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ABSTRACT

Past studies in Kubanni Dam indicated such a high concentration of Pb, that if
substantiated pose a danger to the hedth of the residents of ABU Main Campus, who
consume water from Kubanni Dam. But the values obtained from the past studies often
contradict each other, that is from 0.5ppm, (Udoh, et. al., 1986)005ppm, (Obamuwe,
1998), and 0.003ppm (Jeb, 1996). This study aims at reassessing the level of Pb
concentration in the Kubanni Dam.

To ensure the highest possible reliability of results, inter-laboratory and inter-
technique comparisons were employed. Whereby same sample was divided into two and
given at the same time to two different laboratories that either operate the same technique
or different techniques. Laboratories used for this purpose includes; the Department of
Geology Ahmadu Bello University Laboratory Zaria, Institute of Chemical Technology
Laboratory Basawa, Nationad Anima Production Research Laboratory Shika, Geological
Survey Laboratory Kaduna, Nigerian Defence Academy Laboratory Kaduna and Onarem
Research Laboratory, Niger Republic. All these laboratories operate AAS of different
models. And lastly, the Centre for Energy Research Laboratory A.B.U. Zaria which
operates X-ray Fluorescence Technique. The variety of techniques and laboratories
employed dlow tor the elimination of non credible laboratories. That is, laboratories that
gave for the same sample two different results were eliminated, and those that gave results
that do not differ, much were accepted as more credible.

Findings from both Kubanni Dam and from areas considered as non polluted

indicated a Pb concentration in the range of <0.024 to <0.011 ppm for the Kubanni



Dam and from <0.014 to <0.()08ppm for non polluted areas, that is a the leve of its
usua concentration in non polluted water. The first two figures indicate that, there is
either no Pb pollution in Kubanni Dam, or in the worst case, there is insignificant Pb

pollution, and therefore high values obtained by some of the previous workers cannot stay.
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1. INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Studies have been made of the concentrations of heavy metals in Kubanni Dam,
with most of them showing abnormally high concentration of trace elements especially of
Pb (c.g. Udoh et. al., 1986; and Obamuwe, 1998). The results obtained, however, do
not agree with each other, which cast some doubts about their reliability. Therefore, this
study was conceived in order to confirm, or otherwise, the findings of the previous studies
because of the consequences of anomalous licavy metal concentration in drinking water
and the environment.

Of the heavy metals, Pb has been singled out as the main focus of this study. This
is due to its highly toxic nature, and also because of its casy mobiiity in human
environment.

Results obtained from the previous studies with respect to Pb show both
abnormally high concentrations hazardous to the health of water consumers, and normal
concentration acceptable for drinking water. Which of these results is acceptable becomes

the task of the present work.

(.2  OBJIECTIVE OF THE STUDY

The objective of this study is to determine concentration of Pb in water of Kubanni
Dam. In order to achieve the said objective, the following will be undertaken:
a) Determination of the Pb concentration in water of Kubanni Dam, and as

well in groundwater in Kubanni Dam drainage basin.



b) Determination of directions of groundwater and surface water flow in the
drainage basin of Kubanni Dam, in order 10 demarcate source ol any

possible pollution.

1.3 JUSTIFICATION OF THE PROPOSED STUDY

As shown by Cannon (1976), and WHO (1996), the concentration of Pb in natural
tresh water is very low. This is due to the fact that, although small amounts of I’b are
widely distributed as a minor constituent in rocks, soils, and mincrals, it is only slowly
released by weathering process. But surprisimgly this is the reverse with Kubanni Dam,
where previous workers have indicated the existence of excessive Pb concentration in the
reservoir, which has to be proved in order to justity the fear of possible Pb poisoning by
the consumers of such water. This would be achieved first by establishing the background
concentration of Pb in the groundwater of the catchment area (in supposedly non polluted
arcas). Results obtained will be compared with those oblained from the dam. [f ¢xcessive
concentration of Pb in Kubanni dam is proved, the source of pollution will be constrained
and proposal made on eliminating the pollution. Should there be no Pb pollution in
Kubanni dam, then;

a) the work will contribute to the understanding of the level of concentration

ol Pb in non polluted groundwater of 1he predominantly Older Granite
terrain of Zaria: and

b) Fears, that residents ot A.B.U campus are slowly poisoning themseives by

drinking water polluted by toxic Pb, will be alleviated.



1. 4 . 1 Dam - istory

The Kubanni Dam (Plate 1) is an impounding reservoir located within the Ahmadu
Bello University Main Campus, Zaria. The Kubanni Dam project was first mooted by the
Estate Department of Ahmadu Bello University, Zaria, in 1970, in an attempt to satisfy the
rapidly ncreasing water demand of the Main Campus. The feasibility studies started in 1970,
with the actual construction starting in 1972 and completed by 1980. The plant became fully
operational in 1982, According to Baker et el.. (1979), before the construction of the Dam,
the river Kubanni for most of its length was a seasonal river, fully flowing immediately after
heavy rainfall, but with no surface flow at all during the dry season.

The Dam (Plate 1) according to Ologe (1973) is about 800m long, with a catchment
area of about 57km”. It covers an area of 80.94ha (0.8km’) and have a storage capacity of
2.4 million cubic meter. This represents the amount of water that will be available at the end

of the rainy season.

Platc 1:  KUBANNI RESERVOIR. VIEW FROM THE
CREST OF THE DAM TOWARDS WEST
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1.4.2 Location, Extent and Accessibility

The study area is located on the Basement Complex arca of Nigeria, on sheet 102
Zaria SW. It covers an area of about 76km’. The area falls between latitudes 11°06'00"N
to LI°11'00"N and longitudes 7°36'00"C 10 7'40'00"E. It is well accessible, with good
road network and footpalhs, especially from the Zaria - Gusau Road. Except during the
peak of the rainy season, most of the stream courses are passable. |

1.4.3 Relief and Geomorphology

The Kubanni drainage basin is part of a vast, gently dissected plain. This plain is
for most part covered by a thick alluvium. The landforms comprise of insclbergs,
escarpments with duricrust capping, plains, and valleys (Fig. 2).

Blocky inselbergs and whalcbacks are the most conspicuous features of the area,
with the Kutena hll rising to about 720m metres above mean sea level or 40 metres above
the surrounding plains. The inselbergs are mostly blocky and sometimes convex shaped
as typified by the Kufena hill.

The plains are of two types, the Recent denudational plain and probably the
Tertiary dcpﬁsitinnal surface. The plain was largely dissected by gullies generally
attributed to the indiscriminate deforestation, improper land clearing and farming
practices. These lead to the stripping (he arca of its natural cover making it easier for
erogion (o take place e.g. Plate 2, where o scarp s shown 1 one of the developed gullies.
1.4.4 Climate

Zaria area has a tropical continental climate with a very distinct wet and dry
season, The wet season begins in April and ends in October, during the high sun period.

The dry season, in which there is no rainfall, occurs from October to March. The total
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mean annual ramfall w the area is 1047.7mm mean o.f 1928 - 1997 (Meteorological Data
Station, I.A.R. Samaru),

The mean daily maximum temperature rises gradually from January and show a
major peak in April and a minor one in August. The minimum temperature rises from its
lowest value in December-January to its highest in July -August,(Meteorological Data

Station [.A.R. Samaru).

1.4.5 Vegetation

The area lies within the Northern Guinea Savannah Zone. [t is characterized by
an open sub-humid broad-leaved savannah woodland vegetation with short to medium
grasses. The vegetation on the whole have been greatly disturbed either by overgrazing,
bush burning, deforestation for firewood. or cultivation. Few of the common woody tree

species in the area include Isoberlina doka. locus bean (Parkia biglobosa), baobab

(Adansonia digitata) and shear butter trees (Vitallaria paradoxin).

Jackson (1970}, stated that, along the river valieys, there are often fringes of
forest, in some places with tall trees and well developed undergrowth. These are however
susceptible to tire damage resulting from bush burning, bul may be represented in some
cases by only a few scattered trees,

1.4.6 Landuse
Most of the land arca in the Kubanni basin, with the exception of built up areas,

the floodplains, and the stream courses that fall within the University land area, all were



Plate 2: DENUDATION IN THE KUBANNI DAM DRAINAGE
BASIN

Used for subsistence farming. untl recentdy, when the University prohibited any

cultivation within the valley.

1.4.7 Geology
1.4.7.1 Overview of Geology of the Basement Complex

The Basement Complex of Nigeria forms part of the Pan-African Mobile Belt, and
hies between the West African Craton and the Congon Craton, and South of the Tuareg
Shield (Black, 1980),

Three main rock types found on the complex are:



a)

b)

¢}

The Migmatite-Gneiss complex which is Precambrian to Palaeozoic in age.
Narrow Schist belts trending North-South, which are restricted to the
westert halt of the country and arc Proterozoic in age.

The Older Granite that intruded the Migmatite-Gneiss complex and the
Schist belt between 700M.Y and 400 M.Y ago during the closing stage of

the Pan-Alrican cycle.

Ajibade (1988), also stated that the Nigerian Basement Complex additionally

includes three other units, and these are:

1ii)

1.4.7.2

1.4.7.2.1

Charnokitic, gabbroic and dioritic rocks.
Metamorphosed to unmetamorphosed calc-alkaline, volcanics and
hypabyssal rocks.

Unmetamorphosed basic and intermediate dykes including dolerites.

Geology of the Study Area

Rocks

The study area which lies to the NW of Zaria city, is composed of Precambrian

rocks of the Gneiss-Migmatite Complex intruded by the Pan-African Older Granites. The

distribution ol the various rock types is as shown on the geological map ot the area (Fig.

4). Rock units observed in this area include trom the oldest, to the youngest

Y

Biotite gheiss



i1) Older Granite (comprising of the coarse porphyritic variety and the
medium grained granite).

iii) Microgranite and Pegmatites.

Biotite Gneiss: This was observed only along stream channels, more especially the upper
part of Samaru stream where it mostly outcrops (see Fig. 3). They are deeply weathered
with a light brown to grey colour. Texturally, they are mostly medium grained, with one
of the outcrops showing a textural variation, that is, it has porphyroblast of feldspars

embedded in fine to medium grained groundmass. Whereas the rest were granular.

Older Granite: This rock type is the most common in the study area occupying almost
two thirds of the area. It outcrops as dome inselbergs, low whalebacks inselbergs, and
also as low lying outcrops called ruwares. It occurs in (wo varieties,

i) "The porphyritic variety which is mostly confined to deeply eroded valleys
and stream channels. [t 8 decply weathered with the phenocrysts
possessing equant shape without any preterred orientation. In one exposure
a clearly depicted gneissose foliation was observed. This makes it difficult
to be distinguished from the porphyroblastic Gneiss observed in location 12
(Fig. 3), if not for the laters clearly exposed foliation. This rock type was
also observed at location |1 where it occurs as a large xenolith contained
within a medium grained granite,

if) The medium grained granite predominates over the porphyritic variety and

is fresher than the porphyritic type. It occurs mostly as dome inselbergs

L



and low whalcback. In hand specimen, orthoclase, biotite and quartz are
observed.
Pegmatites: Thesc consist principally of coarse feldspar (orthoclase), quartz, biotite and
sometimes muscovite. Their composition is almost equal to that of the earlier described
granites if not for their muscovite content. The pegmatites vary in width from less than

one metre to a few centimetres.

Microgranites: These usually occur within the main granitic exposure as late intrusions
possibly infilling tensional cracks. They are fine grained with composition similar to that
of the earlier described granite.

The quartz veins occur as small veins and veinlets and are almost exclusively
composed of quartz. They range in thickness from less than a centimetre to about ten

centimetres and occasionatly cross cutting the pegmatites.

b
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TABLE 1.1

DESCRIPTION OF

LOCATION

COORDINATES

DESCRIPTION OF OUTCROPS

PROBABLE
NAME

ROCK OUTCROPS WITH PROBABLE NAMES AND AGES

PROBABLE
AGE

110609 "N
T 3NTE

An nselberg ol porphyritic
structure. It oceurs as the most
prominent feature of the study
area. Colour vanes trom dark
grey to light grey. At the
southiern part, the rock outerop is
Bemng quarried lor construction
work

Coarse Grained
Porphyritic
Giranle

Early Pan-
Alrican

11'07'22%N
T38'39"E

A deeply weathered discrete
houdders exposed along the Bina
stream. Colour is grevish to dark
brown. This probably is due to
the effect of weathering.

