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This srudy assessed some contamination incices f trace elements in the soil within and arcund two dumpsites in
Lagos, Southwestern Nigeria. This wis with a view ro assessing the degree of soil contamination, Thicty samples
were collected from the two dumpsites, dried, disaggregated and sieved to <75um feaction for analysis of trace
elemenes using aqua-tegia digestion and Inductively Coupled Plasma Mass Spectrometry (1CP-MS). The soil
generally showed background to minimun envichment with arsenic, chromivm. molybdenum and background
to very high enrichment with eadmium, zing, lead, Copper and nickel. Seandium, vanadium and strontiom were
anly present in the active dumpsite with minimum envichment while Lanthanum was present only in the
abandoned dumpsite with background enrichment, The geo-accumuladon index (Igeo) values for arsenic,
chromium, molybdenum, manganese, lanthanam and arsenie, strontium, vanadium for active and abandoned
dumpsites respectively were within background concentration. Chromium, scandium, molybdenum, nickel for
active site and copper for the abandoned site fell in the class of moderate pollution, Cadmium, lead and zinc
ranged between moderate pollution to serong pollution for the abandoned site while copper, cadmium, lead and
zine fell within strong to extreme pollution for the active site. The grade of ecologieal visk indices (IV) for
Chromiun and Zn indicated low risk and low o moderate vsk respectively for both dumpsites. Soil from rhe
active dumpsite showed thatarsenic fell within considerable risk, copper (moederate tisk), lead and cadmium (very
high risk). Soil from the abandoned dumpsite showed low to very high visk with copper, considerable to very high
risk with arsenic, moderate to very high risk with lead and very high risk with cadmivm. The potential ecologieal
risk (R0 for the abandoned and the active dumpsites ranged benwveen 43.86 10 1567.2 and 133.7 ta 732.4 which
indieated low to very high risk and very high risk respectively. The results of contamination degrees ranged

between low and very high degree of contaminadon for both dumpsites.
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INTRODUCTION

Soil is not only a medium for plane growth ot
waste disposal but also a transmitter of many
pollutants to surface water, ground water,
atmosphere and food. Soil pollution may threaten
human health not only through its effect. on
hygiene quality of food and drinking water, but
also rhrough' its effect on alr qualiey. Litte
attention has been paid to soil pollution compared
to food in the past (Christopher and Thresse,
2010, Waong, 1996). Urban areas generally have
high population density and intensive
anthropogenic activities and pollution of leavy
metal i both tervestrial and agquatic ccosvstems is
becuming a porential global problem. Vack of
planning and fucilides in the thivd world countrie:
like Nigeria to detect and moniter soil, stream
sediments and water quality could expose tie
ciizens to heavy mewml poison (Ochieng e o,
2008; Sekabira ¢ af., 2010}, Heavy metals like other
mctals, are natural constituents in both suil and

stream sediments. Heavy metals can also be
introduced into the environment
anthropogenically from human activities such as
industreial activitles, agricultural activities,
dumpsiwes, fossil fuel combustion and
atmospheric deposition.

Disposal of waste in landfills is an integral parc of
waste management strategies around the world,
Suils are urually regarded as the ultimaze sink for
heavy merals discharged into the environment
(Banar ¢ a/,, 2005). Therefore the environmental
problem of soil pollution by heavy metals has
received increasing attention in the last few
decades in both developing and  developed
countries throughout the word (Zhang o7 af,
2007; Gong and Dang, 2008). This study intends

'to use polluinn indices by heavy metals in soil

samples within and around both an active and an
abandoned dumpsites in Lovos Southwest
INigeria to assess the level of soil contarination.
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Study Area

The study areas are Ojota and Isolo waste disposal
sites  which are both located within Lagos,
Southwestern Nigesia. Ojota site is situated within
latitudes 6" 36'N and ¢" 37'N and lonritudes 3
23T and 3" 24'E (Fig. 1) while Isolo disposal site is
located within latitudes ¢'30'N and 631N and
longitudes 3'15'E and 37 16'E (Fig, 2). The Isolo
site has been abandoned while Ojotrn site is still
very active containing all kinds of wastes but
dominantly domestic and municipal wastes. The
topography ranges from 50-150 m above the sea
level. Tsolo and Ojota arcas are drained by rivers
Ogun and lya-Alaro respectively with minor
streams forming dendritie drainage pattern.

