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Abstract

An assessment of the impact of wastewater discdrgen Aluminium Company into an open drainage wasied out, as
a result of the linkage of the drains to nearbyewdtody used for cultivation. Wastewater samplesevamllected two
points before discharged point (BDP), point of taxge (POD) and three points after discharged gé&bfP) during the
months of February and March, 2011. Physicochempiasdmeters and metals (Al, Cr, Cu, Ni, Pb andvizere analysed in
the wastewater. Physicochemical parameters weréysaoh using the APHA standard methods while metedse

determined by atomic absorption spectrophotompténalues of the BDP, POD and ADP were found tinltee range of
5.00-6.20; 6.35-6.70 and 4.80-5.9 respectivelyresults of the various sampling points were abteepermissible level
of FMENV guideline regulation; this shows the effeof other activities apart from this aluminiumstewater. The BOD
and COD results at various points were not withia tegulatory limit. The metal mainly Cr, Cu, NidaRb are all within
the limit of discharge while Al and Zn with meanlwes of BDP, POD and ADP were 47.2+2.0 and 2.67/&:051.5+0.3

and 2.81+0.04; and 44.1+5.9 and 2.58+0.05 are ntitirwthe stipulated FMENV guideline regulation. stgp=0.05)

showed significant difference between BDP and ADBdme water quality parameters analysed. It isdignt to treat the
wastewater prior to discharge into open drains.

Keywords: Wastewater, Aluminium Company, Water Quality, Drainage, Physicochemical Parameters
1. Introduction

Water is one of the most important chemical sulzstarfor nature of wastewater includes physical, chemicall a
the maintenance of life. It constitutes about 708dhe biological characteristics which depend on the wasage
earth surface. Water is one of the most importirhents in the community, the industrial and commercial tcbni-

on earth. Every living being needs water for itsvaal. tions, weather and infiltration/inflow. The introction of
Without water, plants, animals, microbes-everything industries on one hand manufactures useful produdtst
perish (Babu et al, 2000). Water is indispensaterfan’s the same time generates waste products in the fdrm
activities hence many ancient cities and towns vieiié solid, liquid or gas that leads to the creationhakards,
around water bodies (Ukpong, 2008)ater is also a vital  pollution and losses of energy. Most of the solidstes
resource for agriculture, manufacturing, transpmmaand and wastewaters are discharged into the soil angrwa
many other human activities. Despite its importanecater bodies and thus ultimately pose a serious thre&utoan

is the most poorly managed resource in the worldand routine functioning of ecosystem. The dischavfe
(Fakayode, 2005). "Wastewater," also known as "geWwa industrial effluents, municipal sewage, farm anbaur wa-
originates from household wastes, human and anirasi- stes carried by drains and canals to rivers woleth
es, industrial wastewaters, storm runoff, and gdovater broadens water pollution. High levels of pollutaimsiver
infiltration (Choudhary & Parmar, 2013). Wastewatws- water causes an increase in Biological Oxygen Deman
ically, is the flow of used water from a communityhe (BOD), Chemical Oxygen Demand (COD), Total Dissolv-
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ed Solids (TDS), Total Suspended Solids (TSS) ctoxet-
als such as Cd, Cr, Ni and Pb and faecal coliford a
hence make such water unsuitable for drinkinggation
and aquatic life (Tarig et al, 2006).

Ground and surface waters can be contaminatedveyale
sources such as indiscriminate discharge of urtdeatdu-
strial effluents (Sundari & Kanakarani, 2001). hrrhing
areas, the routine application of agricultural ifiegrs is
the major source (Emongor et al, 2005). In urb@&agrthe
careless disposal of industrial effluents and otvastes
may contribute greatly to the poor quality of thater
(Chindah et al, 2004; Ugochukwu, 2004 and Emongor e
al, 2005). In most developing countries like Nigemnost
industries dispose their effluents without treattnéagos,
which is the industrial centre of Nigeria; induatrefflue-
nts are discharged directly into the drainage systwith-
out treatment by many industries. The drainageesyst
are channelled into canals, which empty their quistento
the rivers and lagoons. The implication of thithie pollut-
ion of surface water with consequent effects on d&um
health. Effluents from industries had been knowndnta-
minate water, soil and air with associated heaweake
burden and eventual shorter life expectancy in ligirg
countries (WHO, 2003). These industrial effluenésén a
hazardous effect on water quality, habitat qualitg com-
plex effects on flowing waters (Ethan et al, 2008lustri-
al wastes and emission contain toxic and hazarglolosta-

