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ABSTRACT

A total of thirteen (13) surface water samples collected during dry and onset of rain
seasons were analysed for some variables. Data collected in both seasons were subjected
to heavy metal pollution indexing (HPI) and metal index (MI) approaches in conjunction
with multivariate statistical technique. Sgnificant variations were observed between the
seasons. The HPI calculated for both seasons are 1408.33 and 299.32 respectively. These
are far above the critical index value of 100, indicating pollution with respect to heavy
metals. MI index based on total trend evaluation of the river status was 403 and 87.12
respectively, clearly indicating low-quality water. Ml > 1 is a threshold of warning. Five
factors chosen for interpretation accounts for 95.20% of total variance in the data set.
Thefirst factor is an association of pH, Tds, Ec, alkalinity and K while the second factor
is characterized by temperature, K, SO4, Fe and Ni. The third and fourth factors are
made up of Cl, NOs;, Pb and temperature, Cd respectively. The fifth factor is
characterized by Cu only. R-mode cluster produces four and Q-mode cluster three major
groupings respectively with the highest similarity existing among cluster one in each
mode. This shows that hydrogeochemical constituents of the water are mainly controlled
by Tds, Ec, K, SO, NO3z and Cl. This study reveal s the need for heavy metal indexing and
statistical approachesin hydrogeochemistry.

Key words: Anthropogenic, Heavy metal pollution index, Itakpultivariate technique.

INTRODUCTION

Iron-Ore mining either by surface or underground thods have irreparable
consequences on the environment. Surface mininghias tearing up large tracts of
earth surface; removing materials and throwingrémeoved soil back into the ctitSoils
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Fig.1: Geological map of Itakpe”®

34

Pelagia Research Library



AmehE.Getal Adv. Appl. Sci. Res,, 2011, 2 (1):33-46

on exposure to the surface are subjected to newhemag and compaction, vegetation is
removed entirely, surface and groundwater are mgmcted due to minirtgMining
ruins the land, water, forests and air. It candrathe land, pollute water, denude forests,
defile the air and degrade the quality of peopk thork and live in the aréaMining
causes physical, chemical alterations of soil/sedimalteration of drainage patterns,
erosion and siltation of streams. Associated algb mining is heavy metal pollution of
soil/sediment and water bodiés River PovPov is a seasonal water body that runs
adjacent through the mining, processing and tailtgo

This study is to ascertain the level of Iron-Orenimg impact on River PovPov using
heavy metal pollution and metal indices and mutiate statistical methods.

Geology:

The study area lies within the Benin-Nigeria shiedduated in the Pan African mobile
zone extending between the ancient Basements of Wasan and Congo Cratons in
the region of Late Precambrian to Early Palaecoamigenies™. The Basement Complex
rocks of Nigeria are composed predominantly of nagta gneiss complex; slightly
migmatised to unmigmatised paraschists and metaigneocks; charnockitic; older
granite suites and unmetamorphosed dolerite di/kes

Itakpe Iron- Ore mine sites are located within tigerian Basement Complex rocks
(fig.1). Associated rocks in the area are mign@atigneisses, schists and igneous
intrusions “’®°. The gneisses and schists include quartz-biotiteliende-pyroxene
gneiss, quartz-biotite garnet gneiss, amphibolt@iss, quartzitic schist and muscovite
schist. These gneisses and schists are intrudéghbgus bodies such as monzodiorites,
granodiorites, granites and pegmati¥s

MATERIALSAND METHODS

Water sampling was carried out in the month of Baby (dry season) and May (onset of
rain) 2009. A total of thirteen (13) water samplesre collected in all (fig.2). Seven
water samples were collected during the dry seasdrsix at the on set of rain. Sampling
was done randomly but evenly distributed from wgestn to downstream sections of the
river. Samples were collected from mid-point anfbet below surface water. Samples
were collected in duplicates-one for heavy metal #me other for anion analyses.
Samples were filtered as soon as they were collaeseng cellulose nitrate filter with
pores of 0.45 micron diameter. Polyethylene plastattles were used as sample
containers. New bottles were cleaned with strongtainfree acid. The containers were
rinsed with sample water prior to collection. Stiffnt air space was allowed and sample
stored upright. Teflon lined caps were screwed ightly to prevent leakage. Water
samples for cations and heavy metal analyses vegddied with metal free HN@to a
pH of 1- 2. The samples were stored betwe®h dnd 4C on cool ice packs from the
field to the Lab. for analyses.
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Analytical methods:

Insitu measurements of temperature, pH, Tds anavéfe determined intrusively with
their appropriate probes. Spectrophotometer (M@kesys 20) was used to determine
the concentrations of K, Na, Ca, hjl@nd SO4 while AAS (Model 210 VGP) was used
to determine the concentrations of Mg, Pb, Zn,Q\i, Cd, and Fe. Titration method was
used for the determination of the concentration€lpfand alkalinity. All analyses were
performed according tdin the Dept. of Soil Science Lab, Faculty of Agitare, Kogi
State University, Anyigba.

Data Evaluations:

Heavy metal pollution index and metal index apphescwere used for this study. HPI is
a method that rates the aggregate influence oviohahl heavy metal on the overall
quality of water. It is defined as Wi taken as irsedy proportional to the recommended
standard (Si) for each parameter. HPI model isrgase

HPI=Y. WiQi/SWi........ (1).

Where Qi = subindex of the ith parameter. Wi is uh& weightage of ith parameter and
n is the number of parameters considered. The deki{Qi) of the parameter is
calculated by Qi = (Mi (-) li)/ (Si-li)........ (2). Where Mi is the momored value of
heavy metal of the ith parameter, li is the idezdAdine value of ith parameter, Si is the
standard value of ith parameter. The sign (-) iatis the numerical difference of the two
values, ignoring the algebraic sigithe critical pollution index value is 1668

Another index used is the general metal index (t)drinking water** which takes into
account possible additive effect of heavy metalshenhuman health that help to quickly
evaluate the overall quality of drinking waters. MY [Ci/ (MAC)i] proposed by*2
Where MAC is maximum allowable concentration andsGioncentration of each metal.
The higher the concentration of a metal comparatsteespective MAC value the worse
the quality of water. Ml value > 1 is a threshofdxarning™.

Univariate and multivariate statistical methodsaotlysis were also used in the study.
The software SPSS 11.0 was used for statisticdysinaThe correlation matrix which is
based on the Pearson’s correlation coefficient wdized for displaying relationships
between variables. The obtained matrix of hydrobgeotdcal data was subjected to
multivariate analytical technique. Factor analysisich aims to explain an observed
relationship between numerous variables in ternsmple relations was applied. Cluster
analysis was also used for investigating the snitids between variables found in River
PovPov water samples. Evaluations of similarity eveased on the average linkage
between group¥.
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RESULTSAND DISCUSSION

Min Max Mean Std. Deviation
TEMP.C 25.3( 26.5( 25.885° 4375
PH 7.40 8.90 8.1143 .55806
TDS 62.00 250.00 109.7143 64.01228
EC 0.0¢ 0.3¢ .144: .0854:
ALK 0.10 2.75 1.9714 1.73057
K 3.40 7.80 4.9657 1.89827
NA 2.20 11.28 8.8586 3.12959
CA 2.5C 3.7t 3.331«¢ 4267"
MG 3.93 .345 4.8200 .58447
CL 0.0z 0.04 .034: .0053¢
NO; 2.78 4.94 3.5143 72782
SO, 0.06 7.40 1.7086 2.62606
FE 0.49 2.05 1.0486 52793
Cu 0.0z 0.1z .062¢ .0354¢
ZN 0.48 1.08 7429 .22669
PB 0.44 0.92 .6214 .16160
NI 1.37 7.0t 4.512¢ 1.9661:«
CD 0.09 0.81 4786 27157

Table 1. Summary statistics of River PovPov dry season water samples.