Coarse Gramed
Giranile

Pan-African

11707 30N
T°31'53"E

Coarse to porphyritic granite,
colour 1s greyish in fresh
varieties, but it changes to light
brown where alfected by
weathering. Phenoerysts are
closely packed together, they are
cquant in shape, with the rock
displaying faint foliation giving il
1 @Eneissose appearance

Porphyritic
Giranale

Early Pan-
Alrican

110746 N
TIT22"E

A combimation ol low whaleback
and blocky inselberg. Texturally
they are medinm o coarse
grained with the blocks deeply
weathered probably due to their
fractured mature which facilitates
the downward movement of
water deep mto the rock and
thereby resuling to their
chemical decay, This mostly is
restricted to the western side of
the exposure. To the north east,
the rock displays a weak
fohation, and also not oo deeply
weathered probably due to s
domical nature

Mednum 1o
Coarse Grained
Ciranie

Late Pan-
Alrican

1108 05N
T36'5R"E

Granitie pavement of same
composiion as m four above

Medim
Crraned Gramte

Late Pan
Alrican

TTTOR'42"N
T3 30°E

Coarse 1o medim grained
gramie, oCeurnng as a low
whaleback and 15 dark grey in
colour

Mediwm gramed
granie

Late-Pan
Alrican

LITORIR"N
7°36'50"E

Medpn grained grantte thad s
orented towards NW-SE. 10 s
dark grey m colour and this may
he due to s prominence ol
biotile

Medium
Gramned Granite

Late Pan
Alrican

11708 30"N
T37'33"E

Same as n 3 above

Porphyritic
Cirunite

Early Pan-
Alrican

15




Y 11709 18"N Coarse gramed granile, oceurs Coarse Gran Pan- Alncan
T3 21'B along the main Kubanni river Granite
and 18 deeply weathered
n 1I1'09°22"N Same as n 3 and 8 above Porphyritic Early Pap
T38'42"E Granite Alrican
Il 109 42N Medinm gramed granite. Colour Medim Grain Late Pan
73R OUE ix pink due o the prominence ol Granite African
orthockase tekdspar. It oceurs as
the main outcrop, within which a
large xenolith of porphyritic
granite 15 contaned
12 09 52N A mixtore of freshly exposed and | Biotie Gneiss Dahomeyan
T3R'3N"E deeply weathered gneisses
Foliation is well exhibited with
the outerops trending north-
sontherly direction. On one ol
the exposures phenohlists of
feldspars were clearly observed
thereby makimg the exposure a
porphyrohlastic vanety
13 IO TO"N Same as m iwelve above Gneiss Dahomeyan
7°38°33"E
4. IO 16N Deeply weathered coarse grained | Coarse Grained Pan Alrican
T3W3A3°E grante, 1t oceurs as large Granite
exposed boulders
15. 1170743"N Coarse porphyritic granite Porphyritic Eurly Pan
TIINE Treshly exposed and oceurs along | Granite Alrican
stream channel as a granitic
I’il\r‘L‘I]lCill.
1.4.7.2.2 Water

Surface Water

exception of Samaru stream. They are mostly ephemeral (i.e. those that flows during and
immediately after the rainfall), and seasonal (that 1s. those that flow during the ramny
season. but dry up during the dry season). These streams mostly drain runoff trom the
plains most of which are farmlands. Streams that flow for some duration into the dry
season are mostly being fed by groundwater discharge (that is, they are etfluent streams).

On the other hand, flow in Samaru stream, apart from the groundwater discharge is

The main Kubanni river and streams that flows into it, all are seasonal with the

mostly sustained by discharged domestic effluents and runott from Samaru village.

6




Groundwater

[n the study area, two types of aquiters exist, and these are the Regolith Aquifer
and the Fractured Crystalline Aquifer. Both the two are important groundwater sources.

The Regolith Aquifer in Northern Nigeria varies in thickness from less than 10m
to more than 50m (Adanu, 1987, also figure 7 and 8 of this work). It is stratigraphically
made up of collapsed zone (sandy at the top and clayey at bottom), the saprolite (clay
derived from in situ weathering) and saprock (weathered bedrock). Water table typically
oceurs at shallow levels of less than 10m to 15m with the wells being mostly phreatic in
character. The Regolith Aquifer provides the main storage tor deep boreholes. According
to Adanu (1987), boreholes yield are generally low. mostly in the range of 0.3 1/s to 0.5
I/s which depicts the low permeability of the aquiter due to its clayey nature, but well yield
is generally sufticient to sustain handpumps for rural domestic needs, The most common
abstraction method is by hand dug wells mostly unlined which are found in each of the
compounds n the area of study. But generally, i all the villages visited there 1s a
centrally located concrete lined well which probably have been constructed by their Local
Government Council.

The Fractured Crystalline Aquifer, unlike the Regolith Aquifer 1s highly
permeable, with the water being contained within the fractured zone, but this water 1s
beyond the means of the villagers.

The groundwater {low systems are restricted between recharge on the watershade
by infiltration of preciptation, and discharge at the valley bottom. and this mostly

supplement surface flow during the dry season (Fig. 5 and 6). This as can be seen on the



Figures 5 and 6 is occurring mostly along Samaru stream, and probably that is part of
what is sustaining the flow of that stream throughout the year.

The water table contour line configuration tor both the dry and wet seasons with
their corresponding flow directions indicated by arrows which have been drawn
perpendicular to the contour lines (equipotential lines) are diverging from the watersheds
(that is topographically high areas), which are recharge areas and are converging towards

the stream channels which are discharge areas.

13



7°36¢ To Sekete 3 38 T Puntua

o
—

4“ 4 = rk \
Dytun S

—

Co f-.r :
_.u\-_:;‘-‘a

SO0

Iug*ni?.__ -
18

3

T T

e - - e ——— L

*ILE

=
SOURCE- ZARlA 3451'51# PLAN
tignre & MAF OF CONFIGURATION OF GR( WNDWATIR TABLT AND DIREC TTONS OF GROUNDW ATFR FILOW AT F-Elg;

o Apred 1909 V. Dveames. % Perenssal. foaniwe o ool

(A DRY SEASOIN Josmd 1 bapswnded area st witler table of Kuigam apasamfine  ep tomvr

coidl S b Peramttiad R fhesing will feslivs of vater an the s dhanadl. 20 - Sedsvnal, dry wltlt wileooles @ e dlluviem,  2d - Secaonil, Jdry vikinnes s

waterholes in the channel. 3 - Conlours of the groundwaler table, at the peak of drv seasom (end of April, 2000) in metres above sea level. 4. Directions of the groundwater
Nimw presumally nom poltuted water: 5 - Directions of groundwater flow. presumably water poiluted by residential efffuents. 6 - AR Solid Refise Dump. 7. Hand-dug wells
and elevation of water in metres above see level af the end of dry season iend of Apnl. 20001,

19



C
.

T -
69

A

—f—"-"q?
o !
1/

SEASON 3¢

T

TARIA MASTER

FPLAN

Figure 6: MAP O
DIRECTION OF

For explanaiions see figure 5.

F C()l"NT‘lT URATION OF GROUNDWATER TABLE AND
GROUNDWATER FLOW AT PEAK OF RAINY SEASON.

20




'Flgure 7:
PEAK OF DRY SEASON, Legend: 1. Hand-dug wells and depth to wat. r table in metres
below ground surface as measured at end of April 2000. 2) Contours of depth to w. er table in metres
below ground surface, at the peak of dry season. For other explanations see fig res I and 4b.
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2. REVIEW OF HHEAVY METALS

2.1 Heavy Metals - What is it?

According to environmental impact statement glossary, heavy metals are metallic
elements generally occurring in trace amounts in water, including, Fe, Mn, Cu, Al, Cd, Pb,
As, Hg and V etc, usually considered to have an atomic number above 21. They can damage
living things at low concentration and some of them tend to accumulate in the food chain.
All of them belong to the trace elements, but some of them like manganese and iron, do not

belong to trace clements (that is, elements in concentration less than lug/g, Ward (1995).

2,2  Sources of Metals in Natural Water
2.2.1 Natural Source

The sources of trace elements in natural water are cither natural, that is due to
* mobilization from soil, vegetation, alluvium or bedrock. Taking for example Pb which is the
subject matter of this work, its average abundance in the earth crust is approximately !Sppm,
Wedepohl (1964). The Pb content of the common rock types that make up the crust of the
earth ranged from about 30ppm for granitic rocks, rhyolite, and black shale to about 1ppm
for evaporite sediment, basalt, and the ultramatic igneous rocks such as dunite which is rich
in iron and magnesium and poor in silica,according to Lovering (1976).

Pb is also present in trace amounts in many of the common rock-forming minerals.
According to Wedepohl 1964 | the common silicate minerals found in igneous rocks in order

of decreasing Pb content are;

- 1. Potash feldspar,
2. Plagioclase feldspar and muscovite mica,
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3. Pyroxenes, amphiboles and biotite mica; and
4, Quartz.

But despite the abundance of Pb in rocks and minerals (more especially acidic igneous
rocks), chemical weathering of common rocks can only contribute minor quantities of Pb to
surface water, according to Wedepoh! (1964). This low Pb concentration of streams and
lakes is probably controlled by Pb adsorption on clay minerals and organic residues, and is
thus enriched in the B horizon (of soil profile, for some soils) and this according to Presant
(1971} is atiributable (0 the presence ol excess clay.

Also, some heavy metals from Basement Complex of Kano area were studied by
Magdi (1999). He took 61 samples from fresh bedrock (Oider Granite and Schist), saprolite,
and indurated laterite. Samples were oven dried and pulverized at the Department of
Geology. A.B.U., Zaria. Analyses were done at the Centre for Energy Research and
Training, Zaria using X-ray fluorescence technique. He found that from lateritic profiles
developed over Granite Pb was 50, 34, 38 and 53ppm in tresh granite, saprolite, mottled zone
and the duricrust respectively and this the Author thinks do correlates with the values given
by Wedcepohl (1964). Table 2.1 is showing the average and ranges of some of the elements
he analysed.

As for Tijc (1995), he collected his samples trom the Younger Granite of Jos at Tenti,
where he took 23 samples from parent rock (cassiterite granite) to saprolite layer. He wet
sieved his samples, air dried the collected clay fraction, pulverized and digesied with aqua

regia in
2%
‘)’_.p“s,



Table 2.1:

CONCENTRATION OF HEAVY METALS IN OLDER GRANITE OF

KANO AREA. According to Magdi (1999) All Results are in ppm.

Method | XRIF XRF XRFE XRF XRF XRF XRF
CLERT CLERT CERT CERT CERT CERT | CERT
ABU ABU ABL! ABU ABU ABU ABU
Element | V Ti Ni Cr Pb Zn Cu
Range 190-536 | 1480-3200 | 30-136 109-25] 20-64 28-99 | 23.9]
Mean 326 2356.7 53 180 41 47 41

aratio of 1:3. His results are as shown on Table 2.2, Analyses were done using an atomic
absorption spectrophotometric method model GBC 903, at Kaduna Polytechnic.  Detection
limits of the determined elements were not stated by the author.

Both Table 2.1 and 2.2 disagree with each other and the difference is too big to relate
it to different method of analysis or location of sample, but the author is of the opinton that
the difference is much to do with the ditferent method employed by each of the author, n
preparing his sample for analysis. While Magdi (1999) analysed his whole sample, Tije
(1995) analysed the sieved silt clay fraction he collected after wet sieving his samples. But
eenerally, Magdi's (1999) results are more close to the averages given by Wedepohl (1964).

Also soil and clay mineral contain significant quantities of these metals. Iron is a
major component of illitic and montmorillonitic clays and it makes up 0.09% of kaoliniuc
clays according to Sherman et. al. (1974). Titanium is present in smaller amounts in the three
clays. Also soils with large organic fraction are capable of binding sigmificant quantities ot
metals through organic metal complexing (e.g. lead) Tables 2.3 and 2.4 are showing some

trace elements content of uncultivated soil after Ali (1984) and that of an irrigated soil after

Dahiru (1989).
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Table 2.2; SOMIHEAVY METALS IN FRESH GRANITE AND GRANITE  WEATHERING
PROFILE FROM YOUNGLER GRANITE AT TENTI, JOS PLATEAU. BARIKIN LADI LGA.
All results in ppm. According to Tife, 1995, Note, that these concenirations are not cothparable

with these obtaned by Mz;)gd{. 1999 trom Older Granites of Kano area, presented in Table 5.1

{(Alter Schocneich,2000)

GEOLOGICAL PROFILE Sample| Cr Co i an Fb
Top so0il R 6.0 1.0 5.0 8.0 -
?
Rd lateritic soil El - 1.0 - 15.0 -
E2 5.0 1.0 - 12.0 3.0
1.3m
Dl 12.0 2.0 2.0 18.0 -
D2 - 1.0 - 12.0 1.0
Purplish saprolite D3 3.0 0.45 - 5.3 2.0
D4 5.0 1.2 - 18.3 0
D5 2.0 5.0 - 3.0 0
1.5%m
clL 3.0 1.0 5.0 5.0 1.0
c2 6.0 0.45 12.0 5.0 -
Reddish-brown - |--——-|-——""-|=-="—""-|-""""""[-—"""""|-~==nuu= .
Saproclite c3 - 0.45 - 5.0 1.9
c4 10.0 1.0 18.0 -
c5 12.0 7.0 2.1 18.0 -
2.2m
Bl 15.0 1.0 1.4 5.0 -
B2 6.0 7.0 - 11.0 -
Greenigh-greyish |[------|-—"——|-c=r-—}-————mr|————— |1
weathering rinds B3 11.0 1.2 1.8 18,0 -
B4 10.0 1.0 2.0 18.0 2.0
B5 12.0 4.0 G. 5.2 1.0
3.0m
Al 10.0 1.0 2. i11.0 6.0
AZ 5.0 1.0 2. 3.0 2.0
Greenish-greyish |--——-——|-====|-—-———|-w-——— |- o
weathering rinds A3 7.0 0.2 2.0 5.0 5.0
a4 10.0 1.0 2.0 18.0 4.0
AS 8.0 0.2 - 5.2 -
m
E 5.0 1.0 - 13.5 5.0
I3 5.50 1.83 2.0 11.32 1.5
AVERAGE C 7.75] 1.98 6.36 |10.20 1.0
B 10.801 2.88 2.90 (11.44 1.5
B 8.0 0.68 2.00 8.44 4.25
TOTAL ARCDE, AVERAGE T.9 L.75 3.52 ]10.52 Z.38
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Table 2.3: MINERAL COMPOSITION OF UNCULTIVATED SOIL after Ali, 1984

Method of

AAS Perkin

AAS Perkin

AAS Perkin

AAS Perkin

AAS Perkin

Analyses Elemer Elemer Elemer Llemer Elemer
Element Mg Zn Pb Cu Co
Range (ppm) | 1.35-24.6 0.45-1.28 0.0-1.47 0.02-0.44 0.6-4.5

Table 2.4: CONCENTRATION OF METALS IN SOIL OF KUBANNI VALLEY. Prior to
its irrigation. Atter Dahiru (1989).  All results are in ppm.  Analysis was done at Kaduna
Refinery using AAS. detection Timit of elements analysed not stated by the author.

