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Abstract: In this study, detailed investigationof the elena¢rdomposition occurence and concentration of sedec
natural radioactive nuclides in soils from e-waditenpsite of Alaba market, Lagos state, Nigeria eaasied
out. The study objective is to assess the impact-afaste management on the elemental and radiation
properties of the soil. Three major e-waste durapsivithin the study area were assessed using a
combination of Gamma ray spectroscopy and energyetsive X-Ray Fluorescence. The mean specific
activity of the concentration values obatainedke40, U-238 and Th-232 were 879 * 5, 21 + 2 andt59
7 Bqg/Kg, respectively. With the exception of U-288se concentrations were higher than the worldegee
values. Annual effective dose and external hazadeéx were used to assess potential hazards whigh ma
arise from the dumpsites soil. The mean concentraif K, Ca, Cr, Mn, Fe, Ni, Cu, Zn, As, Ti, Ga, Sdan
Se were 2882, 2418, 3, 332, 3259, 98, 91, 527,2899, 31, 196 and 64 mg/L, respectively. The
concentration of Zn, As, Ni, and Cu were higher thtam permissible limits in soil. The level of ratiea
dose is not likely to lead to any health hazardertheless, the presence of heavy metals in the snders
the soil unsuitable for agricultural purposes.

Keywords: E-waste, dumpsite, natural radioactivity, heaatats.

Introduction WEEE are burning and landfilling. Burning and latiig
Advances in the electrical and electronic industtéad to  hazardous substances could be harmful to human and
the generation of electronic waste (e-waste). pd@sof  environment since the constituents of e-wastes haen
electronic products are shortened as a result ofeported to contain lead, mercury, cadmium andigters
advancement in designs, compatibility, electronic,organic pollutants most of which are very toxichioman
applications and marketing (Kiddeet. al, 2013). health (Pucketet al, 2002; Wonget al.,2007; Robinson,
Currently, it is difficult to accurately determintgetvolume  2009; Leunget al, 2010; Kiddeeet al, 2013; Osibanjo,
of (Waste Electrical and Electronic Equipment) WEEE 2010). The toxic chemicals are released into the
globally (Bushehriet al, 2010; Yia-Mellaet al, 2014).  environment through burning and leaching (Balakrshn
The generation of WEEE is fast growing with a fiactof et al, 2007; Olukoya 2010; Osibanjo, 2010). During the
about 8% of all urban waste. Managing WEEE (e-wWaste process of burning, soil, groundwater and air are
a serious global concern (Kiddekal, 2013; Yia-Mellaet contaminated (Frank, 1999; Balakrishnah al, 2007;
al., 2014). Assessment of waste generated from canput Olukoya 2010; Osibanjo 2010; Ademaa al, 2014).

in United States between 1997-2007 revealed 50lomil The environment could therefore expose to radiaftiom
while in Japan, 610 million computers were discdrde ashes and smoke fumes from dumpsites causing isigh r
(Bushehriet al, 2010; Kiddeeet al, 2013). In China, five to human health and the environment. For instasmeeral
million computers are condemned as waste annuallptudies in Nigeria (Fasast al, 2003; Obecet al, 2005)
(Bushehriet al, 2010; Kiddeest al, 2013). have measured the radioactivity concentration of
Effective management has failed majorly as a restilt terrestrial radionuclides present in soil to asgartthe
poor legislation and rapid technological advancamenlevels of contamination. It was reported that Niger
(Kiddeeet al, 2013; Yia-Mellaet al, 2014). Usually e- foods, soil, water and particulate comprise traveunt of
waste management involve recycling and disposal tgadionuclide and refuse dumpsites were identifisdaa
landfill (Puckettet al,2002; Wonget. al.2007; Robinson liable recipient in containment of radioactive mmts
2009; Leunget. al, 2010; Kiddeeet. al, 2013) which (UNSCEAR, 1993; Fasast al, 2003; Obedtt al, 2005).
approaches pose serious risk to human and envirdnmeThis could be due to agricultural activities neampsites
(Kiddee et al, 2013). For instance, heavy metals wereparticularly horticulture farming. Accurate measusnt
found in air, dust, soil, sediment and fresh wateund e- of elemental composition and radionuclide levelssail
waste recycling sites in China (Cheaal., 2003; Leung sample from these dumpsites will provide informatio
et al., 2010). Similar incidence was also reported inwhich will be useful in estimating average radiatidose
Bangalore India around recycling site (ldaal, 2009). and metal pollution hazard in the environment (Rebim
Also, landfills containing e-waste have been regrto  2009). Human exposure to telluric radiation havernbe
contaminate ground water (Kidde¢ al, 2013). Toxicity reported to originate from the upper 30 cm of soil
Characteristic Leaching Procedure test classifiethgte  (Robinson, 2009) and only radionuclides (Th-2323%-
as hazardous waste (Kiddeet al, 2013). Due to and K-40) whose corresponding decay product exsts
ineffective management, large volumes of e-wast arterrestrial material are of great interest. Thawefoto
exported to Africa. assess health risks to humans, estimating theibdigtm
Nigeria has the largest market for e-waste in Afric of radiation dose is very important (Fasesi al, 2003;
popularly called “second hand electronics (Onwagler Obedet al, 2005).

