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ABSTRACT

Radiation exposure at e-waste dumpsite around Alabernational market, Lagos was assessed by ganaya
spectroscopy using a highly shielded Canberra Nal@€tector. Twenty soil samples from the e-wastepbite
were analyzed while a total of fifteen soil samgtesn control sites in Ibadan were equally analyz&te mean
value of*’K, *®Ra, and®**Th concentrations for the soil samples were 84.2868 Bq/kg, 20.70 +0.21 Bg/kg, and
13.32 + 12.86 Bq/kg respectively. The mean valu&af**Ra, and®*?Th concentrations for soil samples from
Oritaperin control dumpsite were 488.91 £217.24/IRyy 27.93 £10.52 Bg/kg, and 44.93 +7.24 Bg/kgpextively
while that of Ring road control dumpsite were 4@54875.79 Bg/kg, 35.10 +10.97 Bg/kg, and 52.46.29Bq/kg
respectively. The mean values*#f, **Ra, and®*?Th obtained were below that from the control siesl also
below world average values of 400 Bg/kg, 35 Bq#kd) 30 Bg/kg respectively as indicated by UNSCEAR.riean
Annual Effective Dose Rate obtained for soil samfitem e-waste dumpsite, Oritaperin and Ring roadtol
dumpsites were respectively 0.03mSv/yr, 0.07mSaigh,0.01mSv/yr. These are all below the limit mwifyu The
mean absorbed dose rate of samples from e-wastpditienwas 21.12nGy/hr which is lower than worldrage of
60nGy/hr. Values for other hazard indices were Welbe world average. Hence, e-waste does not poge a
immediate radiological risk to the people workimgfig on the dumpsite, the international market @sdenvirons.
However, this work represents a baseline for fut@diological evaluations in the environment dueadioactive
contamination.

INTRODUCTION

The use of electronic devices has become so popsigecially in this era of information technolod¥)( The
dependence, and the vital role information and canmication technology (ICT) is contributing to worddonomy
has brought about an increase in the use of elécteguipment (Odeyingbo, 2011). The world has étteecome a
global village with people doing business and comicating with their loved ones, associates, pastremnd
colleagues via telephones/mobile phones, intemégoconferencing and the like. People relax byipk video
games on PCs, watching television, satellites etc.

Two hundred and thirty million computers were sglabally in 2007 (Jakobsen, 2009). Oketola (20Epprts that
the Nigerian Telecoms Industry capacity, accordmdligerian communication commission (NCC), incexhfrom
158 million lines in January, 2011 to 173.3 millibmes in December of same year — an alarming asgdy 15.3
million lines in a short space of 12 months. Alsgedensity increased from 0.73% in 2001 to 64.1ih %anuary
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2011 and up to 68.4% in December 2011. The abotgegiaes an insight into the large number of mophenes
used in Nigeria. The rapid growth in IT has lecatoontinuing improvement in the capacity of compataut at the
same time, a decrease in a product’s lifetime, thiglis not only the case for computers, but forcahsumer
electronic products (Osibanjo and Nnorom, 200730Atomputer intended lifespan has dropped fron64/ears in
1997 to 2 years in 2005 (Babu et al., 2009) andiflaspan of a mobile phone has decreased fromd Jears to 18
months as at 2002 (Osibanjo et al., 2007).

These old, abandoned phones, computers and otr@roglic products finally end up as waste in dutegsiThey
are called electronic waste (e-waste)! The Unitedidsh Environment Program estimates that 20 — Shomitons

of e-waste is produced globally every year (Pucketal., 2005) and the world is faced with new emwvinental
challenges due to poor management of e-waste dgedénaported by developing countries that serioasgend on
second hand electronic devices. Nigeria's e-wastee@tion is by far the highest in all of West gém countries
(Andreas et al., 2011) and this is very alarmingwiever, what is more alarming is the volume of est@amported
from Europe and America. It is estimated that 580% of all e-waste collected in U.S for recyclimg aot really
recycled but exported to developing countries paldirly in Asia and Africa (Electronics Takeback allion,

2010).

Five hundred containers of secondhand computetecekdectronic equipment of various states of dionliand age
enter the country each month, most of which endnupagos. On average, each container contains a®@it
computers and monitors, which amount to about AW A&riving each month or 5 million units a yeau¢kett et
al., 2005; Osibanjo and Nnorom, 2007). Kuper angi{@2008) report that 25 — 75% of these secondimnducts
exported to Africa cannot be reused.

