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ABSTRACT

This study examined the influence of discharges from Dakace industrial area on the heavy metal profile of River
Galma, Zaria, Nigeria. Water samples were collected from both upstream and downstream along the main stream
drainage channel, traversing past Dakace industrial area between May 2011 and May 2012. The samples were
digested according to standard methods and analyzed for Lead (Pb), Zinc (Zn), Copper (Cu) and Nickel using
Schemadzu atomic absorption spectrophotometer (model 6800, Japan). The range of concentrations (mg/l) of these
metals was. Pb, (0.025-4.12), Zn (0.018-1.12), Cu (0.02-0.56) and Ni (0.00-2.55). Significant (P < 0.05) seasonal
variation in metal levels was observed, but the spatial variation was not statistically significant (ANOVA, P > 0.05),
indicating that effluent discharged from Dakace industrial area had no significant influence on the heavy metal
profile of theriver. Lead and nickel contents of the water were several folds above the maximum contaminant Levels
established by World Health Organization (WHO) and the Nigerian Standard for Drinking Water Quality
(NSDWQ). Copper and nickel concentrations recorded were found to be above the Australian and New Zealand
Environment and Conservation Council limits for irrigation water. Continuous use of water from the study area for
drinking or irrigation therefore poses serious toxicological risk. The implications of these findings for public health
are fully discussed.
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INTRODUCTION

Industrialization has long been accepted as a halrmof civilization due to its substantial contrilmns to economic
growth and human welfare, but it carries with ievitable costs and problems in terms of environalent
degradation. Significant adverse effects are elicion the environment when industrial wastes asehdirged
directly or indirectly into the environment. Thevé of environmental degradation arising from intdia$ discharges
into River and other surface water bodies whichfaguently used as sinks is alarming. The rel@dsmtreated or
poorly treated industrial waste into water couraksrs the physical, chemical and biological chimnastics of the
receiving water body [1; 2; 3]. Consequently, wdiedies which are major receptacles of such indulistrastes
have become highly polluted. Water is typicallyereéd to as polluted when it is impaired by antlggmic
contaminants and either does not support a humanlike serving as drinking water, and/or undergagaarked
shift in its ability to support its constituent iimcommunities, such as fish [4]. Undoubtedlystbould disturb the
ecological balance of such an environment [5]. fdsaltant effects of this on public health and éhgironment at
large are usually great in magnitude [6]. Studiasehrevealed that chemical pollutants enter theemhbdies
through point and non point (diffuse) sources wtdoh difficult to control [7]. Out of all pollutastof water, metals
pose the greatest threat to man and the environmiistis because these chemical elements areasiy eemoved
from raw water by conventional treatment procef8ks
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Heavy metal pollution is a global issue, althoughesity and levels of pollution differ from place place. At least
20 metals are classified as toxic with half of theischarged into the environment at concentratthaspose great
risks to human health [9]. The danger of heavy hpiHlutants in water lies in two aspects of theipact. Firstly,

heavy metals have the ability to persist in natacasystems for an extended period. Secondly,libeg the ability
to accumulate in successive levels of the bioldgibain, thereby causing acute and chronic dise&mse heavy
metals contained in effluents have been found tocéreinogenic while others equally present are qaiss

depending on the dose and duration of exposure [9].

Rapid population growth in Sub-Saharan Africa hasught about a tremendous increase in urbanizatiibim
attendant increase in the volume of domestic addsinial waste-water. Water pollution is primasdgsociated with
domestic and industrial waste [10]. Both types abtg-water pose threats to water quality which beglassified
into health hazards and sanitary nuisances [10Jortimately, the countries still lacks adequatehtedogy,
resources and manpower required to effectively manthese wastes in an environmentally friendly reann
Pollution reduces the potentials of water as awesofor the various uses. This is because polutauses the
water to become unsuitable for various uses aradifficult and more expensive to treat to accelgtajuality for
use [11]. Man’s activities have increased the Ingdif municipal and industrial contaminants to tlagion’s waters;
River Galma is one of such water bodies. It is @éfee clear that, if a pollution control programiseto be
effective, then periodic monitoring of the levetaicentration of the chemical elements in Riversngalis
absolutely necessary. River Galma play a significate as it serve not only the source of waterpdugdor
domestic, industrial and agricultural purposes ddab utilized for the disposal of municipal and usttial waste,
thus under tremendous pressure. Dakace indusstiateeis a home to many industries. River GalmagDakace
axis thus receives effluents from different catégpof industries as well as Agricultural runoférn the river basin
which is a booming crop farming area in both drg aet season [12]. This study was undertaken toname the
influence of the industrial area on the heavy metafile of the River.
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FIG.1 ZARIA SHOWING RIVERS AND SETTLEMENTS.

