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Abstract “Hions :
N viti - sanitary conditions, hich ex ang
O Salmarymajor environmental problem w POses the g
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saline water intrusion have become il othercontaminants' Geo.logy and hy drau|-
groundwater within the environment to h 2 were Stu died. Physico-chemical Character,' Jlc
Eonductivily of the soil collected from the study aré dug wells were also determined. The - Stigg
of groundwater collected from boreholes and har.ld ?g R varying depths of 0.0 0 Taylj,
cox;ductivity of the area was determined by mallﬂﬂ.&'r tl(:: sf))il e locations Ot:tl.m ”:~l,
; tals 1 g A v Stug,

m.and 1.5 m.at four locations. Also,heavy me lic conductivity sh y
area were determined at depths of 0.4 m and 0.8. m. Resultsbo.fihy (il/-;lilch el tl?; in(f)]‘zs a‘rangc
of 1.50%10>-4 - 2.75 * 10>-4 m/s indicating high permeani té’d — t]r]a“()h of
harmful wastes to the groundwater and soil. Heavy metals (CU,h 2 de’tectable limits. The € S0il g
various depths. However,Chromium, Cr,was generally less than el ze(i fell pH f’ffhe
borehole water analyzed are acidic while that of the hand dug we y Withip
; ivity of the analyzed hand dug water fe| 5,

WHO recommended standards. Electrical conductivity - B ehich e
WHO recommended standards. This could be as result of sa _me WM e C' I.S also,
contaminant. From the analysis in the analyzed groundwater,’cat1011f ( gz_’ %) ‘Ylthln WHo
NCOSOF; NO™, PO,") fell withip WHo

recommended standards. Also, the anions (CI,HCO’ thi
recommended standards. All the heavy metals in the analyzed groundwater samples fell within Wy,

and NSDWQ recommended standards, except lead (Pb) and cadmium (Cd) which fell above W
and NSDWQ standards which is also an indication of contarnmatlon.Gooq sanitary conditioy,
continuous monitoring of groundwater quality from time to time as well as improving the waste

eavy metals

disposal method are recommended.
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Organization.

awareness by the inhabitants of the area of the
danger that this indiscriminate dumping of
refuse would pose to the groundwater
resources.Soil's  physicochemical aspect are
indicators of possible pollution of groundwater.
Therefore, the knowledge of dynamics of soil
physio- chemical characteristics is imperative

I. INTRODUCTION
Municipal Solid Waste (MSW) disposal, in
most of the developing countries has been a
chronic problem, particularly in areas with
high population density and high production of
waste. This has led to the pollution of
groundwater causing a good percentage of the

world population no access to safe drinking
water. The creeks have become regions of
indiscriminate waste disposal for commercial
activities as well as effluents from industries
within and around Bundu-Ama and environs.
Moreover, poor sanitary conditions pose
danger to the environment. There is little or no

even in decisions regarding waste management

This is because variability in soil characteristics
influences surface- and- groundwater resources
that it supports including solid waste. A study ifl
Abakaliki region of Nigeria, confirmed that soil
physicochemical characteristics influence
leachate contamination to groundwater through

195



3 MINING AND
1 s

odu ction of hazardous wastes in aquifer
el : (obaSi et al,2012). Particle sjze
Z‘,’neibution of soil samples from solid waste
tr <ites have been studied in some selected
ites in PortHarcourt by some
dum;,-’chers' (Obianefo etal,2016).
re|sies <udy investigates the quality attribute of
Th d groundwater in Bundu-Ama and its
o ortHarcourt, Southern Nigeria,

]

{1 STUDY AREA, GEOLOGY AND
HYDROGEOLOGY OF THE
AREA

& StudyArea

The study area is Bundu-Ama and environs in
portHarcourt, Southern Nigeria (Figure 1) and
situated approximately on latitudes 4’ 45'N —4°
47N and between longitude 701'E—7°03'E.

The study area displays climatic characteristics
that could be classified as humid, semi — hot
equatorial type (Papadaki, 1996: Gobo, 1990).