Metal Range Mean
/n _ 2.26 - 3.87 2.79
Mn 30.40 - 42.20 36.29
“i_’l-) . 0.35 - 0.48 0.43
Cd 0.01 - 0.06 0.03

Precipitation and atmospheric fallout:. This is another important source of heavy
metals 1 soil and surface water through their introduction by precipitation and dry fallout on
the water surfaces of drainage basins. The air that moves over the earth surface carries a
large quantity of particulate matter or aerosols. This particular material 1s constantly being
removed from the atmosphere by gravitational setthing and impingement on surfaces, as well
by rain almost as fast as they are added. The materials added to the atmosphere comes from
natural sources and as well through man’s activities and it usually contains appreciable
amount of trace elements. Among the natural sources is harmattan dust.  Table 2.5 1s

showing the elemental concentration in harmattan haze in Samaru Zaria as analysed by

Adetunji et. al. (1989).



Table 2.5;

AVERAGE CONCENTRATION OF ELEMENTS IN HARMATTAN
HAZE. ng/ke dry weight, After Adetunyi et. al., (1989). Values in column three and the last
column have been converted into ®g/g by the Author

Element November, 1980 Dec. 1980 | Jan. 1981 | Uncultivated soil,
Samary

. ng/kg 188 ng/ke ng/kg ng/kg ug/g
L1 - 12.500 0.0125 12.500 I-IIJ()U.U - o
Mg 8716.3 0.0087 6388.7 8.600.0 152.0 0.000152
Fe 50,000 0.05 29411.7 i 62,500 -

Cu 93.3 0.000093 | 36.5 140.0 0.8 {}.{N){KKH'}S_
Cr 0.0 0.0 0.0 0.0 - i
Co 0.0 0.0 0.0 0.0 - -

_/,n 333.3 0.00083 184.7 660.0 4.2 (.0000042

For the above table, the authors continuously collected in the months of November,
December, and January of the 1980 - 81 harmattan dust at a height of 3.5m above the ground.
Samples were collected with a high volume centrifugal cylonair Blower (CHE4) which is
sited in a rural area completely devord of industrial atmospheric pollution,  After sampling,
the sample filters were weighted and then wet-digested m a mixture of sulphuric acid, nitric
acid and perchloric acids in the ratio 1:6:2. Analyses was done using AAS Perkin-Elmer
maodel 290B. The detection limits of the determined elements were not stated by the authors.
Their results of the harmattan dust are slightly higher than those obtaned for similar element
from the analysed uncultivated soil and this makes the results inconclusive, seen that sampling

was conducted in a remote site devord of atmospheric pollution (according to the authors)

which of course disqualified the possibility of that occurring.



5.2.2 Pollution

This is the principal source of trace metals in natural waters by direct discharge of
various treated and untreated industrial. agricultural or domestic effluents. The contamination
ot the water body or drainage basin through the additional wet and dry tallout of metals
attributable to man's activities have been discussed.
Agriculture: Trace metals play an important role in the nutritional requirements of food and
food products. The normal source of these metals to plants is the soil in which they are
grown. The distribution of these metals in rock and soils have been discussed earlier, In
general, the concentration available are usually very small. and in some cases may not be
sufticient to provide the needed requirements of the plants, and therefore an artificial addition
is required by the use of chemical fertilizer, which also is another source of trace clements
into surface and groundwater bodies. Lastly the irrigation water used for irrigating crops is
also sometimes loaded with trace elements especially it domestic effluents are being
discharged into those waters. Table 2.6 1s showing the mean concentration of trace elements
i irrigation water used by dry season farmers in the Kubanni valley according to Dahiru
(1989).
Domestic Effluents: Food containing the nutrients and trace metals taken up from the soil
is consumed by humans and other animals. Not all nutrients and trace elements are retained
in the body. the excess is being passed out in their excrements.  Also household laundry
detergents and cosmetics contain some of these metals. Discharged effluents containing these

substance, runs into our water systems daily.



Table 2,60 MEAN METAL CONCENTRATION OF SOME HEAVY METAL IN THE
TREATED WATERS OF A.B.U. STABILIZATION POND AND TAPWATER. After

Dahiru (1989). Analysis was done with AAS at NNPC Refinery.

Metal ppm

Sewage Effluent

Tapwater

FAO Irrigation Water
Standards

_/.n - 0.31 0.20 2.0
Mn 0.21 B 0.10 0.2
Pb 0.11 _U.(]T 5.00
Cd 0.02 0.01 0.01

The actual amounts of trace metals in domestic sewage may vary according to the
walter usage, quantty and type of food eaten, tume of the year. economic status and the
prevalence of garbage. Sridhar and Bammake, (1986) measured the heavy metal contents of
some solid waste produced in residential areas, a market, a cateteria and the compost
Ibadan. Their results indicated that the solid waste produced i low density areas with higher
per capita mcome and cafeteria wastes were having a higher and low levels of heavy metals
respectively.

Industrial Discharges: Representative concentrations of the various metals m the effluent

from ndustries are difficult to provide. since they vary with the type of mdustry and with
specific operation within the industries.
2.3:  Heavy Metals and Drinking Water Quality

The presence of trace metals in water supplies has a variety of implication concerning

the potability and the ultimate other uses of drinking water, Table 3.5 briefly summarizes



the various types of water quality implication with examples of metals involved as well as
other trace elements.
Table 2.7: CLASSIFICATION OF TRACE ELEMENTS IN WATER SUPPLIES

ACCORDING TO WATER QUALITY SIGNIFICANCE, According to
Brezonik (1974),

Significance Trace Element

Esthetic Significance (taste and discolouration Cu, Fe, Mn, Zn

problem)

Toxic at levels found in some waters As, B (to certain plants only) Ba,

Cd, €r. Hg, Pb, Se.

Toxic, but present levels in water supphes are Ag. Be, Bi, Niand Sb
probably unimportant

Probably not toxic up to ppm level (present levels | Ga, Ge, Sn, Sr, Ti, V, and Zr.
ppb or less)

Nutrient metals (at ppb-ppm levels), some toxic at | B, Co, Cu, Fe, Mn, Mo and Zn
higher levels

Most of concern over trace metals in drinking water stems largely from human health
consideration, that is the effects soft chronic low level exposure to such elements as cadmium,
lead. selenium.beryllium, antimony and cobalt.

It should also be noted that a few toxic metals do occur relatively often in drinking
water supplies at levels approaching or exceeding the WHO drinking water standards as
examplified by Obamuwe's (1988) results of cadmium. lead and antimony who's
concentration are in excess of the stipulated drinking water guideline values. A similar report
was given by Dahiru (1989) both of which the author cannot ascertain their credibility due

to their wide variations,



According to the above table, there are eight elements of principal concern in terms
of their toxicity and another five which while 1oxic, probably occurs at insignificant levels.
The physiological effects of these metals are quite varied, for example, low level cadmium
exposure have been implicated with cardiovascular problems, whereas at higher level it causes

kidney and liver damage, lead affects the kidney and nervous system,

2.4. Effects of Metals on Human's

Metals being elements, can neither be degraded nor metabolized; that is, they are an
example of ultimate persistence. Most elemental metals do not easily enter living organisms,
but metals can form both inorganic and organic compounds, which may differ markedly in
their access to and effects on living organisms, Magnus (1994).

All metals are toxic if present in an organism in excess, but some heavy metals, such
as Zn, Cu, Mn and Fe, at a lower concentration are essential for the growth and well-being
of living organisms including man, however, they are likely to show some toxic effects when
organisms are exposed 1o levels higher than normally required. Other elements such as Hg,
Cd and Pb are not essential for metabolic activities and they exhibit only toxic properties.

Merals may be taken up in inorganic or organic forms, for some elements such as
arsenic and copper, the inorganic form s the most toxic, for others, such as mercury, lead,
and tin the organic forms are the most toxic, Biney, et. al. (1994).

Toxicity means the degree of danger posed by a substance to animal or plant life.
Toxic substances include, hcavy mictals, pesticides, and cyanides. The source and toxicity

effect of some of these trace elements are as follows:
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Cadmium has no known role in living systems, cadmium is released into the
environment from pigments, and as rubber tyres worn out against pavement, also from
electroplating work. Cadmium 1s a known impurity i zine ores and is also released into the
environment from cigarette smoke which is being considered by some toxicologist as the
heaviest exposure that American smokers have (Magnus, 1994).

fis biological effects mcludes Kidney ailment, whereby if saturated. 1 1s released into
the blood streams and may (rigger malignant hypertension.  Cadmium also leads to bone

fragility.

2.3.2 Lead (Ph):

Lead 1s released into the environment primarily through its combustion from
tetraalkyllead in automotive engines. and also through paints and pigments. Pb accumulates
in the bones and is said to cause mental retardation in children. Typical symptoms of acute
Pb poisoning or plumbism are intestinal cramps or painters colic (in which severe abdominal
pain 1s the cardinal symptom). 1t also results in renal fatlure and sterihity, according to

Magnus (1994).

2.4.3 Chromium (hexavalent):

Chromium is widely distributed in the earth crust. and 1t exists m the oxidation states
6. "3and T2A0WHO 1996). Chromium is also an essential element that 18 released into the

environment through pigments, pamts, ceramic and mdustrial discharges etc. Chromates are



water soluble, with the hexavalent ion being the most toxic. tlaxavalent chromium has been
implicated with lung cancer, liver and kidney damage.

The etfects ot two or more of these toxicants can be antagonistic or may be additive
or synergistic, example 15 that copper behaves synergistically with zinc, cadmium and
mercury but antagonistically with cyanide, Mason (1981). Also the toxicity of various
compounds in water will be strongly atfected by the quality of the water, especially by such
factors as dissolved oxygen concentration, water hardness, the temperature and the pH. That
is, toxicity increases with decreasing dissofved oxygen and with pH and it declines with
increasing water hardness. The toxicity of Cd, Cu, and Zn are all increased by decreasing

water hardness and by reduced ievel of dissolved oxygen(Ellis, 1989).

2.5 PREVIOUS INVESTIGATION IN THE STUDY AREA

Ol recent, various attempts have been made o determine the quality of the impounded
water, (both raw and treated), but the main emphasis of the pioneer workers is mostly to do
with water supply investigation, and the general geology of the arca, most of which have been
undertaken before the final construction of the dam in 1980.

Among the many previous workers in the basin are: Du Preez (1961), who worked on
the water supply tor the Ahmadu Bello University site. Oluwa {1967) of the Geological
Survey of Nigeria worked on the groundwater conditions in the Zaria area. Ososami (1968),
also attempted a groundwater assessment in the Kubanni valley tor the purpose of water
supply to the A.B.U. Main Campus, where he made a very little mention of the geological

formation of the entire area he worked on. Omolokun. (1970) worked on the irrigation water
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From a small scale excavation in a dry river bed, where he limits his study to only
a small portion of the Kubanni drainage basin, his main focus are, the yield of
shallow wells situated in a dry bed, the effective method of retaining banks in such
wells, and the suitability of the water and land for irrigation practices.

The tirst detailed accounts of the Basement Geology of the area of study are
that of McCurry (1970), and Wright and McCurry (1970). These authors worked
on the geological mapping of the various rock types in and around Zaria, with little
emphasis on the Quaternary deposit of the area.

Egbeifor's (1978) work dwelled on the evaluation of the hydrogeological
properties of the Kubanni basin.  He also undertook some chemical analysis of wells
in Samaru in order to determine their suitability for domestic, agricultural and future
industrial usages, where he plotted a trilinear diagram and which reveals the
potability of the water. But his conclusion did not satisfy the author, because he
based his chemical quality studies mainly on major ions disregarding the trace
elements. Therefore the Author's view is that he should not have generalized his
conclusions, but rather he supposed to have restrict it based on what he has
analysed.

Ogunrombi (1979) also did some studies on the quality of the impounded
water and he came out with the conclusion that the water is potable, but his
conclusion cannot be without some reservation, that is, his rron content which reads
7.67mg/l is doubtful seeing that the WHO guideline value for ron is 0.3mg/l and
that also in the presence of oxygen, iron is precipitated which settles at the bottom,

theretore such a high concentration 1§ suspicious.



Hilary (1984), worked on the quality of some wells water in Samaru. His
conclusion is that the water 1s suitable for domestic use, for his result showed Cd.
Pb, As. Niand Cu,to be below the detection limit of the technique he used, with Fe
and Zn present in smaller concentration. The only reservation on his result is the
high Mg content of the water 1n the range of 3 - 22mg/l which is very high, though
(t1s still within the permissible range.

In their own work, Udoh et. al. (1986), tested the raw and the treated waters
of Kubanni dam, and in which they found Hg, As, and Cu to be below the detection
limit of the analytical method they used (that is, AAS, Pye Unicam model), but their
Pb content 1s high for the raw water reading 0.5ppm which is too high if we are 1o
consider the current World Health Orgamizanon 1996 drinking water guideline value
of 0.0Img/1 (10 ppb), therefore their declaring the water potable is questionable.