The dangers posed by this massive generation apafriation of e-waste to human health and envirortrnannot

be overemphasized considering the indiscriminatenaathey are dumped, land filled and burnt in ptdeetrieve

some vital parts of the waste. Health and safetgems include: inhalation of toxic fumes (from Elal, Hg etc.),

toner dust; injuries and cuts sustained from sheapte fractions; contamination of soil and grounatexr and

potential exposure to radiation from ashes, smaice dust from the dumpsites. Since Nigeria has ria da the

radiological status of our dumpsites, no routinenitarsing mechanism to check radiation levels inaste sites and
has no effective regulation on the importation efaste into the country, it is necessary to catythis research
work to forestall the possibility of a radiationcadent as experienced in Mayapuri- India (The TimEbdia, 2010;

New York Times, 2010) and some parts of the world.

Alaba international market in Ojo local governmanta of Lagos state is the largest electronics emark\West
Africa. It is envisaged that data collected vissthésearch will help government to update the data-waste in
Nigeria and will form a baseline data of naturaioactivity in Alaba e-waste dumpsite. This may a&tuhelp

government to enact laws and implement radiatidietggolicy and standards for Alaba e-waste geimrat
importation and management. However, the objectiféis work are as follows:

1.To measure the natural radioactivity levels of saihples from the e-waste dumpsite;

2.To determine the following hazard indices: RadiunuiZalent activities (Ra), internal and external hazard
indices (H, and H,), absorbed dose rate (D), representative levaxr(t)) and effective dose rate of the collected
samples; and

3.To compare the natural radioactivity concentratibsoil from e-waste site with soil from non — est@asites

MATERIALSAND METHODS

2.1. Study Area

Lagos state lies within latitude® @nd 35N and longitude 3and 48E, with population of about 17,553,924 It
covers an area of approximately 3,475.1kimgos state is divided into five administrativieisions which are
further divided into 16 local government areas afievhich is Ojo local government area - a host taba
international market (the study area). Alaba ireéomal market is the largest electronics marketViest Africa. It
was founded in 1978 and occupies a land area afoajppately 2 kni in the southwest of Lagos. The market
features more than 2,500 shops doing refurbishimgodfering used electrical and electronic proddictsale. Most
of these devices are imported second-hand produish include electronics products from communimadi,
broadcasting, computers, televisions, videos, hapgiances, refrigerators, video games to generasatellite
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systems, general goods etc. These are availablgyrs from as far as Ghana, Niger, Chad, TogoirBieapublic,
etc.

A major dumpsite (about 70nin size) is located outside the market where e-evasllectors, refurbishers and
recyclers work and indulge in burning and otherderwecycling practices at the dumpsites withoue dar their
health or environment, in an attempt to recoveresmseful parts/scrap from e-waste. Make shift stines are also
erected on the site for accommodation (figuresdLn

Fig 2: Make Shift structuresbuilt for accommodation on Alaba E-waste dumpsite

2.2. Geology of OjoL.G.A

The geological setting of the study area reveads ithlies solely within the extensive Dahomey bashe basin
extending almost from Accra to Lagos. The area sedimentary basin whose thickness increases fianth no

south (down dip) and from east to west. The liftarad lagoon deposit of recent sediment underhiesarea. The
coastal belt varies from about 8km near the RepuilBenin border to 24 km towards the easterndadride Lagos
Lagoon (Nton, M.E, 2001). More also, the area insi sediment of clay, unconsolidated sands and with a

varying proportion of vegetable matter along thastal areas while the alluvial deposit consistsazfrse claying
unsorted sand with clay lenses and occasional pdisals.
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2.3. Sample Collection and Preparation
At the Alaba dumpsite, five samples each were ctild from the four cardinal points at about 1matise and at a

depth of about 10 cm. The total soil samples ctdkat the e-waste dumpsite was twenty (Figurdlgp, a total of
fifteen samples were collected at Oritaperin andgRRoad control dumpsites in Ibad@Digital gamma Survey
meter (RAD EYE PRD) was first used to take the mmuinental radiation exposure of the sampling lacetiwhile
a Global Positioning System (Etrex Vista) was usedletermine the longitude and latitude of each plium

location.