REFEREED PROCEEDINGS

The et
% érc(izs;l’e;lsgces heavy rainfall from March
November, Decen bCVcn the, 4o monlbages
ROt es o 1 _cr,Januz.iry and February are
The mean LCZ]SIOIAH!] ralr.\fall (Gobo, 1988).
) annual rainfall is about 2,500mm
(Akintola, 1986). ;
Z:g ;tudy area is characterized by a nucleated
inear settlement inhabited by people from
many tribes of Nigeria while the original owners
of the land are the Okirika and Ikwere tribes.
Th?rle. are supply of some essential public
facilities such as electricity and roads which are
not adequate, however. The inhabitants are
majorly low income earners engaged in different
small business activities such as trading and
transportation. Other commercial and industrial
companies operating in the area include Ibeto
Cement, Union Dicon industry. Macoban

Shipyard, and a Jetty for loading of petroleum
products.

2 GEOLOGY

The area lies within the Niger Delta
sedimentary basin, and the surface is classified
as part of the Benin Formation (Simpson,
1954). The elevation of the study area varies
between 3m and over 15m above mean sea
level. The stratigraphy of the Delta consists of
three major units: the Akata, the Agbada and
the Benin Formations from base to top.

The Benin Formation is an extensive
stratigraphic unit in the Southern Nigeria
sedimentary basin. It is predominantly sandy
with a few clay and shale intercalation (Short
and Stauble, 1967).

The materials are believed to be deposited ina
continental fluviatile to deltaic environment

Figure 1. Map of Nigeria and Rivers State

(Onyeagocha, 1980). The Benin Formation is
overlain by the coastal plain sands, deltaic plain
sands, abandoned beach ridges, mangrove and
freshwater swamps and range in ages from
Miocene to Recent

o HYDROGEOLOGY

Fresh water from Benin formation has been
identified as highly porous sand and
unconsolidated. All the aquifers in the Niger
Delta are allocated within this lithostratigraphic
unit. In the Niger Delta, the regional
groundwater cause in four major aquifers
delineated from lithologic and geophysical log
within a depth bracket of 0-300 meters. The first
aquifer occurs between 0-45m under phreatic
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conditions and is the most 29
exploited. ird (136 -
Thl; second (50-30m) and thlc‘l::hl[rhe(fourth
212m) are semi-confined, Whi d and 18 the
(219 - 300) is perfectly confineC P, Loy
thickest. The aquifers are pmdoc;n"“;ilh minor
fine to coarse grained §and beds s (Tse an
clays and conglomerate intercalations

Eshiemomo, 2016).

Ty HODOLOGY

3.1 ; glAEr\IPLE COLLECTION AT‘BD
DETERMINATION OF PHYSICO-
CHEMICAL PARAMETERS ;
Three different methods were employed i
study, and they include:

Desk Study

Data acquisition through fieldwork
and samples

Hydrogeochemical study

n this

4% 46" 48"
4° 46" 307
46" 124
a-a3°sa-

~
asas 367f

4cas s

Sampling: Sam
depths of 0.0m,
for sieve and
hydraulic con

oundwater sam

wel

1999.
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Desk Study
DataAcquisition

Field Work

pitting: four (4) pits were g,
depth of 1.5m for sieve analygis
soil samples from five (5) Points

the study area at depth of 0.4, angd

er point were collected f,

metals analysis.

Figure 2. Map Showing Soil and Water Sampling Points

IV. RESULTS AND DISCUSSIONS

Table 1 - Hydraulic Conductivity (K) from the Sieve Analysis

T heayy

pling of soil for sieve 5y,
0.5m, 1.0m and 1.5 reg
lysis (particle size determ;

les (water and soil) were take
for analysis according to
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Location Depth (m) Hydraulic Conductivity (K)
n/s nvs
L1 0.0 2.30E-04 230x 10
0.5 1.64E-04 1.64 x 10™*
1.0 1.50E-04 1.50 x 107
1.5 1.50E-04 1.50 x 107
L2 0.0 2.14E-04 2.14 x 10*
0.5 1.77E-04 1.77 x 10™
1.0 1.52E-04 1.52 x10™
1.5 2.39E-04 147 x 10**
L3 0.0 2.46E-04 2.39 x 107
0.5 2.46E-04 2.46 x 10*
}-g 1.89E-04 1.89 x 107
. 1.83E-04 4
o 0.0 2.32E-04 ;gg i }8“
0.5 2.50E-04 7 4
1.0 2.50 x 10