TEMP PHTDS ECALK K NA CA MG CL NO; SO, FE CU ZN PB NI CD
TEMP 1.000

PH -49(1.000

TDS -41% .6021.00(

EC -41% .59€ .99¢1.000

ALK =445 778 .79% .79(1.00(

K 214 .33C .59¢ .577 .58¢1.000

NA .382-.502-.84(-.827-.877-.7141.00(

CA .275-.397-.814-.81€-.87¢-.63% .9141.000

MG .115-.44%-541-.51€-.70¢-.87€ .83% .6571.00(

CL .24£-.75(-.30€-.302-.687-.51% .41( .377 .6141.000

NO; -.215-51¢-.08C-.085-.021-.172-.25€-.285-.067 .43€1.00(

SO .545-.102-.032-.05¢ .13¢ .774-.30¢-.20€-.717-.33¢€ .0041.000

FE .397-.214-.154-.16€-.24C .53Z .067 .201-.387-.234-.264 .7211.00(

Cu -.00¢€ .284 .13( .15% .39(-.20Z-.04¢-.34¢ .244-.165-.045-.36¢€-.73€1.000

ZN -.02€-.301-63(-.63¢€-.485-.724 .461 .565 .46¢ 511 .34£-.32%-.45C .02(1.00(

PB -021-.47% .34¢ .35¢-.14€ .20¢-.21¢€-.252-.032 .474 .38C .01€ .27:-.431-.40€1.000

NI A77-.201 .084 .05:-.04% .565-.311-.08€-.51¢ .211 .14< .70¢ .42¢-.512 .048 .2151.00(
CD .547-.185 .21¢ 22€-.25% .231 .19¢ .067 .24¢€ .292-.485 .01¢ .27(-.04E-.487 .46z .1571.000

Table2: Corrédation coefficient of dry season water parameters along River PovPov.

Heavy metals | Mean value | Standard value (Si) Baseline | Unit weightage Subindex | Wi x Qi
(mg/l) (Mi) FEPA, 2007 value (Ii) (Wi) (Qi)

Fe 0.8¢ 0.3 0.64 3.3¢ 73.5¢ 2448t
Cu 0.07 1.0 0.04 1.0 3.13 3.13
Zn 0.72 3.0 0.03 0.33 23.23 7.67
Pb 0.55 0.01 0.17 100 2.38 238

Ni 4.43 0.02 0.48 50 8.59 429.35
Cd 0.37 0.00¢ 0.0z 333.3¢ 205¢ 686326.4

YWi=487.99 YWiQi=687249.47 HPI = 1408.33 and M| = 403

Table 3: Dry season HPI and M1 values.
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Univariate statistical analysis. the data from River PovPov in two sampling seasons
were statistically described as average, minimum@imum and standard deviations in
tablesl and 4. The results indicate that theresgificant difference between dry and
onset of rain season’s parameters.

Multivariate statistical analysis: Variables in dry season samples shows very strong
correlation between Tds-Ec, Na-Ca and Mg-Na anangtrrelationship between
alkalinity-pH, Tds-Ec, S@K, Fe-Ni (table 2). These very positive, strongretations
(suggesting same source/environment) exist alsméet of rain water samples between
Tds-NGs; SOi-Fe, Cu-Zn; NQ and Fe, Cu, Zn and SOSQr-Fe, Cu-Zn; Alk and N@

SO, Fe, Cu and Zn; and between K and Ca, Mg (table 5)

Factor analysis: Five factors were extracted which reflect the magtiective agents
controlling the chemistry of dry season water sasgtable 7). Variance percentages
mean shows that these five factors are enoughldafying the approximate 95% of the
total variance observed in the data. Factor onéaax@5.3% of variances in dry season.
High positive loadings present in factor one ards,TEc, alkalinity, K and pH. Factor
two shows highest positive loadings for S®li, temperature, K and Fe. This factor
accounts for 19% of total variance. Factor thraeadao explain 16.5% of total variance.
Highest, positive loading for Cl and Pb and modetaading for NQ. Factor four shows
highest positive loading matrix for Cd and low temperature. This factor account for
13% of variance while factor five has variance df426 and positive loading for Cu. It is
obvious that these patterns have harmony with lative matrix results (table 2).

