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R dv aims to determme. trends iy lone.
ABSTRACT: This ;glonyparamemc methods (i.. the Mann\lé;;’j
monthly' ra% tests) in Gusau North-Western .ngena. Monthly Tainfy
and Sen SfG sau synoptic stations for a period 60 years (19530
records of 21 from the Nigerian Meteorological Agency. The Tegy
were vaulllret the monthly rainfall recorded downwgrq trend iy ¢
revealed tt‘ : il, June, July, August and September within 1953201
months o p;r(’i trené in May, and October was recorded byt they we,
W?lslie arilflllgglce at 95% confidence level. ;The s Sen's slope estima
?:veailcll that of the seven (7) rainy months considered (ti‘prhl/}’ ¥
June, July, August, September and Octols¢- @ply tWo mon dSO 1a8)£$
October showed upward trends with rainic f;ff 0.02 Smrrtlhaanu;l i
as obtained by Sen's slope estimator, whil . - ->m of n(llon f ?0 4921;1m
August and September there were dow *d trqn S (% e ﬁ ndings’
0.580mm, -0.069mm and -0.716mm. The :rnplication o

. . . . 5 N{: . an e'
that the area experience some basic indices of climate ch g

Keywords: Rainfall, Trends, Climate, environment, variability

1. Introduction
Yavuz and Erdogan (2012)
confirmed that globa] warming

. . ts
important climatic elemed®

. t
found to be changing On;ﬁh y
global (Dore, 2005)

and climate change is significantly
altering variouys environmental
variables in many countries
around the world. |t has been
documented severally that the
_ Earth's climate hag been changing

notably at a fagt pace since the ast

century and the Changes are
€xpected to continye (Huang, 7 o7
2014). Rainfa]] being one of the

al
regional scales (I.(ayaéle‘;sw
Sans"1golo, 2008). It 1s ulnclima
that projected glObaﬁalmah
changes have the Potenchanges
precipitation pattemss' is belic!
precipitation patternl hydroloﬁ
to directly affect Jand ¥
agriculture, ecos}’swmen o
resources managen: e ful
argued that to mee
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' pased on

of
onf.
! trec’lp 1 i

: . o attention as
increasing e
w2 ation about CHE ing
je 157 fprecipltatlon is

s oint for accurate
at of water resources,
maend drought control(i
: standing climate change ant
“”d.e'ent water management.
5fﬂcf;11 rends studies m Nigeria
o jown contrasting result. It 18

this Bigg, (1991) noted
description of

flo0

have$

fhat 2 complete

' jregional rainfall variability
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: ) 8,
especially in areqg wit
contrasting rainfa]) regi
with associate glmeg

d envir

L 0

problems. Nigeria still r;?
largely an agriCUIture-én
country where mor aseq

. € tha
population are dir:c%s% of
indirectly engaged in g der); 0 ;

of lzigriculturatl activities, R
1s the most importantnatﬁr

( a
that determines the agricluflat\cx:‘oi
prqdqqtlo_n in Nigerja. Thae
variability in rainfal] ig therefore
very important for the ecq

( nom
the country. This study aimeg (t)cf

determine long-term rainfa] trend
in Gusau North-Western Nigeria
with a view of 1dentifying the
impact of the rainfall variability in
agricultural planning.

2.The Study Area

The study area is Gusau and its
environs. It on Sudano ecological
zones of Nigeria Longitudes
6.70° East and Latitudes 12.17°
North.

| ud changes is of great interest,

3 i*SO0Q°F 7OE
£300°F 6'400°E bl A

Map of Study Area
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Figu : 6500k roonE ’ Nigernia o }
rel. Th
* e " ® e
Study Area (Gusau and Environs, Zamfara State Nigeria)
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The climate i dominated by
me (mT) air mass,

Tropical Mariti ]

andpthe Tropical Contmentql (CT)
air mass. The rainy season 1 this
region s associated with late onset

and earlier cessation. The onset
and cessation are also
characterized by destructive
storms which destroy life and
property (AbdulKadir, et al.,
2013). The seasonal and
latitudinal variations are
understood to affect diurnal and
seasonal temperature ranges. The
highest maximum air temperature
is recorded in the northern part
usually areas north of latitude 9°
and occur in March /April and
minimum temperatures are
recorded in December/January
North of latitude 9°N (AbdulK adir
etal,2013).

3 Materials and Methods
3.1 Data

Monthly rainfall records of Gusay

n=1 n

e=F

= sign(y) - x,)
k=1j=k41

1if(y-x) > 0
Where: slgn(xl -x,) = { 0if(x-x) =0 }

“1if(x - %) < 0

[n(n -1) (Zn +5) - Z;mn t; (tg -

VARE) = TV T2 L (4 - Dt +5)
18

Where:

1 = the number of data Points ¢, =

Ibrahim et )

SYROpic statjqy fo

years (1953.29;," g,
Tl.le dgta Were coje ! acqu“
Nigerian Meteorolo Qted fmfn]
3.2 | TrendAnalgl?alAgen
In ﬂ?ls research, r, y
carried out by the detecﬁ"

test and Sep'g ann.Kem

|
analysis .Thgpe Cstipy,

explanations o *la
fthese methOdsi

L J A
-1

)

3.3 Mann-Kenday test
Mann-Kendall teg M
Kendall, 1975) is applieiinn, 5
the trend in rainfa]] timeto deF(
Confidence levels of 95%1 .
as thresholds tg classit§takt
significance of positiveyaIE
negative trepqg TI?
Mam-K?ndall (MK) test g ang
param etmg test, commonly yseg
df* significant trends |
}%yi;&-- ‘ogical and meteorologiy
bie - cries (example Tabari a
Hos< izadeh Talage, 2011). The
MIC 251 15 given as:

&)

th i
€ Bumber of ties for the value and m= the number of tied

\alues ati p i 1
( ed go\l 15 a se OI sample data ha 'iﬂg th sam
\ ] [ E] ue)

§-1

\
JVarGs HS<o

4)
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Magnit“de of Rainfall

o es
“end Ch?:/legd that some trends

t be evaluated to be
o ically significant while they
Sm;ttl be of practical interest
I(rllglfsistha, et al, 2007). In the
jstance Where climate change
cmponent 1S present, it may not
be detected by statistical tests at ‘
atisfactory significance ley@a
Radzicjewski and Kundzew:cz,