The soil samples were separately collected witleancsteel hoe and packed in black polythene Balgsled, and
safely conveyed to Radiation and Health Physicerktory of Physics Department of the Universityllmdidan. At
the laboratory, they were sun dried to attain deight, pulverized, and sieved using a 2mm meshesiéwo
hundred grams (200g) of each sample was subsegumea#sured using an electronic balance and packplstic
containers of diameter 6.6cm of similar dimensioithte Nal (TI) detector used for the measuremérits.samples
were tightly covered and sealed with masking tapé allowed to stay for 30 days in order to attagcusar

equilibrium between Radium and its gaseous decagamies.
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Fig 3: Aerial view of Ojo L.G.A Showing Alaba international market and Sample Collection points

2.4. Measurement
Calibrating the detector system is important stoadentify and quantify the radionuclide presentisample. The

energy calibration was carried out using IntermaloAtomic Energy Agency (IAEA) reference sourcetenial and
using the energy calibration (ECAL) analysis fuaotof the Multi-Channel Analyzer (MCA) to fit theath which
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gave a linear graph. The linear relationship ol@ibetween the channel number (N) andytfenergy (E) in MeV
is represented by the equation below:

E(Mev)=1.83 x 102N+ 0.36 (2.0)

The net area A under the photo-peak above the bawhkd was computed and related to the activity entration C
of the reference source using the relation (FardiEeh 2006)
C
= 2.1
P Aymt (2.1)

Where E is the detection efficiency, C is the net coundwabthe background after counting a reference sauwipl
known activity A (Bg.kd'), m is the mass (kg) for a time, t (s) anid the gamma yield.

Each sample was counted for 36,000 seconds anbattieground count was subtracted from them to olitaeén
gross count for each sample. The Uranium conteth®famples was determined from the intensityhef1.760
MeV photo-peak of“Bi, the Thorium content from the 2.614 MeV photakef*°°Th and Potassium content from
the 1.460 MeV photo peak 8K decay.

The activity concentrations of the samples werem@ned using the net counts after correcting farkiground and
Compton contribution. The activity concentratiofi$€®6Th, **Ra and"’K were obtained using:

C

net

= IAXEff (EAJIXTR

2.2)

Where Ggis the net peak counts,i$ absolute gamma decay intensity for the speeifiergy photo peak (including
the decay branching ratio information).&,) is the absolute efficiency of the detector as thinergy and m is the
mass of the sample in kg.

RESULTSAND DISCUSSION

3.1.1 Activity concentration in soil samplesfrom E-waste site

The activity concentration dfk, *Ra and?®*Th, in the Soil collected from E-waste site (Al#bavaste dumpsite)
ranged between 27.36 + 4.35 Bifkand 139.71 + 5.18 BgKyg 6.43 + 1.10 Bgkg and 42.94 + 1.84 BqKyg and
between 2.15 + 1.05 BqgKgand 34.52 + 1.42 BqKgrespectively. However, the average valuesfior®*Ra, and
232Th from this site are: 84.26 + 28.08 Bk@0.70 + 0.21 Bgkd, and 13.32 + 12.86 BqKgespectively. See table
1 and figure 4.

3.1.2. Activity concentration in soil samples outside E-waste site

The activity concentration dfk, “°Ra and®*Th, in the Soil outside e-waste dumpsite rangesvéen 157.64 +
5.30 Bgkg' and 177.81 + 5.43 BqKg 19.77 + 1.42 Bgkd and 27.64 + 1.58 BqKy and 27.46 + 1.35 BgKgand
28.85 + 1.36 Bk respectively. However, the average values'for’*®Ra, and®*?Th from this site are: 167.73 +
14.26 Bgkg', 23.70 + 5.60 Bgkg, and 28.15 + 0.99 Bgkgrespectively. See table 1 and figure 4.

3.1.3 Activity concentration in soil samplesfrom Oritaperin dumpsite

The activity concentration dfk, *Ra and®**Th, in the Soil collected from Control site | (Gyiterin Dumpsite)
ranged between 297.91 + 6.15 Bdkand 1026.17 + 9.42 BqKy6.91 + 1.12 Bgkg and 39.61 + 1.79; and 28.60 +
1.36 Bgkg' and 54.02 + 1.60 BqgKgrespectively. However, the average values*fior?*Ra, and”*?Th from this
site are: 488.91 + 217.24 Bgkg27.93 + 10.52 Bqky 44.93 + 7.24 Bgkg respectively. See table 1 and figure 4.