where the concentration were less than 0.01 mgylthik
study, the physicochemical properties of Aluminiimdu-
strial effluents and wastewater from the drainadeens
this effluent is discharged were analyzed. The Itevd
parameters such as pH, hardness, dissolved stutekso-
lids, phosphate, nitrate, sulphate, chloride, digsboxyg-
en, BOD and COD and heavy metals (Al, Cr, Cu, Mi,
and Zn) were determined to serve as pollution etdic
There is little information on the level of alumim elem-
ent in the wastewater from Aluminium industries.nkle,
the research is aim at determining the impact af#hi-
um industrial effluent on the wastewater drainage.

2. Materialsand M ethods

The samples of effluent from Aluminium industryp@ints
before the effluent discharged point (BDP1 and BDBQ
metres apart) and 3 points after the dischargeat gaADP
1, ADP2 and ADP3; 50 metres apart) were collectethf
drainage that receives effluent from Aluminium istiy
located in lkeja industrial estate Lagos, NigeBamples
for physicochemical parameters and heavy metakméte
nation were collected into 1.5 Litres and 75 mpeagive-
ly, cleaned, dry, polyethylene bottles which hawerb
previously washed with 20% nitric acid and subsetjye
with distilled water. Samples for heavy metal weresser-
ved with 5 ml concentrated Nitric acid on site. $&as
were refrigerated at 4C, prior analysis. Wastewater samp-

nces, most of which are detrimental to human healthles collected along the drainage before the digghaf the

(Jimena et al, 2008; Rajaram & Ashutost, 2008 agdr®
owokan et al, 2005). Determination of the naturel an
source of chemical species in the industrial emvirent
are of primary importance in the study of tracensdat
pollution (Ogunfowokan & Fakankun, 1998).

A study on water quality of Ogun River (Nigeria)hish
receive industrial effluent from Lagos and Abeokwtas
conducted, says that the level of turbidity, oidagrease,
faecal coliform and iron were very high in all th@&mpling
sites (Jaji et al, 2007). Fakayode (2005) studiedimpact
of industrial effluent on water quality of a river Nigeria

effluent which served as control.

pH was measured using a Model 3020 pH meter while
alkalinity, hardness, total dissolved solids, taalids, ph-
osphate, nitrate, sulphate, chloride, dissolvedyery Bio-
chemical Oxygen Demand (BOD) and Chemical Oxygen
Demand (COD) were determined using standard method
described by American Public Health AssociatihPHA
-AWWA-WPCF, 1999). Heavy metals were deter-mined
with atomic 210 VGP Flame Atomic Absorption Speptro
hotometer after digestion with aqua regia.

and showed that the chemical parameters studieé wer3, Results and Discussion

above the allowable limits and also tended to actata
downstre-am. The characteristics of selected affhirom
industri-es in lkeja, Nigeria, were analyzed andwis
reported that the concentration of pollutants m effluent-
ts discharge is on the high side, exceeding theirmar
recommended limits (Sangadoyin, 1995). High blosatll
level was reported among Nigerians due to expasutiee
environmental pollutant which can get into the hama
body through various sources (Orisikwe, 2009). ifo-
ence of dialysis encephalopathy with the preseffiddie
minium in the public water supply was reported laglkh-
am (1990). According to him, the risk of Alzheinsdise-
ase was 1.5 times higher in districts where themadami-
nium concentration exceeded 0.11 mg/L than in idistr
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The mean results of the various sampling locatamespre-
sented in Tables 1 (a & b) while Table 2 showsrttean
results of the overall points BDP and ADP with #@D.
Figure 1 shows the various contributions of theatseto
the sampling locations.