Ibrahim et gl

Vol,
2004). To OVercon ,
challenge, linear trend e thl,s
will be carried gy ;iléllysxs
magnitude (change per unit ¢; e
will be estimated by using a nme)
parametric procedyre develo;)):é
by Sen (1?68). The Sen's slope
approach is adjudge to gives a
robust estimate of the magnitude
of a trend (Yue, Pilon, Phinney
Cavadias 2002) and for this,
reason, it has been preferreq
above the regression slope
approach in recent hydrologic
studies ( Huang et al. 2014;
Zhang, Zheng, Wang, Yao 2015).
The trend magnitude by this
method is computed as follows:

| x}' = xk
Co0= 5
L0 pap (5)
- u . QN _Q(N+2
Oneq = Q(T+Z and if N is even, Sex's estimator is computed by = [——/3———12—]
| Where: of April, June, July, Augist and

- Q=slopebetween data points X,
| ?nd %X, X, = data values at
| mesjandk j>k respectively

Ly 5 the number of calculated
0pes
| 40

Reg
: ults and
l)lscussion

- The
gy :11311; Kepdall trends test
bl | Yramfall is shown in
e m&;nthe fesult revealed that
Y rainfall recorded

doyy
Ny .
rend in the months

']

September within the study
period. The above months gll
showed a negative sign. While
an upward trend In May and
October was recorded. The
month of May and October
revealed a positive sign. The
result however show 10
significance at 95% confidence

level.
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infall ov ¢
onthly Ral er Gusay ang e b,

Table 1 Trends in v n
i Last Year Vi X
ar n Ty

- 2012 N“‘

19 73N\
fune : 2012 60 SEY
19 3%
July 1953 2012 60 “L1g
Augustber 1953 2012 60 0.y
Septem 1953 2012 60 "135
L1y

he trend slope, which 18 the
;reduction of rainfall 18 shown 1n
table 2. The month of May and
October recorded upward
increase 1n rainfall of
0.028mm/month and
0.182mm/month. The above
months showed a minimal
increase in monthly rainfall. The

Au’éllst
anah

month of June
September rec(;rff;ldx
-0.492mm
0069w Mmooy
0.716mm/month, "+t &1
revealed a minimg] rede I
monthly rainfall. Ty ety
April however exhibjt né‘é%nﬁ
a

Table 2 Magnitude Change in Monthly Rainfall over Gusau apg
n

Time Series First Year Last Year n Sen's SIOpem
ate ()

April 1953 2012
May 1953 2012 gg 3-000
:}:ﬁle 1953 2012 60 -604?982
Auy ) 1953 2012 60 0.580
g 1953 2012 60 0.

ptember 1953 2012 6 il
October 1953 2012 5 oy

60 0.182

The graphical distribution

of the trends and the trend slope for them

und Lo .
der consideration are illustrated from Figure 2 to 8

200.00
I ®
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&
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Figure 3, Trends
over Gugg, and M

and Envire

@ Date
——— Sen'sesti
e =95% conf
—-1
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2000 2010 2020

agnitude Chapee ; o] of
n fall 0
ns (1953 012) ge in Monthly Raip
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Figure 8. Trends and Magnitude Change in Monthly Rajngy of
October over Gusau and Environs (1953-2012)

S Conclusion and
Recommendation

The study revealed that of the
seven (7) rainy months considered
in this study (April, May. June,
July, August, September and
October within 1953-2012) only
two months May and October
showed upward trends with the
rainfall of 0.028mm and 0.182mm
as obtained by Sen's slope
estimator, while from of June,
July, August and September there
were downward trends of -
O.492mm/month, -0.580mm
mm/month, -0.069mm
mm/month and -0.716mm
mm/month, The month of Apyj]

showed no changes, 1,
implication of this jg that the g,
eXpericice some basje indices of
climatc hange. There g fed

farme ¢ to take note of they
fluct:- on in order to take
advari. o of those months with

increas s ramfall.
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BSTI:{AC(; nd 1 5'E is eqdowed with vast water ,,eSOW(:‘Z;db 14N
¢ 1 The country s well drained with a close ”emor(l){th

wg™ dia
anj f:z:ns some of

| anason ;. There ar® f
,Sveiger iver, the Lake
shereis V1Y large &
or reSOUrc

l”‘ ace W . s
o cture of availabi

This ¥
never cease.

ow Wll] .
'polluted shrough anthropogenic d

ospects of water resources in Nig
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Univeriy L
a, Nigerig

and
proven
of rivers

these, particularly the smaller ones in th

our principal surface water basins in ]\(IZ,”Or.th, are
Chad, the West Coast and the West Cen;}gelr ia; the
roundwater potential in Nigeria, far greatef thcoaSt'
es, estimated to be 224 trillion I/year (Hanidu Ia g;(]; e
lity leads to reckless use of water resources s i }3
Both surface and groundwater sources are Oftefz
ctivities. This overview examines the
eria, the challenges of availability,

prospects ces. :
qeessibility and a]j‘ordabzlzty, and environmental management concerns

of water resources.

- with hug
requirements across all facets

focused plan of action managed by competent
| “vithin a well orchestrated institutional frame
ourwater resources, government must step up
management where all sectors musi synergize o ac

K :
eywords: Water resources, Groundwater,

Challenges
I;

Introduction
Watgétl}tlzrt resources are sources of
ol Uare useful or potentially
agriculﬁlr ?e§ of Water include
erea, Iéll ,1 industrial household,
v, ?h and. environmental
lseg Teqﬁ' ¢ majority of human
Wty e fresh water, 97% of
on the Earth is salt water

|
i
1
1

The conclusion is

that Nigeria as a nation is endowed

o water resources Wit the capacity to meet our burgeoning
of life given the requisite resources and a

and committed professionals
work. To mitigate threats 10
Integrated Water Resources
hieve results.

Environment, Prospects,

ree percent is fresh
ver two thirds of

laciers and polar

and only th
water; slightly o

this is frozen in glactt por
ice caps. The remaining unfro

fresh water 1S found mainly as

a
groundwatet, with only @ S

. round of in
esen V g
fraction pr ' Distl‘lbutlon,

the air (Earth 1 N
2009). Fresh wa q renewaoc

\ 1486
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RRSOLER FEL P W(ins] steadily
groundwater {atior
decreasing, with dep -
) -ominently 1n
occurring most pron nough
Asia and North America, alt 1oug1
it is still unclear how much naturzii
renewal balances this usage, an
whether ecosystems are
threatened. ,

Surface water 1s water 1 a
river, lake or fresh water wetland.
Surface water is na‘ful'a”y
replenished by precipi.tatlon and
naturally lost through dlschar.ge to
the oceans, evaporation,
evapotranspiration and
groundwater recharge. Although
the only natural input to any
surface water system is
precipitation within its watershed,
the total quantity of water in that
system at any given time is also
dependent on many other factors.
These factors include storage
capacity in lakes, wetlands and
artificial reservoirs, the
permeability of the soil beneath
these storage bodies, the runoff
characteristics of the land in the
watershed, the timing of the
precipitation and local evaporation
rates (Green facts, 2008). All of
these factors also affect the
proportions of water loss.