3.1.4 Activity concentration in soil samplesfrom Ring road dumpsite

The activity concentration dfk, Ra and®*?Th, in the Soil collected from Control site Il (Rjroad Dumpsite)
ranged between 297.91 + 6.15 Bifkand 494.49 + 7.18 BqKy 25.61 + 1.54 Bgkgand 53.25 + 2.0 Bgkl and

45,58 + 1.52 Bgkdand 64.02 + 1.68 Bgklyespectively. However, the average valuesfior’®Ra, and®*Th from
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this site are: 405.89 + 75.79 Bgkg35.10 + 10.97 Bgky and 52.46 + 7.29 BqgKgrespectively. See table 1 and
figure 4.

Table 1: Mean Activity Concentrations of “K , ?*Ra and Th acrossthe four locations

L ocation Activity Activity Activity
Concentration (k) (Ba/kg) | Concentration (Ra) (Ba/kg) | Concentration (Th) (Ba/kg)
E-waste Dumpsite 84.26 20.70 13.32
Around E-waste Site 167.73 23.70 28.15
Oritaperin Dumpsite (Control 488.91 27.93 44.93
Ring Road dumpsite (Contro 405.89 35.10 52.46
500.00
450.00
400.00
350.00
300.00
m Conc (k) (Ba/kg)
250.00
M Conc (Ra) (Barkg)
200.00 [ Conc (Th) (Bg/kg)
150.00
100.00
50.00
0.00 + T T T T
E-waste site Around E-waste Oritaperin Ring Road
Site Dumpsite dumpsite

Fig 4: Graph of Mean Activity Concentration of “K , ?*Ra and **Th across the four locations

3.2. Determination of Radiation Hazard I ndices

3.2.1 Absorbed Dose Rate

The absorbed dose rate of the samples were cadulsing equation (1) below as provided by UNSCERRO.
The following were the average values obtainedHersamples: 21.12 + 8.51nGy/h for Soil from E-wahimpsite,
34.95 £ 2.57nGy/h for soil outside e-waste dumpgite43 = 7.41nGy/h for Oritaperin control site daf¥.83 *
11.02nGy/h for Ring road control site

D(nGy ') =0.462C,, + 0.621C,,;, + 0.0417C, 1)

The soil from E-waste dumpsite has the least alesbdose rate compared to that of the control slteis. is lower
than the world average of 60nGy/h given by UNSCE2M0. However, Ring road control site has the hsghe
absorbed dose rate, higher than the world average.

3.2.2 Radium Equivalent Index

The Radium Equivalent Index represents the actilitiels of ‘%, *®Ra, and®?Th by a single quantity. It was
calculated using equation (2) below as providedUNSCEAR 2000. The following were the average values
obtained for the samples: 46.23 + 19.55Bq/kg fdf ffom E-waste dumpsite, 76.88 = 5.25Bq/kg forl snitside e-
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waste dumpsite, 129.83 £ 15.60 Bq/kg for Oritapeontrol site, and 141.38 + 23.84Bq/kg for Ringdazntrol
site.

Ra,, = Cg,+ 1.43Cy, + 0.077C, @)

The soil from E-waste dumpsite has the least Radigoivalent Index compared to that of the contitglss This is
within the limits of world background soil standdie.<370 Bg/kg) given

3.2.3 Annual Effective Doserate

The Annual Effective Dose rate in air helps in asgg the effectiveness of the gamma dose in cgquiEimage to
human tissue. It was calculated using equatiobé®)w as provided by UNSCEAR 2000. The followingrevéhe
average values obtained for the samples: 0.02®n@Sv/yr for Soil from E-waste dumpsite, 0.04mSyfyr soil

outside e-waste dumpsite, 0.07 + 0.01mSv/yr fortapsarin control site, and 0.08 + 0.01mSv/yr for drimad
control site.

Effective dose ratfmSvyr™)

= D(nGyh™) X 8760hyr™ x 0.7 x (103™S?/, 5} nGy X 0.2
E;Dose=Dx1.2264 X 107 ©)

The soil from E-waste dumpsite has the least Anhifi@ctive Dose rate compared to that of the cdrsites. This
is lower than the value of 2.5mSv/yr recommendedJBySCEAR 2000. However, Ring road control site tes
highest Annual Effective Dose rate but within recoemded limits.

3.2.4 Representative level index (1)

The Representative level index)(bf the samples were calculated using equatioraf#) the following were the
average values obtained for the samples: 0.334 forlSoil from E-waste dumpsite, 0.55 + 0.04 foil sutside e-
waste dumpsite, 0.96 + 0.12 for Oritaperin consit#, and 1.03 + 0.17 for Ring road control site.