Dahiru (1989) investigated the concentration of some heavy metals absorbed
by irrigation crops using treated effluent water, with tap water as a control. He
came out with the conclusion that the sewage effluents contains slightly more of Cd,
Pb. Zn and Mn than the tap water. And that the concentration of Mn absorbed by
the various parts of the test crops were significantly higher in the tapwater than in
the sewage effluent irrigated crops. His tinal conclusion is that the concentration of
the metals n both the sewage effluent and the tapwater are well below their
permissible limit and may not be toxic to the irrigated crops, animals and man that
consume the crops. But he later recommended for further studies which the Author
thinks to be more proper than his declaration, that the crops may not pose danger to

their consumers or that the tap water i1s potable. Because a water with a Pb



concentration of 70ppb and 10ppb of Cd cannot be potable considering their
guideline values of 10ppb Pb and 2ppb Cd (WHO, 1996).

Jeb (1996) collected samples from three sub-basins he demarcated within the
Upper Kubanni catchment area. After filtering the samples at the field, he acidified
them to pH <«<2. At the laboratory, samples were further digested using
cancentrated HNO, acid combined with heating until when a clear liquid solution is
tormed. This he analysed for six elements using AAS in an unspecified laboratory.

His conclusion shows that out of the six elements he analyzed, Pb occurs between
0.005ppm to 0.001ppm and that Ca, Mg, Cu and Zn are occurring above the WHQO
permissible limit. To the Author his method of sample pre-concentration is new to
him, because since the samples were initially filtered, it make no sense to use much
of HNQ, to digest suspended solids, since the essence of filtration is to remove
suspended sediments. Pre-concentration can easily be achieved by simple heating
of the samples in an oven at a low to moderate temperature. This is the crudest
form, an alternative is the use of chelating agents example is ammonium pyroldine
dithio-carbamate (APDC).

In his own work Obamuwe, (1998), studied the trace elements content of the
impounded water where he analyzed almost all of the transition elements, using an
X-ray tluoresences technique. 1is result show that, with the exception of Cd, Pb
and Sb, all other elements are below their WHO permissible limit, but he finally
made a wrongful conclusion by declaring the water as being suitable for drinking
and domestic use. Wrongful in the sense that a water with Cd content in the range

0.994 - 0.433 mg/l, Pb in the range 0.0969 - 0.0123 mg/l and Sb in the range of
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0.656 - 0.307mg/1 is not at all safe for drinking considering the toxic effects of these
elements.

Last but not the least, Udoh (1999) also tested the water of Kubanni dam in
both its raw and treated forms and concluded that the water is suitable for domestic
use. But on looking at his recalculated fead value (recalculated by the Author) n
shows a concentration range of 0.037 to below detection limit of the technique.

Taking the 0.037mg/l value one cannot say that the water is potable.
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3. METHODOLOGY OF RESEARCH

3.1 Sampling, Pretreatment and Preservation

This bemg a crucial aspect of water analysis was given the adequate
consideration it deserves in order to avoid the contamination of the collected samples
and also to preserye their integrity prior to their analysis. Some analytical results
are m fact m error because of wrongful sampling procedure, rather than because of
laulty laboratory techniques. Therefore, in this work all the necessary precautionary
measures were applied to prevent any slightest change in the collected samples.
These problems were taken care of by:

Selecting the appropriate container to suit this type of work, because leaching of
the contaminants from the vessel walls into the solution usually occur. But this can
not be generally prevented, but can be minimized by the selection of the appropriate
container material e.g. polyethylene as used in this work.

Acidification of the collected samples 1o prevent the adsorption and precipitation
of the trace component in solution.

Also for samples taken from the dam and Hlowing streams, the samplers were filled
and closed under the water i order to have a uniform sample. because sometimes
at the surface of such waters there may exist a surface micro-layer which can be
enriched in some traces.

Al each sampling point the sampler was rinsed twice before being used for sample
collection.  After being pre-washed before the exercise was embarked upon using

chstilled water,



Acidification of samples was done to a pH <2 with an vltra-pure nitric acid
and thereaiter transported (o the base for deep refrigeration.

Each of the sample collected was identified by a label on its container

showing:
i) The nature of the sample,
it} Time and date of sample collection,
iii) Name of collector,
iv) Location of sampling and the pretreatment given,
V) The pH. and temperature as at the time of collection,

3.2 Field Analysis

For reasons of inevitable changes of certain physical parameters with time,
they had to be measured outright at the spot of sample collection. The following
determinations were always made at the source of each of the collected sample.

1) pH and

ii) Temperature

3.3 Laboratory Technigues

In view of the tact that past analyses were done either using atomic
absorption spectrophotometry, or by X-ray fluorescence technique, it was decided
that in this work the two techniques will be used and results obtained will be
compared with the past analyses. This was achieved by collecting two samples at

each of the sampling points at the same time. These samples were given the same
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kind of treatment and were taken to the two laboratories selected at the same time.

Even though there at the laboratories analyses were not done on the same day, the
difterence i1s not much and therefore the results were considered to be not affected
by aiging.

For the first sampling, eleven samples were collected in duplicate, three out
of which are from the reservoir. One set of the duplicates made up of eleven
samples were taken to the first laboratory and were analysed using an atomic
absorption spectrophotometer (Bulk model) at the Department of Geology A.B.U.,
Zaria, Four samples out of the remaining duplicate samples were taken for analysis
using an X-ray fluorescence technique at the Centre for Energy Research, A.B.U,
Zaria. These are samples 1, 2, 10, and 11. This was done in order to check and
compare with:

i) The AAS results of the same samples,
i) To make a comparison with Obamuwe, 1998, rcsults whose overall
analyses were done with the same technique.

In all, at the first stage of analysis nine elements were analysed using the AAS
method of analysis,these are Pb, Co, Ni, Ag, Cr, Fe, Zn, and Cu. For the XRF
analysis which has a lower detection limit compared to the AAS, most of these
elements were below the detection limit of the technique with only Ph, Ti, Cu, and
Fe showing a reasonable concentration which are either less than or slightly higher
than their respective detection limit of the technique.

Theretore, the work was narrowed down to the investigation of Pb, and for

this twenty four samples were collected trom three water bodies (Fig. 9). These are:
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i) The Reservoir,
ii} A seasonal stream that flows into the dam,
iii} Samaru stream.

At each of the sampling points a set of eight samples were collected and
treated Instanteneously. Four out of each set were filtered, and the remaining four
not tiltered. This was done in order to determine the concentration of Ph in both
dissolved and total forms. Therefore, two sets of six samples each comprising of
three filtered and three unfliltered samples were submitted to two different
laboratories at the same time. A day alter, the result from one of the laboratorics
was received and in which the recording was unprotessionally done, that is all values
were recorded as non detected simply because the instrument gave negative values
tor all the six samples. Because of this, the samples were taken to another
laboratory that operates the same technique for re-analysis.

The last sampling conducted werc mainly restricted to the reservoir and wells
located in non polluted background. This was done in order to know the level of
this element in areas considered non polluted and then to compare their results with
what is to be obtained from the reservoir. This s intended to be achieved by
collecting a sample, dividing it into two and giving the two to the same laboratory
at the same time, and also by collecting a sample, dividing it into two and giving
them out o two different laboratorics at the same time, Results obtained will be
pfaced side by side with cach other in order to see how they will correlae with each
other. This the Author thinks is a prercguisitc in anaiysis for achieving good

compatibility of data and hence permitting valid conclusions to be drawn about the
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3.4

quality of the water and the related risk 10 human consumption. Also it was
intended o investigate whether there is a contribution of this element from the rocks
and soil of the study area. To achieve this, nine samples of rock and soil were
collected. These samples were dried in a low temperature oven (105°C) and
pulverized with a tungsten carbide spex mill o fine powdered form at the laboratory
of the Department of Geology, A.B.U., Zaria. Each powdered sample was prepared
as a pellet by homogenous mixing with 2 - 3 drops of an organic liquid binder. A
specac hydraulic press was used in making the pellets with a 19mm diameter disc

using a pressure of 204081 .6Nm™.

Suitability of the Various Techniques Used

Difterent methods abound for the determination of trace elements in water
samples, but the selection of an appropriate method is dictated by many factors,
simply because the difterent methods ditter in their sensitivity ,specificity, precision,
accuracy, ease of operation, speed, and cost{ Reeves and Brooks, 1978).
Compromise among these factors is largely determined by the purpose for which the
data are to be used, and to some extent the nature of the sample, and the availability
of analytical method of choice. For a given method, sensitivity is a function of the
metal being analysed, the matrix 1 which 1t occurs, and the sophistication of
instrumentation, according to Brezonik, 1974, Sensitivity is also dependent on the
method of sample preparation.  Some analytical procedures involve pre-
concentration ot the metals from solution, the most simple of these methods being

ion exchange using chelating resins, which after being the simplest is also the most
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3.5

desirabie method for metals. This was done for the samples analysed with the X-
ray fluorescence technique.

In this work analyses were restricted to two of the existing techniques due to
the non availability of the other methods to the Author, and also due to cost of
analysis, that is, AAS and XRF.

For the atomic absorption spectrophotometric method, it has the advantage
of speed, sensitivity, simplicity, suitability for liquid samples and the ease of
operation. Also it has the advantage of analysing complex mixture without prior
separation, that is, by direct aspiration (without filtration). This was the method that
was solely used in the second round of analyses.

On the other hand, the X-ray fluorescence, method is also known for its
sensitivity and its suitability for liquid samples. Further important advantage it has,
are its multi-element capability and its minute sample mass requirement for easy
quantification of the detected elements, which allows fast and direct analysis of
water, according to Barreiros et. al., (1996).

Even though the X-ray fluorescence technique was used just on some few
samples, it was obscrved that the two methods are both suitable for the analyses of
trace elements in water with the X-ray fluorescence method apart from being used
for quantitative determination, 1s also most suitable for qualitative analysis.

But generally speaking, results obtained in the second round of analysis using
the AAS were highly variable with wide discrepancies.
RESULTS AND DISCUSSION
The results of the analyses done in this work are as tabulated below in Tables 3.1

to 3.5.

k"’SJ’/
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Table 3.1 CONCENTRATION OF ELEMENTS IN AN UNFILTERED WATER SAMPLES, ACCORDING TO THE LABORATORIES AND
TECHNIQUES USED. All results are inmg/ 1 and sample location are as shown on figure 9.
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shown on Eigure 8 AN Results are in mp /1.

L4

Sample S ;
Number %% 9 124 124 i 4
Materiat Dam Water Dam Water Stream Water | Steeant Waler | Stream Water | Stream Water
Sampted Filtered Unfiltered Filtered Unfiliered Filtered Unfiltered
Co-ordinates 108" 16"N 1108 16"N 11o8 12N 1{0812"N 11°09'10™N 110910"N
39 0°E IR T37'35°E TINISTE T38'319"E 38 WE
Sampling Date | 14/10/99 14/10/99 14110499 14/10/99 14410499 14/10r99
Sampled By M.L.Garba, M.L.Gxrba, M.1.Gsrbs, M.L.Garbs, M.L.Garba, M.L.Oarba,
Tempd. of 1rc rc g wc drC wrC
water al
sampling site
pHof wateral | 6.0 6.0 6.0 5.0 5.0 5.0
sampling site
Sampling Polyethylene Potyethylene Polyethylene Polyethylene Polyelthylens Polyethylene
container
used,
Preteeatment Acidilied 1o Acidified to Acitified to Acidified lo Acidified to Acidified 1o
given pHl <2 M <2 rH <2 P <2 il <2 pll <2
< {2ohalos) s 30 4.40 7.40 6.0 9.00 3.20
§ ll99] 0.0 0.27 1.51 2.087 1.49 2.26
% § llﬁdas 0.62 0.1t .61 a.m .00 270 '
¢
g g 29 0l98| 9.02 0.14 0.05 0.00 .10 0.10
Q|x{dni] 000 1.125 0.00 0.125 178 0.38
g LT I
x
-4 16l19)93] . nd n.d n.d nd nd
Table 3.3: LEAD CONCENTRATION IN AN UNFILTERED DAM AND WELL WATERS ACCORDING TO NDA
LABORATORY. Al Results in nigh. .
Sample Number 9¢ {3a 13
Nature of Sample Dam Water Dawm Waltr Well Water Well Water
by Whom Colfecled M.L. Garbe M.L. Garha M. L. Gatba M, L. Garba
Time Collecled 28/12/99 28/12/99 28/12/99 28099
pH of water st 6.0 t 50 6.0 6.0
Samptling site
Temperature of water 29C C 29'e e
at Sampling dite
Co-ordinates tictr' 6™y HOR I8N 11708'22°N 11§ 22N
T35°30°E "9 0°E 731418 TITALE
Analyzed by Mr. Goddy Mt. Goddy _ Mr. Goddy Mz, Goddy
Resuits (ppm;} o.46t 0.074 0.243 0.245
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Tahle I2:CONCENTRATION OF Pb IN WATER SAMPLES FILTERED AND UNFILTERED, ACCORDING TO VARIOUS
LABORATORIES USED. Locaifon of Samples are as .