Human activities can have 3
!arge and sometimeg devastating
Impact on these factors, Humans
often increase Storage capacity by
constructing reservoirs ang
decrease it by draining wetlands,

Suleiman et gl
Vol g

Humans oftep incre

iti . -ase
quantities and Ve]OClties My
areas and Cha“nelizjn )’pawr
available at any given tin Wy,
important considerationle Ig,
human water userg },~ S0
intermittent need f,, a?ve 2
exampl'e, many farmg re qui :r. Fy
quantities of water i, th lary
and no water at ] in the Wl,nstprmg
supply such a farm With eL T,

surface water systen, May e, .
large storage Capacity qolllrea
water throughout the Vear o
release it in a short period Ofﬁ;ld
Other users have 3 COnfiny, ue
need for water, such 5 powes
plant that requireg Water foi
cooling. To supply such 4 POWer
plant with water, a Surface wyte,
system only needs enough Storage
capacity to fill in whep average
stream flow is below the power
plant's need,

Nevertheless, over the long
term the average rate of
precipitaticn within a watershed i
the upper bound for average
consumption of natural surface
water from that watershed. Natural
surface water can be augmentedby
importing surface water from
another watershed through a candl
or pipeline. Humans can also caus?
surface water to be "lost" (1¢
become unusable) through
pollution.

, f
2, Water Resources !

4 4 N e
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M ;,tial and Temporal

i J

ngt
'Miaefia: jon
Nfﬂtribut}" . is by far the most
PENIE o in Afiica, with
[ous 'C‘,)u eople accounting
[lion P
mi ﬂe-seVenth of the total
for 100 00 frica's 53 countries
p"pu]aﬂlogn97))- Realizing that the
(Spo™ 108t important necessity
single 7 s water, the Nigerian
for M Lent's priority and
| Goverﬂ;’nt in water resource
ment, supply and
is borne out of the
L t water is not only a
real}Z:lﬂ%IL:ll:Zn need but also a
majfr factor of so.cio-e_con.omic
jevelopment. Also, it assists in the
cadication of water borne
fiseases like guinea worm, which
s plagued certain areas of the
country.
2.1 Surface Water Resources
Nigeria has four large main
surface water basins, providing
opportunities for irrigated
agriculture as well as fisheries. The
two largest basins with their
tibutaries and distributaries are
the Niger River Basin and Lake
glitis Basin, covering about 83%
makeeucoumry' Rivers and lakes
Nigeria']s) tapprommately 16% of
fzge 3 ofal surface area. Two
Water systems, the Chad
Omilllgaetr-Benue complexes
¢ the country's
}’drolo /H y
Nigeri, h§y Ydrf)geology.
eas o ﬂ0<§d eXt?nSlve fadama
Plains found along

istribution

crit

Suleiman ¢ o

the COU.ntry!S f . Vol 8 No, 12 I
adeij /enu Sokopt ‘ally the
It Ja/tam b ¢ g)’ Rimg

0 ,al ? 0 . )
TOSS R]-ldAna bra, Iy E]gl the
0O er’,lde ili, Beprr OV,
SUn €te. riyerg ¢ hin, O,

parts. The fadaman atrhe Souther,

rich grazing ang agriculty,
and are Internationg) o
areas for all seag, fz Mportan
biodiversity, Ming ang
Nigeria h .
renewable water ise:(l)llllliilsmtema]
cubic kilometerg Sixi 0f2.21
percent of water ig us}elc.imf%i
. ndustries. Potable
water supplies are scarce ang
1rreg_u1a.r; I many areas water
SEIVICe 1s Intermittent, sanitation
facilities unavailable and water
quality is substandard nationwide,
suggesting that more than half the
population is unable to access
sufficient clean water on a regular
basis. Nigeria's water resources
have been degraded by floods,
soil/gully erosion, siltation,
salinization, saltwater incursion,
pollution and contamination from
industrial and agricultural sources,
human and animal wastes.
Nigeria's rapid population growth
has not been accompanied by an
increase in the delivery of w?toe;
supply, sewerage and sanitall
services. o
The country of Nigera rls
well drained with a close netwo
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streams. Some O

ones
these, particularly the sma}lerrr ones
in the north, are seasonal.

are four principalhsulilgz;ceer l:&i'zteerr

ins in Nigeria; the .
gliSlisakuz: C%lad, the West Coaitst
(sometimes referred to as tlg
southwestern littoral basins), an
the West Central Coast .(also
known as the southeastern littoral

basins).

of rivers and

The Niger Basin (See
Figure 1) has an area of 584,193

km’ within the country, which is 63
percent of the total area of the

country, and covers a large area in
central and north western Nigeria.
The most important rivers in the
basin are the Niger and its
tributaries Benue, Sokoto and

Kaduna.
Lake Chad Basin (depicted

in Figure 2) located in the
northeast with an area of 179,282
km’, or 20 percent of the total area
of the country, is the only internal
drainage basin ip Nigeria.
Important TiVers are the
Kpmadougou Yobe and itg
tributaries Hadejia, Jama'are an(
Komadougou Gana.

fhe West Coast Basin (See

Flgzure 3) has an areg of 101,802
km’, which is 1] percent of the
total area of the country, The
TIVETS originate in the hilly areag
o the south ang west of the Niger

Suleiman ey al,

e T84
T axe Onszvesr c:;_:}::;:."!”:c"m-,
e T T IR R R o

IrTes

i R

2% Sants aprstd 45
128293 S

§il
Figure 2: The Lake Chad B
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pigure 3: The West Coast Basin

West Central Coast Basin

TheJas Cesvs Com ool 3t gote mUITELR
sramssiasaet 2rves

asip

Figllr' g
B ¢4: The Central West Coast £

Suleiman ef q]

