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Abstract: Debate on impacts of e-waste has gathered pace in many developing countries, 
which are recently experiencing an exorbitant increase in the consumption of electronic 
goods. While the impacts on environment and health have so far dominated this debate, 
there are various other significant implications. Amongst others, refurbishing and e-waste 
recycling generates jobs and therefore could contribute towards overcoming urban un-
employment. Political decision-making requires a sound analysis of all positive and nega-
tive impacts, including income generation, working conditions, contribution to economy 
and impacts on the neighboring communities and society as a whole.  

In this context, the VROM-Inspectorate and the NVMP commissioned the German 
Öko-Institut e.V. to assess the socio-economic impacts of the informal refurbishing and e-
waste recycling sector in Ghana and to elaborate its role in the sustainable e-waste 
management.  

This paper presents key findings from this study, including the sector’s size, 
characteristic working conditions and contribution to the economy. 

 
 
 
 

1. INTRODUCTION 
 
I Consumption of electronic and electrical equip-
ments (EEE) has been increasing exponentially 
worldwide. This trend can be attributed not only to 
declining prices of EEE [1], but also to their rela-
tively short and decreasing useful life [2], owing to 
rapid innovation in equipment features and capabili-
ties [3], migration from analogue to digital technolo-
gies and to flat screen TVs and monitors [4]. In-
creased consumption, short useful life and high 
replacement rate have led to fast-growing obsoles-
cence, hence causing large volumes of electronic and 
electrical waste, commonly referred to as e-waste. E-
waste is believed to be one of the fastest growing 
waste streams [1] with the US EPA estimating a 5%–
10% increase in the generation of e-waste each year 
globally [4]. It is estimated that current e-waste 
arising across EU-27 amounts to around 8.3–9.1 
million metric tons per year for 2005 [5], while glob-
ally the amount goes up to 40 million metric tons per 
year [6]. Environmentally sound management of e-
waste is an extremely complex task due to several 
reasons: (1) e-waste is composed of several hazard-
ous substances, such as lead, cadmium, mercury 
among others, which if not disposed properly, lead to 
severe impacts on human health and environment, (2) 

e-waste entails a series of valuable and scarce metals, 
such as gold, silver, and copper, which can be recov-
ered and fed back to the closed loop global recycling 
economy, and (3) dissipative application and final 
end-use of EEE, often in emerging or developing 
countries, sets enormous challenges for collection 
infrastructure and logistics. Especially, developing 
countries are facing daunting challenges in the man-
agement of e-waste, mainly due to lack of technology 
and skills, unexplored business and financing oppor-
tunities, and absence of e-waste related national poli-
cies and legislations. Nevertheless, economic benefits 
related to the recovery of metals even with low-level 
skills has made e-waste recycling business quite an 
attractive source of livelihood for the poorest strata in 
developing countries [7]. However, use of crude and 
inefficient recycling techniques have not only led to 
severe health hazards and environmental damage for 
the workers, local communities and society as a 
whole, but at the same time, they have resulted in the 
loss of important metals embedded in e-waste.  

In recent years, several studies and media reports 
have highlighted the problems of uncontrolled dump-
ing from industrialized countries and e-waste recy-
cling in West Africa. Particularly, the film, The 
Digital Dump – Exporting Re-use and Abuse to 
Africa, by the Basel Action Network (BAN) gave 



first insights into the rapidly increasing trade with 
used and obsolete e-products from industrialized 
countries to port cities like Lagos in Nigeria [8]. In 
2008, Greenpeace published a report on the e-waste 
recycling activities in Ghana and highlighted its 
adverse impacts on human and environmental health 
[9]. Also in Ghana, e-waste problem is aggravated by 
an ongoing stream of used and obsolete electronic 
equipment from industrialized countries entering 
Ghanaian ports. Although a certain portion of this 
imported equipment is refurbished, many devices and 
components prove unsuitable for reuse and further 
add to the domestic e-waste generation problem, 
leading to the accumulation of large hazardous waste 
volumes in port cities and major refurbishment 
centers. Estimates suggest that between 10,000 to 
13,000 metric tons of e-waste is treated annually by 
the informal sector in Ghana [10].  

