of these activities obviously
has a significant impact on the hydrological balance of
Mbaa River. A detailed campaign should be put in
place, elucidating the mechanism of water pollution
especially with regard to these toxic industrial
effluents.
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