The West Cent -
(1llustrated in;?;?rle 2 et
water courses bejp th) o
Imo Rivers, havge -
58,493 km’, which,
the total land areq

and receive my
ch of thei
from the plateau anqg (rlemro:ll:;:;)‘ff
in

areas along th
e
boarder. Cameroop

n area "
; of
1??6 Percent of

2.2 Ground Water Resources
There is a very |
groundwater potential in Nj ;%e
far greater than the surface %Vat:;
resources, estimated to be 224
trillion Iyear (Hanidu, 1990). Itis
estimated that groundwater
IESOUrces gt 0 to 50 m depth in
N1g3€r1a is in the region of 6 x 10
km’. However, from the eight
aquifers in Nigeria the Ajali
Sandstone aquifer yields 7 to 10
I/s, the Benin formation (Coastal
Plain Sands) aquifer yields 6 to 9
I/s, the Upper aquifer 2.5 to 30 Vs,
the Middle aquifer 24 to 321, the
Lower aquifer with yields of 10 to
35 [/s (of the Chad formation), the
Gwandu frmation aquifer.wu}}
yields of 8 to 15 /s, the qurlkeffl
Sandstone aquifer with Ylelds.‘)f

1.25109.5 s and the crystalline

fluvio-volcanic aquifer with a 15

I/s yield in the Jos Plateau gegion;
roundwater occurrence 15 lmzv
limited to only 50 m b.g.l (belo a
). These eight M€

 farg have all effective
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Ja;erage thickness range oOf y t(;
with a thickness range ot
3.000 m at a depth range

630 m b.g.] with an average depth

of 220 m. Reserves of

groundwater are cons1.derabl§i éﬁ
large sedimentary basins, W !
cover some 50% of the coun fy:
The potential annual groundwa C?l)
resources are estimated at 519
x10° m’, out of which the
sedimentary basins account for
67% (FMWRRD, 1995).

The occurrence of groundwater
is greatly influenced by the local
geological conditions which
ultimately control yields.
Recharge to aquifers, which
influences the safe yields of wells,
depends on rainfall over the area.
Thus, rainfall ultimately controls
the amount of groundwater
recovered from wells in any given
locality. The amount of

Average Surface water

Table 1; Distribution of Annual
Groundwater ip Nigeria
Hydrological Area
Chad Basin 82
North West 2.4
Upper/ Lower Benue 83.0
West Littoral 354
Niger
North Centra] ijj
Total |

2673 51.9
Source: Marting (2001)

annual yjelq 1¢° (m%)

Suleiman et al.

groundwater
known, byt

indicate that
Nigeria are 1o d
sedimentary depogiip. 4 iy “{I.»;
cover about 5 |

)

0
: 8”
StOrage 1 Vo, I |
aval]abl S n()t \\l"

. ¢ Ty
Major re%r(i

Wi,
Wﬁlez

% of v,
land area. The remajy natig;f
underlain by Crystay); g 50%].;" |
the basement Complene Tock, :
within the basemem : ‘ Agul‘fe;
their thicknesg ranges ;e My
180 m, but depth for 1y,

of ha 0
wells and boreholeg 5, ¢
seldom more than ¢
variable average of Static
level between 1 to 45 m belgy ¢
surface. This shalloy d‘:the
coupled with the poor hydragﬁh
conductivity, no doubt accountfoi
the general low yield of L0}
(vaaogazie, 1995). 0 g,
sedim €ntary deposig
groundwater resources usuall
occur either as confined aquifers

Average yield of Surface and

Average Groundwater
annual yield 10° ()
5.6
43
11.4
9.0
13.4
8.2
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| Jwater resources are
W Grot [ed by the

py of the country

Joul! 't

t
pth. .
07 a8l
12\"“05}1?1;\&’ the pattern of
e je C f the aquifers,
b ourrel icludes. More

CC or aqu i
:quiiaf SO fthe country 18 made L!p
jan b2 fous and metamorphic
of 187 which make up the
ock®  complex. Even though
baseme“r 4 rocks are essentially
ater bearing (aquiclude)
W areas of weathered
rocks which have
ired secondary porosity due
atqveathering over geologic time.
e eas furnish moderate to
These 2r .
qarginal water yields at depths of
20-100 m. normally, weathering
;d compaction processes are
followed by fracturing which is a
major factor of incompetent rocks
atdepths.
| These secondary aquifers
ae characterized by their non-
extensive nature, susceptibility to
mthropogenic pollution and
climatic vagaries. As one
proceeds towards the south, The
?HYOSpects of good aquifers
pease. Thus within the
a:mbra basins and Niger delta
I :
eco;z ground water yield
that freesff xtensive to the extent
Onfineg OW conditions occur in
er ?ﬁea& Unlike surface
80granh: at cuts across
¢ aries, the

Curre
n
¢ of groundwater in

Syl
Suleiman et gl

three K |
ydro-m et
o . e '
arcas:The Sahelom]ogmal
Although the §
comprises
11°, there ig gradual g
advancement of the Saharg 1
coner areas down tq 10° lat(i)tz?iw
S a'result, thr§e River basing a: :
considered to lie Within the S, ej
the Sokoto basin el,

, th s
Yobe basin and t ¢ Hadejia-

he South-
Chad basin. Theumzﬁ

characteristif:s.of the area are low
annual precipitation of 500-750
mm. The region is also associated
with greater extremes of
temperature as high as 44°C
before the onset of the rains or
drop to as low as 6°C during the
cool harmattan air around
December to February. The
Sokoto basin is drained by the
River Sokoto with the Ka,
Zamfara and Rima as tributaries.
The groundwater resources are
furnished by the fractured meta-
sediments within the basement
complex. Boreholes in these
meta-sediments are shallow (30-
40 m). Borehole yields are low
(0.5-0.8 lit/sec), wﬂh steelp
drawdown. The Gundumi and I11o

Formations ar

e aquiferous bgt
occasionally deeply confined.