Variable Min Max Mean Std. Deviatiol
TEMP 26.70 29.00 27.33 .31885
PH 6.70 7.50 7.12 .02317
TDS 141.00 247.00 214.50 .83106
EC 0.39 0.45 0.42 38.99615
ALK 3.40 96.00 19.05 4.76616
K 2.13 2.69 2.36 2.02558
NA 1.76 13.80 4.09 .25467
CA 1.75 7.23 4.28 .28698
MG 3.52 4.19 3.98 .46366
CL 0.02 0.04 0.03 .16108
NO; 0.05 3.52 2.61 .40874
SO, 0.05 3.80 2.59 .04764
FE 0.07 151 0.73 .09439
CuU 0.00 0.41 0.09 .88841
ZN 0.01 2.20 0.39 37.69826
PB 0.02 0.26 0.08 .00579
NI 0.00 1.01 0.18 1.29113

CD 0.01 0.14 0.05 1.32135

Table 4: Summary statistics of River PovPov onset of rain water samples.
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PH EC TEM TDS NA CA K MGALK CL NO; SO, FE CU ZN PB NI CD
P
PH 1.00
0
EC-.505 1.0C
0
TEMP-.815 .51¢< 1.000
TDS-.574.507 .92t 1.00

0
NA .667-.39¢ -.30€ .014 1.0C
0
CA .677-.441 -.701-.537 .54Z 1.00
0
K .336 .25% -.252-.157-.01€-.029 1.0C
0
MG-.827 .455 .86Z .704-.465-.695-.242 1.0C
0
ALK-.675 .38€ .91¢ .936-.134-.496-.291 .74E 1.0C
0
CL-.795 .29¢ .631 .410-.50C-.589-.31% .47¢ .48% 1.0C
0
NO3-.949 .41¢ .841 .576-.68(-.753-.317 .87¢ .65¢ .77€¢ 1.00
0
S0<4-.928 .50t .80€ .548-.69¢-.743-.214 .911 .60¢ .69< .975 1.0C
0
FE .269.307 -.29(-.277-.02¢ .256 .71(-.201-.447-.262-.233-09C 1.0C
0
CU-.274 .35C .21¢ .226-.13¢-.215 .131 .17% .161 .267 .117 .17Z .08C 1.0C
0
ZN .949-.46( -.83(-.589 .64€ .628 .23£-.844-.68(-.775-.960-95¢€ .09¢-.197 1.0C
0
PB .821-.301 -.45€-.117 .80¢ .621 .14¢-.644-.22€-.687-.832-867 .015-.17Z .83( 1.0C
0
NI .855-.127 -.62€-.315 .74€ .641 .415-.70€-.49¢-.767-.902-86( .377-.11C .86€ .874 1.0C
0
CD .841-.63¢ -.795-.707 .36€ .469 .09¢-.717-.75€-.592-.731-72C .105-.191 .79¢ .50€ .49t 1.0C
0
Table5: Correlation coefficient of onset of rain water sample parameters along River PovPov.
Heavy | Mean Standard value | Baseline | Unit Subindex| Wi x Qi
metals (mg/l) | value(Mi) | (Si) FEPA, 2007| value (li) | weightage(Wi)| (Qi)
Fe 1.70 0.3 0.64 3.33 3.12 10.39
Cu 0.06 1.0 0.04 1.0 2.08 02.08
Zn 1.17 3.0 0.03 0.33 38.38 12.68
Pb 0.14 0.01 0.17 100 18.75 1875
Ni 0.54 0.02 0.48 50 13.04 652
Cd 0.12 0.003 0.02 333.33 588.23 196074.71

YWi=663.6 YWiQi=198626.85 HPI=299.32 and Ml = 87.32
Table 6: Onset of rain HPI and M| values.