MATERIALSAND METHODS

Sampling Area

River Galma is the main drainage channel in Zanaesother rivers and streams discharge into itiaZia in the
North central Kaduna state of Nigeria and is logatelatitude 11°3'N and longitude 7°40'E, 128 kouth- East of
Kano and 64 km North-East of Kaduna City [13]. Ri@alma is located at the southeastern part ofaZand its
source is the Jos Plateau. The Zaria dam is locatdRiver Galma [12]. Dakace industrial area hab@number of
wet industries such as oil mills, packaging, foouwl deverages industries. Effluents from these imihss are
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discharged through drains and canal that empttestie River. The Galma river basin is a boomingcadtural
area. Crops are planted on both sides of the rwdrithroughout the year. Fertilizers, herbicides iasecticides are
used on these crops and are eventually washedhataver via surface runoff [13]. The river is ajor source of
water supply to a number of communities locates@libs course. It is used for irrigation, fishidgathing and even
drinking.

Sample collection and Preservation

The procedure for sample collection and analysis agopted from APHA [14Four sampling points 200 meters
apart were established along Galma River arounch8mkndustrial area after identifying effluent diaoge points
(point sources) from the industries. Sampling pdintas 200 meters upstream from the first pointseuSampling
point B was at the first point source. Samplingnpd& was after the second and third identifiedueffit discharge
points and sampling point D was 200 meters frompdaug point C. Sample containers were thoroughlyslvesl
with detergent, rinsed with water followed by disti water before soaking in 5% nitric acid for ab@4 hours.
Water sample was collected from each of the founpdiamg points by simple scooping using plastic kaickn
monthly basis. Collected water sample was pouréal time washed 2-litre polypropylene container. Terafure
was determined on site using HACH conductivity /S Bieter (model 44600.00, USA), pH was also detexchon
site electronically using Zeal-tech digital pH mefmodel 03112, India). Each sample was fixed vthls of
concentrated nitric acid and kept in cooler stodtkhice block and transported to the Environmehtdboratory of
National Research Institute for Chemical TechnoldtARICT) Zaria, Nigeria, at temperature of €@

Sample preparation

The samples were digested according to Standardogeffor the examination of water and wastewatengécan
Public Health Association [14]. Each sample wagdhghly mixed, 20 ml was transferred into a conitadk, 10
ml concentrated nitric acid was added and brougltgldéw boiling before evaporating on a hot plateldwest
volume (5 — 10 ml). Concentrated nitric acid wadetias necessary until digestion was complete@srshy light
colour clear solution. The digest was filtered iB@ml volumetric flask and made up to the mark.

Sample Analysis

Metal concentration in the digests was determingdAtomic Absorption Spectrophotometry, using scheme
Atomic Absorption Spectrophotometer (model AA-6808pan) equipped with Zeaman background correetioh
graphite furnace at National Research InstituteCloemical Technology (NARICT), Zaria-Nigeria. Thalibration
curve was prepared by running different concemtratiof standard solutions. The instrument was seeto by
running the respective reagent blanks. Averageegahf three replicates were taken for each detatinim and
were subjected to statistical analysis

Analytical Quality Assurance

In order to check the reliability of the analyticakthods employed for metal determination, onekodrd combine
standards were run with every batch to detect backgl contamination and monitor consistency betwesnhes.
The result of the analysis was validated by diggsind analyzing Standard Reference Materials, aniilood

coded IAEA-A-13 following the same procedure. Thealszed values and the certified reference valdethe

elements determined were compared to ascertaireliability of the analytical method employed. Tigagent used
for sample preservation and digestion, viz. HNRiedel-deHaén, Germany), was of analytical grade.

Statistical Analysis:
All statistical analyses were done by SPSS softda@re for windows.

RESULTSAND DISCUSSION
To evaluate the accuracy and precision of the &énalyprocedure employed, standard reference nadtefrianimal
blood coded IAEA-A-13 was analyzed in like manneradur samples. The analyzed values and the celrtifie
reference values of the elements determined wemg alese (Table 1), suggesting the reliability b&tmethod
employed.