PSPRIERIPOIPESMIRI S
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Yields of 8 Ilt/s“’«tc0 a91;8
transmissivity of up i &t
m2/day have been reporte 2
Gusau-Sokoto road by Anderi
et al. (Anderson, 1973). Another
borehole in the same town
(Bakura Farm) was 85 m decp and
gave 3 lit/sec. The Rima group
comprising the Taloka (PO_Or
aquifer) and Dukamaje
(aquiclude) Formations are not
impressive hydrogeol.oglcfl”}’-
The Wurno Formation is a
moderate water yielding aquifer
in the Sokoto basin. The thickness
varies from 5-30 m and the
recharge is restricted to only 330
km® (Ofofordile, 2002). The
Sokoto Group consists of the
Dange (aquitard), the kalambiana
(perched aquifer, furnishing water
seasonally) and the Gwandy
Formation (best known aquifer in
the Sokoto basin). The Gwandy
consists of two main aquifers-an
upper sandy aquifer and 3 lower
confined sandy aquifer,
For the water tap]e aquifer,
Wwater levels average 2] m, though
In the uplands, near the Niger
border, depths of 100 m can be
recorded. Further west, and down
dip, the aquifer is confined by 20
m of play and lignite, giving rise to
artesian conditions, The aquifer
1tself varies in thickness from 13-
60 m. The Hadejia-Yope basin ig
dramegi by the Hadjia-Yobe River
The tributaries rige from Kano,

h

Suleiman et al. Vol
o] 2

Katsina and the Jog Plate,
relatively higher rainfy]| t}?’ Wity
rest of the region. T, Fiveran th
from the area ofhj gh rainfans-ﬂow
Southwest to the area o In th,
rainfall towards the Lake QO
The geology of the ba%{d.
comprises (from the oldegt tosﬂl]n
youngest); the basemen Compj, ¢
the younger granite compley t}f’
Gundumi FOfmation, ,th:
Kerrikerri Formatjop and
Chad Formation.

esser

Within the basement compley
and younger granite complex
areas, boreholes are shallow (20-
35 m), Specific capacity of aboy
8-9 lit/m/min have been recorded
(Offordil=. 2002). In the overlying
Gundum: Formation borehol;
depths average 45 m with
maximurn yield of 6.25 lit/sec and
average of 3.2 lit/sec. The
Kerrikerri Formation of thickness
of up to 200 m is considered tobe
unpredictable and inadequgtely
explored. It is however associated |
with deep water levels (165 0
Southeast of Bauchi). [t appears tg |
belong to the S-ant]he
hydrostratigraphic unit with it |
Chad Formation which overlies ré |
The Chad basin sediments fel, |
reported to be 132 m at GUI*)
I15 m at Nguru, and 1321't/sec
Marguba. Yields of 3.3-5 1The
have been recorded: atio”
Separation of the Chad For”
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al 0
I ; niddle and lower
JUPPY e defined 10 this

;ifﬁl- cann® in. The upper 20-30

fihe Zﬁuvial sands of the

f e pe basil: holds 2 lot of

:charggbasiﬂ 1S :
heChaarea of inland Qralnage
i ) grica and occupies parts
gsit mria Chad, Central Africa
f Nlielic " the Cameroon- Most
ep owing into lake

ers 1l
of 9 ¢ from the watershed

Chei‘: ;1Stehe Jos plateau anq the
" [awa highlands. The rivers
chudethe Hadejia-Yobe, Aloand
| osaram from the southwest, and
e Bambassd, Chari, Illi and
lagone from the south east. The
rivers Yedseram-Ngadda flow
fom the south to the northwest,
and with all the minor tributaries
nd rivulets empty 1nto Lake
Chad. The Hadejia-Yobe, the
Yedseram and all the other
tibutaries are seasonal. The
yedseram with its smaller
wichment area, starts to flow 2
?}iﬂe later, after the beginning of
zgalny season, than the Hadejia-

pracii(irﬁmage system. There 18
Yy no surface flow from

¢ more arid re io
Offordile,Z()()z%. ns of the north

S

‘ Two F '

- ormations are
- Chyg a{:& hydraulically, in the
| Kerpjy Sin. These are the

| Miand the Chad

|

{

Suleiman ey al
Vol g

Formations. W, th Moty
;S too deep to bc ¢
\ b1
C}llldgogcmog]cal Intere

ad formatiop is well CSt, the
and demarcateq ; ¢
111}[1:' 316 and lower aquiferg 1.

1 ' IS, |
de thulg' s the Upper aqlJifc?};f g

pil imit of 105 1. The asa
consists of lenses of fipe aquifer
coarse, often, pe 0 very

: . bbl
alternating with clays agd S;ngs
clays. The aquifer may be ei?he};

water table or semi ¢ -
water levels vary fror(;lnfl (;l :r? tg}; g
min wells tapping the aquifer with
yields ranging from 2.5 lit/sec to
30 lit/sec. The middle zone aquifer
is separated from the upper by
about 150 m of plastic clays. It has
a thickness of 300 m and 1s
underlain by another 120 m of
clay and shale. It is thus highly
confined. The recharge areas of
the middle confined aquifer all fall
outside the geographical
boundaries of Nigeria, making it a
trans-boundary aquifer.

. Crnkel’ri
ECnery]

The Guinea Savannah Zon_e:
This zone COVEIS the area with

mean annual prec1pitati0n 0
1000-1250 mm and about 8010 60

this zone, name y; the
River basim,
basins(upper -

; ower ,
i o basinis drained
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by the River Kadun has its
tributaries. The River 1
Plateau. The
headwaters at the Jos hern
climate is typical of most northe
areas of Nigeria, except ar§a}sl
bordering the Jos Plateau whic
feature the orographic influence
of highland areas of the Plateau.
The temperature shows a m::an
annual of 24 °C to 30 °C.
Precipitation shows a mean of
1120 mm but attain 1500 mm
around the plateau area. Over 80%
of the Kaduna basin is underlgm
by basement complex rock with
shallow well yields of 0.2-1
lit/sec. The rest of the basin is
underlain by the Nupe sandstone
and alluvial deposits [4]. The
Nupe sandstone underlies most of
the southeast including
Kontagora,, Mokwa and Bida
areas. It consists of slightly
cemented fine to coarse
sandstones and siltstones with
interbedded thin beds of
carbonaceous shale and clays.
Yields of 1.8-4 lit/sec have been

reported in the Nupe sandstone
(Du Preeze, 1965).

The Benue River ig a
continuous elongated geological
Structure, conveniently
subdivided into Upper, Middle
and lower basins. The upper
Benue River basip occupies the
upper reaches of the Benye valley.
Its main drainage network

Suleiman et ql. Vol . '

comprises Numergy; Stré 2 0 |

rivers flowing jp, tha'ns | /
Benue from the noyy, anfi Rive; |
The major river SYStem, .S%th |
the Gongola, Kilunga, anéndudé

the north and the Fyy, anq
from the south of the River gh,
The temperature iy the % |
valley is relatively high ‘;“\l_el
typified by the recording' ft &§
Yola where the mq,, d;(_’m
maximum ranges frop, 29°Cllty
32°C in May to October, 3250 to
40°C in October tq April, Thz
highest mean Maximy,
temperatures, of 38°C tq 40°C gy |
recorded in February t, Api]
The mean minimum ranges fry,
18°C ta 21°C from Novembe,
Februa~. Rainfall is limited, wig,
amear  “nual of 750 mm to 10y

mm. ' Upper Benue bagi i
undes' 0 by patches of the
basem:

=T complex rocks,

includinz a number of voleai

plugs, basaltic flows, and

sedimentary rocks of cretaceols
age. The geological sequentt |
comprises the basement overlamf

by the thick sequence of shalt Ol

the Asu River group, continet®

sandstones of the Bima §and5t°n: |
and shale, clays and hmest"g
The upper Benue is Separathe |
from the Chad basin b
Zambuk ridge'eme
hydrogeological interest 711
Weathered basalts 10

ol
Longuda and Sugu plateat '
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) ical interest

i 4roge ologica
C e sandstone
0" e Bln'l Yola, Jimeta,,
' Sult is essentially
pabo” ‘315‘Zldstone with grit,
felds}”1 d clay beds. It 1s hlghly
s a0 nd behaves like
; earocks,. hence its
aryste. 5 hydrologlcally. Yields
ST ¢ to 8 lit/sec have b.een
of2 N (SieThe Lower Benue River
o -ec'ludes the lower reaches
e lnBenue valley, stretching
ie t river Wase down to the
jom 207" f the Benue and
afluence O : |
o 1o the south. This part is
ng‘?fed by a number of River
g;iltems, including the River
Wase, Shemankar, Dep and Mada,
fowing northeast wards 'flnd the
Donga, Bantaji and KE}'[SIII? Ala
drainage network flowing in the
opposite direction, all the river

systems emptying into the River
Benue.

The climate is characterized
by high temperature regimes, like
in the upper Benue, ranging from
between 27°C as mean annual.
The altitude influences the

iation in Jog. Rainfall is

Ilnsood(;arate with a range of 1120-

mMm op t
il he Plateau. The

relatecgly of the Lower Benue is

i Sito the Upper Benue with

ol Milarity ip lithology of the

lncluglceal formations. These
Sandstonest ¢ Interbedded

ofthe Awe Formation,

Suleiman el gl

the Sandstones Of the .
E%eakku Forma»tioc oy
of the Awgy or "
basal sandstq ]

: ones of ¢
Formatiop, Any .

have begn drilleq in?g C;fboreho]
Formation Wwith varyip d

Success. Yields of 2 5g Wl
lit/sec have been . Y

: Sandstone of
th1ckn§ss 10-150 m ang gives rige
to various Springs

‘ at the contact
with underlying Aw gu formation

The Niger Basin consists
of the broad valley of the River
Niger, from the confluence of the
Rivers Niger and Benue to the
north western border with Benin
Republic. The Basin is sub-
divided into Upper and Lower
Niger Basins. The Upper Basin
represents the upper arm of the
drainage area of the River Niger
covering an area of about 116,300
km’. The River Niger, in the upper
Niger Basin of Nigeria, is charged
with water, from mainly, 'the
Sokoto-Rima and Kadung River
systems. Responsibility for

ly is entrusted
potable water supply 1 WAS)
to State Water Agencies (8 :
or state water departments 1 the
. The SWAS are
36 Nigerian states.

' ir state
responsible t0 thel
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governments, generally Ath{)(\)/l;gt er
State Ministry of bl
Resources. SWAs are responsiv’

for urban water supply, and -
some states also for rural water
supply. As of 2000, 22 States hag
separate State Rural Water an

Sanitation Agencles
(RUWASSA), mostly set up to
implement a UNICEF
programme. The Local
Government Authorities (LGAs),
of which there are 774, are
responsible for the provision. of
rural water supplies and sanitation
facilities in their areas although
only a few have the resources and
skills to address the problem.
The most important external
partners in the Nigerian water
supply and sanitation sector are
the African Development Bank,
the European Union, Japanese
JICA, UNICEF, USAID, the
NGO WaterAid and the World
Bank. The African Development
Bank and the World Bank provide
loans to the government; the
European Union, JICA and
USAID provide grants to the
government; UNICEF apnd
WaterAid receive grants from
governments and donationg from
the public to implement their
projects in cooperation with, but
Dot through tpoe
government. Water policy

Nigeria's National Water

Suleiman et al,

I’;)/ 8, N(;

Supply and Sanitation ['.W |
approved in 2000, encoohgy
private-sec.:tor. partjCimtio;lragE s
envisages Institutiong] and .
reforms at the sty
However, little has
both respects. As of
four of the 37 states - Lagog )Cgmy
River, Kaduna and Qg S’tateo.ss
began to introduce pub]ic.pn-vS~
. : ate
partnerships (PPP) in the form o
service contracts, a form of PPp
where the responsibility of the
private sector is limiteq to
operating infrastructure Withoy
performance incentives. While
the government has
decentralization policy, little
actual decentralization hag
happened. The capacity of local
governments to plan and carry out
investments, or to operate and
maintain systems, remains low
despite efforts at capacity
development. Furthermore, the
national policy focuses on water
supply and neglects sanitation.

In 2003 a “Presidential
Water Initiative (PWI): Wafer for
People, Water for Life” Wai
launched by then P1"651%~€]fe
Olusegun Obasanjo. b
initiative had ambitious targets
increase access, including 2 e
percent water access target 1! osthef
capitals, 75 percent access mcce
urban areas, and 66 percenta®”
in rural areas. Little has bec”

1410~
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i . it has not passed
Howe‘fe ' enshrine the human
i Oaater and sanitation 1n
't “:11 La. with the e}bove
nat‘oni o, it 18 doubtful if the
Scen?rry \,Nill pe able to attain the
ouaty

;mlenmum Deyelqpment Goal

sanitation.

water and
for3 water Resources and

gavironment: Challenges and
Prospects Water resources
jevelopment includes the
Construction, harnessing,
fistribution and protection of
hoth surface and groundwater
infrastructures for the domestic,
agricultural and industrial needs
of the society. The exploitation of
Nigeria's water resources has
progressively increased with the
rwm to civil rule. Despite the
1\’;08“’«88 that has been made in
thiteérsstlp\};z development .sin(?e

erworks in Nigeria

Was Commiccs i
1915 Missioned in Lagos in

inad Many Nigerians still have
. erq;?te access to modern
eXistper~pp-ly' Water shortages
Majoy t010d1ca11y in almost every
Many Yuran and are present in
Aregg o 4TS of the country.

e provided with

Suleiman et al

I8
wate No. |
) I more oftey, ¢ - 2017
O water distregg du Ot revert

inira - Of t

f Structures, making g o,
Ol access unreliable, T ) I8tics
point for water res Wrning

0
development and Manag Urces

velc €ment j
Nigeria occurred after the seveln
re

drought of the 1960s. Th

Government's response {0 the
CataStTQPhe was the initiation oef
strateg1§s for co-ordinated and
effective water resources
development, culminating in the
mid-1970s in the creation of the
Federal Ministry of Water
Resources and the River Basin
Development Authorities. The
activities of these institutions
were further strengthened in 1981
by the establishment of the
National Committee on Water
Resources, and by the Water
Boards at the state level. Later the
National Water Resources
Institute (NWRI), the Nigerian
Hydrological Services Agency
(NIHSA), the Rural Water Supply
and Sanitation Agenc1es
(RUWASSA) were added. These
bodies were charged with taking
an inventory, and ensuring
rational and systematic pl'anned
management and conservation; 0s
the country's water resources.