The pH of the BDP, POD and ADP ranges from 5.5.8 6
6.4 to 6.7 and 4.8 to 5.9 respectively. The pH eaisgnot
within the FEPA (6.0-9.0), lower pH values wouldriea-

se the acidity of the receiving stream, a situatitoat is
deleterious to aquatic live and even humans when se
foods such as oyster shell, fish and water sneil® fsuch
streams are consumed (Chukwu, 2005).
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Table 1a. Average of Physicochemical Char acteristics* and Heavy Metal of Sampling Locations

(:Sotdee pH Alkalinity| TDS TS TH Phosphate |Sulphate| Nitrate | Chloride
BDP1 Mean | 5.631£0.48 37.6£0.3| 9.8 £0.1 1486 35+25 0.09+0.01 310 2(B05%| 43.310.5
Range 5.0-6.0| 37.5-38.0 9.7-98 142-152 22.02R.88-0.09| 3.0-3.0 2.6-2.7, 43-44
BDP 2 Mean | 5.98+0.33 40.8+0.5| 10.3+0.5 153+2 25+0.4 0.10£0.p1 40 2.7850 41.5+0.6
Range 5.5-6.2| 40.0-41|09.5-10.6 | 150-154 24.5-25/50.10-0.11| 4.0-4.0 2.7-2.8 41-42
POD Mean | 6.48+0.16 40.9+0.6| 13.0+0.0 191+11 29+0.5 0.04+0.01 60 2(B06%| 50.3+0.5
Range 6.4-6.7| 40.0-41|513.0-13.1| 175-198| 28.0-29.0 0.04-0.05| 5.4-5.9 2.8-2.9 50-51
ADP 1 Mean 5.7£0.1| 38.0+0.02 8.4+0.2 169+5 | 23.440.50.03+0.01| 3.6+0.2 2.73+0.0542.3%+0.49
Range 5.6-5.9| 38.0-38{18.1-8.5 161-172 23.0-24/00.03-0.04| 3.4-3.9 2.7-2.8 42-43
ADP 2 Mean | 5.19+0.0333.8+0.50 7.3+0.1 160+4 | 21.3+0.50.03£0.01|3.01+0.01 2.53£0.05] 40+0
Range 5.1-5.2| 33.0-34/0 7.3-7.5 155-163 21.0-22/00.03-0.04| 3.0-3.01 2.5-2.6 40-40
ADP 3 Mean | 4.86+0.09 31.0£0.8| 7.1+0.0 15246, 19.8+0{20.02+0.01| 2.1+0.3 2.24+0.1 3810.5
Range| 4.8-5.0| 30.0-31j07.1-7.2 145-159 19.5-20({00.02 -0.03| 2.0-2.5 2.1-2.3 38-39
*All unitsin mg/L except pH with no unit
Table 1b. Average of Physicochemical Characteristics* and Heavy Metal of Sampling Locations
Site Code DO BOD COD Al Cr Cu Ni Pb Zn
BDP 1 Mean | 4.44+0.01 289+6 | 350+0| 45.3 £ 0.P20.05+0.00 0.04+0.00 0.04+0.01} 0.04+0.00 2.63+0.05
Range| 4.4-4.5 | 280-29%350-350 45.0-45.5| 0.05-0.05| 0.03-0.04| 0.04-0.05| 0.04-0.04| 2.6-2.7
BDP 2 Mean | 4.56+0.06 3265 | 442+2| 49.1+0.3 0.06+0.00.04+0.00 0.08+0.00 0.04+0.00 2.72+0.01
Range| 4.5-4.7 | 325-330440-445| 49.0-49.5| 0.06-0.06| 0.04-0.04| 0.08-0.09| 0.04-0.04| 2.71-2.73
POD Mean | 4.84+0.04 381+9 | 510+7| 51.5+0.3 0.07+0.00.05+0.00/ 0.09+£0.01| 0.05+0.01) 2.81+0.04
Range| 4.8 -4.9 | 370-390500-515| 51.0-51.7| 0.06-0.07| 0.05-0.05| 0.08-0.09| 0.04-0.06| 2.75-2.85
ADP 1 Mean | 4.34+£0.04 358+5 | 491+1| 49.1+0.1 0.06+0.00.04+0.00 0.07+0.01 0.04+0.00 2.63+0.02
Range| 4.0-4.4 | 350-361490-492 49.0-49.3| 0.06-0.07| 0.04-0.04| 0.06-0.08| 0.04-0.04| 2.60-2.65
ADP 2 Mean | 4.20+£0.04 324+7 | 476t5| 42.4+0.1 0.06+0.00.04+0.00 0.06+0.00 0.04+0.00 2.59+0.02
Range| 4.2-4.3 | 325-330475-480 42.3-42.5| 0.05-0.06| 0.04-0.04| 0.06-0.06| 0.04-0.04| 2.55-2.60
ADP 3 Mean | 3.90+0.03 284+11| 451+2 | 40.8+8.6] 0.04+0. 0.04+0.00.04+0.00 0.04+0.00 2.52+0.02
Range| 3.9-3.9 | 275-300450-453 35.2-39.0| 0.04-0.04| 0.04-0.05| 0.03-0.04| 0.03-0.04| 2.50-2.55