The Ojota and lsolo waste dumpsites are
underlain by the Coastal Plain Sands and the
Coastal Alluvium respectively, The formations are
composed of fine-medium-coarse grained
unsorted sands with intercalations of clay lenses.
The topsoil at the Ojota dump site is composed of
laterite and clay,

MATERIALS AND METHOD OF sTUDY

Thirty composite surface soil samples (0-10 cm}
were collected within the vicinity of the waste
disposal sites and some distance away using hand
auger and stored in properly labeled polyethylene

bags.

This was to enable the monitoring of variations in
metal concentrations in the soil samples away
from the dumpsites. Some samples were also
taken as control samples from far distance from
the dumpsice (Figs. 1 and 2). The samples were
ait-dried at toom temperature (21-27°C) for seven
days and later oven-dried at 100°C for one hour to
obtain a constant weight. The samples were
mechanically ground and sieved to obtain <2 mm
fraction. A fraction of the soil was drawn from
the bulk soil (< 2 mm fraction) and reground to
obtain < 75pm fraction using a mortar
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Fig.1. Ojota Waste Dumpsite Showing the Sample Locations
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Iy 20 fsolo Waste Dumpsite Showing the Sample Locations

and pestie and then digested asing acua-regin
digesuon method, Geochemieal analysis of the
sotl samiples was doae at Actlabs, Canada using
Inductively Coupled Plizma Mass Spectromerry
ACP-MS). The detecton bmit for most elements
mnsolution is o the sub-ppb range.

The accuracy of  the analyical merhods was
momored by repeated analvels of  standand
reference matenals (e GSD-9 and NIM-G)
together with butch of soil samples. These dam
pave satistacrory results with analviien] values
withi B 100 for ditferent clements using the
cert "1ui vaes (GSD-9) except K and P and within
Tror Kand P ot the certdficd ones (NIM-G).
Livaluation of Data

Somie quantitative indices were used o aszess the
heavy metal contuninuanion and also o allow for
alsc of comparisen between the determined
pataneters, These tadicos include Enochinent
Jactor {BF, Conmaminanen Factoy (G and
Conmrammaton Degree (C1), Geoaceumulaion
Idex (Jueor, Feologsical Risk Assessment (1 vl
and Potenaal Reologieal Risk Index (R as
Gseussed in Gong o ol (20083 Zovnaly o o

(2008 Gong and Dang (20081, Rapant w7 o/
20085 Sckabira er o/ {2010 20d Seha and Flossain
20110,

The defimtons and equacons for the indices are
stated below;

Enrichment Factror (IXF)

As proposed by Stmex and Helz (TYR13, BV was
employed to assess the degree of conrumination
and 1o understand the distributdon of  the
clements of anthropugenic origin from sites by
individual elemients in soil. Pe was chasen as the
normalizing element while  determining LI
winues, since itis one of the widely used reference
clement (Loska e o 2003 Nochat o o/ 20049
Shabliravaree and Pavgird, 2009; Seshan e af 20109,
The formula for Fnrichment Factor 1s staed
below while the classification is given in Tabie 1

[y
] —

Fouaton (1)

bR}

Where, s the concentranon of ciement “n
The background value is average crustal valoes
flavlar, 1964) in this case,
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RESULTS AND DISCUSSION