This is further b

various interv

jes an
government, Jonor agencie

14 ANO




opical Geography
Nigerian Journal of Tropical Geog

jes at
the setting up of many ageni:.lels1 zl
the national and sub—na'lo X
levels However, despite the

robust structure in.plaflfz f%lv tthe'
development of Nigerias Wa &l
Resources, there are NUMErous
environmental threats militating
against water resources
development in Nigeria.
Development 18 threatened when
the quantity and quality of water
available in an environment 18
insufficient to meet the various
needs of the population and future
expansion is hampered by the
depletion and or quality
deterioration of the resources
resulting in water poverty or
distress.

There are numerous
environmental factors that affect
water resources. These includes:

(a) Climate Change

Climate Change manifesting in
increased evapo-transpiration and
the attendant moisture deficit,
decreasing precipitation with
accompanying water leve]
lowering in shallow aquifers and
decreasing surface flows. These
threats impact more op the sub-
sahe.lian region. Climate change
manifesting in increased coastal
ﬂoods and saline water intrusion
Into upper coasta] aquifers

€specially in the tropical
ramforest zones.

Suleiman ey al

K
Part of Nopg. . "4,

o It
within the Sahell]e

region characteri
ramfall, Vegetat Vool
temperaty oM ang” S
Ires. Th 'e)(h,
systems in the ar gr()und \
- Ca ape My
the aquifers. | gy,
sedlmentary, sha]] Owsemnt
all under one forp, (¢, " degy,
other. The Sahel ; ea.tOrL;
populated by farp, ers w§ flon
on Water Supply fOrdepeI
livelihood. They pegy . e
their crops and animaq I;‘terﬁ

of the scanty v, etec_aus
overgrazing has furthe, d:tl’()x
¢

the soil COVE eXposing e SOﬂe
denudation and mojstyy, de n
These farmers ofte resort f
digging of wells in the shally
basement aquifers to augmen‘\
surface water resourceg furnighy
by various dams in the arey

IO ue to dwindling
precipiiation, the water levels o
these shallow wells are being
lowered. The surface wate
quality is often impaired by
excessive use of sulphat
fertilizers and the authorities at
not immediately sensitized to ¢
present and future implication®
the leachate into surface &
ground water systems.
implication of the state of affalfj
is that both surface and & .Oune
water systems in the 00T do
under threat of jmpairment " to
depletion. A Well'artlcul3

Iger‘, ;
2eq b \ahe]

10

f
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il d a ; th
i gt ¢ ] volving €
ture, MInistry

; gf . ul
1](35 O'rlc
'tfyongsourCeS and the

J
VP ter RS ment must be
f

where groundwater
examP all t00 fast or to
jovels able levels: This not only
e vailable water resources

a
r;fjuljz:ehole yields but can result
2

1 other serious and potentiglly
ostly side effects 1nc¥ud1ng
gline intrusion and subsidence.
pappropriate OT uncontrolled
tivities at the land surface,

icluding disposal of waste and

spillage of chemicals, which

contaminate the underlying

wquifer. This can arise from

diffuse sources, which results in
widespread but generally less
inense contamination, or from a
point source, which causes more
ﬁtt‘{nse but localized problems.
ex?rg;]:};znsgeh of land use, for
Maturg] ahel, the removal of
OVergra Vegetation through
. sal?n°lg led to water logging
Nature Or;li;telon p'YOblerr%s. The
MMluence thaqulfer will also
¢ scale of the

C()ma .
mlnatlon problem. Thig, i

Suleiman et q]

a highly fractyr
ed aqu;
groundwater ﬂowacilulfer Where
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especially if the straty hag\zr;1 s
mo.qes.t Pﬁ?rmeabilo'nlya
Salinization: Salinily 18 the lt’y ‘
threat to aquifer syst i o

: ainabil;
because it does not redtlllg

roundwater ooyl o 264
fot Bicnose oy :;leg be.made.ﬁt
. ) gy-ntensive
des.ahna}tlon or by dilution.
Salinization can occur as a resylt
of poor irrigation practice in
agricultural areas, and as a result
of over-abstraction inducing
saline intrusion. The latter occurs
usually, but not exclusively, in
coastal aquifers. Mixing with just
3 to 4 per cent sea water (or
groundwater of equivalent
salinity) will render fresh
groundwater unfit for many uses,
and once this rises to 6 per cent the
water is unfit for any purpose
other than cooling and flushing.
Once salinized, aquifers are slow
to recover. In mnter granular—ﬂow
aquifers, the enormous yolumes
of water in storage have 10 o

displaced, and in some fracture-

flow systems where the matrix 1

also porous, it is difficult to dr}z:n;
relatively immobile water thatha

entered by diffus
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fractur® nel

ate disposal of

iserimin
(c) Indiscrl (fluents into

industrial :) p
water bodies
SurfacSetudies carried out in mMost
cities in Nigeria had shown that
industrial effluent is one of the
main sources of surface water
pollution in Nigeria (Ekiye,
2010). Industrial effluents when
discharged directly into the rivers
without prior treatment have
capacity of Increasing water
quality parameters. Dada (1997)
indicated that less than 10 % of
industries in Nigeria treat their
gfﬂuents before being discharged
Into the rivers. This has led to high
load of inorganic metals such as
Ega_Cr ?S?hd Fe in most of water
1€S 1 .
2008, (Ahmed, 2000; Wakawa,
The poorly Managed drainage

System in the country had cayged
the surface water IMmpairment
du§ to erosions during rainfa]]
Rainfall runoff carries all gorte
of pollutants from hoyg o
Industries, farmlang ang >
dulpping sites.

