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Health Risk Assessment for safety of soils

and vegetables around Isolo dvmpsite, City of Lagos

}
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Abstract

-esearch has been on the role ol waste

on heavy metal contamination in the
nvironment and its implicalions on soil

5. Soils were sampled in and around Isolo
;, Lagos, South-western, Nigeria. Various
re also collected including okro (Hibiscus
15), Ewedu (Corchorus Olitorus), Soko
Argentca), Water Leal and African
An.alysis by Inductively Coupled Plasma
‘mission Spectrometry (ICP-OLI3)

the metals Cd, Cr, Cu, Zn, Niand Pb.

ations of heavy metals in soils decreased

ially with distanec fl‘om\_lhc dumpsite due

sion by water and topography. Heavy

How the order Zn>Pb>Cr>Cu>Ni>Cd in
Jes. |

r:_dl'lhc heavy metal content in the different

es was Zn>Cu>Cr=Ni>Pb>Cd cexcept

3pinach and okro which had the following .

2. Zn>Ni>Cr>Cu>Pb>Cd and
76> Cr>Cu>Cd respectively.

ler for the heavy mectal enrichmem

coellicients was Zn > Cu > Ni > Cd > Cr for all the

vegelables The calculated I'E(Pollution Index) value
for “n. Co, Po, Cd. Cuand Niexceeded 1 except Cr
which was less than 1 and followed the order of
Ni=Cd>Po>7n>Cu>Cr. This confirmed the fnct‘l!ml
tiiese vegotables are highly potluted :mfllnot safe for
consumption. It 1s concluded llz11£ the total
concentratons of trace elements i soll z‘md. pllare the
main [actersin(luencing imetal conlents,

Keywords: Vegetables, Heavy

melals, Soil,

Pollution, Layos

Introduciion

Lagos is one of the mega cities in Alrica with a very

large population (about 9.3 millions, Census, 20006).

Gver 50%: of Migernia's industnizl activities including

300 indusiries in 12 industrial Estates are localed in
' .

the I agos area. The continuous increase in population

and indusial growth in Lages persistently causc

large volume of wasle to be generated (about 10,000

7 tons per day) (Oresanya. 2000). Disposal of waste in

landsillsais an integral part of waste management

140



*Odukoya. Abiodun M and "*Oluleve, Adeshola A

- _;\mlcgics around the world. The producion of

Elcachalc as a by-product of organic and inorganic

decomposition in landftlls poscs a serious threat if

isuch leachate is released

; to the environment
[(Klmmcl and Braids 1974; B'\udccku and Back
1979; Arneth ct al. 1989, Janko‘.\.sl\x 1997, Odukouya
[2007) Becausc of the increase in human population,
=~ polluted soils in the wastc disposal sites wre still used
[j.lo produce foods such as vegetables ol which

=

_"consumplion can lcad to polential negative impacts
_‘Lon' the health of the residents. ‘The accumulation of

race elements such as Cd, I’b, Cu. Cr, Ni and Zn
- ‘Lluough_lhc,food chain in soils and vepgetables
Ea‘]_’?ected by wasté disposal sites may ullimately

™ affect human health.

EThc Isolo waste disposal site is situated at the

—

morlhern part of Lagos mctropelis South western
i

izeria and sited very close to a big canal {Isolo)

Fig 1} which normally ovcrﬂo“s its bunks during

~ rainy season Also adjacentto this waste dumpsite is

)
: Esolo L9cal Government Primary IMealth Centre
" PHC). A grcater perceatage of the waste deposited
ﬁlcrc 15 domcsllc wastcs, Howcever, the site has been
bandoned for more than ten years and therefore ho

—inoreanactive dumps:le

j\’II

'
\

{:he purpose of this study is thus to assess the risk of

abnormal trace elements concentration in the

- T ! \ i

gclab}ps around lsolo dumpsites.

———

(-

Materizisand dethods

Sempics of woils were taken within the depth of 0-
» .