al., 2010; Osibanjo, 2010). After the removal of \ddle  This work is focused on determination of heavy hseta
parts, unused accessories are assembled and Buro¢é  concentration, specific radiouclides activity andeit
there is no formal recycling programme in Nigeria resulting dose in top soil of WEEE dumpsites.

(Osibanjo, 2010), the predominant methods of dizpok
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Materialsand M ethods

Sample collection

Soils from three major e-waste dumpsites (whereetlie
current e-waste burning activities) in Alaba Intgifanal
Electronics Market, Ojo Local Government Area, Lsigo
State, Nigeria were sampled. 50-100 g of sample® we

analyzed samples were statistically analyzed towsho
linear relationship between metals.

Statistical analysis

Statistical Package for Social Scientist (SPSS) wsed
for statistical analysis and correlation was coessid
significant at 0.05 level (2-tailed). The normally

collected randomly at a depth of 15 cm from eachdistributed data were further processed using Bears
dumpsite using auger. WEEE on dumpsite ready forcorrelation matrix.

burning is shown in Fig. 1. A control soil sampleasv
collected at a depth of 50 Km on the dump site.e Th
samples were air dried at room temperature for aBou
weeks, thorougly mixed and pulverized.

Radionuclides analysis: the samples were sealetigair
in a plastic container for 28 days in-order to auki
secular equilibrium before being counted using ganay
spectrometer fitted with a sodium iodide detectgstesm
(IAEA 1989) available at Centre for Energy Reseact
Development (CERD), Obafemi Awolowo University, lle-
Ife. In order to relate effect of activity level
of radionuclides in soil from dumpsites on bio-gyst

RESULTSAND DISCUSSION

Radiological impact

The results of the gamma-ray spectrometric analgses
presented in Table 1. The radionuclides observeahgdo
the decay series of naturally occurring radionedidf
2% and®’Th as well as the non-seri®®&, which
accounts for largest contribution of the radiondeli
present. The activity concentrations due to thdseet
radionuclides vary from 11 + 1Bg/kg to 951
7 Bg/kg with a mean value of 320 + 5 Bg/kg. Specific
activity concentrations fd*®U varied from 11 + 1Bgkg

+

some important radiological hazard indices such asto 38 + 2 Bgkd with a mean value of 21 + 2 Bgkg

absorbed dose rate, annual effective dose andnekter
hazard index were calculated.

The outdoor air-absorbed dose rates due to tdelestr
gamma rays at 1 m above the ground was calculaied u

1,2%2Th: 37 +11 Bgkd — 93 + 22 Bgkg, mean value of
58+7 Bgkgh; and“%K: 758 +6 Bgkd' to 951 + 7 Bgkd,
mean value of 879 + 5 BqkgFrom the data obtained, it is
clear that the activity concentration 8K in all the
samples were higher than the activity concentration

the relationship derived by Beck et al. (1972) whish of 2%Th and®*®U (Fasaskt al, 2003). With the exception

given as; of %y, the mean concentrations of the identified
D = 0.042 Ac (K) + 0.429 Ac (U) + 0.666Ac (Th) ....... radionuclides in the samples were above world @eera
(2.0) Table 2 lists the air absorbed dose rate, extemaabrd

index Hex and annual effective dose for soil in shedy
area. The absorbed dose rate calculated for thidy st
ranged from 24.87-62.18 nGyh-1 with a mean value of
39.04 nGyh-1 which is lower than the world averafé0
nGyh* (Tchokossat al, 1999).