Cnvironments, Based 0

. : n t
of Industry, various leyg] he type

pollutants ¢ap be dj > of
! e dis :
the envirop AT

: ed int

_ ment 0
lpdlrectly t dlreCﬂy or
lines.

hrough public Sewer

W :
astewater from mdustries

waste, Proces Ceg'

Suleiman et q) ]
) Voi )
includes €mplg,. W, |
| ) W |
manufacturmg Wagp ey b
" !

relatively uncg, e, aters"’?
from heatip ated;ﬁi
operations. : C%]@;i
Ip, |

ley 0 |

pollutants ip Iiver N
ol

cause i fer g, 1)
oxygesn Ecllr; erease bisysten‘:5
mand (Bqy 010gi%;§

oxygen demanq (q. ey
dissolved solidg ((?F%D)’ téfc'
suspended soljqg TSS > oy
metals such as (g £l N’ toy,
and faecal colifo’nn - Ni gy,

an |
make such Water unSuitabilenng‘

?rmkmg, ITTigation gpgq aefg;;
ife. Industria] Wastewat Wy
p ] ) ' €rs Tang:
rom high biochemicy] . *
d'e mand (BQ D) (;Xygent
biodegradable wasteg sucrhor?'
th@:;-ifii from human Sewage, puT;‘
ax;:\ &pg n;l;dpstries, Slaughty
jouses, r1es and chemiy,
Indusiry.

~ Others include those fiur
plating shops and textiles, v
may be toxic and require onsit
physiochemical pre-treatmel
before discharge into mumictl
S€wage system. Research ¥
Sshown that some of the Wi
quality parameters of both g
and surface water often 1ist ¥
during rainfall with high vae’
turbidity, solids and a7
Species often been rec” 0
(Taiwo, 2017 Jaji, 2007; Tal;;of‘
2010; Mustapha, 2008 & 12 o
2001). Agriculut!™
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.,,v'f"”"/m”ﬂ" “'Ci Jes, p]ant ap.c%
o e
o ce of organi
:ulillg,‘;buting S‘?Vl:tcel‘ bodies in
co;luﬂ'on cultural run—gff of
u?gefia' f]ant and ammg]s
' gtic10 alllajorcontrlbutlllg
Salsorganjc pollution to
: ;0 dfe;)in jgeria. The.wli)rlg
e e (2008) had Lm €
of us{i%ic eutrophication of
fhe Pel?esewoir in Offa, Kwara
Oyllen ) run-off of phosphaFe
B rg from nearby farms. in
otihzC w dung washing
ddition 10 €0 . h
the watershed 1nto the
1crosn;rvoir. Water pollution
t};:ough surface 'run-off has been
reported in Literatures W1th
subsequent effects on nutrlgnt
.arichment, water quqhty
mpairment, marine lives
pawning ground destruction and
shkill (Izonfuo, 2001 & Martins,

998),

) Threats to existing water
frastructures from erosion
d contamination of water
)elines
¢ 1o regulation lapses and
ling 1s a common business in
:’E T(;Jlgeria. These activities
fineas ItO seyere erosion of the
iy €ading to exc.:avation
ire g)se of the pipelines
oy and Eff1u§nts from
Iy enge thdomestlc activities
©network through

Suleiman el ql

the joints of th
. € col]

The snuat'lon I8 furtheips,e :i Pipes,

by the activities of catt]eééravated

take advantage of th f]nen_who

from the pipeg Cakages

: to provy;
their herds. Unf}z) ey

4 Conclusion ang
Recommendations

. The, Nigeria Water Sector
has significant potentia]q to
contribute to the development of
the economy. The provision of
potable water for cooking and
drinking; and the construction of
dams for hydro-electricity are al]
relevant for economic
development while 1rrigation
facilities across the country have
helped the nation to support its
growing population without
solely depending on rain-fed
agriculture. Additionally, the
existence of dams and irrigation
schemes has contributed to
suburban development of several
communities and induced socio-
economic improvement of the
residents. Clearly, the Water
Sector has a major role to play n
the sustenance and fu1:th(’:1
development of the ngtmng
industrial sector especially 1 f?o
and beverages, texttlle:s’
pharmaceutical among others.
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| potable water holds
e elimination ©

diseases such. ae
y, T1Vel

Nigerian Jowrnal

The supply of
the key to (;(h
ater-relate
giolera, typhoid, dys?l?te]
blindness and malnutrition. .

Fortunately, Nigeria :
nation is endowed with hu%
water resources with the capacity
to meet our burgeonlngf
requirements across all facets 0
life given the requisite 1esOUrces
and a focused plan of action
managed by competent nnd
committed professionals within a
well orchestrated institutional
framework. This will require
significant capital to transform the
stated objectives and
requirements into available water
resources for domestic and
industrial consumption. The
amount of resources required to
maintain the dams and irrigation
facilities as well as keep the taps

running would require the private
Sector participation,

In view of these
considerations, Government
needs to take the first step of
articulating a holistic roadmap for
the development ang Mmanagement
of the nation's Water resources
towards the actualization of the
sector's potentials, We believe that
with the support of private sectop
IDvestors and other key
§takeholders,
Implementation of the roadmap
will facilitate the achievement of

Suleiman et al. Vo
O/. (S' N(), i

water target objectiyeg and
the enabling envijry, ¢
attract private .investmc ntse,'m

sector. To mitigate threag t’(’)- fl
water resources, gOVeran
must step up Integrageq
Resources management Whe, dt
sectors must synergize t, achievd
results. (

The Federal MiniStry
Environment Must strengthe, f
present environmental [ayq S
that the polluters of watey bodie
could be prosecuted. Industria]
and agricultural sectors shoulg
also be compelled to treat their
wastes before being dischargeg
into the water bodies. Drastic
measures must be taken by 4
authoritics concerned to minimz
children: inorbidity and mortality
due to poor sanitation and water
quality problems. The
threats to water resources ar
variable and many. The variation
in water quality experienced 1t
Nigeria reflects differences in
land management and the
physical environment. These
differences occur both as a resul
of natural variability, societd
development and pollutant iilputs‘
In addition, water quality in
vVicinity of urban areas !
influenced by industrial and ub”

yin

-
development. Understanding tﬁ
condition of rivers and Strealter
and their relation to ground W2
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i ” 0¢ nt.

,ritw”]t tef Jevelopmel
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/
‘mgaﬁfo“ e t evolve
| stitutes mus

' es
chearchmitigauon measx(;ir
S0 for the hydro
Biable © 1 environment.

! jca me
:neteofolog the benefitting

. of '
Educaﬂionalso likely to help 1n
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A podies. The Ministry of
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