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Abstract: In Cameroon like many African countries, awarenasse-waste is very low despite increasing
dependence on modern technologies that generatste-wl his paper presents a case study of Marewua-to
Cameroon. A survey of 33 EEE repair workshops veasiacted, the regional government service in chafge
environment, local councils and HYSACAM, a privatempany, responsible for handling waste in Maroua
were visited where through questionnaires a hurobéndings were undertaken. A total of 1628 diffet e-
waste items were found with an average flux ratéd-dfitems per week. Only 6 % of items broughthie t
workshops could be repaired as over 90% enters-thiaste stream. The majority of the waste is storede
workshops, and parts recycled when necessary.98 @Bthose manipulating these e-waste items doitmut
any protection, as 12 % of them are aware of tRieitg of these wastes. The local councils haveengaste
management plan as no legislation exists to tHfatefThere is complete lack of awareness on ps Of
waste to the public as well as the main actorsghatild be responsible for their management stemifingm
poor policy and regulatory systems.
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I ntroduction

Electronic waste commonly known as e-waste or welstetrical and electronic equipment (WEEE), or-efid

life (EOL) electronic are the electronic applianggh as computers, laptops, TVs, DVD players, faobi
phones, MP3 players etc. including their assend-assembly, components and consumables, whiah hav
been disposed of or unwanted by their original siSEhere is no specific definition acceptable glghahich
clearly defines E-waste, as every country has its definition for the E-waste. However, the most atalgle
definition is of EU WEEE directive which defines esteaas “electrical or electronic equipment (EEE)chhis
waste incdlluding all components, sub-assembliescandumables, which are part of the product atithe of
discarding.

Rapid technological development have led to highamover and shortened usage period for many edattr
and electronic devices. Also rapidly growing popiolas, rapid economic growth and rise in commubhitiyng
standards have accelerated the use of electricdl edectronic devices in most developing countries.
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Consequently, the amounts of waste electrical aledtrenic equipment (e-waste) have been steadily
increasing®. Each electronic item’s participation in tl@nual e-waste production, E (kg/year), depends
on each electronic item’'s mass, M (kg), its diar{number) in the market and consumption, N, ésd
average life cycle, L (year), according to the ¢iguma E = MN/L-------- (D. Table 1 gives the different e-waste
types and their estimated life cytle

Table 1. E-waste types and their estimated life cycle®”.

Item Massof Item (kg) Estimated life (years)
Personal Computer 25 3
Fax machine 3 5
High-fidelity system 10 10
Cell phone 0.1 2
Electronic games 3 5
Photocopier 60 8
Radio 2 10
Television 30 5
Video recorder/DVD 5 5
Player

Air-conditioner 55 12
Dish washer 50 10
Electric cooker 60 10
Electric heaters 5 20
Food mixer 1 5
Freezer 35 10
Hair-dryer 1 10
Iron 1 10
Kettle 1 3
Microwave 15 7
Refrigerator 35 10
Telephone 1 5
Toaster 1 5
Tumble Dryer 35 10
Vacuum cleaner 10 10
Washing machine 65 8

E-waste is a complex waste category containing lathardous and valuable substahc@$e chemical
composition of e-wastes depends on the type anddgleof the electronic object discarded. E-wastéains
several valuable metals like Cu, Fe, Al, Co, Ni, Bh, Zn and precious metals gold and silver, whithances
its importance to be recyclgdut If not disposed properly, they cause ser@mgronmental pollution, with
toxic gases containing obnoxious elements like id®xand furans and toxic dust and ash containirayyhe
metals. Burning the isolating plastic cover of eabin open barrels for example, produces 100 timee
dioxins than domestic waste burminghe different substances-elements-pollutantsta@léao e-waste are
presented in Table 2.