The annual effective doses are calculated (ICRP8)198
Annual Effective Dose (De) = D x Conversion factat x
365days x 24 h x 10-6 (mSvi/yr) ...... (2.0)

External Hazard Index (Hex) is defined as;

Hex = Ay/370 + An/259 + A/4810 (3.0

Where: Ay; A, and A are the activity concentrations of

Table 1: Radioactivity concentrations of radionuclides
in the soils of e-waste dumpsites around Alaba M arket

238U, 232Th and 40K in Bgkg-1, respectively. (Bakg™®)

K-40 U-238  Th-232

(Bakg") (Bakg!) (Bgkg™)

Sitel 927 1 38+2 93+22
Sitell 951+7 1442 45 +13

Sitelll 759+6 1141 3711

Mean 87945 21 42 59+7

Controal 317+14 19 +14 1343

UNSCEAR (1993) 400 35 30

2

Fig. 1: WEEE on du‘fnpsiteat AlabaM grket,

T

= Table 2: Absorbed dose rate (nGyhr ™), effective dose
Lagos

rate (mSvyr™), and external radiation hazard (hex)
index in soil of ewaste dumpsites around Alaba

mar ket.

Elemental analysis: about 300 mg of the pulverized D (nGyh) D (nSvh}) HEX
samples were made into pellets (13 mm) using the Site| 62 0.4 0.2
CARVER model manual pelletizing machine at a pressure Sitell 30 0.2 0.2
of 6-8 torr. The pelletized samples were energyyaed Sitel11 25 0.2 0.2
via the X-ray fluorescence spectrocopy facilityaatoltage M ean 39 0.2 0.2
of 25 KeV and current of 50 pA for 1000 counts or Control 30 0.2 0.2
approximately 18 minutes. Characteristic x-ray oé th ICRP (1991) - 1.0 <1.0
samples were detected by the solid state Si-detegstem | NSCEAR (1993) 60 - -

and spectrum acquisition was done using ADMCA
software. The spectrum analysis was done using th@q,,,al effective dose (D)
ADMCA  plus  Fundamental Parameter (FP-CROSS)1q estimate the annual effective dose, account rbast

Software which translates the peak areas intQayen of the conversion coefficient from absorbededin
concentration values. The elemental concentratdribe air to effective dose and the indoor occupancyofact

Using the dose rate data obtained from the conetiorr
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values of natural radionuclides in soil, adoptinge t
conversion factor of 0.7 Sv/Gy absorbed dose intair
effective dose received by adults and considerimaf t
people on the average, spent 20% of their time cmurtd
The annual effective dose ranges from 0.15 — 03+l
The highest value in this study is lower than therlev
average of 1 nSvh-1. (ref ICRP, 2007). The valuehis t
index must be less than unity in order to keepréladéation
hazard to be insignificant. The internal hazardeind
ranged from 0.16 — 0.19 with a mean of 0.18 whicless
than the threshold value set at 1 for the genedalip[10].
The external radiation hazard index is less thawtiich
means it is safe for human to carry out their @&ty in
the area.

According to European Union Soil Standards, the
permissible concentration of Cu, Zn, Ni and Cr ar@ 14
pa/g, 300 pg/g, 75 pg/g and 150 pg/g respectiviely, (
2002). The zinc and nickel concentration in all 8ies
exceeded this limit while As and Cu exceeded in ites.

Zn, Ni, As and Cu are notable among most commonly
found heavy metal contaminants (Wuana et. al., 011
The presence of these elements beyond the statiahtrd

in soil could be regarded as toxic to human andnahi
(Maslin et al, 2000; McLaughlin et al.,, 2000g;
McLaughlin et al., 2000b; Jarup 2003; Lingt al, 2007;
Wuanaet al, 2011). For instance, Zn in high concentration
pollutes the underground water which is then ledctee
rivers and streams. Aquatic organisms accumulai® th
metal in their bodies in contaminated waterwaysmisn
beings are exposed to risk during consumption ttjzal
aquatic animals, water and plants (Wuataal., 2011).
Besides, environment is also adversely affected. For
instance, organic matter breakdown is retarded wue

Elemental composition of the soil samples

Heavy metals occur naturally in soils as a restlthe
weathering of the parent rock and anthropogenitvigct
has resulted in the widespread atmospheric depositd
these metals. Table 3 present the summary of théRED interruption of microbes and annelida activitiesu@iaet
results. Comparison with the average elemenetahl., 2011). Furthermore, comparison of elemental
composition with control site; concentration of Ea, Ni, concentrations of soils around e-wastes dumpsites i
Zn, Ti and Sr at the dumpsites were higher. Thestals  Nigeria with those reported for India and China eded
may be contained in accumulators and batteries Zhlj, Cr, Cu, Zn and Mn were common in all the dumpsites (H
Cathode ray tubes (Sr), pigment (Ti, Ni) and variotieer et al.,, 2009; Kiddee et al.,, 2013). Although the

electronic materials.

