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ABSTRACT KEYWORDS
Thisstudy wasaimed at ng the loss of secondary metalsfrominformal E-waste;
recycling of e-waste at Agbogbl oshie, where primitive methodsare used for Metals;
e-waste processing. Samples were collected from fourteen (14) locations X-ray;
within Agbogbloshie including the dismantling site and burning site of the Fluorescence;
scrap market. The X-ray fluorescence spectroscopy (XRF) was used to Spectroscopy;
evaluate the concentrations of the heavy metals and other elements in the Agbogbloshie.

sample. Non-ferrous metals such as Zn, Cu and Pb gave concentrationsin
therangeof (422.54— 181752.94mg/kg), (101.83 —9144.50mg/kg) and (117.03
— 14448.46mg/kg), respectively. All these concentrations those of ferrous
and specialty metals exceeded the New Dutch List Action Values over
thousand times. The highest index of geoaccumulation (1geo) vaue of 9.589
was recorded at the dismantling site and 8.597 at the burning site for Pb.
High Igeo valuesof 5.07, 5.34 and 4.36 were a so recorded for Zincin road
dust, Domod office and storein the market respectively. Asand Hg recorded
| geo values between 2.6409 - 4.6389 and 5.3068 - 7.559, respectively. Thisis
an indication that ferrous, non-ferrous and specialty metals are being lost
into the soil and further research should be carried out into the mode of
operation of the scrap dealers in order to design a suitable method of
extracting the desired metals from the waste.
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INTRODUCTION sreamsintheEU, at present beinglessin quantity than

Municipa Solid Waste (M SW) but increasing, annu-

Theamount of ectronicscrgpisincreasingdl over  aly by morethan thegrowth of MSW. United Nations
theworld. According to the European Commission,the  University’s estimations indicate that current e-waste
wastestream of eectronicand ectrica equipmenthas  arising acrossthe twenty seven membersof the Euro-
been identified as one of the fastest growing waste pean Union amount to around 8.3—9.1 million tons
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per year; global arising are estimated to be around 40
milliontonsper year.

Astheuse of computersexpandsin al countries,
their many benefitsarejoined by new chdlengesat their
end-of-life. TheWaste El ectrica and Electronic Equip-
ment Directive (WEEE Directive, 2002/96/EC), issued
by the European Commissionamsto minimisetheim-
pact of end-of- lifeelectrical and el ectronic goodson
theenvironment, by increasing re-useandrecyclingand
then reducing theamount of WEEE usedfor landfill. A
decison of the Commission stated that, within Decem-
ber 2006, 4 kg WEEE/inhabitant should have been col-
lected yearly. Nevertheless, at present, 19 kg/inhabit-
ant arecollected in Sweden, 16 kg/inhabitant in Nor-
waly but lessthan 2 kg/inhabitant in Italy. According to
the Italian Environmental Ministry, 938k tonnes of
WEEE were disposed of in a controlled landfill in
20063.Computers contain many metals, plasticsand
other substances, some of which arehazardous(e.g.,
lead, beryllium, mercury, hd ogens), and someof which
arevaluabl e resources equipment (e.g., gold, silver,
palladium, copper, a uminium, and plastics) that should
not be wasted but can be recovered for use in new
products. Recovery can aso provideraw materia sto
themarket with alower environmental footprint than
mining. Somesubstances|ikelead areboth hazardous
(if emitted) and valuable(if properly recovered) at the
sametime. “Mining” our old computers to recover the
contained metas—if done in an environmentally sound
or correct manner, needsonly afraction of energy com-
pared to mining oresin nature. A widerange of compo-
nentsmade of metals, plasticsand other substancesare
contained in el ectrical and e ectronic equipment. The
metd resourcesused yearly for eectrica and eectronic
equipment are added to the existing metal resourcesin
society of the devicesin use. These metal resources
become available again at final end-of-life of the
devices Effectiverecycling of themetal materiasis
crucia to keep them avail ablefor the manufacture of
new products, beit electronics, renewableenergy ap-
plicationsor gpplicationsnot invented yet. Modern eec-
tronicscan contain up to 60 different eements. These
elements or metal s can be grouped into ferrous, non-
ferrous, preciousand speciaty metals. Themost com-
plex mix of substancesisusualy present in theprinted
wiring boards (PWBs) . Initsentirety, electrica and

