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ABSTRACT

An investigation was carried out on e cHeetveness st using the DRASTIC model 1o prodic!
groundwater vuinerabiity to poliuhon from an agicultnial tand Best Food Farm oy, (gbomaso
Oyo State, Niger:a dunng the 2003 Raming Seascn Groundwater contamination potential was
evaluated with the assumption that the aguifer 15 wrulorm and groundwater flow 1s steady  Sever
parameters were measured for the project site and the corresponding weights and ratings atiributed o
each measured value were obtained frem tables developed for DRASTIC Index. These parameters
include depth to water table recharge (net) aqufer media soi media topography (slope} impact of
vadose zone and hydraulic conductivity  The value of the DRASTIC Index obtained for the study stte
was 173 showing that the area under investigation has moderately high vulnerabiity  The result of
the DRASTIC Index obtained was confirmed by carrying out chemical analysis of the water collected
form a well located within the farmland compared 10 'we other wells about 2 kilometers away from the
farmland, where refatively little or no agncultural activities nccurred. Using WHO {1993) and APHA
{1995) Standards for drninking water to compare the results obtained for the three well water samples.
the values obtained for nitrate were found to be highest for the water samples cotiected from the well
within the study area Also the values obtained for ail the welis were by far lower than the 10 mg/L set
by WHO (1993) and APHA (1997) Standards  The study thus shows thai the DRASTIC moedel s &

useful tool for evaluating groundwater vulnerability to pollution

Introduction

Tchobanoglous {(1987) defined
groungwater contamination as any addition of
undesirable  substances to  groundwater
caused by human activites Ground water
contamination s extremely difficutt  and
sometimes impossible to clean up  Ground
water contaminaten vary from region to region
and are influenced by climate, population
density, intensity of industniai and agricultural
activities, the hydrogeology of the region. and
the status and enforcement of federat and
state regulations that can be used to protec!
ground water. Groundwater can be and has
been contaminated by a varety of poliution
sources, including iandfills and septic tanks.
sewage freatment plants and  mining
operations, chemical waste. . lagoons and
leaking pipelines and tanks, feedlots. goif
colrses and agricultural practices (Glenn,
2002) its qualty, according to the National
Acddemy of Sciences (1984) is affected by
virtually all-human activity and by a wide range
of natural processes Even before water
leaves the atmosphere as rain ang snow. i
may become contaminated by air pollution
' Once on the ground, water running across the
land (runoff) picks up pollutants that may enter
groundwater As the "universal solvent * water

traveling underground wiil dissolve and carry
with 1t constituents from the surrounding soll
and rocks Depending upon the local geology
groundwater can contam naturally high levels
of minerals ke sodium. potassium. chlonde.
won. sulfate or arsenic it may carry naturally
cccurnng radicactive matenal of bactena as
we!l It may also become contaminated by
constituents that have been mtroduced by
human activites Mackay., et al  (1993)
reported that among the pollutants frequently
found and associated with human activity are
solvents and cleaning agents like
tnchioroethylene (TCE)Y and tetrachlorethylene
(PCE)  gasoline components such as
benzene toluene and xylene and the fuel
additive methy! tertiary butyl ether (MTBE).
creosote. nitrates from septic tanks and
cesspools. fertilizer application and animai
wastes, as well as pesticides like
dibromochloropropane (DBCP). atrazine
ethylene dibromide (EDB) and aldicarb
Groundwater generally takes langer
tme to become contaminated but the natural
cleansing process alsc may take rnuch longer
The levels of contaminants in drinking waler
are seldom high enough to cause heatth
effects Examples of acute heaith effects are
ravsea, lung rtation skino rash. vomting
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dizziness. and even geath. Contaminants are
more likely 1o cause chronic heaith effects
effects that occur long after repeated use of
the contaminated water Examples of chronic
~* health effects include cancer tiver and kidney
damage, disorders of the nervous system
damage to the immune system. and birth
defects (Oluwande, 1983).
Different models have been deveioped
to determine groundwater vulnerability 1o
agricultural wastes..Sgme of these models
include CREAMS (Chemicals. Runoff and
Erosion from  Agricultural  Management
Systems) {Knisel, 1980), GLEAMS
(Groundwater Loading Effects of Agricultural
Management Systems) (Leonard et al 1987)
and USDA (1990). NLEAP (Nitrate Leaching
and Economic Analysis Package) (Williams
1990) .and the DRASTIC (Depth. Recharge
Aguifer, . Soll. Topography, Vadose Zone
Hydraulic Conguctivity) index (TWC, 1890 and
Deichert. 1992). Models generally are location
specific, most of them perform best In
locations with conditons simifar to  the
envifonment where they are developed. The
DRASTIC model unlike CREAMS, GLEAMS
and NLEAP is not nitrate-nitrogen based and
=5 not popularky used to predict groundwater
“ipollution. The objective of this study was 1o
‘determine the effectiveness of the DRASTIC
model to predict groundwater vuinerability to
pollution'from agricultural wastes.