Tables 3 & 5 are detailed calculations of heavyamnpbllution index HPI and metal
index values for both seasons. HPI and MI are lisefstudy and compare variations in
overall pollution levels that include many parametemgether. HPI has been determined
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for both seasons by taking the average valueseoh#avy metals equations (1) and (2).
Suitability of water quality for drinking can betea using the quality indicé§™%

Onset of rain factor analysis shows the highedlitaafor alkalinity, Cu, Zn, N@ SQ,
Tds and Fe. Factor one account for 65.8% of totamlance. Factor two accounts for
12.9% of total variance with moderate loading forR&ctor three accounts for 10.9% of
variance with highest loading for Cl and pH whidetor four has weak loading for all the
measured variables and have variance of 8.3%. Welbading for SO4, Na and NO
Na and Cl in dry season is also repeated in thetmfgain data indicating little changes
between these major ions. High loadings of, 8@d NQ can be related to surface water
susceptibility versus natural processes or antlgepic input from agriculture and
domestic wastes. The heavy metals on the other Bhad changes between dry and
onset of rain. High loadings for Cd, Cu, Ni, Pb &elwere observed during dry season
while high loading for Fe, Cu and Zn observed atetrof rain maybe associated with
precipitation, ion-exchange, evaporation rate amdconcentration. The high loading for
Cd, Ni and Zn may also suggest anthropogenic seurce

Variable Facto
1 2 3 4 5 Communalitie
TEMP°C -43¢ .691 .14z 511 .22( .99¢
PH 525 -.20¢ -.76C -4.207E-02 9.747E-02 .90¢
TDS .958 - 10t -3.761E-02 .181 -9.414E-03 .962
EC .956 -.12€ -3.194E-02 .19¢ 6.512E-03 .971
ALK .862 5.445E-02 40¢ -.18¢ .22¢ .99¢
K .641 .670 -.21¢ .21¢ -.21F 1.000
NA -.934 -.23¢ 3.821E-02 .251 5.700E-03 .99/
CA -.93C -.16¢ -2.924E-02 8.987E-02 .241 .96(
MG -.65¢ -.587 .29¢ .25¢ .25¢ .99¢
CL -.367 -.134 .878 7.945E-02 8.002E-02 .93¢
NO; .12¢  7.581E-02 .691 -.652 7.484E-02 .93C
SO, 8.968E-02 .948 -.144 -6.366E-03 23€ .984
FE -.13C 542 -.14z .28¢ - 74k .96k
CuU .14k -.23C -.18¢ 6.625E-02 915 .95(
ZN -.631 -.13¢ .21k -.56¢ .26F .85k
PB .36z -3.312E-02 747 .29z -.44¢ 974
NI 9.128E-02 .798 .28( -3.336E-02 19t 767
CD 3.438E-02 6.867E-02 .23¢ .960 -2.890E-02 .98¢
Eigenvalue 6.360 3.358 2.967 2.401 2.048
% Variance 35.335 18.657 16.485 13.339 1.379
% Cummulative 35.335 53.992 70.477 83.816 95.196

Table 7: Varimax rotated factor analysisresults of dry season water samples.

Cluster analysis: By using average linkage, variables were inteteelado each other

according to their maximum similarities. At firstage, interrelations occur between
variables which have the most similarity. Results presented as dendrograms (figs.
3&4; 5&6). During dry season Tds and Ec shows theximum similarities. This is
followed by that similarity between Na and Ca. Werakimilarities in this order was
observed; Tds and alkalinity; K and $®la and Mg. The similarity between Ec and pH;
K and Ni are weaker (fig.3). Q mode cluster showghést similarities between locations
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ITKO3 and ITKO4. Relatively weak similarities occlwetween locations ITKO3 and
ITKOS5; ITKO4 and ITKO2; ITKO5 and ITKO6; and ITKOAnd ITKO7 (fig.4). From onset
of rain dendrograms (fig.6), the highest similastexist between Cu, Zn, NQlkalinity,

Tds, SQ and Fe; and that between Ni and Cd. After thi filegree of similarities come
Ec and Ca. This is followed by Na, Pb and K and Mgally, we have pH and CIl. The Q

mode cluster show that ITK10 and ITK12 have maxinsimilarity, followed by ITK11
and ITK13 and lastly ITKO9 and ITKO8 in that ordég.6).