€l ectronic equi pment isamajor consumer of many pre-
cious and specia metals and therefore an important
contributor totheworld’s demand for metals. Despite
dl legiddiveeffortsto establishadircular flow economy
inthedevel oped countries’EU, themgority of valuable
resourcestoday arelost. Several causescan beidenti-
fied: firdtly, insufficient collection efforts; secondly, partly
ingppropriaterecycling technologies; thirdly, and above
al largeand oftenillegal exportsstreams of e-waste
into regionswith no or inappropriaterecycling infra-
structuresin place™. Themost important parameter to
measuretheefficiency of anoverdl recycling systemis
thefunctiona EOL recyclingrate. Animportant thingto
noteisthat afunctiona EOL recyclingrateof (for ex-
ample) 40% meansthat thereare 60% lossesof ava u-
able metal®. At Agbogbl oshie, computers and televi-
son (TV) setsarethe main e-wastes processed at the
scrap yard. Thesearemanually dismantled at numer-
ous small workshopswithin the market. Some parts
are burned to remove val uable metalsfrom plastics.
Materials of no value are dumped along with other
waste¥. Theaim of the present work isto determine
the concentration and the probable loss of secondary
metals from informal recycling of e-waste at
Agbogbloshiein Ghana.

MATERIALSAND METHODS

Site selection and samplecollection

The study area, Agbogbloshieislocatedin Accra,
thecapita city of Ghana. It coversapproximately four
acresand issituated on the banks of the Korle Lagoon,
northwest of Accra’s central business district. The prin-
cipal consideration for the sel ection of thesitewasthe
scrap market which iswidely recognized asan el ec-
tronic waste dump site after the publication of there-
port by Greenpeaceinternational?. Agbogbloshieis
popularly knownto beacommercid areahavingalot
of human activitiesfor most of theday.

Samplecollection

Sampleswere collected from fourteen sitesinclud-
ingthedismantlingsite, burning Steand aroad usinga
soft touch brushand plastic dust pankept in pre-cleaned
self-sed ed pol ythene bags. Each samplewas collected
with anew brush and dust pan to avoid cross contami-
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nation. About 500g of samplewas collected at each
steand stored in Ziploc bagsfor transport to the labo-
ratory. Thespecific geographiclocation of thesampling
siteswas obtained from GPS reading.

Samplepreparation and analysis

Daily dust samples collected from each sitewere
air dried and homogenoudy mixed toformacomposite
sample. Thesampleswereseved usngamesh (metric
test sieve BS410V S Tyler) with geometric diameter
100um. The analysis was restricted to the size fraction
below 100um because particles of such nature are
known to be suspended by air. The sieving wasdone
on amechanical shaker (RetschAS 200) for 30 min-
utesat amplitudeof 10mm/g. 10g of the sampleswere
madeintothick samplepeletsof diameter 2.5cmusing
the hydraulic press (hydraulic Specac press) with an
gppliedload of 10 metrictons. Theirradiationwasdone
using aM o secondary target arrangement coupled to
pettier cooled silicon drift detector (SDD) detector with
al2um berylliumwindow thickness. The SDD detec-
tor hasaresolution of 136 eV for 5.9 KeV x-ray en-
ergy. Samplespelletswere placed at an angleof 45°to
the primary beam irradiated and for 600 seconds. An
energy dispersive X-ray spectrometer (EDXRF spec-
trometer) wasused for theelemental analysis.