TABLE 1 Resultsof analysis of reference material (animal blood | AEA-A-13) compared to the certified reference value (mg/kg)

Element (mg/kg) Pb Ni Cu Fe Zn

A Value 020 120 445 2389 14.2
R value 0.18 1.00 430 2400 13.0
A Value = Analyzed value R Value= Reference value.
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The Mean concentration and standard deviationadf,lginc, copper and Nickel alongside pH and Teatpes of
water samples from the four established samplingtp@long River Galma, around Dakace Industriabtes are
presented in Table 2. The spatial and seasonaibdisons of these elements in the river are shawRigures 2, 3,
4 and 5 respectively. The results obtained showais the overall temperatures ranged from 21.4°85t@°C with a
mean value of 28.27+4.32°C during the dry seasahfiaom 22.3°C to 31.5°C with a mean value of 27223°C
during the wet season. The mean temperatures @ubsativthrough the study were found to be aboveltMdealth
Organization (WHO) and European (EU) standard ofC2%or domestic water supply [15]. Surface Water
temperature above 4C depicts polluted water [16]. The water temperainibserved in this study is therefore
within the permissible limit of water temperatui inland waters. Increase in temperature leadsdrease in
solubility. At high temperatures total dissolvedidds increased as more solute goes into solufibfi. No
statistically significant seasonal or spatial vémia in temperature was also observed in the s{édyOVA, P >
0.05). Similar temperatures have been reportedtfoer rivers in Nigeria. Average temperatures dfand 26°C
were reported for River Ona and river Alaro in lIbadNigeria [18]. A mean temperature of 28.5°C wesorted for
downstream area of River Galma while 25.7°CwasraEmb for upstream area of river Galma in 2011[1&]iba et

al [19] reported arrange of 25.5-31.4 for the Catafver estuary.

Table 2: Physico-chemical parameter s of water samples collected from River Galma round Dakace Industrial Estate, Zaria, Nigeria

Sampling Stations / Sampling Point 1 Sampling Point 2 Sampling Point 3 Sampling Point 4
Parameters Dry Wet Dry Wet Dry Wet Dry Wet
Season Season Season Season Season Season Season Season

pH 6.63+1.05 6.78+0.18 6.44+1.23 6.69+0.10 6.5490.9 6.67+0.30 6.26+1.40 6.65+0.28
Temperature 28.26+4.47 28.47+3.13 28.16+4.63 27.03+2.26 28.18+4.81 27.3B2 28.48+4.81 27.26+2.48
Lead 1.27+1.08 0.78+0.33 1.73+1.19 0.56+0.37 1.8192 0.96+0.72 1.36+0.99 0.64+0.19
Zinc 0.60+0.33 0.23+0.10 0.51+0.53 0.2610.22 0.3660 0.32+0.05 0.56+0.44 0.31+0.14
Copper 0.22+0.26 0.09+0.05 0.25+23 0.08+0.04 0.2230 0.2240.21 0.24+0.21 0.06+0.06
Nickel 0.70+0.76 0.15+0.13 0.93+1.16 0.14+0.04 11081 0.17+0.10 1.06+1.31 0.08+0.07

The pH of water is very important in the determimatof water quality since it affects other cherhieactions such
as solubility and metal toxicity [17]. pH rangedrn 4.00 to 7.68 with a mean value of 6.47+1.0%h&dry season
and from 6.17 to 7.00 with a mean value of 6.72%10n the wet season. Mean pH value was founc:thigpher in
the wet season than dry season but the differerase net statistically significant at 95 % confidereeel. All
through, pH of surface water from station 1 (20Gerefrom the first identified effluent dischargeimt) fell within
the pH range (6.5-8.5) assigned by World Healtha@ization (WHO) and United State Environmental @ctbn
Agency (US EPA) as standard pH of water, makinguitable for portability with respect to pH [20]ai@pling
stations 2, 3 and 4 recorded slightly acidic pHueal that were outside the acceptable range of pitwvéor
unpolluted waters in the dry season. This obseymatiay be attributed to the discharge of effluavith low pH
values into the river. A similar range of pH valu&s94-7.34) was reported for Calabar River [1H. ranges of
7.43-7.60 and 6.88-7.59 were reported for River @nd River Alaro in Ibadon, Nigeria [18]. Mean valof
6.98+0.36 was reported for the downstream are@vef GGalma and 7.5+0.27 for the upstream area i1303] pH
has profound effect on water quality as it affabis solubility of metals, alkalinity and hardne$saater. Metals
tend to be more soluble and more reactive at Iqivkr