VO a3 Vegetables were collected at ten sites (1-10)

ar b difterent distances from e waste disposal site,

Tre sou and vepetables were collecled from the samu

(Corchorus

site, S edible vegectables ditorus
Co'osia Aeeenica, Talinan Triangulare, Hibiscu

Exculensoy and African Spanaciwere collected within

the dumpsite to compare their uptake and

ac.umulation of heavy inetels. Soil samples wern
stored trosample bags and later air dried in the

Laboratery. The already air-dried  samples were
dizaggregated in a porcelain maortal and Tater sieved
through a 2.0mm polyeithviene sieve to oblain
<Oiumclay fraction loranalysis,,

Vegetablie samples were harvested at the same stage o
prawth for

comparison. Leaves that

were
contamizaicd with dust. damaged by inscets or
mcehani cally damaged were removed. Presh samiples
were theroughiv washed with de-ionized water and
bacor travssferred to the laboratory where thcj; were cu.
it smadd picees and oven dned at 65° C for 48 hour:.
and grovad o pass throuel a l-mm sieve.

Sl ptl wvas determined using a Beckman pld mcter
while the folluw.ing, trace clemcents, Pb, Zn, Cr, Cd, N
and Cu veere determined in both soil and vegetables
us g Aiomic Absorption Spectrometry.

Data Evaluation

The Average Shale Concentration {Turekian and

q\.
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Wedepohl, 1964 and Wedpohl. 1971)) and

the

Chinesc National Food Samitation Sumndards
Heavy Metals (Table 1) werc adopied 1o assess rsks
of heavy metals in soils and vepetables (Li & Sang
2000; Huang et al. 1999 in J. Li et al.. 20006). These
.sta‘ndards were used because there wus no local
$t:clmdard available.

Results and Discussion

Coﬁcentra{ion of trace clements’ ‘in both soils and
vegetablesin the study area are shown in Tables 2 and
3 while the Chinese National Food Sanitation
Standard:;(;fl*lcavy Metals are shown in Table! . The

the following trends

(Zn>Pb>Cr>Cu>N1>Cd wand
Zn>Cu>Cd>Ni>Cr>Pb) in both soil and vcgjemblcs
respectively (Fig 3). Concentration’of’ Zn and Cu
wea;c higher than others in the vegetables because

they are essential for all the \fcgclublcs. Cwedu

Lo

Cu N1 Cr and Pb while Zn and Cd Were highest in

Soko (Cclosm Argentea) (Fig4).

]

Mctalconccntrnhonmsoilsamplcs
PRARE

Tablc 2 shows different concentrations of heavy
\{

metals in thc soxl samples according 1o distance

Voo

wnthm and nway the dumpsite alongside with the
Crustal Avcragc (Turckian and Wedcpoh!, 1964 and
Wedepohl 1971) All the analyzed metals occur in

.f i

rela_twely high concentrations comparcd to the
PRI L
vegetables.

gty

ol

Ziwas the most abundant tace clements in soil
s values ranved from 36 (o 558ppm (av
vilues for the ather clements ranged as

foilows Cr (42-89ppm). Pb (30-379ppm),; Cd (0.7-

Poappm o Ni(13-33ppm) wnd Cu (16-70ppm). Heavy
mctals Dollowed the order Zu>PL>Cr>Cu>Ni>Cd
{(Table 2 and Fig 5). The concentration of hcav;

-mztals o the solt swere inversaly proportional o the

diztance from the dumpsite. Since the dumpsite ha:

a long history, duc to sweathering all the metals in the
seil were above Crustal Average ('l’u)./lur ?‘)64) [or
setl oxeept Cr. The concentrazion of Cu, Pb, Cd anc
Zn were 40, 10, 5 and 5 times higher than the
permitted standard respectivels. Therelore the soil i
net sﬁil;blc fer farming. The soil samples taken

within the dumpsite also show higher concentratio

for alfthe metals compared to those taken away fron

the site.

Heavy metal concentration in differen

vegetables

The content of heavy metals in the Ewedu, Sokg,
- )

Ohro and Spimach grown in the polluted soils a

lisied . Table 3. The order of the hicavy mclal

conten: in the different vegetlables wa

Zn>Cu>Cr>Ni>Pb>Cd except African Spinach and
oxro which hus e following order
Z>N>Cr>Cu>Pb~>Cd and Za>Ni>Pb>Cr>Cu>C

respeetively.