In order to address the problem of e-waste in 
Ghana, environmental enforcement authorities in the 
Netherlands (VROM-Inspectorate) and Ghana 
(Ghana Environment Protection Agency, Ghana 
Customs Excise and Preventive Service, and Ghana 
Ports and Harbour Authority) signed a bilateral 
collaboration agreement in 2009, the so called Joint 
Working Programme. Within this framework, the 
VROM-Inspectorate along with the Dutch Associa-
tion for the Disposal of Metal and Electrical Products 
(NVMP), commissioned the German Öko-Institut 
e.V. (1) to conduct an in-depth socio-economic study 
on the functioning and the sustainability impacts of 

the informal refurbishing and e-waste recycling 
sector in Ghana, and (2) to analyze the feasibility of 
incorporating the informal sector in international 
recycling co-operations to achieve sustainable e-
waste management in Ghana (feasibility study) with 
significant employment and income opportunities for 
the urban poor. The scope of this paper is limited to 
the socio-economic study, while the feasibility study 
has been dealt with in a separate paper [11]. 

The socio-economic assessment, conducted by 
the Öko-Institut e.V in close cooperation with the 
Green Advocacy Ghana, the Ghana Environment 
Protection Agency and the Swiss Federal Labora-
tories for Materials Testing and Research (EMPA), 
was done using methodologies developed by the 
UNEP/SETAC “Guidelines for Social Life Cycle 
Assessment of Products”, commonly referred to as S-
LCA guidelines [12], and Öko-Institut’s sustain-
ability toolkit “PROSA – Product Sustainability As-
sessment” [13]. The S-LCA guideline and PROSA 
entail a list of socio-economic indicators segregated 
according to pre-defined stakeholder categories. The 
following table 1 illustrates the allocation of different 
socio-economic indicators to stakeholder categories 
workers, local communities and society. 

Due to the limited scope of this paper, it de-
scribes only the bold-highlighted socio-economic in-
dicators from table 1. Detailed description of all the 
socio-economic indicators is available in Prakash et 
al. 2010 [10].  

 

 
 

Table 1: Socio-economic indicators used in the study 
 

Stakeholder 
Categories 

Local Communities Workers Society 

Socioeconomic 
indicators 

-  Safe & healthy living 
conditions 

-  Human rights 
-  Indigenous rights 
-  Community engagement 
-  Socioeconomic 

opportunities 

-  Safe & healthy working conditions 
-  Freedom of association and right to 

collective bargaining 
-  Equality of opportunity and treatment 

and fair interaction 
-  Forced labor 
-  Child labor 
-  Remuneration 
-  Working hours 
-  Employment security 
-  Social security 
-  Professional development 
-  Job satisfaction 

-  Unjustifiable risks 
-  Employment creation 
-  Contribution to national 

economy 
-  Contribution to national 

budget 
-  Impacts on conflicts 

 
 
 

 



Accra, being the focal point of refurbishing and 
recycling of e-products in Ghana, was chosen for the 
primary data collection. In total, 70 interviews were 
conducted to generate information on socio-eco-
nomic impacts of refurbishing and e-waste recycling 
sector in Ghana. The interviews with collectors (also 
known an scavengers) and recyclers were conducted 
primarily at the Agbogbloshie metal scrap yard in 
Accra, a major hotspot for e-waste activities in 
Accra. The interviews with refurbishers were con-
ducted at various locations in Accra as these busi-
nesses are not located at a central place, but rather 
scattered all over the city of Accra. The product scope 

of the study is shown in table 2. 
 