Lead concentration in the present study fluctuditech 0.025 mg/l to 4.12 mg/l with a mean value d4it1.22
mg/l in the dry season and from 0.15 mg/l to 1.5¢Imwith a mean value of 0.74+ 0.41mg/l in the \gehson
(Table 2). The mean lead concentration per samjploigts for the dry and wet seasons were foundett.B7+1.08
mg/l and 0.78+0.33 mg/l for sampling station 1,3k%.19 mg/l and 0.56+£0.37 mg/l for sampling stat®n
1.81+2.09 mg/l and 0.96x0.72 mg/| for station 3d dn36+0.99 mg/l and 0.64+0.19 mg/l for samplingtisn 4
(Figure 2). Statistically significant seasonal a#dn in lead levels was observed in the study (P0S), lead levels
in the dry season being significantly higher thiag wet season values. Lead levels actually reaittg@dmaximum
value in the month of January when the water levat considerably low. NO statistically significaspatial
variation in lead levels was observed in the st(AIMOVA, P > 0.05). The fact that the differencel@ad levels
between Sampling station 1 (200 meters beforeitbeifidentified effluent discharge point) and titber sampling
stations downstream was not significant indicakes, teffluents discharged into the river from Dakaedustrial
estate had no significant influence on the ovéealtl levels of the River. However the lead contdrRiver Galma
observed in this study was found to be higher wbhempared to World Health Organization (WHO) and the
Nigerian Standard for Drinking Water Quality (NSDW@F 0.01 mg/| for portable water [15; 21], the wats thus
not fit for drinking purposes. As observed in taBlemean lead concentration of River Galma was vbelte
Australian and New Zealand Environment and Consienva&ouncil limit of 2.0 mg/l for irrigation watgP?]. The
river therefore poses no significant risk with restpto lead contamination when used for irrigatikiead affects the
peripheral nervous system (especially motor nerees) the central nervous system. Peripheral nerggstem
effects are more prominent in adults and centralnes system effects are more prominent in childi®n 23; 24].

168
Pelagia Research Library



Udiba U. U. et al Adv. Appl. Sci. Res., 2014, 5(6): 165-173

1.8 1

1.4 -

1 A M Dry Season

Conc.(mg/l1)

0.8 - B Wet Season

0.6 -

0.2 A

Stn1 Stn 2 Stn 3 Stn 4
Sampling Stations

Figure 2: Spatio-seasonal variation of Lead in River Galma around Dakace industrial area, Zaria, Nigeria
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Figure 3: Spatio-seasonal variation of Zinc in River Galma around Dakaceindustrial area, Zaria, Nigeria

Children are more at risk for lead poisoning beeatheir smaller bodies are in a continuous statgro#th and
development. The classic signs and symptoms irdreil are loss of appetite, abdominal pain, vomjtingight
loss, constipation, anemia, kidney failure, irritit§y lethargy and behavioral problems. Slow deyehent of
normal childhood behaviors, such as talking andaiiseords, and permanent mental retardation ae@smonly
seen [25]. Lead exposure in young children has tiaked to learning disabilities. Lead affects btile male and
female reproductive systems. In men, when blood legels exceed 4@/dL, sperm count is reduced and changes
occur in volume of sperm, their motility, and thaiorphology. A pregnant woman's elevated blood leadl can
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lead to miscarriage, prematurity, low birth weiglmd problems with development during childhood].[2Bidney
damage occurs with exposure to high levels of I&adcute poisoning, typical neurological signs paé, muscle
weakness, paraesthesia, and, rarely, symptomsiatesbevith encephalitis [27]. Oronsaye et al., [28ported a
lower range of 0.05 to 0.07 mg/l for Ikpoba riveand Benin City, Nigeria. Concentration ranging frOm095 to
0.084 was reported for River challawa, Kano, Nigé¢ti0] and 0.039 to 0.256mg/I for streams thatixeceffluents
from different categories of industries in Nakawidtinda industrial area of Kampala, Uganda [29]m&an value
of 0.03 + 0.02 mg/l was reported for lower riveighli drainage in North central Nigeria [30].
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B Wet Season
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Stn 1 Stn 2 Stn 3 Stn 4
Smpling Stations

Figure 4: Spatio-seasonal variation of Copper in River Galma around Dakace industrial area, Zaria, Nigeria