The problem of e-waste has forced environmentah@ge of many countries to innovate, develop arapad
environmentally sound options and strategies faaste management, with a view to mitigate and ocbtte
ever growing threat of e-waste to the environmerd Auman health. However, in developing countries,
particularly in urban cities, it is difficult to cqtetely adopt or replicate the e-waste managemgstes in
developed countries due to many country specifieesviz. socio-economic conditions, lack of infrasture,
absence of appropriate legislations for e-wasteragzh and commitments of the concerned, etc
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Table 2. Potential environmental pollutants produced from e-waste management procedur es [4-5].
. Typical | 5 6hal
Substance Occurrencein concentration emissions
e-waste in e-waste (tons)
(mg/kg)
Halogenated compounds:
Polybrominated diphenyl ethers
(PBDES), polybrominated Flame retardants (thermoplastic 14 o8
biphenyls (PBBSs), components, cable insulation)
tetrabromobisphenol-A (TBBPA
Polychlorinated biphenyls (PCB) Condensers, transfos
Chlorofluorocarbon (CFC) Cooling unit, Insulatiorafo
PVC Cable insulation
E}?g?ég:g;:g?szas) Product of combustion
E;é¥22£gbi22t?§Ha,&?4r2? tic Product of low-temperature combustion
Polychlronated dibenzo-p- ,
dio;(/ins (PCDDs),PonchIE))rinatedPrOdUCt of low-temperature combustlon
dibenzofurans (PCDFs) of PVCs and other plastics
Heavy metals and other metals:
Americium (Am) Smoke detectors
Antimony Fire retardant, plastics 1700 34000
Doping material for Si, Small quantities
Arsenic (As) in the form of gallium arsenide within
light emitting diodes
Barium (Ba) Getters in cathode ray tubes (CRTS)
Beryllium (Be) Silicon-controlled rectifiers
Rechargeable NiCd-batteries, fuorescent
Cadmium (Cd) layer (CRT screer_ls), print_er inks _and 180 3600
toners, photocopying-machines (printer
drums)
Chromium (Cr) Data tapes, foppy-disks 9900 198000
Copper (Cu) Cables 41000 820000
Gallium (Ga) Semiconductors
Indium (In) LCD displays
Lead (Pb) ERT screens, batteries, printed wiring 2900 58000
oards
Lithium (Li) Li-batteries
Fluorescent lamps that provide
Mercury (Hg) backlighting in LCDs, in some alkaline 0.68 13.6
batteries and mercury wetted switches
. . Rechargeable NiCd-batteries or NiMH-
Nickel (Ni) batteries, electron gun in CRT 10300 206000
Rare Earth elements Fluorescent layer (CRT-screen)
. Older photocopying-machines (photo
Selenium (Se) drums)
Tin (Sn) Solder metal glue, LCD 2400 48000
Zinc sulphide Interior of CRT screens, mixed with rare 5100 102000
earth metals
Others:
Toner Dust Toner cartridges for laser printerspiers
Radi . Medical equipment, fire detectors, active
adio-active substances . .
sensing element in smoke detectors
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In order then, to deal with the generation of eteasffective management practices must be implésden
throughout the entire life-cycle of the productnfréhe design stage (cradle) to the end-of-life est@yave) —
adopting solutions that are environmentally frigndhcluding practicing reuse or recycling as agégaamount
of e-waste is sent to landfill sites for disposalirainerated with other industrial wa&téut currently, the
problem existing with unwanted electronic itemshiat the e-waste generated from richer developedtdes

is being exported to poorer developing/undevelogmehtries for recycling; some of the reasons biag the
labor cost for recycling in these countries is miali compared to recycling or disposing of the etwas
domestically, and the fact that environmental accbpational regulations are lax or not well-enfdrae some
developing countriés The Basel Convention, an international treaty,ictvhis aimed at regulating the
transboundary movement of hazardous wastes (imgudiwaste), has been ratified by many couftries
Unfortunately, unscrupulous organizations in richimatries use donations of obsolete electronic exeny as a
loop-hole in the Basel Convention to export bothctioning and non-functioning electronic equipmémnt
developing countries. Brokers who arrange the d@xpbfunctioning products often pad shipping con¢ais
with irreparable waste, which may account for uy$66 of deliveries. Most of this ends up in landfiéind
informal dumps with resulting environmental and lamntonsequences. Due to the semi-clandestine rafture
these operations, the actual mass of e-waste bg&mgrted in general is impossible to quartifsigure 1 shows
the fluxes of contaminants associated with e-wafstas producers to receivers and ultimately to husnan
These fluxes are relevant at a range of scales natitnal and internatioral