Materials and Method

Field Data Collection

The study site, Best Food Limited
Ogbomosho (Fig 1) is iocated along.
Ogbomosho—ikoyi road in Ogbomoshe North
Local Government. It is located between
Latitude 8° 15N and Latitude 8" OO'N and
Longitude 4° 00'E and Longitude 47 15N Tre
water samples. used for analysis were taken
from a well located within the premises of
study area and two others not {00 far from the
farm. Three sampies each of well water was
collected from a well located within the vicinity
of the study site and from two other wells
about 2 kilometres from the study site using a
clean white plastic bottle of two-litre capacity.

Water Quality Analysis
. The World Health Organisation (WHO.
© 1993) and American Public Health Association
(APHA, 1995} standards for drinking water
were used for the verification of each
parameter tested for in the samples collected.
The test procedures on the physical. chemical
and. bacteriological parameters were carried
out at the Water Laboratory of the Lower River
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Niger Basin Development Authonty, lorn
The test procedures were in accordance with
standard method of examination of water
Water qualiies tested include. phenoiphthaiein
alkalimty  methyl  orange alkahnity  total
hardness  calcium  hardness.  magnesium.
lead copper chlonde. sulphate  nitrate
ammonia angd electricat conductivity

Fig. :Topographic site of the study map
Determination of Drastic Index
Parameters

The DRASTIC index was
developed in the United States of Amenca
(USA) The U S Enviconmenial Protection
Agency (EPA) working with the Natianal
Water Well Associalion (NWWA) and a
\arge number of other experts, have
idenufied seven key factors that determine
aguifer  wvulnerabmty  {Deichert, 1992)
These nclude depth to groundwater,
recharge rale to groundwater, aquifer
media, soil type. topography. impact of the
vadose zone and hydraulic conductivity of
the aquifer Each of these factors is
assigned a combination of weights and
ratings  The typical ratings ranges are
from 1-10 and the weights are from 1-5.
Combining the first letters of the seven key
factors arrives a! the acronym for this
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index. The DRASTIC index 1s then used to
evaluate the relative wvulnerability of
different aquifers or different segments of
a given aquifer. DRASTIC evaluates
poliution potential based on the above
seven hydro-geologic  settings. The
DRASTIC Index. a measure of the
pollution potential, s computed by
summaticn of the products of rating and
weights for each factor as follows

DRASTIC Index = DD, + RR, + AA, + 55,
+1, T, + 1L, + GG, ("

Wheﬁe:

D, = Ratings for the depth to water table,

D., =Weights assigned to water table depth
R, = Ratings for ranges of aquifer recharge.
R, = Weights for the aquifer recharge.

A, = Ratings assigned to aquifer media,

A, = Weights assigned to aquifer media

S, = Ratings for the soil media,

S.. = Weights for soil media.

T, = Ratings for topography (slope),

T. = Weights assigned to topography.

I, = Ratings assigned to vadose zone,

I, = Weights assigned to vadose zone.

C, = Ratings for rates of hydraulic conductivity,
Cw = Weights given to hydraulic conductivity.