GcochemicﬂAnulysis Results
The sumnuey of elements in
fol'(;t‘l"'

bandened (Isolo) dumpsites as well as Average
(_msml Values (ACY) (Tavior, 1964) are shown in
Table T The ACY were used
values for all Metal

concuntrating

rthe results of tece

ac)ll samples of  hoth acive and
ple

as backyround
the metals, contents showed
the following ranges  tor
abandoned and actove chnnp\'ilcw 1'chL-s:'ivc1\‘ in
ppm: P 28-37% and 391057, Cad 0tG-2.3
.5-49, Zn 21-1619 and lf»l(;’)(} Cr
d-123, Cu 16- ‘n and 15-498, Ac . 2-16 and 5-16,
Mo -10 S5, Mo A T0TE and THALERG T

Wik found cml\j 1y the soll ot

3and
AH--H) and

Fand -
shandoned sire aned
the concentraton vanged trom 16-39 wlule N Sy
Sc aud Y owere found only o active sollwith the

following concentration ranges in ppm 161, 8-
59, So-25.2 and 44-110 respecovely. The metls
followed these treands
Mo=Zn>Ph>Cr>Ca>laz=As>Mo=Cd and
Mi=Aa>Ph=Co>VeOreSr>Nizso> s 0o
=Cd for abandoned

respectively (Table 1)

ardacnve  dumpsites

Based on the geochemical
me

anadysis resals, the

ls i be prouped int dhree,

The firsy groun includes Pl Cd, Za, G, Cal As,
Mo and Mo which were present inall the sl
samples analvzed with ngh concenrations. The
sccond group, which include Ag, Al Co, Ni Shy
Sc, 8r, Trand Viwas only present o fow samples

that were witlin and close o the waswe disposal
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sites  with concentration  values  higher than
background values. The third group includes Bi
and was present in all the samples with low
concentration.

The geochemical results of abandoned and active
dumpsites showed that Ph, Cd, 20, Cr, As, Cu, Mn
have concentration

values higher than

background values (average crustal values) in

Table 1. Summary of Heavy Metals

355

100%, (100 and 92.9 %), 50%, (35.7 and 28.6%%),
(78 and 92.9%), (28.57 and 64,3%), and (92.9 and
78.6%) respecuvely. Approximately 50% and
14.29% of abandoned soil samples showed
higher values for Mo and La respectively while Sc,
Niand Vin 508, 28.6% and 42.9% of active so1l
samples were highet than background wvalues
respectively (Fig 3).

in Soil for the Two Dumpsites

Location } Pl \ Cd } Zn Cr Cu As Mo Mn La [se Sr v
Olata | Range | 28379 | 0.0:23 | 204619 | 30-80 [ 16-707 | BDI-1o | BDL- | 70-1505 | ND N4-232 | 850 44110
N= 13 1 3
MMean 9057 13 22657 | 664 | M1z | 729 213 | 7044 | ND 1236 3014 | A035
Median | 50 12 167 o1 iz B B 782 NI E 755 52
i Stdec 10101 |03 4236 L1902 [0 |63 L3560 (4059 | ND 3% 152 16,29
[Tsolo Range | 31057 | BDL-49 | 25-1625 | 41- (ES 516 BDL- [ 491675 | 16-30 | ND ND ND
N= 15 125 | 408 3
T T M 1A |18 8807 | A0 | 10647 | 993 220|480 /29 | ND ND|RD |
Medun | 305 B3 118.3 525 40.5 10 25 296.5 285 ND ND ND
Stdev. | 27244 | 118 42065 12226 | 1261 | 343 172 (4927 | a8l ND ND ND
Contl 30 1 36 50 25 3 2 500 25 ND ND NI
Average 20 0.3 95 o) 45 6 1.5 1000
Shale
{une.
Crustal 125 s 70 o | 50 I8 15 36 11 167 B2
Average
il .
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Correlation Coefficient and Factor Analyses

Using the Statistical Package for Social Sciences
(SPSS) computer package (SPSS Inc, Released
2007y, the Pearson correlation analysis revealed
threo groups for the significant metals. The firse
croup include Cd, Ce, Cu, Pb. Mo and Zn which
showed positive correlation of >0.5, The sccond
sroup include As and Mn which showed positive
correlation of <05 while the third group include
Se which showed negative correlation wirh other
metals (Table 2). Metals with positive correlations
are likelv rom the same origin or sources which is
most likely dumpsites in this case, since they are