It should be noted that the use of EEE is still ilovgome African countries compared to other coestin the
world, but it is growing at a staggering pace. Heerein the last decade, for instance, the penetraate of
personal computers has increased by a factor offiile the number of mobile phone subscribers haeased
by a factor of 100. These increases in penetratites indicate that due to the intense trade of, EieGple
have better access to lower priced EEE

Thus, the need to raise the awareness in develamtigns including Cameroon on the fact that, imppro
handling of e-waste leads to contamination of wageil and atmosphere and is a major impact onigubl
health, so, should be addressed with increasiggnay. This is the main objective of this paper.
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Fig. 1. E-wasteroutes’

Maroua: a case study for e-waste assessment in Camer oon

Cameroon is a developing country in Central Afsidth a land area of 475,650 krand a population of 19 406
100 habitants and expected to be 21 917 602 by 5 This country is bordered by Nigeria to the west,
Chad to the northeast, the Central African Republitie east, and Equatorial Guinea, Gabon, anBépeiblic

of the Congo to the south
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Maroua has a population of 201371 inhabitants aliegrto 2005 national census resHltdt is bordered
entirely by Nigeria to the west, entirely Chad e northeast and Northern region of Cameroon tcstiuh.
Maroua has an urban council and three rural cosingiaroua I, Maroua Il, and Maroua lll. It is chetexized
by a Sudano—Sahelian climate.

The harsh climate of the town necessities the @islevices such as air conditioners, fans fridgésia cope
with high temperatures. The population of this tohas increased since 2009 with the creation of the
University of Maroua, and also from the fact thasttown is the transit town to other towns of ®EMAC
region and the principal route for transportatidngoods in and out of Chad. Its long porous bongéh
Nigeria permits legal and illegal importation ofsarted goods, especially second hand electromids a
electrical goods which are almost entirely imporfezin Nigeria at very affordable prizes as oppasehe
same goods from the port city of Douala which iswl500 Km from Maroua making prizes more expensiv
Due to the fact that environmental and occupatiosglilations are lax or not well-enforced in mosteloping
countrie§, Cameroon being one of them, most of these goans Nigeria are imported without any proper
control and they end up as waste immediately duiwia very short period of time.

The politico-administrative nature of Maroua, itstieasing population and sahelian climate, andatder and
transit nature motivated its choice as these cleniatics are likely to augment the waste volunsgseeially, e-
waste in the town of Maroua. The administrative rm@ameroon is given in Figuré®2

Fig. 2. Map of the Republic of Cameroon™
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Materials and M ethods

This work was accomplished using questionnairet liad three objectives; permitted the explanatibthe
topic, interest of the research and assure thedamifality of those concern with the aim of haviagcurate
and reliable results, identifying the geographioahtion, name of workshop or services and dombactvity,

and thirdly, at identifying, quantifying and revieyy management practices of e-waste in repair stugs
and the contribution of the government and locainods in the management of this waste.

Electronic and electrical repair workshops werevayed, visits at the regional delegation of the €amon
ministry of environment located in Maroua, the Maaairban council, the Maroua I, 1l and Il counalsd the
waste management company HYSACAM, were done, wiherstudy was carried out.