Depth from the surface to water level
The depth to, from the surface to
water level was measured as 10 m (30f)
Using the table reported by Deichert
(1992) the DRASTIC rating and weight for
the well located in the study area was
determined.
|
! Recharge
The net recharge of the aquier
was taken as the average change In
depths of water in wells across the
farmland. The recharge depends largely
on the frequency of rainfall and its
intensity. Table 1 shows the result of the
net recharge for a period of eight weeks
This is the amount of water that actually
becomes groundwater after precipitation

Aquifer Media

Sieve qnalysis was used to determine
the size range for the soil collected within the
aquifer media surroundings. This was found to
vary from 1.50-3.00 mm. Using this size ranqe
and the table developed by Deichert {1693)
the rating of the agufer meda was
determined.

Saoil Media

Soil texture was determined using the
USDA soil textural classificatten chart as
reported by Michael (1993).  Soil texiure
shows the relative proportion of sand, silt and
clay contained in a given soil sample. The sol
texture forms the basic matrix and the
geometry of voids crealed in the soil matrix 15
dependent on the class of soil texture  Sov
lexture therefore influences considerably thy
passage of ar and water on the soil media
Sall texture 15 canslant and does not chang:
with  time Using the USDA soil textural
classification chari the sof within the aquier
media was found to be massive sandstone

Topography

The field siope of the study wa
determined  using  the topographic  m3:
covering the project area. Average vafug of th.
slope obtamed from the attache..
topographical map gives 0 00560% . Using the
table reported by Deichert (1982) the
DRASTIC rating and weight for the iocaton
was determinad

Impact of Vadose Zone

Chemical transport in vadose zone
was investigated by using piezometers and
vadose sampling technigues to determine
chemical concentrabens of the study site The
DRASTIC rating of the impact of the vadese
zone for e study area was determined usindg
the tabile roponed by Deichert (1982)

fonductivity (Mydraulic)

Test o hydraulic conductivily  win
carned out an each core sample colizcled
Fach sample was timmed at one end and
coversd with cloth, The sample was then
placed in water basin for 48 hours 1o allow it o
saturate  The samples were then inmmed at
he other end and core of the same size was
placed on the cne containing the soil Both
cores were then jomned together by cellotape to
make it watertight. The core arrangement was
then supported by retort stand Water froem the
tap was allowed into the core by first falling on
wire gauze matting until about 4cm of water
level was attaned The gauge was then
removed ard more water was added to a
depth of Yo After two hours of running the
effluent water from core bottom was collected
and  mong :
minites piated Nydratas contus vty an
be estmated vy orearnanging Darey’s forraaka
as follows
K={VMxLytAtH) {2)

st x bme ntenyaloaf

Where
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K=hydraulic conductivity (cm/s). H-nead of
water lost in flow through the sample
= tne length of the sample icm}. V ~ Volume

of outflow tcm™).

The slope of the study site was
determined as 0 0050 2% The DRASTIC
rating was found to be 10 with a weight of
1 For the vadose ZONE, the DRASIC
= cross-sectionas area

: = yme of outflow (51 A
of the sample (cm”).

Procedures for the Chemical Analysis
of the Water Samples

i Total Sohds

CY00 mi of sample was taken nlo
evaporating dish and was oven doed for
24 nours it was then reweighed after
soohng

Weight ot evaporating dish=A(mg). Weight
of evaporating dish + the sample=B (mg)
Total Sohds (mg/l) = (B-A) X 10 )]
(2) Nitrate (NQ.

Colorimetric. method was useg 10
m! of sample was measured into Nessler
iube and the same amount of distiled
water into another Nessler tube 05 m!of
Biucine  was  added  and 20 b of
concenfrated  sulphunc acid nte each
tube Potassium nitrate was added drop
by drop nto the lube containing chstill
water until a colour match 15 obtained

NO. (mg/ly = mi A KNO, x D1 %
1000/ 10ml of sample (4}

(3 Potassium ()