Sample Husher L] nh Ha 1s 1* 17 1 " Fe) a1
Sample Pam Mater Nal) Water Wall Mater Orthorlana Muscowlbe MHadlum Parphyedt ! dineins Sail Soil patfifs
Tdentiflcat lon franite £ Gronite Imatt led rone)
rone)
Fa-ordinates I]'ﬂ?'l?'" I‘1 B!‘l:'!l 11 OI'ZE‘N 1}'09'0|‘n 1109 45N 110843~ 11 a7'In*w 11°09'52"N 11 01°22"0 nerare
Lt LA L rITate TIV4E Lt LLRE A ¢ L LI R A L] Rt DAL E RS TR AR LS LIR L4 4 Tisiete
TN oaRE
Date af 13/ 000 /3100 T/3/1000 tas2/2ap0 147273000 14727200 /272000 147272000 147272000 14/ /2000
Sampling L]
Date of i0/rja000 20/0/2000 10/1/3000 100172000 20/31/2000 20/3/2n0 2n/3/2000 a/3/32000 /972000 18/ 2/2000
Aralysis n
Sampled by M 1. Garba, M.L.Carka, M. L.Garka, M. Garba, M.L. Gatba, H.L.Garh M.L.Garba, H.L.Garba, M. L. Carba, M. L.Garbe,
.,
Tesparsture af wr e e - - - - - -
Water at
Sampling Time
pH af Water at &.n §.0 to - -
Sampling Tiee
Container Vesd Folysthyle Folysthylene | Polysthylens Polysthylena | Palysthylens Folyathy PFalysthyle Folyathyls Folyethyle Polyethylens
ne Lane ne ne ne
Fretreatment Reiditied Reidified te Reldified ta Fulverlzed Falver f1ead Pulveria Puilyerlzed Falverized Tulverized Tulvarized i
1t mny to pH «2.0 oM 2.0 wH <7.0 to fine ta fine »d to to tine te finw ta fine ® tine powder
prreder powilar fina posder [l 1 povder
powday
Laboratery C.EN.T c.ERT C.E.R.Y C.E.R.T C.ERT cC.ENT c.ENT C.L.hT C.B.E.T C.Ln.T
Analymed by Py Funtua o Funtua or . Funtus D, Funtus Dy - Funtus br.Funtu Pr.Funtua Pr.Funtus By Funtus DY Funtus
.
cd “<0.418 0. 280 0.304 - L] - - -
™ 8,011 0. 014 <0, 008 &0, 000 <12 400 25.100 23,100 1,800 ¥l pon 17 300
sh en. el <0210 8,288 - -
L] <0, 012 <0, 011 <. 008 13,100 -
ro €0.022 b 014 n.014 «}.100 - - . -
cr «0.0213 «0.024 <0021 - <48, 100 - -
T o, 054 ald, 048 a.fls <JTS. 000 52 000 ££% non 581 .000 1E80, o0 7540 ncs Wwre. 000
v 8,037 <0, 0% «0,.h28 - €17, 400 - -
L] <0, 008 <«0.f11 <8.006 “6.040 «h. 610 «5.710 «5, 920 «8. 140 «5.0%0 «% Ve
Ll <0, DS <0, 0% 0. 0Ny -
Ir «0.00% fa.603 0._nok <f. 080 «Y.as¢ ST, 100 5. 000 130, 080 4F a0 155 a0
£n 0,383 n. 27 5. 327 - - - - - -
cu «f. 008 <0, 810 «n_an? <l1.non - - -
n B.418 0,008 <0, 60% =9, 740 17, %00 127 000 13, nan 93,800 16,304 Is son0
.
1 «0.14% €n. 140 “0.137 - " -
" FLLLT «n nne R LUAEL] “n . 100 3,000 LLRLL] LR B T s _wan ke ana
Fe 1,590 049 1.7%0 546, 00N 9630000 4320, 000 4580, 000 14 100, 600 LLLL LT 1adon_pon
Mn {8, 000 183 000 T1.000 113,000 15is.000 244.000 100 000
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Table 3.5: CADMIUM., LEAD. AND ANTIMONY CONCENTRATIONS FROM
AN UNFILTERED DAM AND WELL WATERS ACCORDING TO THE
OFFICE NATIONAL DES RECHERCHES MINIERES ONAREM, NIGER
REPUBLIC. Sample location is same as those of table 4.4. All results are in mg/!.

-_
Sample Number e 3¢ 14b
Nature of Sample Dam Water Well Water Well Water
By Whom Collected M. L. Garba M. L. Garba M. L. Garba
Co-ordmates OB 16"N 108" 19"N [1708'22"N

739'30"E 7°37'41"E 737 14°E

Date Collected 07 /(037 2000) 0770137 20010 (U7/03/2000
Date of Analvses 09/03/2000 09/03/2000 09/03/2000
pH of Water at Tune 6.0 6.0 6.0
of Collection
Temperatre of 29°C 30°C e
Water Sampling Sie
Cd 0,00 0.01 LRV
Ph 0,00 0,00 0.00
Sh 0,00 0.00 0.02

Comparing the XRF result of tables 3.1 and 3.4 (for the water samples),the
results of Pb. Zn, Cu, Fe, and Zr do correlate with each other. And for table 3.4 alone,
the resulis of As. and Se were at their natural level of concentration in fresh water .But
for the rest of the elements, more especially Cd, Sn, and Sb their values are very high.
Infact for Sn. the value obtained is higher than what Schoeneich (2000) obtained from
the Jos Plateau,and therefore this cannot stand except if the techmque used 15 not

suitable for the determination of these elements from water sample.



4. LEAD IN THE ENVIRONMENT

Lead (Pb) is a soft grey metal that readily combines with anions to form divalent
salts. It exists in compounds in the divalent and tetravalent forms, but the divalent
specie 15 the most common and the most stable form, according t0 Wedepohl (1964).

Magnus in 1994 described it as the most important hazard in the development of
civilization, and for that it have received a great deal of attention worldwide. This is due
to its ubiquitous nature consequent upon its heavy use as a gasoline additive which
makes 1t versatile, and thus common to all environmental compartments of urban areas

(1.e. soil, dust, vegetation and open water bodies).

4.1 Crustal Abundance

As stated in Section 5.2 of this work, the average concentration of Pb in the
Earth crust is about 1Sppm, Wedepohl (1964). Thus a certain amount of this highly
toxic element has been present in man and his environment, with orthoclase feldspar
been recognized to be the most important Pb carrier of magmatic rocks. Common
magmatic rocks of the upper continental crust contains about 20% K-feldspar (and 40%
plagioclase feldspars). and the two feldspars contribute 11 and 2ppm of Pb to the total

Pb content of the common continental rocks. according 1o Wedepohl (1964).

4.2  Behaviour During Weathering

When granitic rocks are chemically weathered, the leached Pb 1s not easily

mobilized. but it 1s adsorbed on the newly tormed clay minerals (e.g. kaolinite).



This low rate of mobilization of Pb during chemical weathering is observable from
its low concentration in surface runoff, according to Wedepoh! (1964). This also can
be observed from Magdi's (1999) work, where his analysis of a chemically
decomposed granite gave a Pb value of 28.77ppin, with the fresh granite containing
50.00ppm Pb. This indicates a Pb loss of about 44% if ihe weathered sample is
identical with the fresh rock analysed in this investigation. Also according to the
same author, more advanced decomposition of the same granite during lateritization
resulted in a pronounced accumulation of the mobilized Pb in the indurated layer of
the same profile. Even though the Author did not analyse any ferruginous
concretion, his values obtained by analyzing rock and soil samples coufirms part of
the above observations. That is, the present Author obtained 24ppm Pb in the fresh
exposed outcrop, with 17 and 15ppm in the completely decomposed outcrops, that
is, on average a loss of 34% Pb. This therefore implics that Pb is slightly leached
from its source, and therefore its mobility is low except if pH conditions revert to
acidic, then its solubility increase, but not in high concentration because of the low
solubility of lead sulfate (Pb S04). But in neutral or somewhat alkafine condition
the Pb is hydrolyzed and is readily co-precipitated with hydroxides of more abundant

elements or is adsorbed by clay minerals, according to Wedepohl (1964),

4.3 oils
Soils in their clay fraction contain the residual Pb of weathered rocks on which
they have been formed. This as carlier said, is due 10 the adsorption of this element on
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the newly formed clay minerals such as kaolinite, according to Wedepoh! (1964). What
was obtained in this work, that is |5 and 17ppm, partially correlates to what Magdi
(1999) obtained in his work, but disagrees with what Ali (1984), Dahiru (1989}, and
Adetunji et. al., (1989) reported. This probably is due to the variation in depth at
which each of the analyst obtained their sampie. That is to say that, the Author and
Magdi (1999) obtained their samples from the mottled and pallid zones respectively, but
the others did not specify in their reports. Also what the Author obtained generally
agrees with what Shacklette et. al., (1971) have published in their survey of 863 soils
sampled at about 20cm depth in a regular network over the United State in which their

analysis gave a geometric mean of 16ppm Pb.

4.4 Abundance in Natural Waters and in ¢the Atmosphere

The concentration ot Pb in river waters under natural condition is low, wrote
Wedepohl (1964).  Although small amounts of Pb are widely distributed as minor
constituents in rock and soils as revealed by the Author’s own analyses of rocks, soils,
and minerals, Pb is only slowly released into such waters, as the chemical weathering
of the rocks and soils can only contribute minor quantities of Pb due to its adsorption
on clay minerals formed, and on other organic residue, and as well by precipitation of
fead hydroxides, phosphate and/or carbonate. According to Ward (1993}, Pb is present
in freshwater and in rivers in concentration ot 1 and 5Pg/], and from the Author's own
analyses, most of the values obtained were in the range <24 ®bg/l to <10 ®g/l which

confirms the values given by Ward (1995).
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Anthropogenically, Pb is released to the environment through the combustion
of tetraalkyllead compounds in automotive engines and which accounts for about 94.8%
of all atmospheric Pb, according to Magnus (1994). In gasoline augmented with
tetracthyllead, Pb is released as an aerosol with a medium diameter of 0.2¢m.
Although, no data exist on the atmospheric concentration of Pb in the study area, it is
believed that, just like in any other urban area where there is much activities leading to
the release of exhaust gases from gasoline combustion, Pb is bound to be present in its
atmospheric area, and which is being deposited on the soils, vegetation and open water
surfaces through gravitational settling and impingement on surfaces of objects or

ultimately through precipitation.

4.5 Health Effect of Environment Ph

Inorganic Pb (Pb**) is a broad-spectrum metabolic poison and there is no
convincing evidence that it functions as an essential element in man; even at very low
levels. All its known effects appears to be adverse, according to Magnus (1994), Pb
reproductive and neurological effects are credited by some with assisting decline of the
Roman empire.

According t0 Magnus (1994), the typical symptom ot acute Pb poisoning or
plumbistn are: Intestinal cramps or painters colic, renal failure, sterility and irreversible
brain damage. In children, Pb is suspected of contributing to hyperactivity, behavior

disorders and learning disabilities.
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4.7

Since Pb 1n drinking water from Kubanni dam is at the level <0.024 to
<0.010ppm, which does not exceed reasonably levels permitted by WHO 1993

standards, therefore there is not Ph hazard for consumers of water from Kubanni dam.

4.6 Is There Pb Pollution in Kubanni Dam

From data presented and discussed, the Author can conclude that there is no Pb
pollution in Kubanni dam as earlier proclaimed by some workers. This is so because
from the results obtained trom some of the laboratories used for analyses including the
reference laboratory at Onarem, Niger Republic indicated a range of <0.024ppm to
<0.010ppn1,in the Kubanni dam, and from <0.014ppm to <(0.008ppm for wells,
Therefore, these results indicate that, either Pb is present in amount slightly above the
WHO permissible limit for drinking water of 0.010ppm or that, it is present in
concentration below the WHO permissible limit, since a value of <0.024ppm can also

take the interpretation of <0.010ppm.

Suitability of the Water from the Study Area for Various Uses

From the afore-mentioned facts and findings, the Author can finally say that, the
water of the study arca is suitable for various uses in terms of its Pb content without any
limitation (that is, for both domestic, agricultural and industrial uses). This is contrary
o what some of the past workers have earlier reported {(e¢.g. Obamuwe, 1998).

To the Authors belief, it ts only accurate analytical results that can allow valid
conclusions to be drawn about the quality of different types of water. The Author is not
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4.8

saying that his results are more valid or more accurate than past analyses done in the
study area, but at least there are various measures needed to be undertaken by each an
every analyst to ensure good reproductivity and good accuracy of results.  This the
Author has achieved by embarking on inter-laboratory comparisons in which
laboratories that gave different results for same sample were eliminated by discarding
their results during conclusion. This has help the Author tremendously in establishing
the non-existence of high Pb concentration as earlier documented by some of the past
workers. That is, from <0.024 1o <0.010ppm Pb for Kubanni dam. This range of
concentration is of course suitable for drinking, for fish culture for irrigation and for

domestic uses.

Protection of Kubanni Dam

[t is important for us o understand that the avaifability of water alone is not
sufficient, or that, it is not our ultimate desire, but "the quality of the water”, that is the
water must meet its quality criteria in terms of its mtended domestic and industrial
usage. When we have this in mind, it then becomes imperative on to us to know the
source and the routes of the water we impound, this is also necessary because if we
careless to monitor the source, we may end up tmpounding etfluents and which 1t t
contains trace metals will be difficult to remove. Because once any metal reaches a
water body it will be difficult to remove, but will be partiioned among the various
aquatic environmental compartments, that is water (in dissolved form), suspended

sediments (by adsorpuion), sediments, and the biota by (bio-accumulation) and this will



).

i)

be recycled from one medium to another with an ultilinate tinal destination into human
where the water is drunk or the fish eaten by them.