2.75E-04 2.75 x 10
1.5 2.10E-04 2.10 x 10

N

the

. .0)
Wlthin
8m

a])’Sis at
PeCtivc]

y

¥ Napt
ductivity, and te, ang

ples were taken from — 1 3)
|s and boreholes for phySiochemicagl
analysis

All samp
laboratory

0 to the
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com puted Hydl-aulic Conductivity (K),the values range between 1.50 x 10™-2.75 x 10
s the Macaulay (2008), these values are high which shows that the soil % permeable

n : .
1! inant movement through tl
e fon Rt gh the interconnected pore spaces of the soil underlying
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e’ v

el Physiochemlcal and Heavy Metal Parameters analyzed in the Water Samples from the
8
:tud)”“ea

HW3 BHZ HW4 HWS BH3 HW6 BH4 NSDWQ WHO
(2007) (2010

Temperature

(0

Turbidity 0.9 087 03 089 031 084 092 035 08 034 5.0 50
alkalinity 26 28 40 24 50 27 26 40 29 40 NA NA

STl e 953 124 197 1360 1450 1470 1520 205 1480 284 1000 1000
Conductivity

DS 452 490 124 484 120 495 458 119 47

Total 447 @ SL1 35 417 40 492 483 4.1 45?9 ;310 ;0,2 z((,)g
Hardness

Sulphate 355 374 151 360 149 384 366 204 423 268 100 200
Chloride 404 478 89 481 87 497 487 101 472 992 250 250
Carbonate 083 080 001 08 002 088 036 002 081 001 NA NA
Nitrate 244 221 145 298 160 34 383 157 416 155 NA NA
Phosphate  0-14 012 015 018 016 0.9 0.l 012 018 015 NA NA

Bicarbonate 260 251 40 271 42 265 213 44 258 55 250 250

Calcium 13.83 142 0159 144 017 1411 1392 0. 17 145 016 NA 75
Magnesium 2.47 252 07 262 082 249 249 097 233 092 20 50
Sodium 101.45 10425 22.78 100,60 2321 1036 1025 2253 110.18 249 200 200
Potassium 49.80 53.8 1.68 521 169 503 549 164 496 174 NA 200
Chromium  NIL NIL NIL NIL NIL NIL NIL NIL NL NL 0.05 0.05
Zinc 0.155 0.162 0.125 0134 0122 0139 0.181 0.131 0.163 0.137 3.0 5.0
Iron NIL NIL NIL NIL NIL NIL NIL NIL NIL NIL 0.3 0.3

Cadmium 0025 0028 0.046 0.030 0.043 0.031 0.027 0.048 0.029 0.035 0..003 0.‘003

Lead 0302 0317 0.039 0337 0.036 0308 0312 0023 0324 0028 001 0.01

Manganese 0.011  0.025 0.066 0.026 0.064 0.032 0.036 0.078 0.014 0061 02 0.2

Copper 0.065 0.073 0078 0.068 0.071 0.069 0.072 0.082

Table 3 - Heavy Metals Concentration (mg/kg) in Soil

Heavy Zn Cr 4\

Metals

Soil Depth 0.4 G 0n g O O 0.8 04 08

(m) 0.8

Site 1 6.50 3.00 570 520 2730 241 NILNIL
6.65 3.20

Site 2 6.70 2.8 27 59 5.65 29.1 28.5 NIL NIL
6.50

Site 3 5.40 25 2.1 46 49 232 228 NIL NIL

i 5.80

Site 4 6.70 2 o012 G O30 L 296  NIL NIL
6.10

Site § 6.80 29 32 890 840 351 337 NIL  NIL

i 6.20
&0(1996) 36 0.8 85 50 100
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H
ll:H values for sample ranged from S.S”IH:(C)
7.18 with a mean value ‘of 6.5::.7 5
highest recorded occurrcq in HW (5.l
while the lowest occurred in BH2at5.

Temperature
Water temperature value
samples ranged from 27.8 Cto 28.7

mean value 0f 28.27C

s for the water
C with the

Electrical Conductivity
Electrical Conductivity value for the water
samples ranged from 197us/cmto 148us/cm

Total Dissolved Solids :
The concentration values of Total Dissolved

Solids (TDS) in the water samples ranged from
119 mg/l to 495 mg/l with a mean value of91.7
mg/]. The highest value was recorded in HW4
with value of 495 mg/l while the lowest value
was recorded in Bh3.