LOXLC 10 nature,

This is also conflirmed by Re mode factor analysis
which revealed three groups of related elements
and presented in Table 3,

Factorl: (Pb, Cr, Cu, As and Mo). This accounted
for about 35.34% of the total variance in the data
matrix with Eigenvalue of 3.18 which is the most
significant. The source of these metals are more
likely to be from leachates from the waste disposal
sites.

Factor 2: (Cd, Zn and Mn). This accounted for
about 25.04% of the total variance of the
vatiables with an Eigenvalue of 2.25. The
clements™also showed positive correlation and
mo§t]y likely to be from the same source with
thosein group 1.
+

Factor 3. (Sc). Thisis the least significant of all the
factors. Llraccounted for 10.08% with Eigenvaluc
of 1,50, lts presence may be geogenic because it
has negative cotrelation with all other mecals,

Yable 2, Correlation Coefficient of the Metallic Jons in Soil Samples

As Cd Cr Cu
As .0
d AH 1.0
[ 1 sl 1.0
Cu 04 90 82 10
Se 42 -.49 —.Oi -5
PPl 14 Yt 87 92
Mo 14 54 57 63
i 14 90 82 59
Muo 28 31 ~12 15

Se b Mo Zn Mn
1.0

-44 1.0

-09 56 1.0

-51 Y8 61 1.0

-.28 12 93 15 1.0
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Tahle 3. Summary Factor Analysis of Trace Elements in Soil

i'"[—'mmnem‘s 11 Factor 1 Tﬁactor 2 (Factor 3 Communality J
P 7788 , L-.491 864 1
F - % ~290 768 681
lLZ,n | 886 789
o 783 ~441 224|789 T
iL—(:u— 1 536 | 319 1 -.68 851

\s j 864 135 771 L
’ Mo i 820 143 699
'S¢ 1327 732 648
EZ 7[ 342 749 405 842 |
. 3180 2,253 1.501

Eigen values
i YoVatiance 35.338 25.035 16.630
| Cumulative 35338 | 60.373 | 77.053
N Y NMatlance

L

Factor 1 ¢ . Ph-Cr-Cu-As-Mo

Cd-Zn-Mn

actor 3; . Be

K
TociorZ;
F

|_.._\___I___

Contamination Indices in Soil

LEnrichment Factor (EF) .

The results of EF are presented in Table 5. Soil
samples showed background or depletion to
minimum enrichment by As, Cr and Mo with the
following ranges 0.45-1.45 and -0.18-1.45, 0.6-
2.05 and 0.49-1.46, -0.5-2.5 and -0.5-2 for both
active and abandoned dumpsites respectively. The
enrichment factors of Cel, Zn, Ni, Pb and Cu for
both sites fell within background to very high
cirichment. S, Voand Sy were only present in
active soil samples with minimum earichment
while La showed background enrichment only in
abandoned soil samples. Soil with very high
corichment metals were found within and very

close to the dumpsites.

Geo-accumulation Index (Igeo)
Calculated lgeo values are presented in Table 5.

The Igeo values for As, Cr, Mo, Mn, Laand As, Sr,

V fell in class T (Value = <1) indicating
background concentration for soil samples of
abandoned and active sites respectively. Cr, Sc,
Mo, N1 for active site and Cu for abandoned site
tell in the class of 2 (Value = 0-1) indicating slight
pollution. Cd, Pb and Zn ranged between
moderate pollution to strong pollution for
abandoned site while Cu, Cd, Pb and Zn fell
within strong to extremely pollution for active
site, The samples with strong to extreme pollution
were those within and very close to the dumpsite
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which swas the case for enrichment facror,

Contamination Factor (CF) and
Contumination Degree ’