CASE 0 5 10 15 20 25
Label Num +--------- e R Lt R R +
TDS 3 Ux30000300«
EC 4 Iv ERVRURURNY
ALK 5 4330803080880 =3333083330808083800¢
PH 2 3333030330038 p 2333833000030 0 0«
CuU 14 33832330330348230300330000330080803000338p
<
NG, 11 33808333483348333333803030303838330x333083338838880«y
s0 3300
PB 16 240423300023000238000030300830w ©
< >
K 6 4330033033 0x33080808« = 44w
<:>
Sle’3 12 330833308038 w ad &
<
NI 17 2330333330330 00308p =30000303000« ©
<
FE 13 4300000033008 08083080w 0334043333080 r
<
TEMP 1 4380000033 0080833333x30083080800w
<
CcD 18 234043308300300038300w
<:>
NA 7 480x30300«q &
CA 8 U44dr 233330330030«
<
MG 9 0343303803 0r

233483383833 838303033833383300838w

CL
ZN

10
15

4433383303833 3388080x0w
4340404043048 030300030000w

Fig 3: R-mode cluster analysis dendrogram of dry season water samplesalong River PovPov.

CASE 0 5 10 15 20 25
Label Num +--------- R R Fomme - - S +
| TKO3 3 0x3030 0
| TKO4 4 Jw ERLRVRLAN
| TKO5 5 43380300 ERURURIAN
| TKO2 2 4348034030300

2334333833338 338338338083383030333383080<

| TKO6
&

6

4304034300003 00 0w
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| TKO1

4340443483040 048304800000030x34000030800034800003030003080030000w

| TKO7

Fig 4: Q-mode cluster analysis dendrogram of dry season water samplesalong River PovPov.

1

7 434030404300 043000000000w

Facto

Variable 1 2 3 4 Communalitie

TEMP -.40¢ .26C  9.495E-02 86¢€ .994

PH -.24( .30¢ .873 274 .987

TDS .938 162 -.187 .23¢ .99¢

EC -.94F -.12z .24¢ A7z 1.000

ALK .978 .14¢ -2.619E-02 .14z 1.000

K -.751 .601 .201 .15k .98¢

NA -.161 -.94( -.17¢ .191 97¢

CA -.83¢ A1z .37¢ 4.359E-02 .86(

MG -.80z .30¢ -1.106E-03 .364 .872

CL 8.183E-02 -9.553E-02 918 -.36F .992

NO;3 .965 .20C -3.106E-02 167 .99¢

SO, .945 .201  3.132E-02 .21¢ .98(

FE 933 -1.785E-02 -8.643E-03 317 972

Cu .976 .15¢ -3.644E-02 137 .99¢

ZN .974 167 -2.747E-02 .14¢ .99¢

PB -.632 -.74¢ .16¢€ 4.169E-02 .991

NI -.992 -8.836E-02 -1.854E-02 3.460E-02 992

CD -.98C .17¢  3.215E-02 -8.181E-02 1.000
Eigenvalues 11.838 2.320 1.958 1.486
% Variance 65.768 12.888 10.880 8.253

% Cumulative  65.768 78.656 89.536 97.789

Table 8: Varimax rotated factor loading matrix of onset of rain water analysis results.

CASE 0 5 10 15 20 25
Label Num +--------- Fomeeme - - - Fomeem - - Fomee - - Fomme - - - +
Cu 14 RN
ZN 15 Jo
NO3 11 Qo
ALK 5 Qo
TDS 3 Jo
s 12

4444843383383 833834883834834803833338383333083083383383830¢
FE 13 974 o
NA 7 43338833 x3033338333333330833300<

&

PB 16 34434343480 p &
&
PH 2 4333883333088 x33333383333080¢

3333343434343 433333333033080w
CL 10 4333348330830 LSRR
NI 17 O xd o &

CD 18 Jr ol oy
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EC 4 083w =y &

CA 8 440303 2033333033000 0 g
K 6 443338 0e el v

MG 9 3303800 w &

TEMP 1 4433383303833 0833833000w

Fig 5: R-mode cluster analysis dendrogram of onset of rain water samples along River PovPov.