C C C
J = “Ba  “Th , “k -1 4)
¥ 150 100 150

The soil from E-waste dumpsite has the least Reptative level index {) compared to that of the control sites.
This is lower than the standard limit of unity. Hewver, Ring road control site has the highest Remitastive level
index () which is above the limit of 1.

3.2.5 External Hazard I ndex

The External Hazard Index () represents the external exposure and was catculeting equation (5) as provided
by (UNSCEAR, 2000). The following were the averaghies obtained for the samples: 0.12 + 0.06 for f&am
E-waste dumpsite, 0.21 + 0.01 for soil outside ste@umpsite, 0.35 + 0.04 for Oritaperin contrgd,sand 0.38 +
0.06 for Ring road control site.

. .
H, = 3—f;+ Crp, =259+ 4_3::1 (5)

The soil from E-waste dumpsite has the least Eatartazard Index compared to that of the contrassifThis is
lower than the standard limit of unity. Howeverngiroad control site has the highest External Hhlatex which
is equally below the limit of 1.

3.2.6 Internal Hazard | ndex

Internal exposure to radon and its daughter pradigtquantified by the internal hazard index,HIt was
calculated using equation (6) and the following evilre average values obtained for the samples:1.86 for
Soil from E-waste dumpsite, 0.27 £ 0.03 for soitside e-waste dumpsite, 0.43 = 0.06 for Oritapedntrol site,
and 0.48 + 0.09 for Ring road control site.
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C C
Hy, = {2+ €, =259+ (6)

The soil from E-waste dumpsite has the least latektazard Index compared to that of the contr@ssitThis is
lower than the standard limit of unity. Howeverngiroad control site has the highest Internal Hhhadex which
is equally below the limit of 1.

140.00 A
120.00 -
100.00 -
B E waste site
80.00 -
m Around E waste Site
60.00 - m Oritaperin Dumpsite
20.00 - B Ring Road dumpsite
20.00 -
0.00 1 T
Mean Absorbed Dose Mean Rad Eqv (Bg/kg)
Rate (nGy/hr)
Fig 5: Graph of M ean Absorbed Dose Rate and Radium Equivalent activity
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Fig 6: Mean of External Hazard index (He), I nternal Hazard index (Hi»), Effective Doserate and Representative level index (l,)
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Table 2: Mean of Radiation hazard indicesfor the four locations

L ocation Mean Absor bed Mean Rad Mean H Mean H M ean Eff Mean 1.
Dose Rate (nGy/hr) | Eqv (Bg/kg) & " | Dose Rate (mSviyr) i
E-waste Dumpsite 21.12+8.51 46.23 £19.59.12+ 0.05 | 0.18 + 0.06 0.03+0.01 0.33+0.01
Around E-waste Sit 34.95+ 2.57 76.88+5.2F 0.21+0.01 | 0.27+0.0¢ 0.05+ 0.0z 0.55+ 0.0¢
Oritaperin Dumpsite (Control 60.43+7.41 129.88560| 0.35+0.04 0.43+0.0 0.07 £0.01 0.96120
Ring Road dumpsite (Control 64.83+11.02 141.38884| 0.38+0.0§ 0.48+0.09 0.08 £0.01 1.0317(
CONCLUSION

In view of the environmental threats posed by eteasound the globe and in Nigeria in particulag tctivity
concentrations of’K, ?*Ra and®®*Th in soil samples from Alaba E-waste dumpsite sasied out using gamma
ray spectrometer Nal(Tl) detector. The mean agtigiincentration of’K, ?Ra and®**Th across Alaba E-waste
dumpsite are: 84.26 + 28.08 Bqkgr0.70 + 0.21 Bgkd and 13.32 + 12.86 BgKgrespectively. These are below
the values obtained from the control sites and lggbalow the world average. The radiation hazardides were
below world average. Also, no artificial sourcesrevéound in any of the samples. So, e-waste anycliag
activities on Alaba e-waste dumpsite does not pogeimmediate radiological risk to the people wogtliving on
the dumpsite, the international market and its remg.

Radiation emissions from e-waste dumpsites atdedsiil to natural radionuclides. This suffices tg #&t this work
represents a baseline for future radiological eatédns in the environment due to radioactive coimation.
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