In all the sites considered in the study, Ga ardw@re
lower in concentration than in the control sitds tmight

concentrations of detected elements in Nigeria duite®
were relatively lower compared to other dumpsitess
may due to heavy recyling activities in China andidn
(Wong et al, 2007; Haet al., 2009; Leunget al, 2010;

be due to geological composition of the site. 8itnd Ill
gave higher concentration of Fe, Ni, Ti, Sr andwf, Ti,
Zn respectively relative to the control site. Alsite |
contains Ca, Ni, Zn, Ti and Sr at higher concerdratiere

Onwagharat al, 2010).

Table 3: Elemental concentrations in soils of e-waste
dumpsites around Alaba M arket

higher thar_l control site |I. G_enerally, qll site_mtabn Ni Par(%n;ﬁt)efs sitel Sitell sitelll Mean Control
and Zn while Se, As and Cu is predominate in at e ) 598:47  1745:81  6304%153 288294  4598+134
sites. This implies that predominant scraps buray foe (Ca) 72494162 1+1 6+1 2418454 233395
printed wiring/circuit board, accumulators, battsti (n 121 4zl szl 3£l -
hod tubes. screen coatin etter. swifght (Mn) 252+9 2249 519+14  332+11 35313
cat.c? € ray tbes, Ing, g » Swiig (Fe) 1+1 9773168 3+1 3259423 10
emitting diode and solar cells. WEEE was dumpedhen (Ni) 7843 12444 93+3 98+3 91
; S dienrimi ; © o (cu) 96+2 8+1 17042 9141 -
sites indiscriminately, though all c_iumpsnes _cc_rmta| Zn) 48140 2a5s7 856412 52749 355512
WEEE, nevertheless type of waste differs. Variatio (As) 7742 13+1 8812 5942 -
constituent WEEE on each dumpsite could account for (gi)) 7%’5314 28£§t367 32311’—;79 2329*;60 ‘;‘(137’231
; TSR : a S + £3 + +
spatial variation in metals concentration. s 200426 202426 18724 196425  174+18
(se) 63.+3 7343 55+2 64+3 253.49

Table4: Correlation analysis of the elemental analysisresultsin the waste dumpsites

K Ca Ti Fe Cr Mn Ni Cu Zn Ga As Rb Sr Se Zr
K 1.00
Ca 099 1.00
Ti 0.84 0.78 1.00
Fe 097 099 0.69 1.00
Cr 0.38 0.28 0.82 0.14 1.00
Mn  0.96 0.98 0.66 0.98 0.10 1.00
Ni  0.00 -0.11 054 -0.24 093 -0.28 1.00
Cu 0.72 0.79 0.23 0.86 -0.37 0.88 -0.70 1.00
zn 0.83 0.89 040 094 -0.20 0.95 -0.56 0.98 1.00
Ga 021 011 070 -0.03098 -0.07 098 -0.53 -0.37 1.00
As 0.45 0.54 -0.10 0.65 -0.66 0.68 -0.90 094 0.87 -0.78 1.00
Rb 095 091 097 084 065 08 032 046 061 051 014 1.00
Sr -0.95 -098 -0.63 -1.00 -0.07 -1.00 0.32 -0.9m.9 0.11 -0.712 -0.80 1.00
Se -0.62 -0.71 -0.11 -0.80 0.49 -0.80.78 -0.99 -0.95 0.63 -0.98 -0.34 084 1.00
Zr -0.49 -0.58 0.05 -0.69 0.62 -0.72 0.87 -0.96 -0.89 0.75 -1.00 -0.19 074 0.99 1.00

(r* =0.05, two-tailed)
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Correlation analysis Fasasi