Results and discussion

33 electronic and electrical repair workshops,ghiecipal handlers of e-waste in Maroua were sugdeyable
3 gives the different types of e-waste items foimthese workshops and their volumes. This tatde glives
the masses of the different items based on tadiel Itheir contributions to e-waste production dakad from
equation 1. Table 4 gives the flux (inflow) of thiéferent items, which generate e-waste in the wbdps with
an average flux rate of 1-4 items per week. THiewis further elucidated by the fact that 61%tloése items
brought to the workshops for repair had been boaghtused by the user for more than one year, D8%tf
least two years, 12% for at least one year and %ot %t least six months. Over 90% of these itemsoghe e-
waste stream because they could not be repairedsdivey showed that, only 6 % of them could bairep.
These results show that most consumers buy alugsety products whose prices are often highly matigdiut
which are almost out of use. This is not only ecoiwally detrimental to the consumer who has to &ogther
similar product but to the environment as mostheise items are indiscriminately dumped on landveaet
sources. In Cameroon, the delivery of waste manageservices is a statutory duty for Municipal Cailm
They are responsible for the provision and mainteaaf infrastructure, e.g. waste disposal faesitifinancing
of all activities related to waste management; estr®veeping, collection, transportation and dispada
household wastes as well as the management ofildlicspaces and infrastructure. These waste mamage
related responsibilities are under the jurisdictidrthe health and safety officers in the Hygiend &anitation
Units of each Municipal Council. The highest qualifistaff in each authority is the supervisor why ina a
health worker. The Council has the responsibiliy both creating and managing these units withigart
responsibility for waste management or they maycentract the responsibilities to third parties swch
specialized waste management compani@is study revealed that, not all the councils iardia have a
health and sanitation service, and where it ekste very few personnel, who do not fit the jobfileoAlso,
the Maroua urban council has partially subcontchdtee management of waste in Maroua to a private
company, HYSACAM. But the study at this companyeaed that they collect and treat the waste witlaowyt
distinction. It was through this study that, thesencil authorities and HYSACAM learned about e4#a3he
body responsible for enforcing the application wfieonmental issues at the regional levels in Cameiis the
ministry of environment. The study here showed,ttizy are aware of the national and internationkds
governing the management of waste. They were alsweaof the dangers of e-waste but are not dispoked
any law governing the management of this wasteamé&oon at both the national and local levels. &foee,
they do no study, sensitization or follow up on thanagement of e-waste in their area of competérius.
situation result from the fact that in Cameroorvesal ministerial departments with conflicting relend
responsibilities have mandates to implement solaster management regulations as the current regulato
system relies on a top—down approdchdecision making wherein the ministerial departte@re able to
exercise control over local councils whichve limited autonomy. This results in decisioret thflect political
inclinations rather than scientific reali#lso, the plethora of waste management relatedtstgtinstruments
and regulations are often either incomplete (sschdalressing different waste e.g. e-waste) or moreed®.

The main management practices undertaken in theoBi8shops surveyed for items that could not beirega
are; dumping (9.1% of the workshops), storage (9df%he workshops), return to the owner (6.1% af th
workshops), recycle (30% of the workshops), antesénd recycle (45% of the workshops). The maingdaf
storage are; warehouse (Fig. 3c) (39%), workshbjs 8b) (49%), open air (Fig. 3a) (3%), and worksland
open air (9.1%) with a duration of storage thatesas follows; one week (3%) , one month (9.160F year
(18%), and more than one year (70%). Dumping isedon open air (Fig. 4e) or through the help of
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HYSACAM who only collects this waste from the wohkgs after offering some financial motivation te th
workshop owner, because HYSACAM recycles the glastimponents for export to Asia while they simply
landfills the other components together with otbalid waste. Recycling of this waste in workshapsolves
principally recovering parts that are still functad from one item to repair the damaged part irsthelar item.
Most of those doing these manipulations do so wittamy protection, Fig. 3d (87.88%), as only 12%hef
repairers were aware of the toxicity of this wagthis also account for their long storage periodd poor
conditions as 84.8 % of the repairers have neven lsensitized either by government authoritiesromafe
body on the management of e-waste as 15 % had bbard this waste through the media. Workshop géora
is highly practiced for reducing cost and proximitgase of recycling. Awareness was purely psyajiosd
and not based on any scientific data. 12.1% ofwbekshops have been victims of accidents (e.g.tridec
shock, nasal contamination) that were linked todibeolete nature of the equipment.