Table 2: Product scope 
 

Large household appliances 

- Fridges (cooling and freezing) 
- Air conditioners 

Small household appliances 

- Irons 
- Kettles 

IT and telecommunication equipment 

- Desktop-PCs & notebook-PCs 
- CRT monitors & flat screen monitors 
- Mobile phones 

Consumer equipment 

- TVs 
- Radios (including HiFi-systems) 

 
 
 

2. OVERVIEW ON THE INFORMAL REFUR-
BISHING AND E-WASTE SECTOR IN ACCRA, 
GHANA 
 

In Ghana, e-waste processing and recycling is 
almost entirely managed by the informal sector. The 
economic motivation behind e-waste recycling in 
Ghana is the possibility to recover base metals, such 
as aluminium, copper and iron/ steel using simplest 
of tools, such as hammers, chisels, stones etc. Often, 
fire is used to burn cables and wires to recover 
copper. Wet chemical leaching processes, often 
associated with the recovery of precious metals from 
printed wiring boards (PWB) have not been observed 
in Ghana. However, separation, collection and trade 
of PWBs from Ghana to Asia have already started to 
happen at an increasing pace. Perceived to be a lucra-
tive economic activity by the poorest strata of the 
society, people from the northern part of the country 
– a region where the poorest people in Ghana live 
and suffer from chronic food insecurity – have, 
therefore, migrated to Accra to adopt e-waste recy-

cling as an alternative livelihood strategy. They have 
settled centrally in and around the area of 
Agbogbloshie, thus making it the major centre of e-
waste recycling activities in Ghana. On the other 
hand, a large number of refurbishing and repair 
operations – in few cases, also belonging to formal 
businesses – are scattered all around the city of 
Accra. A large section of the refurbishing operations 
can be found near the port of Tema as many refur-
bishing units have close business linkages with 
importers and retailers of second hand EEE, also 
located near the Tema port. Role of refurbishing and 
repair sector can not be underestimated, especially 
considering the widespread poverty and largely low-
income households in Ghana. In Ghana, about 54% 
of the total population lives with less than US$ 2 per 
day, while GDP per capita (in current US$) was only 
US$ 713 in 2008 [14]. Thus, role of and access to 
low cost second-hand equipments of ICTs gain enor-
mous importance. A basic refurbished second hand 
desktop PC in Ghana costs between US$ 60 to 100, 
while a second hand notebook between US$ 200 to 
300. Compared to the costs of new equipments the 
prices of second hand equipments indicate that they 
are available at affordable prices for the lower and 
medium income groups of Ghana. This is also in line 
with the national policy of the Ghanaian government 
of information and communication technologies for 
development (ICT4D). Data from the Ghana Cus-
toms Excise and Preventive Service indicate that 
more than 400,000 second-hand computer units were 
imported in Ghana between 2006 and 2009 [15]. 
However, with increasing utilization of second hand 
EEE, e-waste volumes in Ghana are also increasing 
rapidly. According to the ongoing E-Waste Africa 
project of the Secretariat of the Basel Convention 
(SBC), currently, there are about 425,000 metric tons 
of installed and stored ICT and consumer electronics 
in Ghana; when large and small household appliances 
are also included, total installed and stored (W)EEE 
amounts to 1,26 million metric tons [15]. Generally, 
e-waste is passed by the end-consumers and refur-
bishing/repair businesses via formal & informal 
collection agents to formal & informal material re-
covery & end-disposal operations. The mass flow 
chart, as illustrated in the following figure 1, shows 
the flow of EEE between different actors involved in 
refurbishing and e-waste recycling chain in Ghana. 

 
 
 
 
 
 
 
 
 



 
Figure 1: Mass flow chart of the refurbishing and e-waste recycling sector in Ghana 

 

 
 
 
The scope of this paper (dotted line in figure 1), 

i.e. socio-economic assessment of the informal refur-
bishing and e-waste recycling sector in Ghana 
comprises following stages: collection, refurbishing/ 
repair, recycling (involving dismantling, also burn-
ing, in order to recover base metals) and final dis-
posal at dump-sites. Thus, the primary data collection 
for the socio-economic assessment took place for in-
formal collectors, refurbishers/repairers and recy-
clers. Generally, informal collectors and recyclers 
can be found at dumping and burning sites. There-
fore, the analysis of dumping and burning sites corre-
sponds to that of informal collectors and recyclers. 