The contaminatien factor of Cr, Se, Mo, Sr, V, Mn
and Cu for all the sumples from sctive dumpsite
ranged from 0.3-0.89,0,76-2.11, 0-2.67, 0.05-0.35,
DAL 1A, 007151 and 03214 respectively
whigh showed low contamination to moderate
contamination. Crand La in the soil samples from
abandoned  dumpsite also showed low  to
maoderate  contamination  with the  following
ranges UA41-1.25 and .44-1.08 respectively. Soil
samples from active and abandoned sites showed

low to very high contamination with Cd, As, Zn
and Pb respectively (Tables 4 and 5). Abandoned
dumpsite showed higher values of contamination
factors for most metals when compared with
active dumpsite (Table 4).

The result of contaminaton degree ranged
between 8.59-87.91 and 6.97-161.62 for active
and abandoned sites respectively and fell within
maderate degree of contamination to very high
degtee of tontaminaton and low contamination
degree to very high degree of contamination
respectively (Table 4). ’

Table 4. Classification of Contamination Indices (Simex and Helz (1981), Mueller (1979), Hakanson
{1980y and USEPA (1998).

Linrichment Factor Contamination Pactor | Contamination Degree | Geo-accumulation Index
Value | Interpretation | Value ) Interpretaton | Value IntcrprﬁtauonT Value [nterpetation
L :
=1 [ hackground Cf <1 | Low Cd<7 | Tow degree of actically R
= wekaroun A< o Z ow degree o <} practically
concentration contamination o .
i contaminatian uncontaminated
’ tacton (Ciass 1)
AT SR L
=2 depleuon to Moderare 7= moderate (-1 uncontaminated
il contamination | Cd<14 | degree of ta slightly
] enrichment, factor contamination | (class 2 contaminated
= ; _ _ | 1
’ moderare 3 £ Off Considerable 14 high degree of | 2-3 moderately to
‘ entichment < 6 contamination | Cd<21 | contamination highly
’ \ faetor (class 3) contaminated
5=20 | sienificant Cf 2 6 Very high Cd 2 very high 4.5 highly to very
carichiment, contamination | 21 depree of strongly
I = ) - = o ; =
‘ factor contaminaton | (class 4) contaminaced
20-40 | very high >5 very strongly g
cnrichment } contaminated
l {class 5)
>0 l exfremely high
. enrichment
| ‘ L

#Cf = Contamination [factor
FCd= Contaminaticn Degree,

b=
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Table 5. Results of Trace Elements Contamination Assessment and Ecological Risk in both Active

and Abandoncd Dumpsites

[T l Yolicos Irace Plements
e

d o [ S i N 1 P NI [Hr [ Mn b
I T _h—" IE] A ]Lm» ThaT TSN R A5 | bad (52220 | 0A-035 | 054134 | 0.12-2.30
{ [T NT] ) 24 21063 FIRIC) 2177
I [hau  |wsoasz | 53 | 84 Ty Al 5 RTEED .23- T 33-1.51 | 004024 | H36089 | 0018173
) | el g V™ 544 1.41 2% 1.07 1-h.05 ) {
= J Il RS N TR .32, 1170 2.4 0267 03233 [ 0.9 005035 | 054134 {09150 ]
[ ' | s | v n 0,52 = _J
. ——1——“ - ‘l ThNe T T30 It T Ja':- 0.3.23.1 r‘s —l
{=F HATNT
[T L
| It i33T7az4
s ‘{ oF 1 i8] 45 7... EE] T:wu WA 1 J | N8 5.2 128, HIR-2 f 0.44.
Al 3 N MRy Lo
I.”“ Lyiy | ;7|:r 1\1\ [ .m‘J
I (e la. |_, Tl ‘ n [ ’ NEN T IR E] 24-387 LT | CLFse- |
| g | A28 1147
l G T 1 TALeT | G oI K 3.3 .30 (H15-1.67 {14
| ( | ‘ 12 ‘ 200 H4 50 243 1.y
- e R R L R o T30 7
| \ . , ; J
‘ 25 s 122 32
DU | | = [u8 ' |
(E] IFGATINE
’ N i i ERE R BT
Table 6 Grades of the Environment by Potental Ecological Risk Index (Ren ¢f w4, 2007)
I value l Grade of RI value Grade of potential ]
' Grade ecological risk of ecological risk of the
single metal environment
A E, <5 Low Risk (ILR) RI < 30 Low Risk (LR)
13 S=FE <1 Moderate Risk 30 < RI < 60 Moderate Risk (MR)
o ] (MR)
(& W<, <20 } Considerable Risk | 60 < RI < 120 Considerable Risk (CR)
B B (CR)
D WeR, <all _High Risk (HR) [ RI > 120 Very High Risk (VHR)