5’\

"

-y

rl'
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i The resull showed that different plunt genotypes

b :
1 have different cumulative capacity ol heavy metals.
‘J_ Most .of the heavy metals showed highest
1_, © concentration in Ewedu except Zn and Cd which
~L " showed highest concentration in‘ Scko whiie the

lowest concentrations werc scen in Okro for (Cu,
1 "+ Cr), African Spinach (Zn, Ni, Pb) and water leaf (Cd)
o (Fig 4).

\ i The concentrations of heavy melals in the vegetables
. were positively propénional to the content of heavy

metal in the soil and inversely propmuonal to the

t—

| L dxstance from the dumpsite (Fig 6)

i Enrlchmcnt Coefficient metals in

of heavy
vegetablcs '

Heavy metals have different accumulation and

A} 1

enrichment capacities in different vegetable species.
. Enrichment coefficients (Wang & Bai 1994) were
L c‘alculatcd to determinc the qualll) ol the soil and
L vcgelabi_cs within and around the dumpsite. The
- ﬁétal cnrichmeglt cocmciégls were calculated as
L follm‘us;

Coefficient from soil to the vegetable = vegelable

‘ l_, concentration/ soil concentration x 100%

| L All the vegetable species accumulatee Zn casily with
.~ theleast enrichment of 45% found in African
\ Spfriﬁch. Generally all the vegetables accumulated
L . -

other heavy metals lower than 30% except for
Hibiscus Esculentus and Celosia A rgenteawith the
enrithment of Cd and Cu slightly higher than 30%

respcctlvely The order for the hcavy
1* S8 Tt ki 1“‘" J

metal

vegetainles.

enrichment cocellicients was as follows for all the
vepetaales:

s> CaaNi>Cd>Cro PhiFig 5).

Qunlil_\' assessment for soils and vegetablesin the
study urea

Vegetables are very importaint to human health and
there is a need to take serious the quality of food that
wecal,

Heavy metals can be accumulated in the body

twrougl the dietary intake of foods such as

Long intake ol thesc

term daily
vegetables may be hazardous to human health; it is
th.erefore pertinent to mum{m the concentration of
these mictals in the vegetable.
To alcccss !(llc quality of so‘il in the study area as
reuards ils suttability for agricultural usces Pollution
Index (1) which assess the environmental risk
caused by the contaminated soils was uscd. Pollution
index can be calculated using the following formula
(L.ctal.2003): |
Pi=Ci/ Si dea M osdl =t B AR S
Where i = environmental quality index for heavy
mutali
Ci = heavy metal content in a soil sample

(ppm)and

Si= Maximum Perratssible concen{radtion of
the same mctal insoil
The calculated Pi value for Zn, Cu, Pb, Cd, Cu, Niin
Fig 6exceeded 1 except Crvhich was less than 1 for

sorv & saraples far away from the dumpsite and

e
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)-fo]lowed the order 0[; Ni>(?d>1‘b>7.;z‘qu?-Cr. iy
7 This shows that the soil were highly - oilulul and
are not safe for farming.
The PI was also calculated for \'cgél;abl‘cs using the
same formula above where

y Pi= environmental quality index for heavy

4

metali

i
Ci=heavy metal contentin Veuclable (ppim)
v

and

Si = Maximum Permissible conceniration of

!
!

# the same metal in vegela i
i

i
5

The calculated Pl valucs were above 1 for all the
metals in the vegetables (Fig 8) which shows that

', they archighly polluted and not fit for consumption,

Conclusion

In this study area, bolh soils and plants have been
‘ contammalcd by wastes from the dumps’ie. 12 h.\ '1lcd

concenlratlo_ns of metals were found in surface soils
Metal in

around thc dumpsite. concentration

y
Vegcéablcs varic\d between plant species. Thus the
reg.ul!hr consumptions of these vegctables could pose
. potcntlal health problem from long term metal
cxpoéurc lh()_ugh health data have not yet been
collé;tcd. The main factor responsible for the metal
upta}éc into the vegetables studicd is the total metal
céncéntyation in the surface soils which corrclated
positivelf with the metal conccmruli.uns i plants. 1t

is concluded that high levels ol heavy metals in soils

[

croun.  the Mroam

dumpsite the wastes wil

contivoously migrote and dsperse into lower land.