RESULTSAND DISCUSSION

Theferrous metal sare predominantly iron based.
Ironistheprincipa constituent of steel, and stedl isby
far themost widdy-used metal. In 2009, morethan 1.2
billion tonnes of steel were produced worldwide, and
thedemand for sted-especidly in emerging economies-
growing further™.From the results obtai ned, the con-
centration of Ironin surfacedust wasvery highat dl the
sampling sites. Thisindicatesthat dl theseamountsare
lost dueto improper recycling. The other ferrous met-
as(vanadium, chromium, Manganeseand nickdl,) are
componentsinsted, stainlessstedls, and super dloys.
Thesemetd sareof great importanceinthemeta smanu-
facturing industriesbut dueto unsuitableway of their
recovery they arebeinglogt to thesoil. Chromium (Cr)
was recorded with concentrations between 89.21mg/
kg and 2754.96mg/kg with the highest value being re-
corded at thedismantling Steand theigeo valueisbe-
tween -0.0264 and 4.199. Thisconcentrationisalso
found to be over 700% above the action value. The
Ayalolo cluster of schoolsalso recorded ahigh con-
centration of 434.45mg/kg whichis 114% abovethe
actionvaueof thenew Dutch list. The concentration of
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TABLE 1A : Concentration of ferrous metals
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Ferrous metals (mg/kg)
Sample Location \% Cr Mn Fe Ni
BSS1 bdl 361.12 2116.19 218276.7 613.22
BSS2 698.44 bdl 1145.29 70923.33 258.94
BSS3 bdl 89.21 662.69 50250 88.25
BS+4 bdl 434.45 660.1 54130 150.47
BSS5 bdl 255.03 677.23 53113.33 129.87
BSS6 bdl 176.76 507.43 36873.33 73.08
BSS7 bdl 2754.96 2946.51 279600 821.88
BSS8 346.51 95.09 933.44 49393.33 127.27
BSS9 428.47 127.87 447.96 94983.33 98.98
BSS10 389.07 117.2 441.45 96583.33 102.97
BSS11 334.24 151.63 448.73 57603.33 94.44
BSS12 bdl 147.28 344.69 25443.33 71.56
BSS13 220.87 128.42 634.03 69633.33 109.06
BSS14 bdl 298.25 1469.3 164655 203.17
OPTIMUM 100 35
ACTION 380 210
TABLE 1B : Concentration of non-ferrousmetals
Non -Ferrous metals (mg/kg)

Sample Location Ti Co Cu Zn Pb
BSS1 28590.44 6714.26 5619.55 181752.9 7263.17
BSS2 10525.65 bdl 590.29 3546.13 973.84
BSS3 4474.83 bdl 392.12 985.24 458.74
BS+4 4601.1 bdl 260.28 1200.47 407.59
BSS5 5275.12 bdl 271.25 1194.37 386.12
BSS6 4410.64 bdl 116.14 461.03 179.13
BSS7 25643.33 3436 9144.5 34408.26 14448.46
BSS8 6579.9 bdl 389.88 2159.61 538.41
BSS9 7345.75 bdl 207.12 836.59 326.77
BSS10 8103.26 bdl 170.19 934.41 329
BSS11 5523.55 bdl 174.18 972.89 251.1
BSS12 2965.8 bdl 101.83 422.54 385.57
BSS13 5836.13 bdl 359.91 1603.36 117.03
BSS14 10204.8 bdl 544.47 4276.45 2106.47