* Al unitsin mg/L except pH with no unit

Higher pH values also could encourage some seasweed37.6+0.3 mg CaCé¢lL, ADP alkalinity level ranges from
such as water hyacinth to grow and multiply onghgace
water. This is at present a serious concern toLtHgos
state government as most streams/rivers in Lagege ha
been overtaken by water hyacinth. This has posexmtiaus
threat to navigational and fishing activities. pékhprofou-
nd effects on water quality i.e. it affects the atesolubil-
ity, the alkalinity and hardness of the water. Aipiarga-
nisms are also affected by pH because most of theiab-
olic activities are pH dependent (Chen & Lin, 1989&d
Wang et al, 2002). The levels of alkalinity BDP gas
from 37.5 to 41.0 mg CaGQ, with an average level of

30.0 to 38.1 mg CaC@. with an average level of 31.0+

0.8 while POD ranges from 40.0 to 41.5 with an ager
level of 40.9+0.6 mg CaC{L. There is no significant dif-
ference between the levels of alkalinity of BDP &iaP.

TDS level in the BDP, POD and ADP ranges from @.5 t

10.6 mg/L; 13.0 to 13.01 mg/L and 7.1 to 8.5 mggkpe-
ctively. The level of TDS is lower than the regolgt
limit. T-test at 95% limit shows a significant difence
between BDP and ADP, this implies that the efflueoin
POD has an effect on the waste water along thealyai
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Table 2. Average Physicochemical Characteristics* and Heavy M etal of Sampling L ocations Compared with Standards

Parameter BDP POD ADP FEPA, 1999 WB, 1995
oH Mean 5.63+0.48 6.48+0.16 4.86+0.09 NA NA
Range 5.0-6.2 6.4-6.7 4.8-5.9 6.0-9.0 6.0-9.0
Alkalinity Mean 37.6+0.3 40.9+0.6 31.0+0.8 NA NA
Range 37.5-41.0 40.0-41.5 30.0-38.1 NA NA
1DS Mean 9.8+0.1 13.04£0.0 7.1+0.0 2000 NA
Range 9.5-10.6 13.0-13.1 7.1-8.5 NA NA
IS Mean 148+6 191+11 15246 NA NA
Range 142-154 175-198 145-172 NA NA
H Mean 35+25 29+0.5 19.84+0.2 NA NA
Range 22.0-255 28.0-29.0 19.5-24.0 NA NA
Phosphate Mean 0.09+0.01 0.04+0.01 0.02+0.01 5 NA
Range 0.08-0.11 0.04-0.05 0.02-0.04 NA NA
Mean 3+0 60 2.1+0.3 500 NA
Sulphate
Range 3.0-4.0 5.4-5.9 2.0-3.9 NA NA
. Mean 2.64+0.05 2.8910.01 2.24+0.1] 20 NA
Nitrate Range 2.6-2.8 2.8-2.9 2.1-2.8 NA NA
. Mean 43.3+0.5 50.3+0.5 38+0.5 600 NA
Chloride
Range 41.0-44.0 50-51 38.0-43.( NA NA
o Mean 4.44+0.01 4.84+0.04 3.90+0.03 NA NA
b Range 4.4-4.7 4.8-4.9 3.9-4.4 NA NA
BOD Mean 28916 381+9 284+11 30 50
Range 280-330 370-390 275-361 NA NA
COD Mean 35040 51047 451+2 80 250
Range 350-445 500-515 450-492 NA NA
Al Mean 45.3+0.2 51.5+0.3 40.8+8.6 NA NA
Range 45.0-49.5 51.0-51.7 35.2-49.3 NA NA
cr Mean 0.05+0.00 0.07+0.00 0.04+0.0 <1.0 0.1
Range 0.05-0.06 0.06-0.07 0.04-0.07 NA NA
cu Mean 0.04+0.00 0.05+0.00 0.04+0.00 <1.0 0.5
Range 0.03-0.04 0.05-0.05 0.04-0.05 NA NA
Ni Mean 0.04+0.01 0.09+0.01 0.04+0.00 <1.0 0.5
Range 0.04-0.09 0.08-0.09 0.03-0.08 NA NA
Pb Mean 0.04+0.00 0.05+0.01 0.04+0.00 <1.0 0.1
Range 0.04-0.04 0.04-0.06 0.03-0.04 NA NA
7n Mean 2.71+0.01 2.81+0.04 2.51+0.05 <1.0 0.5
Range 2.60-2.73 2.75-2.85 2.50-2.65 NA NA