l B ’ B >0
|

Very High Risk
(VHR)

Table 7: Pre-industrial Reference Level (kg/¢) and Toxic Response Factor (Hikanson,1980)

LEI(—:mcnts Cd | As Ni Cu | Pb Cr Zn
Pre-industrial 1 15 50 o = 90 175
reference level
Toxic-response factor 30 10 5 5 5 2 1

Assessment According to Licological Risk
Assessment (E'r) and Potential Ecological

Risk Index (RI)

1% of Crin the soil samples of both active and
abandoned dumpsites ranged between 0.6-1.78

and 0.82-2.5 respectively which i

ndicated low rsk

{LR) while Zn showed low to moderate risk {or all

the samples (Tables 5 and 6). Seil samples of
active dumpsite showed that Cu ranged from 1.6-
7.0 which showed low to moderate risk while As
and Pb ranged from 16-88.8Y and 11.2-151.6
respectively which indicated considerable visk to
very high risk. Soil samples of abandoned
dumpsite showed that E'r of Cu ranged from 1.3-
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wite the netve dumpsie located ar Qo s more
diversitied witls combinanons of muncpal,
dopiestie and adustial wastes and this may be
responsible for the presence of maore sinticant

S presentin the soil samples,

Tl resulis of contmmination indices such as
Fonehement Pactor and Conramioagoen Factor
cherved i sorl samiples of de owo dampslees fell
witthio depletion o nuaimal enrichmenr with Mo,
oo s v baand fow e very high desree of
contanmaton warl s Cdl P, 70 wid Cu
Grooaccnmulation ndex showed that soll sumples
wore wirhin background o moderate
contaummateen with sy, G N, oy Mo, Srand v

oD yssessmens of Tosie Plemesss in the Soll

while Cd, Phy Zn apd Cu owere in the class or

maoderate o strofr o c:\'trcmn?l'\‘ sty
contanunation for all the samples,

Caleulated potential risk assessment for sis ooy
merns recogmzed venerally also showed that sl
samples were within low sk with Crwow o
moderate visk with Znand Cu while A Plhoaaa
Cd fellwirhin low to considerable to vers Tugh sl
n the sorl sumples of the studyarea

Result of Contaminaton Degree showed e
active and abandoned dumpsitey, tell wirthin
moderate degree of conmminaton to very oieh
dewres of contaminigon and low contamuniton
degree toovery hiph degree of  conmantinuion
respecrively The sum of the six yisk facrors
within and around soil of acrive dumipsie can be
classiied s very high sk while those of
abandoned dumpsice fell wirhm moederare wo ver
highirish,

Generally the soi samples 2t both siles wer
contaminated with Ph, Cd, Zn, Se, Mo and Cu
with various  degree of  contamination. Son
samples from the abandoned dumpsite showed
hivher level ol contaminagon than those of
acuve dumpsite. This may be due 1o el
decomposition as a result of abandenment fur
long time \VITh(Jth"tn\ treatment measure thus
resulting 1 leachates plume chat migrated from
the dumpsite w the soll within and bevond the
vicimty of the dumpsite. Also there were more
significant metals present in the active dumpsites
asaresultof varietes of wastes,
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