The metals K to Zr (Table 4) displayed very high MK, Oyawale AA, Mokobia CE, Tchokossa P, Ajayi
correlations. Certain metals are positively coreglavhile TR & Balogun FA 2003. Natural Radioactivity from
others are negatively correlated. To ascertain hbicthe Tar-sand deposits of Ondo state, Southwestern
correlations are significant in the statistic, icet multiple Nigeria.Nucl. Instr. & Meth. A505: 449-453.
correlation coefficientr' was obtained using the Table of Frank JP 1999. Gardening on Lead and Arsenic
significant values. Critical value'with n=5,a =0.05 is Contaminated  Soils. Co-operative  Extension
0.754. From Table 4, K has strong positive coriefat Washington State University, EB1884.

with Ca, Ti, Fe, Mn, Cu, Zn and Rb corresponding to r Ha NN, Agusa T, Ramu K, Tu NP, Murata S, Bulbule KA,
0.99, 0.84, 0.97, 0.96, 0.72, 0.83 and 0.95 rebmdyet Parthasaraty P, Takahashi S, Subramanian A &
Calcium an alkaline earth metal displayed strongtives Tanabe S 2009. Contamination by trace elements at e
correlations values (r = 0.78, 0.99, 0.98, 0.78900.91), waste recycling sites in Bangalore, India.
respectively with Ti, Fe, Mn, Cu, Zn and Rb. Titami Chemospherer6: 9-15.

showed strong positive correlation values (r = Ozl IAEA 1989. International Atomic Energy Agency
0.97) with Cr and Rb respectively. Fe displayed very ‘Measurements of radionuclides in food and the

strong correlation values (r = 0.98, 0.86, 0.94 arg#) environment’, A guidebook, Technical Report Series
with Mn, Cu, Zn and Rb. It was also observed thahat No. 295, IAEA, Vienna.

Se showed a strong correlation value of 0.99. éstargly,  International Commission of Radiological Protection
some metals displayed very strong negative coioelsit (ICRP) 1991. Recommendations of International
with each other. For example, K has values of -@8& - Commission on Radiation Protection ICRP
0.62 with Srand Se, respectively while Zn strongly Publication.

correlated negatively with Sr(r = -0.96); Se (r = Jarup L 2003. Hazards of heavy metal contamination
0.950 and Zr (r = -0.99). The high positive cortiela British Med. Bull.,68: 167-182.

suggests strong affinity among the metals and maxiddee P, Naidu R & Wong MH (2013). Electronic waste
indicate possible common sources for the affected management approaches: An overvieWaste

elements while the strong negative correlation datdis Managemen83: 1237-1250.
uncommon source origins for the affected elemdkityl Leung AOW, Chan JY, Xing G, Xu Y, Wu S, Wong CC,
to be associated with other pollution sources sash Leung CM & Wong M, 2010. Body burdens of
industrial and vehicular emissions. polybrominated diphenyl ethers in childbearing-aged
women at an intensive electronic-waste recycling si
Conclusion in China.Envirtal. Sci. & Pollu. Res17: 1300-1313.
Radiological activity of e-waste dumpsites does pate Ling W, Shen Q, Gao Y, Gu X & Yang Z 2007. Use
any danger currently. The result of the study iatiid that of bentonite to control the release of copper from
the mean activity concentrations of the radionwdith the contaminated soilsAustr. J. Soil Res45(8): 618—
soil samples were currently within the permissible 623.
threshold limit. However, presence of Zn, As, &hd Cu Maslin P & Maier RM 2000. Rhamno lipid-enhanced
beyond permissible limit, poses great danger to drum mineralization of phenanthrene in organic-metal co-
particularly those who have direct contact. Thespnee of contaminated soil8ioremediation J.4(4): 295-308.
heavy metals in the sites renders the soil undeitédr McLaughlin MJ, Zarcinas BA, Stevens DP & Cook N
agricultural purposes. Continuous burning by therimgl 2000. Soil testing for heavy metaSomm. Soil
sector will lead to increase in the concentratiérthese Sci. & Plant Analysis31(11-14): 1661-1700.
toxic heavy metals. Relevant authorities and manurfars McLaughlin MJ, Hamon RE, McLaren RG, Speir TW &
of electrical and electronic components must invast Rogers SL 2000. Review: A bioavailability-based
remediation of sites exposed to this waste to reduc rationale for controlling metal and metalloid
pollution effect and penetration into food chain. contamination of agricultural land in Australia and
New ZealandAustr.J. Soil Res.38(6): 1037-1086.
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