Theretfore, to avoid pollution, or to minimize it in case where it has already
occurred, and also to increase the life span of the reservoir, and also to conserve its

water, the following measures needed to be taken according to the authors view:

Effluents, flowing into the Dam through Samaru stream should be monitored on timely
basis to know the level of their chemical constituents. This is because to the Authors
view if there is pollution in Kubanni dam, then Samaru stream is its major source
which serve as a drain for all domestic effluents originating from Samaru village and
also effluents discharged trom the filling stations and mechanical workshaps sited in
therc. Or alternatively, the course of that stream should be diverted from emptying into
the dam to Kubanni stream below the dam. This if done, will solve if not all, then
nearly all pollution problems ascribed to the dam.

Afforestation should be intensified in the immediate area surrounding the dam, and
also in areas being affected by guliying. This is also necessary in the sense that the rate
at which silt, clay and sand are being washed into the Dam will be drastically reduced
since this will reduce erosion and gullying and will also serve as wind breakers and
therefore reduce cvaporation rate.  Overgrazing and bush burning should also be
discouraged as this will also expose the soil to erosion which if on increase will
accelerate the rate at which the Dam is silting up with the consequence of reducing the

life span of the reservoir.
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The refuse dump sited at the back of ICSTA hall should be relocated to a more
appropriate place(like the University Farm which has a vast land). This is because. even
though that the refuse is continuously being incinerated, the residues are left behind and
which are continuously being washed nto the stream with their final destination being
the Kubanni dam. This if done, the compost to be generated could be used to increase

the farm soil fertility which is continuously being depleted.



8. SUMMARY, CONCLUSION AND RECOMMENDATION

5.1 SUMMARY AND CONCLUSION

Concentration of Pb in water of Kubanni dam, as well as water, soil, and rocks
of Kubannt dam Dramage Basin was nvestigated. This investigation resulted i the
following findings:

k; Concentration of Pb in Kubanni drainage basin, in groundwater considered by the
Author as non polluted is at level of < 0.014ppm and < 0.008ppm which is comparable
with expectations of Pb concentrations in non polluted water less than 0.010ppm
according to Wedepohl (1964), and Schoeneich (2000).

2. Concentration of Pb in Kubanni dam which is the source of drinking water for ABU
Campus was found to be less than 0.024 and less than 0.01lppm. These results are
inconclusive. They indicate either that the water is non polluted or in the worst case
negligibly polluted. But, m-hght of these results high levels of Pb pollution in Kubanni
dam reported by some previous researchers cannot stay.

3. In process of research. the Author found that, results of the chemical analyses of the
same sample of water differ widely from laboratory to laboratory, and sometimes even
the same laboratory gives widely different results of the same sample of water disguised
as two different samples. This in the Author's opimion is one of the main reasons why
results of the past investigation of Pb i Kubanni dam ditfer so much from each other.

Yet the Author succeeded in identifying his non credible results by applying shghtly

modified (by the Author) inter-laboratory and inter-technique comparison approach and



5.2

2.
a)

b)

ended with results which he believes, are more accurate than most of the previous

results from Kubanni dam.,

RECOMMENDATION
Findings, listed under 1, 2, and 3 above, added to the knowledge of regional

hydrogeology, (finding 1 and 2} of Nigeria, and to the methodology of hydrochemical
mapping (finding 3) but are not conclusive. Detection limits for the laboratory that
provided results believed 10 be more accurate than the previous resulls from less than
0.024 o less than 0.008ppm of Pb are above non polluted concentrations which are
expected to be around 0.007ppm. Therefore, the study should continue with the aim
of monitoring pollution, which even if absent today may at any time enter Kubanni Dam
through Samaru stream. However, any follow up study if it has to add to the
knowledge instead ot adding to the existing confusion should apply the procedures
elaborated above, that is, namely:

Identify a laboratory capable of producing results down to 0.001 - 0.002 ppm levels
(that is levels in non polluted water for most heavy metals).

Establish credibility of this laboratory by:

By the laboratory's past results,

By comparing results for the same sample of water disguised as different samples,

59



C) By giving for analysis sample of water of known concentration of heavy metals by the
researcher.

These the Author thinks are necessary, because a lack of analytical quality

renders useless many of the results obtained in monitoring campaigns. This creates

economic losses because of the extra analyses and the cost in terms of quality of life can

hardly be estimated, but may be very high.

S

And finally, the University Authority should consider re-directing the source of

“

effluents to the dam. that is “Samaru stream”™ from flowing directly into the dam to

below it's downstream.



REFERENCES

Adanu E. A, (1987). Some Hydrogeological Characteristics of Shallow Basement
Aquifers in Zaria - Kaduna Area of Nigeria, In; Current Rescarch in African Earth
Sciences. Matheis and Schandeimeier (eds). Belkam. Rotterdam.

Adetunji, J. and Ong C. K. (1989). The Concentration of Trace Elements in
Harmattan Haze in Samaru and Bagauda. Journal Discovery and Innovation, Vol. |
No. |[.

Ajibade A. L. (1988). Structural and Tectonic Evolution of the Nigerian Basement,
with Special Reference to NW Nigeria.  International Conference: Proterozoic Geology
and Tectonie of High Grade Terrain, Ife, Nigeria.

Ali M. S. (1984). Mineral Composition of Soil at the A.B.U. Neutron Generator Site.
Unpublished B.Sc. Dissertation, Dept.ot Physics, A.B.1., Zaria.

Baker, T., Hans, B. J., and Smith, U.G.F. (1979). Eftects of the Kubanni Dam on
Eeological Conditions in the River Channel Below the New Impoundment.  Savannah
Journal. Vol. 8, No. | . Published by A.B.U. Press.

Barreiros, M. A., Cavalho. M. L., Costa, M. M., Marques. M. T., and Ramos,
M. T. (1988). Application of Total Reflection XRF o Elemental Studies of Drinking
Water, Journai X-ray Spectrometry, Vol. 26. pp 165 - 168, John Wiley and Sons [.1d.

Biney, C.. Amuzu, A. T., Calamari, D., Kaba, N., Mbone, I. L.. Nalvi, H.,
Ochumba, P.B.O.. Osibanjo, O., Redegonde, J., and Saad, M.A.H. (1994).
Review of Heavy Metals: In: Review of Pollution in African Aguatic Environment.
C.LE.A. Technicat Paper, 25. FAO Rome.

Black, R. (1980). The Precambrian West Atrican. Episodes, No. 4. Dec. 3 - 8.

Brezonik, P. C. (1974). Analysis and Speciation of Trace Metals in Water Supplies:
in Aqueous-Environmental Chemistry ot Metals. Alan, J. R. (ed). An Arbor Science
Publishing Company, Michigan.

Cannon, H. L. (1976). Lead in the Atmosphere. In: Lead i the Environment United
State Geological Survey Professional paper 957.

Dahiru, M. (1989). Some Heavy Metals in Plants Trrigated with Sewage Etfluent of
A.B.1. Stabilization Pond, Unpubl. M.Sc. Thesis. Department of Water Resources,
A.B UL, Zana.



Du Preez. J. W. (1961). The Distribution of Groundwater in Northern Nigeria;
Geological Survey ol Nigeria Report, No. 1188 Kaduna.

Egbeitor, C. (1978). Hydrogeology of Kubanni Drainage Basin, Zaria, Kaduna State.
Nigeria. Unpubl. M.Sc. Thesis, Dept. of Geology. A.B.U., Zaria.

Ellis, K. V. (1989). Surface Water Pollution and its Control. Macmillan Press 1.td.
London.

Environmental Impact Statement Glossary (1984), M. Landy (ed). Plenum
Publishing Corporation, 277 West 17th Street, New York, N.Y. 10011.

Environmental Protection Authority (1979). Methods of Chemical Analysis of Water
and Waste Water. United State Environmental Protection Authority. Cincinnati, Ohio.

Hilary C. A. (1984). Chemical Analysis of Well Water in Samaru Zaria. Unpubl.
M.Sc. Thesis, Dept. of Chemistry, A.B.U.. Zaria.

Jackson, G. (1970). Vegetation. In: Zaria and its Region .M.J. Mortimore (ed), Dept.
of Geography Occasional Paper, No. 4.

Jeb, N. D. (1996). Analysis and Concentration of Some Metals in Stream Water of the
Upper Kubanni Drainage Basin Samaru, Zaria. An Unpubl. M.Sc. Thesis, Dept. of
Geography, A.B.U., Zaria.

Lovering, T. G. (1976). lead in the Environment. United State Geological Survey
Protessional Paper. No. 957.

Magdi, O. (1999). Geological and Geochemical Investigation of Lateritic Profiles
around Kano, with Special Reference to the Distribution of Base Metals (V, Cr, Mr, Co
and Ni). Unpublished M.Sc. Thesis, Dept. of Geology, A.B.U., Zaria.

Magnus, F. (1994). Toxic Substances in the Environment. John Wiley and Sons Inc.
New York.

Mason, C. E. (1981). Biology of Freshwater Pollution, Longman, London.

McCurry, P. (1970). The Geology of Degree Sheet 21 Zaria Nigeria, Overseas
Geol.and Mineral Resources, London.

Meteorological Data (1970 - 1997). Samaru Meteorological Observation Station, Dept.
of Soil Science, A.B.U., Zana.



Obamuwe, O. O. (1998). Heavy Metals Concentration in A.B.U. Dam. Unpubl.
B.Sc. Thesis, Dept. of Geography, A.B.U,, Zaria.

Ogunrombi, J. A. (1979). Water Quality of Kubanni Dam, Savanna Journal, Vol. 8,
No. 2, A.B.U, Press, Zaria.

Ologe, K. O, (1973). The Kubann Dam. Savannah Journal Vol. 2, No. 1, 1973.
Published by A.B.U. Press, Zarna

Oluwa. J. AL (1967). Prehimmary Investigation of the Groundwater Condition in
Zaria, Sheet 1025W. Geological Survey of Nigeria Report, No. 1402,

Omolokun, A. (1970). Irrigation Warter from Small Scale Excavation in Dry River
Bed. Unpubl. M.Sc. Thesis, Dept. of Civil Engineering, A.B.U., Zaria.

Ososami, A. L. (1968). Assessment of the Groundwater in the Kubann Valley, Zaria.
An Unpublished M.Sc. Thesis, Dept. of Civil Engineering, A.B.U, | Zaria.

Pelig- ba, K. B. (1996). Trace Elements m Groundwater from Some Crystalline Rocks
in the Upper Regions of Ghana. In: Journal of Water, Air,_and Soil Pollution Vol. 103,
P, 71 - 78, 1998, Kluwer Academic Press Netherlands.

Presant, . W. (1971). Geochemistry of Fe, Mn, Pb, Cu, Zn. As. Sb in the soil of
the Bathurst area, New Brunswick. Canada Geol. Survey Bull. 174, 93 p.

Reeves, R. D. and Brooks, R. R. (1978). Trace Element Analysis of Geochemical
Material. John Wiley and Sons, Toronto.

Schacklette, H. J.. Hamilton, J. C., Boerngen, J. C., and Bowle, J, M, (1931).
LElemental Composition of Superfictal Materials m Contaminous United State. United
States Geological Survey Paper, No. 5742.

Schoeneich, K. 2000). Concentration Levels of Heavy Metals as Pollutants in the Jos

94/007.

Sherman., L. W: Donald, B. A. and Nicholas, K. C. (1974). Sources and
Distribution of Trace Metals in Aquatic Environments. In: Alan, J. R, (ed). Aqueous
Environmental Chemistry, An Arbour Science Publishing Company, Michigan.

Sridhar, M. K. and Bammake, A. O. (1986). Elemental Composition ol Compost
Waste in Ibadan, Journal Water, Air, and Soil Pollution, Vol. 102.




Udoh, A. P.. Singh, K. and Omenesa, H. Z. (1986). Determination of Some Water
Quality Parameters for Drinking Water i Zaria. Nigerian Journal of Scientific
Research. Vol. 1, No. |.

Udoh, C. (1999). Hydrogeochemistry of A.B.U. Dam. An Unpublished B.Sc. Seminar
Paper, Dept. of Geol.. A.B.U., Zaria.

Ward, F. N. and Fishman, M. J. (1976). Analytical Methods for the Determination
of Lead in the Environment. In: Lead in the Environment. Lovering T. G. (ed),
United State Geological Survey Paper, No.957.

Ward, N. L. (1995), Trace Elements. In: Fitield, F. W. and Haines P. J. (eds).
Environmental Analytical Chemistry. Heimen Academic Press. Chapman and Hall
(Fride: Pehig- baj.

Wedepohl, K. H. (ed.) (1964). Handbook of Geochemistry. Springer Verlag, Berlin,
Hewdelberg- New York.

World Health Organization (WHO) (1996). Guidelines for Drinking Water Quality:
Second Edition, Vol. 2. Health Criteria and Other Supporting Information. Published
by International Programme on Chemical Safety. World Health Organization, Geneva.

Wilson, A. L. (1974). The Chemical Analysis of Water: General Principle and
Techniques. The Chemical Society of London, Burhington House, [ondon.

Wright, J. B. and McCurry., P. (1970). Geology of Sheet 102SW Zaria. In:
Mortimore M. 1. (ed). Zaria and its Region. Dept. of Geography Occasional Paper, No.
4. AB.U,. Zaria.

Zaria Master Plan (1976). An Unpublished Paper. Printed by the Department of
Urban and Regional Planning, A.B.1., Zaria.



AP



APPENDIX 6.1.1; SAMPLE 1b.

Material: Stream Water.