*All unitsin mg/L except pH with no unit; NA= Not Available

The levels of TS ranges from 142 to 154 mg/L with a 191 +11 mg/L. The level of TS at the BDP is lowemp-

average of 151 +5 mg/L for BDP, ADP ranges from a5

ared with the ADP value; the higher value for ADduid

172 mg/L with an average of 160+8 mg/L while POD-va be attributed to the effluent from the Aluminiumr@pany

ues ranges from 176 to 198 mg/L with an averageevaf

which is agreement with earlier report (Ethan et28i03
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and Ogunfowokan et al, 2005).

Key mADP mPOD HBDP

Al Cr Cu MNi Pb Zn

Figure 1. Percentage Contributions of Metals to the Various Sampli-
ng Points
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The average level of TH i.e. 29 £0.5 mg/L in theDP®as
higher compared to the BDP i.e. 24 +1 mg/L and ARP
21 +2 mg/L. T-test at 95% limit shows no signifitafiff-

erence between BDP and ADP.

The average level of phosphate i.e. 0.09 £0.01 mythe

BDP was higher compared to the ADP i.e. 0.03 +0glLm
and POD i.e. 0.04 £0.01 mg/L. The high level of gbiva-

te at BDP was as a result of domestic waste waben f
residential houses around the area which likely enage
of detergents for washing. Sulphate levels at B&iyed
from 3.0 to 4.0 mg/L with an average level of 3G5:mg/

L, ADP ranged from 2.0 to 3.9 with an average |efe2.9

0.2 mg/L while POD values ranged from 5.4 to 5i¢hw
an average value of 5.6 £0.2 mg/L.

t0 2.8; 2.8t0 2.9 and 2.1 to 2.8 mg/L respectivéhe lev-
el of nitrate is lower than the regulatory limittdst at 95
% limit shows no significant difference between BBl
ADP, this implies that the effluent from POD haseifect
on the waste water along the drainage.

The average level of chloride in the POD was 5M3%+
mg/L while BDP and ADP average values are 42 +1 and
40 £2 mg/L respectively. The level of chloride mmer
than the regulatory limit. T-test at 95% limit sheowo sig-
nificant difference between BDP and ADP, this irapli
that the effluent from POD has no effect on thetexaater
along the drainage but accumulation of the chlotalel
with time will have effect on the aquatic life ihet stream
where the drainage empties into.

DO level of the POD was 4.84 +0.04 mg/L while BBd#s

DO value of 4.5 +0.01 mg/L and ADP has DO valud df
+0.2 mg/L. DO is very crucial for the survival ofjuatic
organisms and is also used to evaluate the de{feesh-
ness of a river. BOD and COD level of the BDP aridPA
were 308 +21 and 398 +49; 322 +32 and 473 18 mg/L
respectively. The BOD and COD level of the POD was
381 +9 and 510 £7 mg/L respectively. The valuesare
higher than the regulatory limit of FEPA.

Table 3 shows the Pearson correlation coefficiestlts of
physicochemical characteristics of sampling locetior h-
ere is strong positive correlation at p=0.05 betwhi©;”
and TDS (0.999); DO and TDS (0.997); TH and,$0
(0.997); BOD and TS (0.999). This shows that anmydd
on that affects one will affect the other. The levef