The overall concentration of zinc ranged from 0.04@| to 1.12 mg/l with a mean value of 0.51+0.3§/Induring
the dry season and from 0.09 mg/l to 0.51mg/I withean value of 0.28+0.13 mg/l during the wet sed¢$able 2).
The mean zinc concentration per sampling pointstHerdry and wet seasons were 0.60+0.33 and 0.23#0r
station 1, 0.51+0.53 and 0.26+0.22 for samplindi@ta2, 0.36+£0.46 and 0.32+0.05 for sampling stat®and,
0.56+0.44 and 0.31+0.14 for sampling station 4(Fé¢ 3). The mean zinc concentration was highahéndry
season than wet season but the difference wastatigtisally significant (P > 0.05). No statistilyakignificant
spatial variation in zinc levels was also observetthe study (ANOVA, P > 0.05). This again indicatbat effluents
discharged into the river from Dakace industrighgs did not have any significant influence on twerall zinc
levels of the River. Zinc content of River Galmasetved in this study was found to be lower when ganed to
World Health Organization (WHO) and the Nigeriaar8tard for Drinking Water Quality (NSDWQ) of 3 mdgl
portable water [15; 21]. The mean zinc concentnatb River Galma for both wet and dry season wdsvib¢he
Australian and New Zealand Environment and Consenva&ouncil limit of 2.0 mg/I for irrigation watgf2]. The
river therefore poses no significant risk with resfpto zinc contamination when used for irrigati@ur observation
is in agreement with Dan’azumi and Bichi [10] wheported zinc concentration ranging from 0.247 822.mg/I
for River Challawa in Kano Nigeria. A lower range®07 to 0.90 mg/l was reported for Ikpoba rivang Benin
City, Nigeria [28]. Mean value of 2.72 £ 0.57 mg/as reported for lower river Niger drainage in Nocentral
Nigeria [30]. Zinc is an important element the badeds to function properly. A small amount of Zisoecessary
for a balanced human diet. However, exposure t@sxamount of Zinc can result to Zinc poisoningncZis an
intestinal irritant, and the first sign of Zinc goning is usually intestinal distress. This incleidemiting, stomach
cramps, diarrhea, and nausea. Further symptommofadisoning are low blood pressure, urine retentjaundice,
seizures joint pain, fever, coughing, and a met#diste in the mouth as well as induced Coppeciéefiy [31; 32]
The results obtained in the present study showatdctipper content of water samples were ranged @&l mg/l
to 0.56 mg/l with a mean value of 0.25+0.20 mg#indg dry season and from 0.02 mg/l to 0.46 mg/hvdtmean
value of 0.11+0.12 mg/l during the wet season (&)| The mean copper concentration per samplingpfor the
dry and wet seasons were 0.22+0.26 mg/l and 0.084#%g/l for station 1, 0.25+23 mg/l and 0.08+0.0¢/Infor
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sampling station 2, 0.29+0.23 mg/l and 0.22+0.2% fay sampling station 3 and, 0.24+0.21 mg/l anfi6a0.06

mg/l for sampling station 4 (Figure 4). No statiatly significant (P > 0.01) seasonal variation waserved in the
study. Copper concentration was slightly highertrad point sources (sampling stations 2 and 3) sigge
anthropogenic input but the variation was not stigtlly significant (ANOVA, P > 0.05) indicatinchat the
influence of industrial activities at Dakace indigtestate on the copper levels of river Galma wnaissignificant.
Copper concentration recorded in the study wasddarbe below the maximum contaminant Levels of 2rand

1mg/l established by World Health Organization (WH&hd the Nigerian Standard for Drinking Water Qtyal
(NSDWQ) respectively [15; 21]. The level of coppar River Galma around Dakace industrial estatehisst
considered low enough as to have no effect on ohgnlater quality. However, was found to be sliglgbove the
Australian and New Zealand Environment and CongienvaCouncil limit of 0.2 mg/l for irrigation watef22].

Continuous use of the water for irrigation couléréfore pose toxicological risk in terms of copp#bpxication

over time. Plants consumed by people as food acsviRrto accumulate heavy metals by uptake to letieds
present risks to consumers. Although copper toxicithumans is rare, aquatic organisms are potBnta risk

from exposures [29]. Copper concentration recoidehis study was also found to be in agreemert W&n’azumi
and Bichi [10] who reported concentrations raggirom 0.022 to 0.390 for River Challawa in kandg&¥ia.