Co-ordinateg: 11°09'50"N; 7°36'38"E. )
Analysed by: Dr. I. Funtua in CERT, Zaria, by XRF technique.
Result is as presented on table 3.1.

Location of sample is as shown on figure 9.

ANALYSIS RESULTS

SAMPLE: 151692 MATRIX:PRECIPITATE [THIN] VOL.-WATER [ml]: 100,000
EL E [KEV] INT [C/8] 8 T CONC [FRAC]) FRROR

5 2.307 0.083 3.81E+02 1.0000 1.05E-05 1.B2E-06
FE 6.400 0,959 1.77E404 1.0000 2.63E-06 1.92E-07
cu 8.041 0.023 3.08E104 1.0000 3.66E-08 - LOD-

ZN 8.631 0.032 3.63E+04 1.0000 4.33E-08 1.22E-08
PB 10.540 0.019 3.18E+04 1.0000 2.%4F-08 1.06E-08B
ZR 15.746 0.039 . 1.09E+05 1.0000 1.74E-08 4.45E-09

APPENDIX 6.1.2; SAMPLE 2b.

Material: Stream Water.

Co-ordinates: 11°09'35"N; 7°38'41"E. .
Analysed by: Dr.I. Funtua in CERT, Zaria,by XRF technique.
Regult is as presented on table 3.1.

Location of sample is as shown on figure 9.

ANALYSIS RESULTS

SAMPLE: 151693 MATRIX: PRECIPITATE [THIN] VOL.-WATER [ml]: 100.000
EL E [KEV] INT [C/8] ] T CONC [FRAC] ERROR
5 2.307 0.114 3.81E+02 1.0000 1.45E-05 2.04E-06
FE 6.400 1.635 1.77E4+04 1.0000 4.4BE-06 3.21E-07
cu 8.041 0.019 3.0BE+04 1.0000 3.01E-08 -LOD-
4N B.631 0.026 3.63E+04 1.0000 3.42E-08 1.1BE-08
PR 10.540 0,017 3.18W+04 1.0000 2.60E-08 -LOD~
4R 15.7486 0.021 1.09E+05 1.0000 9.13E-09 -LOD~-
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APPENDIX 6.1.2.2; SAMPLE 16.

Material: Muscovite

o n
_ordinates: 11°09'48"N;7°36'15"E. i mnique.
ggaT;gﬂz by: Dr.I. Funtua in CERT, Zaria, by XRF techniq

i 1 : 1.4,
Result is as presented on table _
Location of sample is as shown on figure 9.

ANALYSIS RESULTS

SAMPLE: 152480 MATRIX: [AO= 11000] WEIGHT [g/cm”™2]: 0.018
EL E [KEV] INT [C/S] S T CONC [FRAC] ERROR

K 3.312 1.510 1.38E+04 0.0032 3.39E-02 6.22E-04
CA 3.690 0.058 1.63E+04 0.0037 9.44E-04 -LOD-
TI 4.508 0.133 3.76E+04 0.0061 5,72E-04 6.74E-05
v 4.949 0.033 5.67E+04 0.0075 7.74E-05 -LOD-
CR 5.411 0.032 7.38E+04 0.0088 4 .87E-05 -LOD-
MN 5.895 0.172 9,3BE+04 0.0100 1.82E-04 1.70E-05
FE 6.400 12,385 1.15H+05 0.0111 9.63E-03 5.42R-05
o 6.925 0.058 1.43E+05 0.0118 1.41E-05 -LOD-
NI T 472 0.030 1.79E+05 0.0127 1.31E-05 -LOD-
cu 8.041 0.031 2.11E+05 0.0134 1.10E-05 -LOD-
ZN 8.631 0.064 2.53E+05 0.0141 1.79E-05 31.93E-06
W 8.340 0.034 1.05E+05 0.0138 2.35E-05 B.06E-06
GA 9.243 0.276 2.79E+05 0.0146 6.76E-05 4.16E-06
AS 10.532 0.048 3.61E4+05 0.0155 B.61E-06 -1L,0D-
PB 0.540 0.040 2.10E+05 0.0155 1.24E-05 -LOD-
BR 11.907 D.031 4, 99E+05 0.0161 3.878-06 -LOD-
RB 13.375 3.381 5.49E+05 0.0165 3.73E-04 4 .26E-06
S8R 14.142 0.035 5.98E+05 0.0167 31.51E-06 -LOD-
b4 14.933 0.050 6.50E+05 0.0168 4.56B-06 -LOD -
ZR 15.746 0.043 8.34E+05 0.0169 31.05E-06 -LOD-
NB 16.584 1.658 9.12E+05 0.0170 1.07E-04 1.96E-06
MO 17.443 0.042 9.95E+05 0.0171 2.47B-06 -LOD-

APPENDIX 6.1.2.3; SAMPLE 17.

Material: Medium Grained Granite.

Co-ordinates: 11°09'42"N;7°38'09"E. . _ .
Analysed by:Dr. I. Funtua in CERT, Zaria, by XRF technique.
Regult is as presented on table 3.4.

Location of sample is as shown on figure 9.

ANALYSIS RESULTS

SAMPLE: 182473 MATRIX: [AD= 11000] WEIGHT [g/cm”2] : 0.120
EL E [KEV] INT [C/8] 8 T CONC [FRAC] ERROR

K 3.312 0.732 1.33E404 0.0029 1.87E-02 B.46E-04
CA 31.680 0,209 1.58E4+04 0.0036 31.61E-03 4.918-04
4 | 4.508 0.153 3.63E404 0.0063 6.65E-04 1.19E-04
MM 5,895 0.085 9.07E+04 0.0131 7.10E-05 2.1BE-05
FE 6.400 B.265 1.11E405 0.0164 4.52E-03 3.76E-05
ZN B8.631 0.105 2.44E+05 0.0340 1.27E-05 3.08E-06
] 8.340 0.583 1.01E+05 0.0314 1.83E-04 7.64E-06
AS 10.532 0.101 3.49E+05 0.0508 5.73E-06 ~-LOD-

PB 10.540 0.259 2.03E405 0.0508 2.51E-05 3.62E-06
BR 11.907 2.456 4.82E+05 0.0612 8.31E-05 1.51E-06
RB 13.375 4.427 5.30R+05 0.0703 1.19E-D4 1.5BE-D6
SR 14.142 1.223 5.7BE+05 0.0743 2.85E-05 9.46E-07
Y 14.933 0.627 6.28E+05 0.0778 1.29E-05 B.49E-07
ZR 15.746 3.730 B.06E+05 0.0810 5.72E-05 B.76E-07
NB 16.584 0.539 8.81E+05 0.08B38 7.31E-06 5.28E-07
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APPENDIX 6.1.2.4; SAMPLE 18.

Material: Porphyritic Granite.

Co-ordinates: 11°07'30"N;7°37'53"E.

Analysed by: Dr. 1. Funtua in CERT, Zaria, by XRF technique.
Regult ie as presented on table 3.4.

Location of gample is as shown on figure 9.

ANALYSIS RESULTS

SAMPLE: 152474 MATRIX: (AD= 12000] WEIGHT [g/cm”2]: 0.100
EL E [KEV] INT [C/S) 5 T CONC [FRAC) ERROR

K 3.312 0.958 1.33E+04 0.0027 2.61E-02 8.0BE-0D4
Ch 3.690 0.281 1.58E+04 0.0033 5.27E-03 4 .57E-04
TI 4.508 0.124 3.63E+04 0.0057 5.91E-04 1.06E-04
MN 5.895 0.123 9.07E+04 0.0120 1.13E-04 2.0BE-05
FE 6.400 7.658 1.11E+05 0.0150 4.58E-03 3.52E-05
ZN 8.631 0.097 2.44E+05 0.0308 1.30E-05 3.06E-06
W 8.340 0.402 1.01E+05 0.0285 1.39E-04 7.2BE-06
AS 10.532 0.093 3.49E+405 0,0451 5.92E-06 -LOD-

PB 10.540 0.217 2.03E+405 0.0452 2.37E-05 31.78B-06
BR 11.907 1.698 4.82E+05 0.0538 6.54E-05 1.41E-06
RB 13.375 4.5%42 5.30E+05 0.0612 1.40E-04 1.63E-06
SR 14.142 7.797 5.78E+05 0.0644 2_.09E-04 1.74E-06
Y 14.933 D.553 6 .2BE+05 0.0672 1.31E-05 8.93E-07
ZR 15.746 3.090 8.06E+05 0.0698 5.50E-05 9.28E-07
NB 16.584 0.346 8.81E+05 0.0720 5.46E-06 5.36E-07
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APPENDIX 6.1.2.5; SAMPLE 70.

Material: Soil (mottled zone{39'E

Co-ordinates: 11°07'22"N;7°35 'E. . .

Analysed by: Dr. I. Funtua in CERT, Zaria, by XRF technique. .
Regult is as presented on table 3.4.

Location of sample is as shown on figure 9.

- ANALYSIS RESULTS

SAMPLE: 152476 MATRIX: [AO= 12000] WEIGHT [g/cm”2]: 0.120
EL E [KEV] INT [C/8] 8 T CONC [FRAC] ERROR

K 3.332 0.311 1.33E+04 0.0026 B.6BE-03 6.97E-04
CA 3.690 0.071 1.58E+04 0.0035 1.28E-03 -LOD-

TI 4.508 0.570 3.63E+04 0.0060 2.56E-03 1.21E-04
MN 5.895 0.275 9.07E+04 0.0124 2.44E-04 2.19E-05
FE 6.400 15.590 1.11E+05 0.0155 9.00E-03 4.70E-05
ZN B.631 0.079 2.44E+05 0.0314 1.03E-05 2.82E-06
L B.340 0.051 1.01E+05 0.028B9 1.72E-05 -LOD-

AS 10.532 0.085 3.49E+05 0.0477 5.09E-06 -LOD-

PB 10.540 0.143 2.03E+05 " 0.0478 1.48E-05 3.24E-06
BR 11.907 2.495 4.82E+05 0.0581 8 ,8B9E-05 1.37E-06
RB 13.375 1.888 5.30E+05 0.0674 5.,28E-05 1.10E-06
SR 14 .142 0.953 5.7BE+05 0.0714 2.31E-05 8.24E-07
¥ 14.933 0.782 6.2BE+05 0.0751 1.66E-05 7.50E-07
ZR 15.746 30:.113 B.06E+05 0.0783 4.77E-04 1.84E-06
NB 16.584 0.653 B.B1E+05 0.0813 9.12E-06 5.03E-07

APPENDIX 6.1.2.6; SAMPLE 21.
Material: Soil (pallid zone1.!g"8
Co-ordinates: 11°07'22"N;7°35 5 .
Analysed by: Dr. I. Funtua in CERT, Zaria, by XRF technique. o
Result is as presented on table 3.4.
Location of sample is as shown on figure 9.

ANALYSIS RESULTS

| BAMPLE: 182475 MATRIX: [AD= 12000] WEIGHT [g/cm”2]: 0.110
EL E [KEV] INT [C/S] S T CONC [FRAC] ERROR
K 3.312 0.378 1.33E+04 0.0028 9.84E-03 6.6BE-04
Ch 3.690 0.099 1.58E+04 0.0036 1.67E-03 3.94E-04
TI 4.508 0.714 3.63E+04 0.0063 3.02E-03 1.19E-04
MN 5.895 0.236 9.07E+04 0.0130 2.00E-04 2.09E-05
FE 6.400 26 .081 1.11E+05 0.0162 1.44E-02 5.82E-05
ZN B.631 0.141 2.44E+05 0.0311 1.85E-05 2,.94E-06
W 8.340 0.043 1.01E+05 0.0287 1.47E-05 ~-LOD-
AS 10.532 0.086 3.49E+05 0.0465 5.31E-06 -LOD-~
PB 10.540 0.163 2.03E+05 0.0466 1,738-05 3.35E-06
BR 11.907 1.813 4.82E+05 0.0561 6.69E-05 1.31E-06
RB 23.375 2.868 5.30E+05 0.0645 8.39E-05 1.28BE-06
SR 14,142 1,217 5.78E+05 D.0681 3.09E-05 9.07E-07
Y 14.933 1.378 6.2BE+05 0.0713 3.08E-05 8.87E-07
ZR 15.746 15.270 8.06E+05 0.0742 2.55E-04 1.43E-06
NB 16.584 0.769 B8.81E+05 0.0768 1,14E-05 5.378=-07
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APPENDIX 6.1.3; SAMPLE 10b.

Material: Dam Water.

Co-ordinates: 11°08'02"N;7°39'22"E.

Analysed by: Dr. I. Funtua in CERT, Zaria, by XRF technique.
Result is as presented on table 3.1.

Location of sample is as shown on figure 9.

ANALYSIS RESULTS

SAMPLE: 151702 MATRIX: PRECIPITATE [THIN] YOL.-WATER [(ml]: 100.000
EL E [KEV] INT [C/8] s T CONC [FRAC) ERROR *
s 2,307 0.052 3. 78E4+02 1.0000 6.62E-06 1,63E-06
TI 4.508 0.021 5.81E403 1.0000 1.71E-07 ~-LOD-
FE 6.400 0.895 1.76E+04 1.0000 2.47E-06 1.B0E~07
cu 8.041 0,019 3.06FE+04 1.0000 3.03E-08 -1.0D-
N 8.631 0.025 2. 61E104 1.0000 3,33E-08 ~LOD-
PB 10.540 0.016 3,16E4+04 1.0000 2.44E-08 ~-LOD-
ZR 15.746 0.024 1.08E4+05 1.0000 1.07E-08 -1L.OD-

APPENDIX 6.1.4; SAMPLE 11b.