Table 3. Pearson Correlation Coefficient of Physicochemical Characteristics of Sampling Locations

pH |Alkalinity| TDS | TS TH | PO,> | SO,> | NOs |Chloride| DO |BOD | COD
pH 1.000
Alkalinity | 0.944 1.000
TDS 1.000**| 0.943 | 1.000
TS 0.766 0.513 | 0.770 1.000
TH 0.985 0.874 | 0.986 0.865 1.000
PO 0.138 0.455 | 0.132 -0.531-0.034| 1.000
SO* 0.969 0.834 | 0.970 0.901 0.99[720.112| 1.000
NOy 0.999* | 0.957 | 0.999f 0.739| 0.977| 0.179 0.958 1.0Q0
Chloride | 0.968 0.831 | 0.960 0.904 0.997 -0.117000**| 0.956| 1.000
DO 0.998*| 0.965 | 0.997F 0.721| 0.971| 0.204 0.950 1.00Dp* 0.948 | 1.00(
BOD 0.797 0.554 | 0.800 0.999*0.889 | -0.489 0.921 | 0.771| 0.924| 0.754.000
COD 0.376 0.050 | 0.381 0.883 0529 -0.866.593 | 0.337| 0.598| 0.312.859|1.000

* Sgnificant at the 0.05 level; ** Sgnificant at the 0.01 level

Nitrate level in the BDP, POD and ADP ranged froré 2
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Effluent (POD) are presented in Table 1 (a & b) lehi
Figure 1 shows the percentage contribution of eaetal.
Al, Cr, and Cu were of average levels of 51.5 +0.87
+0.00 and 0.05 +0.00 mg/L, respectively, in thdueffit
(POD), while the average levels of Ni, Pb and Zrtha
effluents were 0.09 £0.01, 0.05 £0.01, 2.81 +0.0¢/Lm
respectively. The average levels of Al , Cr, CNi, Pb
and Zn BDP were 47.2 £2.0, 0.05 +0.00, 0.04 0006
+0.02, 0.04 £0.00 and 2.7 +0.01 mg/L, respectivellyjle
their corresponding average levels ADP were 44.B,+5
0.05 +0.01, 0.04 +0.00, 0.06 +0.01, 0.04 +0.00828.05
mg/L, respectively. To ascertain the source of rietal
elevation in the samples, which is to determine tivbre

Consumption, Ammonia-N Excretion and Urea- N Excret
ion of Penaeus chinensis Exposed to Ambient Ammonia at
Different Salinity and pH LevelsAquaculture, 136, pp.
243-255.

Chindah, A.C., Braide, A.S., and Sibeudu, O.C. @00
Distribution of hydrocarbons and heavy metals idirsent
and a crustacean (shrimps-Penaeus notialis) frenibdim-
ny/new calabar river estuary, Niger Delfg.eam-Ragee,

9, pp. 1-14.

Choudhary, S., and Parmar, N. (2013) Hazard Assa#sm
of Liquid Effluent Treatment Plant in Pharmaceutica

they have been introduced by the activities of thelndustry. VSRD International Journal of Technical &

Aluminium Company or other activities than Alumimiu

Company? This was deducted from the measured ctncen

ration and the resulting values converted intoghecent-
tage contributions, that for the selected metals,Ch and

Non-Technical Research, 4(9), pp. 209-214.

Chukwu, O. (2005)Development of Predictive Models
for Evaluating Environmental Impact of the Food Pro-

Ni have over 45% of the wastewater along the dggina cessing Industry: Case Studies of Nasco Foods Nigeria

contributed by the wastewater generated by the Alium

Company while Cu ,Pb and Zn have over 45% congitbut

by other activities (Figure 1).
4. Conclusion

The study aimed at determining the physicochenmoap-
erties of aluminium industrial effluents and wasasy fr-
om the drainage where this effluent is dischardredugh.
The results of the study revealed that the efflupralities
of aluminium industry adversely affected and imedithe
water along the discharge channel. The groundvetsr
em may be impacted negatively if the heavy metatees-
ed in percolating into the groundwater system. [Bvels

of some parameters at after discharged point wete n

significantly elevated than the corresponding ls\sfore
discharged point. The quality of the industrialwdht was

Limited and Cadbury Nigeria Plc. Ph.D. thesis, Depart-
ment Agricultural Engineering, Federal Universitgchn-
ology Minna, Nigeria.

Emongor, V., Kealotswe, E., Koorapetse, |., Sanlay8s,
and Keikanetswe, S. (2005) Pollution indicatorsGiaber-
one effluentJ. Appl. Sci., 5, pp. 147-150.
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