As a consequence. soils and plants i the vicinily ¢f

Jumpsite -will be contaminated  except there s

wrodaction of environmental reclamation

teehiigues o reduce heavy mctal concentrations.
References

arnett, JOD, Milde G, Werndor (f, T and Schileyer

1989, Waste depostt influences on

groundwater quatity as a tool for waste type and silc

seleclion fer final storage quality. Lo

Baccini P {ed) The fandfill, voi 20, (Lecture Notcs
in Carth Scicnees). Springer.

Bacdeceker, M.J. and DBack,W.,1979,

Hydreopgeological processes and chemicel

reactions atalandlill. Ground Water 17(5):429437

Jankowski, J.1997. Generation and nmigration of

chemical constituents inaleachate plume. I

McNaily GIT (ed) Collected case studies in

enginesring geology. hvdrogeolopy, and
cnvirenmental geolopy. Srd senes, Geol SocAust, py

181 205.

G.E and Braids, O.C. 1974, Leachule

Kinmicl,
plumes inahighly permeable aquifer
Growihvater, 12(6):388392,
Li, J., Nie, Z. T\I, Xu, M oand Sun, XI9 (2006)

RiskAssessment forsalcty ol'soils a n

vegetables around Lead/Zine mine, Environmentad

r’b

el



”‘O(iu](oyn, Abiodun M and “*Olileye, Adcshola A

wochemistryand  health Vol.28 pp.37-44.

Jdukoyna, AM 2007, Geochemical
Ihara(icrizatiqn_ of soils, sediments and waters
around abandoned and active dumpsites in
.agos, Nigeria. Ph.D Thesis.  University ol lbadan,
padan. 150p. |
yresanya, O, 2000: Method of landfilt and lmidﬁll

quipments. A technical paper on Workshop on
;rc role of sanitary landfilling in integrated solid
raste

management, 60p.

Nreldan, KKK and Wedepohl, K.H. 964

Jistribution of elemcents in some major
L

units of the earth's crust. Bullerin of

reological society of America.

7275192
Wedepohl, KL 1971 Povircamental influences or
chemicul compu;iliﬁn of
shales and clays, In L.H Ahrens, I, I”‘l'c‘};si, 5.1
Reacornand FLO Urey {eds),
Physics and chemisiry of the earth. Vol.8.
Percamon. Oxlord. Pp.307-33 1
Wedepoh!, KCHL P71 Environmental influences ov
chivmicai composition ol
shales andl clays, i L. Aluens, I I_’:'ess, 5.k
Runcornand HL.CL Ulrey (eds).
Plysics and chemistry of the earth. Yol.§

Pergamon. Oxford, Pp. 307-351.

Table 1: Chinese Nuativnal Food Sauitarion Stundards for Heavy metals

P (Dryweight ppm (C’)‘u‘mr‘ Navional Standards Management Departinent GL docinents.
! y
Element Standard Limit  Standard O]'i"f;in - - .
{(ppm)
Cd ?0.05 Food sanitation standard of Cd (GE15201-94)
Cr 20.5 Food sanitatior. starJard of Cr (G 149461-94)
| Cu - 2100 Food sanitation standard of Cu (G151 v9-94)
F Pb 7 0.2 Food sanitation standard of P (GB14935-94)
' Zn ? 20.0 [Food ;anilalimt‘ élnmhrd of Zn (GI13106-94)
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Table 2: Concentration of Heavy dMetals in Soil Sumples within Isolo Dumpsite.