Turbidity
Turbidity values for the water samples ranged
from 0.30NTU to 0.92 NTU with a mean value
of 0.66 NTU. The highest value was recorded
in HW5 with value of 0.92 NTU while the
lowest value was recorded in BH1 with a mean

value of 0.3NTU

Alkalinity

Alkalinity concentration values in the water
samples ranged from 4.0 mg/l to 29.0 mg/l with
the mean value of 17.7 mg/l. The highest value
was recorded in HW6 while the lowest value
was recorded in BH1

Total Hardness

Total Hardness concentration values in the
water samples ranged from 3.5 mg/l to 51.1
mg/l with the mean value of 30.6 mg/I

Sulphate

Sulphate concentration values in the water
samples ranged from 14.9 mg/l to 42.3 mg/l
with the mean value was recorded in HW6
while the lowest value of 14.9 mg/l was
recorded in BH2.

g e PROCEg

Chloride ;
Chloride concentration values for the

s ranged from 8.7mg/lt049 4,
tsl?zﬂean value of 32.85 mg/l_. The hig}
of 49.4 mg/l was recorded in HW|

Jowest valueo

Wa‘()
1'Ig/] \vm:
nest Valye
Whi

f87 mg/l was recOrded e B“}llezlh()

Carbonate ¢ i
Carbonate concentration values range A

/l with a m
01 mg/l to 0.88 mg, ean vy
8.506 mg/l. The highest value of 0.8 mg/:ltvf’f
recorded in HW4 while the lowest vajy, ‘V::

recorded in BH4

Phosphate .
Phosphate concentration values rangeq from

0.11 mg/l to 0.19 mg/l with the mean vajy, e
0.15 mg/l. The highest value of 0.19 mg)] o
recorded in HW4 while the lowest value of li
mg/l was recorded inHWS.

Bicarbonate .
Bicarbonate concentration values for the .z,

samples ranged from 4.0 mg/l to 27.3 mg/| iy,
amean value of 17.59 mg/1. The highest value f
27.3 mg/l was recorded in HWS5 while the loweg
value of 4.0 mg/l wasrecorded in BH1.

Calcium
Calcium concentration values in the water

samples ranged from 0.159 mg/l to 14.5 mg|
with the mean value of 8.56 mg/1. Highest value
of 14.5 mg/lwasrecorded in BH1.

Magnesium

Magnesium concentration values ranged from
0.745 mg/lto 2.521 mg/l with the mean value of
1.84 mg/l. Highest value of 2.521 mg/l was
recorded in HW2 while the lowest value of
0.745 mg/l was recorded in BH1.

Sodium

Sodium concentration values ranged from 22.53
mg/l to 110.18 mg/l with a mean value of 71.50
mg/l. The highest value of 110.18 mg/l was
recorded in HW6 while the lowest value of
22.53 mg/l wasrecorded in BH3.

Potassium

Potassium concentration values in the watet
samples ranged from 1.641 mg/l to 53.8 m¢/
with the mean value of 31.73 mg/l. Hights!
value of 53.8 mg/l was recorded in HW2 while
glg ;owest value of 1.641 mg/l was recorded 10
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pium . .
pro? um concentration values ip

Cl"":‘;mnplcs were less than detecta
wate

all the
ble limit.,

Zin¢ tration values in the w
\_concen ater samp|e
chccoﬁ_om 0.122 mg/l 0 0.181 mg/| withptliz
s~ alue of 0.145 mg/l. Highest valye of
me mg/l was recorded in HW5 while the

?(,)L’est value of 0.122 mg/l was recorded ip
BHZ

on : ;
lron concentration values in all the water

samples Were less than detectable limit

Cadmium : .

The concentration values for cadmium in the
watersamples ranged from 0.025 mg/1 to 0,048
mg/l with a mean va_lue of 0.048 mg/l was
recorded in BH3 Whlle'the lowest value of
0.025 mg/l wasrecorded in HW 1.

ead
II:ead concentration values ranged from 0.023
mg/l to 0.337 mg/l with a mean value of 0.203
mg/L.The highest value of 0.337 mg/l was
recorded in HW3 while the lowest value of).
023 mg/l was recorded in BH3.