OPTIMUM 20 36 140 85
ACTION 240 190 720 520

Nickle (Ni) a theburning and dismantling sitesal ex-
ceeded the action value of thenew Dutch list. Fere-
corded anigeo vaue between—0.2519 and 4.738.
The non-ferrous metals contain noiron, and are
used in quantities second only to theferrous metals.
Copper isthird among metd s (about 24 milliontonnes
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in 2007) and seeswide usein conducting el ectricity
and heat. Cobalt’s major uses focus on super alloys,
catdystsand batteries. Lead’s use centres on batteries.
Titanium’s main applications are paint and transporta-
tion whilezinc’s major use is coating steel (galvaniz-
ing)®. From theresultsthe concentration of Pbin sur-
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face dust ranging between 117.03mg/kg and
14448.46mg/kg with the highest valuerecorded at the
dismantling Stewherethedectronic equipment aredis-
mantled to recover metalsof interest. Thisconcentra-
tion isabout two thousand timesmorethan the action
value of 520. The second highest recorded valuefor
Pb was at the burning site. The highest Igeo value of
9.589 wasrecorded at the dismantling site and 8.597
at theburning sitefor Pb. Znwasrecorded at high con-
centrationsin all sampling locationsranging between
461.03 mg/kg and 181752.94mg/kg. The highest con-
centration was recorded at the burning sitewhichis
25,000% morethantheaction value. Thesecond high-
est valuewasrecorded in road dust which is4,700%
higher than theaction value. With theexception of the
Aya olo community dinic, thesa oon, soreswithinthe
market and the 1% classfinancial investment Itd, Cop-
per recorded very high concentrationswhich wereall
abovetheAction valueof thenew Dutchlist for al the
sites. High Igeo values of 5.07, 5.34 and 4.36 were
asorecordedfor Zincinroad dust, Domod officeand
storeinthe market, respectively. Znisused asplastic
casing of el ectronicsand the mother board of comput-
ers. Titanium on the other hand wasno exception. The
highest Igeo valuefor Cuwas observed at the disman-
tling sitewith geo valueof 6.79. Thishigh valuewas

TABLE 1C: Concentration of specialty elements

Specialty metals(mg/kQg)

Sample L ocation As Zr Hg Sr
BSS1 bdl 147093 bd  394.26
BSS2 bd  2597.65 bd  815.74
BSS3 bdl 837.53 bd 18282
BSHA bdl 815.74 bd  219.69
BSS5 bdl 916.62 bd  248.71
BSS6 bdl 852.93 bd 21457
BSS7 bdl 1430.08 2258 686.81
BSS3 bdl 1042.67 bd 41579
BSS9 bdl 872.02 bdl 24522
BSS10 bdl 935.58 bd  263.18
BSS11 16.84 786.22 bdl  199.08
BSS12 bdl 522.69 475 146.55
BSS13 bdl 1410.05 bd 20151
BSS14 67.27 1000.38 bdl  206.14
OPTIMUM 29 0.3
ACTION 55 10
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recorded because Cuisused in el ectrical cablesand
wiresfor contact.

Most of the specialty metal s can bethought of as
“new corners” regarding their technological applica-
tions. Many of them show thereforearapidly increas-
ing relevanceinthelast decadesor eventhelast few
years, driven by innovativetechnol ogieswith high po-
tentials for a sustainable future. It can be expected
that the demand for many specialty metalswill grow
rapidly in the next few years due to the increasing
market potentia sof new and innovativetechnol ogies.
The Domod officerecorded the highest concentration
of 67.27mg/kg for Aswhichis9.34% morethan the
action value and igeo value between 2.6409 and
4.6389. Mercury (Hg), wasrecorded at the burning
siteand the 1st Class Financia Investment Ltd, with
thehighest value of 22.58mg/kg recorded at the burn-
ing sitewith 2251% exceeding the action value and
igeo val ue between 5.3068 and 7.559.

Action

Minimum concentrationfor whichinterventionisre-
quired; Optimum: Minimum concentration at whichno
remediationisrequired; igeo: index of geoaccumulation.
BSS1: Burning site; BSS2: Road dust; BSS3: Rooms
of nearby houses, BSS4: Ayalolo cluster of schools;
BSSE: Market; BSS6: Ayd olo community clinic; BSS7:
Dismantling site; BSS8: Lorry station; BSSO: Mosque,
BSS10: Saloon; BSS11: Stores within the Market;
BSS12: 15" dlassfinancid investment Itd; BSS13: MTN
office; BSS14: Infront of Domod office.
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