Seil '. '\
Sampl cs Zn Cr Cu Ni I’y Cd
| ppm ppm Ppm ppm . pom ppm
S1 558 59 86 33 379 25.8
'S2 139 81 55 X 223 8.06
s3 191 63 70 20 162 3.56
:
S4 145 22 49 22 83 12.4
$5 139 64 26 18 126 18.5
S6 151 78 43 2 (02 8.6
' 'S7 132 67 39 24 33 10.2
S8 105 59 25 EX 23 3.65
S9 78.5 59'. 6 '3 30 (0.2
Range  36-558  42-89 16-70 13-3 30-379 0.7-1.8
Mecan (5733 66.56 15 .44 220 130,11 1.22
St.deyv. 159.08 14,16 25.53 343 1405 0.36
- *Crustal '
Average 70 100 50 73 12.5 015

* Turckian and Wedcepohl 1964
8
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Table 3: Concentration of Heavy metals in Vegetables within Isolo Dinpyite

F

o

ch;ctablc o h
samples pH Cu Zn Ni Cr Cd PD !
. ppm Ppm pPrma ppm ppm ppm R
Corchorus
ditorus (Ewedu) 5.11 39.63 125.5 6.5 5.20 L2 4.23
Corchorus _ |
ditorus (Ewedu)  4.86 38.94 1204 6.4 6.81 [ 4.33
Ceclosia Argentea |
\}Soko)’ 5.01 23.45 130.9 3.74 385 1.8 3.96 |
Cclosia Argentea ]
(Soko) 5.12 15.24 102.4 5.0 1.2 i3 2.34
Talinum
ﬁiangu‘lnrc
}Wntcr leaf) "~ 5.14 17.12 65.4 4.47 5.2 0.7 3.92
Talinum .
Triangulare - o
(Water leaf) 4,76 12.34 98.6 1.6 3.6 0.7 3.46
Hibiscus
pﬁ'culentus
f (Okro) 4.88 1.47 54.0 3.7 +.0 i2 1.21
1 HibisFus )
"Esculentus
(Okro) 5.21 2.04 98.6 1.8 2.0 £.5 2.78
African Spinach  4.98 2,34 36 5.65 3.4 P 12
2.6-
Range 4.76-5.21 2.34-39.63 54.6-130.9  3.65-6.5 8.26 3.65-25.8  1.12-4.33
Mean' 5.01 18.06 93.6 +.83 477 1022 3.03
std dev 0.15 15.18 28.06 np .8 7.09 1.26
T '
o
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Fig 6: Concentration of Heavy merals in Vegetables against concentration in soil and locations.

y)»’ . . -

e A SRR L

s

g

3 Away frem dur;'.psite-

P

J;* $Y 4
t.‘F: @
i o
K- E

o' o .
£ .8
o T
A
°

B .

» i . o M ' \‘\*\n ;
““‘*——%\_‘_.F____,_.n-——l-—-—'—--“ﬂ—'—__“.

s1 52 s3 s4 s§ 56 57 : s8 59 -

O a2 N ow s oo N

E-%:
4

sample locations

= ; |
~t— L —MeCr | =
X 1




= r——-.'ﬁ
rounutiofs wuex [
’ e
o

P Away from dumpsite

T i ~
i~
i+ 100 i .
i
L 90
4 P Away from dumpsite
; 80 - :
i+ !
L. 70
»
)
8 60
ls so . "
irg 40 fa .
3 N\
v ?,0 I//l\
7;)"‘20 -
- 10
] 5 “
‘ ‘ s1 s2 s3 s4 55 s6 s7 ~ s8 s9
=
t sample locations — N —ti—Cd |
: ; |
L Fig 7 Environmental pollution index in soil
; s




*Qdukoya, Abiodun b and **Oluleve, Adesholu A

- 12 -
" 10
%
¥ 8 /J‘\
E \ " - ’
s © e ’
5 4 : ﬂ .
o . ‘ . ‘ ‘ ' o
o : .
0 : !
' 1 2 3 4 5 6 7 8 9
Vegetables —e— Cu Z”_J
35 . e S —
)
30 - . 7
: o
P20 - ’,
BRI — s /
i B .
) ~ \ .
i 10
____Q\\‘;
5. : ————\v .
0 —
1 2 3 4 5 G 7 g 9
' : _,} Vegetables —¢— Ni —&—Cr
600 - S . -
\ 500
1 : 400
300 :
200 \/l\ /
100 S N
?- 0 : e ® + +: — SSRGS o . A s o
by 2 3 4 5 6 7 8 9

Wil

" Vegefables

—o— Pb —@-- Cd

Fig 8: Environmental quality index in the d/fferent veoctables.
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