Flame photometry test using flame
pholometer was used Good distlled water
n de-ionized water was used as the blank
The meter was set to zero using the blank
(4 pH

pH meter was used to determine the
pH of the samples

Results and Discussion

Determination
Index Parameters

The deptn of water in the well
iocated within the study site was 10 m
The DRASTIC rating of 7 with @ welght of
£, was obtained for depth of water F1g 2
snows the net rechargs dunng the panod
ot stugy. Using the values of the nel
recharge obtamed in fFig 2 a DRASTIC
rating of 9 with an attributed weight of 4
was obtained for net recharge The aquier

of DRASTIC

Cummulative Efflient Voiume

{Cu.cm)

raung of 3 with a weight of 1 was obtained.
Fig 2 and 3 were used In determining the
valume of outflow in equation 2, which
enabled the hydraulc conductivity to be
computed Table 1 shows the computation '
of the DRASTIC Index for the area under
study using equation 4+ with the using
weights and the ratings for the seven
parameters determined in the study. The
DRASTIC Index of 173 ottamned indicates
that the area is farrly high vulnerabihty.
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Fig. 3: Cummulative effluent volume

validation of the Model Resuits
The result of the DRASTIC model

media  was c!aﬁsiﬂed as  massie was validated by carrying out chemical
sandstone (1 60 - 00 m), the DRASTIC analysic on the groundwater sam Hles
rating of 6 with an attnbuted weight of 3 taker from the project site and on 'the

was obtained for thus aguifer media 1he
result of sieve analysis for the soil media
shows that the soil 1s aggregated clay with
a DRASTIC rating of 7 with & weight of &.
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samples of groundwater taken from wells
outside the project site, where there was
relatively Iittle Or no agricultural activities
taken place. The parameters tested for
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were Total soiids (TS} Nitrate (NO, ;.
Potassium (K"} pH.  and  Electrical
Conductivity {(E C) The tests were carned
out for a penod of eight weeks between 4"
July and 18" August 2003 Samples were
taken once in each of the week usually a
day or two after a rainfall event Tabile 2
shows the result of the chemical analysis
of the water sampies For nitrates  the
values obtained for the well iccateg within
the study site (3.12 - 8 42 mg!l) were by
far higher than those obtaired for ne two
wells {ocated far from the study site (G 12
- 552 mg/l) Table 2 reveals that the ievel
of mitrate content for the three wells was
below the guide line value of 10 ma/l set
by the WHO [12]| and APHA [13] standards
for dnnking water  This aiso shows that
the Nitrate contaminaton has detected
usthg DRASTIC model

Conclusion
The study shows thal the
DRASTIC model 1s a useful tool for
predicting vulnerability to groundwater
poliution from agricultural wastes The
resuit using the model parameters on the
study site compares favourabiy with that of
the analysis water collected from the study
site and two others outside the study site
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Table 1. Determined DRASTIC parameters

 DRASTIC parameters " Raung gt
Depth (¢ groundwater v 4
Rechame rate to groundwater 4 k|
Aquifer media 6 K
Sot type 7 5
Topography 0 3
tmpact of the vadose zone 3 1
Conductivity of the aquifer 4 4 -

DRASTIC Index

C Week T Tot solids [mgiL) Nitrate {mgiL j
LA B o T A TTTE

1 13002050 HEE 3N i48

2 1942 3540 5060 58 054

3 2315 040 4790 712 0s?

4 2410 3554 4581 531 012

5 2524 3843 4005 £ 114

5 313 4160 azad 842 (a3

7 3220 Av4r w120 4y 415
8 W12 5045 5043 520 425
A=S

_Table 2. Results of water analysis

Facior'___:m'm o
15
36
18
15
30
3
16
B 173 !
“Potassium {mgiL) pH B
L AT B LA B 1
270 013 013 0.13 70 7.8 7B ‘
{25 147 213 006 75 78 5
043 015 0.14 012 87 5.8 TR
135 023 013 013 70 70 ]
323 024 013 on 75 70 70
552 g1y 012 012 75 70 6.8
053 024 014 207 i) 75 o
015 024 0.12 (09 68 75 75

ample of water collécted on the farmiand. B & C= Samples of witer coilected outside the farmiand about 2km away.
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