Manganese

Manganese concentration values ranged from
0.011 mg/1 to 0.078 mg/l with a mean value of
0.04 mg/l. Highest concentration values of
0.078 mg/l was recorded in BH3 while the

lowest concentration value of 0.011 mg/l was
recorded in Hw1

Copper

Copper concentration values in the water
samples ranged from 0.055 mg/l to 0.082 mg/1
with a mean value of 0.063 mg/l. The highest
value 0f0.055 mg/l was recorded in BH4

DISCUSSION
pH (Hydrogen ion concentration): The pH
quantifies the concentration of hydrogen ion in
water. Neutral pH has a value of 7 while above
_7 indicates alkaline or basic. Also, below 7
indicates acidity. The pH of the water samples
from the area of study is in the range of 5.51 to
7.18 with a mean of 6.51 compared to the
permissible limit of 6.5 to 8.5 recommended by
WHO (2010) and NSDWQ (2007). All the
Water samples in the Hand dig wells (HW1 to
6) are within the permissible range of
WHO (2010) and NSDWQ (2007),however,
all the water samples in the Boreholes (BH1 to

REFEREED PROCEEDINGS
BH4) are

recommeng nd below the range
(2007), Acicddicby WHO (2010) and NSDWQ

/ water can b
chemic : N boast the rate of
& Weathering ang dissolution of rocks.

acidic 5

Electrica) Conductivity

Electrica] Conductivity values ranged from

197us/cm to 1520
U.'/ .
Standard for s/em. Compared to National

Drinking Water Quality
ﬂﬁg\gf%oon and WHO (2010) permissible
BHi 00us/cm, the water samples in BHI,

» BH3.BH4,and HW1 were below
%errmsmble limits while the water samples in the
CWZ to HW6 were above the limits. Electrical

onductivity (EC) is a measure of water
capacity to convey electric current. Dissolved
salts and other inorganic chemicals conduct
electrical current. Conductivity is also affected
by temperamre. Warmer water has higher
c.:ondu.ctwity than cold water. Also, saltwater
Intrusion in groundwater can increase the
electrical conduction of groundwater.

Cadmium

The measured concentration values of cadmium
in the water samples shows that cadmium
concentration is above the 0.003 mg/l
permissible limit recommended by WHO
(2010) and NSDWQ (2007), in BH1 to BH4,and
HW3 to HW6,with the exception of HW1 and
HW2 with values 0f 0.025 mg/l and 0.028 mg/l,
respectively. Generally, the study area is
contaminated with cadmium.

Pesticides from used pesticides cans, burning of
fossil fuels such as coal or oil, and incineration
of multiple waste such as plastics, and batteries,
which can be deposited as solid waste.
(Sahmoun et all,2000). Exposure to cadmium
through water and soil leads to cancer and organ
system toxicity such as skeletal, urinary,
reproduction, cardiovascular, central and
peripheral nervous and respiratory systems

Lead

Lead contamination is observed from the
analysis of the water samples as all the measured
concentration values are above the 0.01 mg/l
permissible limit of WHO (2010) and NSDWQ
(2007). Lead exposure leads to severe harm in
the body systems and organs. Lead causes
anemia, - weakness, and kidney damage, and
brain damage in infants as well as nervous
system of unborn child. Sources of lead include
burning of fuels and coals, paint industry, (lead-
based paint), batteries disposed as waste.
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L. CONCLUSION
The evaluation of the parame
determined the level of Coqlaﬂ"“ﬂ
groundwater has been carrie
inference gotten from the §tudy reve
effluents and wastes from industrial ac £
as well as domestic activities have nega’ll'he
effects on the groundwater resource. :
results from the study area (Bundu-Ama 3(‘;1e
environs) showed that groundwa_ter.wxlhm 2
study area is not suitable for drinking dueth

contamination of lead and cadmium. Also th
groundwater from the boreholes are acidic. It 1;
therefore necessary that Federal, State an

Local Government Agencies should {e‘gt.xlarly
monitor and actively regulate the activities of
the industries around the city of Port Harcourt,

eters that

tion t0
The

especially, Bundu-Ama axis. The illegal and
unsafe refining of crude oil in the area should
der total

be discouraged and brought un
control.
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