CASE 0 5 10 15 20 25
Label Num +--------- Fomme - - - Fomeem - - Fome i - - Fommema - - +
| TK10 3

4334343434343 43343433383338383383333838333333333383433033333330<«
| TK12 5 374 &
| TK11 4 3333300030300

&
| TK13 6 433348383330 r o3 3338033300

&
| TKO9 2 4333883338333 308r

0333434334333 333333333833380w
| TKOS8 1 4343348833483 33308383330830333888330w

Fig 6: Q-mode cluster analysis dendrogram of onset of rain water samples along River PovPov.
DISCUSSION

In dry season samples, strong positive correlateist between Tds and Ec. This is not
so with the onset of rain water samples. Strongetations exist also between the
physiochemical in both seasons. In wet seasonhfigigzhemical correlates with few of
the heavy metals which are not evident in dry seasmmples (tables 2 and 5). In both
seasons major ions correlates with the heavy elemehile in wet season the heavy
metals have strong correlations among themselJas. cbrrelation does not exist in dry
season samples. These variations can be attritateldution effects of runoff during
onset of rairt”,

The heavy metal pollution index calculated with mealues of all six heavy metals for
both seasons are (1408.33 and 299.32 respectifel@bove the critical index value of
100. This indicates that the water is contaminatiéhl respect to the heavy metafs The
MI for the same river in both season revealed “pality water” with MI values of 403
and 87.12 respectively ***MI value >1 is a threshold of warnirg

In dry season five factors were extracted and fatuonset of rain with all factors
explaining 95.2% and 97.8% respectively of totaliarece. Factor one in dry season
shows high loadings for Tds, Ec, alkalinity, K gud. High Tds and consequently Ec are
due to K presence which also explains the highliaika **. Factor two which consists of
SOy, Ni, K, temperature, and Fe in dry season may be tb natural processes/
anthropogenic input™. Factor three include Cl, Pb and N@nd maybe due to
contamination from mining activities, organic anuhtestic sewagé®. Factors four and
five can also be attributed to heavy metal pollutarising from mining activities. At
onset of rain, factor one consists of Tds, alkglinNO;, SQ,, Fe, Cu and Zn. The SO
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and NQ are associated with agricultural/ domestic wastbde Fe, Cu and Zn are
attributed to mining in the aréd. Factor two is made up of K which is abundant and
mobile and so may be a natural process. Same hatareess is likely of factor four
which are both associated with mafic rocks henoglai geochemistry. Factor three is
associated with domestic waste and the pH due ¢oCth These factor associations
interestingly are correlated suggesting same souBetween rain season and dry season
samples there are differences between the factéablas suggesting changes due to
dilution effect of run off during rain season whichin turn affects
evaporation/precipitation, ionic concentration, &mmic exchange®.

Four clusters were extracted each during dry seasdrat onset of rainAt onset of rain,
cluster one consist of Cu, Zn, NQlkalinity, Tds, S@Qand Fe. This cluster is a mixture
of natural processes/ anthropogenic soutée€luster two consists of Na and Pb while
cluster three is made up of Cl and pH. These dlsisdee attributed to anthropogenic
sources. Cluster four contains Ni, Cd, Ec, Ca, g, &Md temperature which may suggest
natural processes. Cluster one in dry season ¢srigds, Ec, alkalinity, pH and Cu.
Cluster two consists of Nand Pb. Cluster three include K, §@li, Fe, temperature
and Cd. Cluster four consists of Na, Ca, Mg, Cl @md Clusters two and three may
suggests anthropogenic sourtes

CONCLUSION

The major cations and heavy metals have lower cdrateon values at onset of rain
when compared to dry season values, the excepto@a SQand Cu. This observation
is in contrast with the physiochemical were all ingvconcentrations higher in onset of
rain than dry season. HPI and MI are useful in algrollution level of surface water in
terms of heavy metal presence. The calculated HRioth seasons are far above the
critical level of 100 which reveals that the watepolluted with respect to heavy metals
due mainly to mining in the area. The Ml valuelsodar above the threshold of warning
with respect to heavy metals in the river. FA asslgarried out in both seasons indicates
that factors one in each season are the dominaet warameters. The R-mode cluster
analysis in both seasons also alludes to the demparameters which are clustered in
cluster one in both seasons. The study also shHosviatent processes/factors shaping the
water quality to include, natural processes, adjitical/ domestic wastes and heavy metal
pollutants from mining activities. This study illwstes the utility of HPI and MI and
multivariate statistical analysis in hydrogeocherygis
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