Lower concentrations ranging from of 0.01 to 0.0g/lnvas recorded for Ikpoba river dam, Benin Citygeria and
0.015 to 0.52 mgl/l for streams that receive efftaenom different categories of industries in NakawNtinda
industrial area of Kampala, Uganda [29]. Mean vatfie2.17 + 0.73 mg/l was reported for lower rivergbr

drainage in North central Nigeria [30]. Both acatel chronic exposure to Copper leads to it inddoritity. Most

of the absorbed Copper is stored in the liver amaebmarrow. Liver, bone and the central nervousesysre the
primary targets of Copper induced toxicity. AcutepPer toxicity causes vomiting, diarrhea, hypelitmsand
cardiovascular collapse. Abnormal accumulation gp@er in the tissue and blood causes Wilson diddéd3e

1.2 ~
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(o]
1

o
[e)}
1

W Dry Season

Conc. (mg/l)

B Wet Season

Stnl Stn 2 Stn 3 Stn 4
Sampling points

Figure5: Spatio-seasonal variation of Nickel in River Galma around Dakace industrial area, Zaria, Nigeria

Small amounts of Nickel are needed by the humany bod produce red blood cells, however, when the
concentration exceeds a certain threshold, ittsltoixic effect [17]. Nickel concentration rangifigm 0.01 to 2.55
mg/l with a mean value of 0.94+0.99 mg/l in the dgason and from 0.00 to 0.29 mg/l with a meanevalu
0.14+£10.09 mg/l in the wet season was recordeldarstudy (Table 2). The mean nickel concentratiemsampling
points for the dry and wet seasons were 0.70+0.g68 and 0.15+0.13 mg/l for station 1, 0.93+1.16 hayid
0.14+40.04 mg/l for sampling station 2, 1.06+1.3V/Inagnd 0.17+0.10 mg/l for sampling station 3 and)6%1.31
mg/l and 0.08+0.07 mg/l for sampling station 4 (Fi&y5). Nickel concentration was significantly (®95) higher
in the dry season than the wet season. The decreasekel levels during the wet season may be assalt of
dilution due to large volume of water in the weasen. Nickel level reached its minimum in the mooftfAugust
when the water level was at its peak and its marinati the peak of the dry season in the month oflet. The
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difference in nickel levels across the samplingi@ta was not statistically significant (ANOVA, &) Nickel
content of water samples from River Galma was st¢\felds above the maximum contaminant Levels 62thg/|
established by World Health Organization (WHO) #mel Nigerian Standard for Drinking Water QualitySDNWQ)
[15; 21]. It was also found to be higher than thesthalian and New Zealand Environment and Conservat
Council limit of 0.2 mg/l for irrigation water [22]The use of this water for drinking or irrigatiparpose therefore
constitutes serious health and environmental rigk vespect to nickel intoxication. A lower range@®05 to 0.11
mg/l was reported for Ikpoba river dam, Benin Cjigeria [28]. Mean value of 0.78 + 0.12 mg/| waported for
lower river Niger drainage in North central Nigef&0]. Acute over exposure to Nickel is not knowencguse any
health problems, but chronic exposure can causeedsed body weight, heart and liver damage, thydgidase,
cancer and skin irritation. Other toxic effects Mickel observed following chronic exposure includeronic
bronchitis, emphysema, reduced vital capacity atlnaa. Nickel can accumulate in aquatic life, b&ipresence is
not magnified along food chains [32]

Metal concentration in the study followed the trelbelhd > Nickel >Zinc > Copper. Positive correlatiomas
observed between the concentrations of Lead arwd(zin 0.290), Lead and Copper (r = 0.71) and betweead
and Nickel (r = 0.423). Zinc concentration correthpositively with the concentrations of copper (0.782) and
nickel (r = 0.847). The correlation between nicked copper was also found to be positive. Howewsrly the
correlations between zinc and nickel, Zinc and es@md between copper and nickel were statisticidigificant at
99 % confidence level suggesting that same sourag e responsible for the present of these metatbea
concentrations determined.

CONCLUSION

The present study has shown that the influenceisgHarges from Dakace industrial area Zaria orhwery metal
profile of River Galma is not significant. Howevégad and nickel contents of the water were sevetds above

the maximum contaminant Levels established by WH#edlth Organization (WHO) and the Nigerian Staddar
Drinking Water Quality (NSDWQ). Copper and nickebncentrations recorded were found to be above the
Australian and New Zealand Environment and ConsienvaCouncil limits for irrigation water. Continuswse of
water from the study area for drinking or irrigaticould therefore pose toxicological risk with respto lead,
copper and nickel intoxication. It is thereforearunended that, this River should be put under dilamee since it

is the only source of fresh water in this area.
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