Table 3. E-waste items and quantitiesfound in 33 electrical and electronic wor kshopsin Maroua.

N° Category Types Quantity (‘L(g)aj mass gﬂa?esgjoeir (ton)
Large household Refrigerators 120 4200
1 appliances Washing machine| 1 65 55,3
Air conditioners 23 1265
Small household Iron 2 2
2 appliances Mixers 2 2 0,48
Fans 16 80
Information Mobile phones 537 537
3 technology and Computers 172 4300 49 32
telepommunication Printers 19 95 '
equipments
Games, leisure and | Televisions 346 10380
sport equipments Radios 69 138
DVD's 270 1350
4 Decoders 2 20 123,78
Amplifiers 10 100
High-fidelity 39 390
system
Total 1628 22924 229,24

Table 4. Flux (inflow) of different e-waste itemsinto the repair workshops per week

Category (e-wasteitems) Interval Per centage (%)
Games, leisure and sport 1-2 43.80
equipments 2-3 25.00

3-4 31.30
Household electronic and 1-2 60.00
electrical appliances 2-3 20.00

3-4 20.00
Office electronic and electrical 1- 2 16.70
appliances and other ITC 2-3 33.30
equipments 3-4 50.00
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Fig. 3. Some management practices of e-wastein electrical and electronic repair workshopsin Maroua
a) open air storage b) workshop storage c) war ehouse storage d) valorization €) dumping.

E-waste is actually present in Cameroon and Manoymrticular, table 3, and is expected to contirigig.
Because;

The population of Cameroon is increasing (expettede 21 917 602 by 2015) [10]. It is estimated tha
2030, the population in cities of Cameroon is exg@@do reach over 70% of the populationThis will also
result in an increase in public and private seattivities. Consequently, increase pressure ortlvgonment
through production of high quantities of differemastes including e-waste as most of the populatoblic
and private services depend on EEE items for fbaationing.

Between 1996 and 2001, the poverty rate in Camehasndeclined from 53.3% to 40.2% of the population
according to the Poverty Reduction Strategy Pdpagities, the poverty rate declined more rapidbnf 41.4%

in 1996 to 22.1% in 2001 This has improved the quality of life of the imitants of Maroua and increased
public and private service activities, like in athgarts of Cameroon resulting in the usage of moder
technological items at very advantageous prizes. éxample, the numbers of telephone subscribere hav
considerably increased in Cameroon; CAMTEL with 88 subscribers, Orange and MTN with 2716200 and
3823590 subscribers respectively as of* 8darch 200¥%. The importation of optical, photo, and musical
equipments in 2009 amounted to 9818143.1 tons vimitortation of games, leisure, and sport equipsént
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the same year amounted to 3808.3 tons. Also in,20@9production of mechanical and electrical emgpts
stood at 258.34 tons, while production and consianpaf electricity stood as 4502758 and 3511616rall
thousands of kwh (kilowatts hour), respectivelly should be noted that these data is only forfohmal sector.

Despite the evolution in the use and productioe-efaste items, and a signatory of the Basel coromenhe
republic of Cameroon’s waste management legislatias failed to address the issue of e-waste, athou
waste management legislation has evolved in Camesith time especially within the past 10 yars

Conclusion

Cameroon faces the same challenges as many otreoplieg countrie’s in terms of poor infrastructures, high
population growth, high city growth, and high prievece of the informal sector, poorly formulatedisation,

and poor public awareness on safe domestic wasteageaent and recycling techniques. The politico-
administrative nature of Maroua, its increasing yafion and sahelian climate, its border and ttamaiure,
reduction in poorverty levels and increased in eocun activities has increased dependence on modern
technology (with affordable prizes). These charésties are likely to contribute in increase e-veagblumes in
Maroua. But there is complete lack of awarenesthisntype of waste to the public as well as th@sponsible

for their management stemming from poor policy amdgulatory systems. Improved legislation and
empowering local councils could reverse this trand thus, maximize the potentials for e-waste feuy@and
reuse, resulting in economic and environmental fitsne
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