Material: Dam Water.

Co-ordinates: 11°07'55"N;7°39'33"E,

Analysed by: Dr. I. Funtua in CERT, Zaria, by XRF technique.
Result is as presented on table 3.1,

Location of sample is as shown on figure 9.

ANALYSTS RESULTS

SAMPLE: IS1703 MATRIX:PRECIPITATE [THIN] VOL.-WATER (ml]: 100,000
EL E [KEV] INT [C/S] ] T CONC [FRAC] ERROR
3 2.307 0.151 3.78E+02 1.0000 1.94E-05 2.B6E-06
TI 4.508 0.066 5.81E4+03 1.0000 5.55E-07 1.20E-07
FE 6.400 3.670 1.76E+04 1.0000 1.01E-05 7.19E-07
Ccu 8.041 0.040 3.06E+04 1.0000 6.34E-08 2.08E-08
4N 8.631 0.156 3.61E+04 1.0000 2.11E-07 2.38BE-08B
PB 10.540 0.024 3.16E404 1.0000 2.67E-08 ~LOD-
ZR 15.746 0.048 1.0BE+05 1.0000 2.15E-08 =LOD-
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APPENDIX 6.1.5; SAMPLE 9d.

Material: Dam Water,.

Co-ordinates: 11°08'16"N;7°39'310"E.

Analysed by Dr. I.Funtua in CERT, Zaria, by XRF technique.
Result is as presented on table 3.4.

Location of sample is as shown on figure 9.

ANALYSIS RESULTS

SAMPLE: 152481 MATRIX:PRECIPITATE [THIN] VOL,-WATER [ml]: 100.000
EL E [KEV] INT [C/8] S T CONC [FRAC] ERROR
8 2.307 0.189 2.45E+03 1.0000 3.75E-06 4.10E-07
CD 3.130 0.052 6.07E+03 1.0000 4.,16E-07 -LOD-~
SN 3.440 0.045 8.30E+03 1.0000 2.63E-07 8.7BE-08
SB 3.610 0.053 8.47E+03 1.0000 3.04E-07 -LOD-
1 3,930 0.035 1.13E+04 1.0000 1.49E-07 -LOD-
TI 4.508 0.041 3.72E+04 1.0000 5.35E-08 1.96E-08
v 4.949 0.037 5.61E+04 1.0000 3,22E-08 -LOD-
CR 5.411 0.034 7T.30E+04 1.0000 2,27E-08 -LOD-
FE 6.400 3.739 1.14E+05 1.0000 1, 59R-06 1.74E-08
Co 6.925 0.064 1.42E+05 1.0000 2.20E-08B -LOD-
NI 7.472 0.043 1.778E+05 1.0000 1.17E-08 -LOD-
Cu 8.041 0.035 2.0BE+05 1.0000 B.14E-09 -LOD-
ZN 8.631 2,139 2.50E+05 1.0000 4.15E-07 6.37E-09
AS 10.532 0.055 3.57E+05 1.0000 7.49E-09 * -LOD-
SE 11.210 0.040 4.02E+05 1.0000 4 .B9E-09 -LOD-
PB 10.540 0.045 2.08E+05 1.0000 1.05E-08 ~-LOD-
BR 11.907 0.036 4.94E+05 1.0000 3.51E-09 -LOD-
ZR 15.746 0.042 8.25E+05 1.0000 2.47E-09 -LOD-

APPENDIX 6.1.6; SAMPLE 13b.

Material: Well Water

Co-ordinates: 11°08'19"N;7°37'41"E.

Analysed by Dr. I.Funtua in CERT, Zaria, by XRF technique.
Result is as pregented on table 3.4.

Location of sample is as shown on figure 9.

ANALYSIS RESULTS

SAMPLE: 152482 MATRIX : PRECIPITATE [THIN] VOL.-WATER [ml]: 100.000
EL E [KEV] INT [C/8] S T CONC [FRAC] ERROR
8 2.307 0.181 2.45E+03 1.0000 3.79E-06 4.67E-07
CD 3.130 0.033 6.08E+03 1.0000 2.60E-07 -LOD-
SN 3.440 0.047 8.31E+03 1.0000 2.76E-07 -LOD-
SB 3.610 0.037 8.49E+03 1.0000 2.10E-07 -LOD-
I 3.930 0.033 1.13E+04 1.0000 1.40E-07 -LOD-
TI 4.508 0.037 3.72E+04 1.0000 4 .78E-08 -LOD-
v 4.949 0.041 5.62E+04 1.0000 3.55E-08 -LOD-
CR 5.411 0.0386 7.31E+04 1.0000 2.41E-08 -LOD-
FE 6.400 1.158 1.14E+05 1.0000 4,92E-07 1.28E-08
co 6.925 0.041 1.42E+05 1.0000 1.39E-08 -LOD-
NI 7.472 0.038 1.77E+05 1.0000 1.05E-08 -LOD-
cu 8.041 0.042 2.09E+05 1.0000 9.77E-09 -LOD-
ZN B.631 0.047 2.51E+05 1.0000 9.05E-09 -LOD-~
AS 10.532 0.078 3.5BE+05 1.0000 1.06E-08 - LOD-
SE 11.210 0.037 4.03E+05 1.0000 4.51E-09 -LOD-
FB 10.540 0.062 2.0BE+05 1.0000 1.44E-08 -LOD-
BR 11.907 0.040 4 ,95E+05 1.0000 3.96E-09 -LOD-
ZR 15.746 0.055 8.27E+05 1.0000 3.21E-09 1.16E-09
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APPENDIX 6.1.7; SAMPLE l4a.

Material: Well Water E—— .
Co-ordinates: 11°0B'22%N; : ) .

Analysed by: Dr. I.Funtua in CERT,Zaria, by XRF technique

Result is as presented on table 3.4. .

Location of sample ig as shown on figure 9.

s ANALYSIS RESULTS
SAMPLE: 152483 MATRIX:PRECIPITATE [THIN] VOL.-WATER [ml]: 100,000
EL E [KEV] INT [C/8] 5 T CONC [FRAC] ERROR
S 2.307 0.306 2.45E+403 1.0000 6.06E-06 4 .68E-07
D 3.130 0.038 6.0BE+O3 1.0000 3.04E-07 1.01E-07
SN 3.440 0.056 8.31E+403 1.0000 3.27E-Q7 B.57E-0B
SB 3.610 0.047 8.49E+03 1.0000 2.68E-07 -LOD-
I 3,930 0.031 1.13E+04 1.0000 1.32E-07 -LOD-
TI 4.508 0.088 3.72E+04 1.0000 1.15E-07 1.87E-08
v 4.949 0.030 5.62E+04 1.0000 2.55E-08 -LOD-
CR 5.411 0.032 7.31E+04 1.0000 2.11E-08 - LOD-
FE 6.400 2.942 1.14E+05% 1.0000 1.25E-06 1.523-03
co 6.925 0.041 1.42E+05 1.0000 1.39E-08 5.47E-0
NI 7.472 0.031 1.77E+08 1.0000 8.40E-09 5 ;ggnag
cu B.041 0,031 2.09E+05 1.0000 7.21E-09 P -
ZN 8.631 0.028 2.51E+05 1.0000 5.47E-09 =LOD-
AS 10.532 0.045 31.5BE+05 1.0000 6.13E-09 -ng-
SE 11.210 0.028 4 ,03E+05 1.0000 3.37E-09 -E D_
FB 10.540 0.037 2.0BE+05 1.0000 8.60E-09 - DD:
BR 11.907 0.037 4 ,95E+05 1.0000 3.62E-09 igg s
ZR 15.746 0.099 8.27E+05 1.0000 5.80E-09 9. -
APPENDIX 6.1.2.1; SAMPLE 15.
Material: Orthoclage feldsfer
Co-ordinates: 11°09'48"N;7°36'15"E, -
Analysed by: Dr. I. Funtua in CRET, Zaria, by XRF technique.
Result ig as presented on table 3.4:
Location of sawmple is as shown on fiqure 9.

ANALYS1S RESULTS

SAMPLE: 182477 MATRIX: [AO= 12000] WEIGHT (g/cm”2]: ,0.110
8L B [XEV] INT {C/S] 5 T CONC [FRAC] ERROR
K 3.312 1.841 1.33E+04 0.0028  4.91E-02 9.97E-04
CA 3.690 0.077 1.58E+04 0.0032 1.54E-03 -LOD-
TI 4.508 0.085 3.63E+04 0.0085 2.75E-04 -LOD-
MN 5.895 0.050 9.07E+04 0.0116 4 .BOE-05 -LOD-
FE 6.400 0.914 1.11E+05 0.0145 5.66E-04 1.78E-05
ZN B.631 0.071 2.44E+05 0.0311 9.36E-06 - LOD-
W B.340 0,322 1.01E+05 0.0287 1.10E-04 6.63E-06
AS 10.532 0.098 3 . 49E+085 D.0465 6.04E-06 - LOD-
PR 10.540 0.568 2.03E+05 0.0466 6.01E-05 3.42E-06
BR 11.907 2.177 4 . 82E+05 0.0561 B.C4E-05 1.35E-06
RB 13.378 11.345 5.30E+05 0.0645 3.32E-04 2.11E-06
SR 14.142 1.008 5.78E+05 0.0681 2.56E-05 8.22E-07
Y 14.933 0.334 6.28K+05 0.0713 7.47E-06 B.71E-07
ZR 15.746 0.065 8.06E+05 0.0742 1.08E-06 -LOD -
NB 16.584 0.064 8.81E+05 0D.0768 9.53E-07 -LOD-
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APPENDIX 6.2; SAMPLES la-1lla.

Material : Stream/Dam Water.
Co-ordinates; As shown on table 3.1.

analysed by: Samuel Edegbo in Geology,

Regults ig as shown on table 3.1.
Location of samples is as shown on figure 9.

ABU Zaria, by AARS technique.
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APENDIX 6.5: SAMPLES 9c.,and 11a

Material: Dam/We!ll Water.

Co-ordinates; As shown on table 3.1,
Analysed by @ Mr. Goddy in NDA Kaduna.
Results are as shown on table 3.1.

Location of samples is as shown on figure 9.

} Sample EOc :Qc il3a ;!33 H
| number | i 4 ! I
{ b ¥ 5 1
' Date {38/13/90 | 28/12/99 | 28/12/99 23/12/99 ﬂ
:ggilvctcd ) 1 _ i ' i
l pate 770172000 | 7/0172000 L7s0172000
yanalyscd i i L 1/01/2000 i
| Pesult(ppm) ' 0.461 0,071 0.248 ‘0,245

APENDIX 6.3; SAMPLES 9a, 12a,and 4b.

Material: Dam/Sream Water.

Co-crdinates: As. shown on table 3.2,

Analysed by : Mr. Rashidi Lawal in NAPRI Shika.
Resulls are as shown on table 3.2

Levation of samples is as shown on figure 2.

o - B
L Date of ; Sampl'e Number/Results i
i SRRTRG 16 ' oh ov, 12a 124 an an !
— ; T -'— — l— T ol
| 28/10499 lsa  laa0 !710 l6.30 lae.00 |13.20
[ e/11/90 0.020 l0.27 (s T;.oa [ 1.40 L;.aﬁ I
1 — P i - |l' N T — T S
¥oanr b i ! f | f
j S/ 1/99 HLSL S WL N R L (16 L 5L
APENDYX 6.4; SAMPLES 9b,12a,and 4b,
Material: Dam/Stream Water.
Co-ordivates; As showr on table 3., 2.
Analysed by ¢ Mi. Steve ip CHELTEC Basawa,Zaria.
Keasultls are ar shown on tabile 3.2,
fbecaling of samples is as shown on (igure 9.
_—— - T WM LR e o - empdiees e o A = ==t 3 L - i Eme == o - E ‘_.——'_'T":}
i:”4i” ol : Sample Numher/Results f
LN . Ca L 1]
_:fi‘ - 9 " 12a 12a ab ah __
2A0/99 L ~0.02 16,914 [ ~0.05 0.00 | ~0.10 _~0.10 !
A EPE N '0.00 +1.13 0.00 '0.013 ;1.75 , 0.38



APPENDIX 6.6; SAMPLES 9a,12a,and 4b.

Materi?I:Stream/Dam Water,

Co-ordinates; As shown on table 3.2,

Analysed by:Mr. Collins in Geological Survey Kaduna by AAS
technique.

Results is as shown on table 3.2.

Location of samplesg is as shown on figure 9.
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ADPPENDIX 6.7; SAMPLES 9e,13c and 14b.

Material :Dam Water/Well Water. )

Co-ordinates; As shown on table 3.5. o
Analysed by: Mansour, A. in Office Natlonal_Des Recherches Minleres

Onarem, nger Republic,by AAS technigue.
Results is as shown on table 3.5.
Location of samples is as shown on figure 9

- A - By

OFFICE NATIONAL DES
RECHERCHES MINIERES
ONAREM

Date ; 09 03-2000
Heure ; 1Gh 30
Opérateur : Mansour. A

ANALYSES CHIMIQUES :

A.ALS.
ELEMENTS DE TRACE
Standards
b 1-5-10
 Cd:0.5-1-2-4
Sb : 100-50-20-10
RESULTATS
ECUHANTILLONS b Cd Sb ’
(Sample) ]
1 0.00 0.00 0.00
2 0.00 0.01 0.00
3 0.00 0.00 0.02