Informal collectors refer to those e-waste actors 
who execute door-to-door collection of e-waste from 
private, corporate and institutional consumers. In this 
paper, this group is generally referred to as collectors. 
Generally, collectors pay a little amount of money to 
the consumers to buy e-waste. For instance, a collec-
tor pays on an average about US$ 1.0 to 2.5 for an 
obsolete desktop PC, and about US$ 1.5 to 5.0 for an 
obsolete refrigerator to the consumer. In many cases, 
collectors do not pay anything for these items as they 
find them dumped at street corners and even at the 
dump-sites by importers. Occasionally, collectors 
also perform the function of dismantling and metal 
recovery themselves, as for instance, by burning 
cables and wires to recover copper.  

Recyclers in Ghana disassemble (also incinerate) 
obsolete EEE to recover basic metals, such as alu-

minium, copper and iron. The data collected at the 
Agbogbloshie metal scrap yard indicated that each 
recycler at the metal scrap yard processes about 5.2 
metric tons of e-waste per year. Considering that 
about 1,500 out of total 3,000 members of the 
Agbogbloshie Scrap Dealer Association focus pri-
marily on e-waste, and relying on the expert judg-
ment that Agbogbloshie contributes about 40%–60% 
to the total e-waste processing in Ghana, it can be 
roughly estimated that about 10,000 to 13,000 metric 
tons of e-waste are treated in Ghana annually. The 
average weight of various devices, such as PCs, 
refrigerators etc. is given in Schluep et al. 2009 [6]. 
In few cases, recyclers deal directly with end-proc-
essing units, such as remelters and refineries, for 
selling the recovered metals while often middle-men 
are responsible for the collection of recovered frac-
tions from the recyclers, and bringing them to end 
processing units. During the primary data collection, 
recyclers reported of getting following (average) 
prices for the recovered fractions: Steel/iron US$ 
0.46 per kg, aluminium US$ 1.07 per kg, copper US$ 
4.6 per kg.  

Refurbishers or repairers transform old and/ or 
non-functioning EEE into second-hand and function-
ing EEE either by replacing or repairing defective 
components and/or by performing cleaning activities 
in order to make second hand EEE appealing to the 
customers. Although there is sometimes a distinction 
made between refurbishers and repairers, the bound-



ary between the two groups cannot be drawn exactly. 
In this paper, this group is generally referred to as 
refurbishers.  

In the following, results of the socio-economic 
impact of refurbishing and e-waste recycling sector 
on local communities, workers and Ghanaian society 
are presented. 

 
3. IMPACTS ON LOCAL COMMUNITIES 
 
3.1. Safe and healthy living conditions 
 
Recent studies have confirmed the presence of nu-
merous toxic and persistent organic chemical pollut-
ants, as well as very high levels of many toxic metals 
in the soil at the Agbogbloshie scrap yard in Accra 
[9]. The concentrations of copper, lead, zinc and tin 
were found to be in the magnitude of over one hun-
dred times typical background levels [9]. For in-
stance, the concentration of lead in the soil was found 
to be as high as 5,510 mg/kg dry weight [9], thus 
exceeding the limits set for residential and industrial 
areas. For example, French recommendations for lead 
limits are set at 400 mg/kg and 2,000 mg/kg for 
residential and industrial areas respectively [16]. It is 
known that children, due to their hand-to-mouth 
behavior, are one of the most vulnerable groups in 
areas where soils and dusts are contaminated with 
lead [17], [18]. Exposure to lead dust or fumes leads 
to the underdevelopment of brain in children, hence 
causing intellectual impairment [9], [17]. Apart from 
that, lead is known to cause a wide range of 
disorders, such as damage to the nervous and the 
blood system, impacts on the kidneys and on repro-
duction [9]. Similarly, negative health impacts of 
flame retardants, such as PBDEs used in the plastic 
components of EEE, occurs also though food 
contamination [19]. In China, high levels of PBDEs 
have been reported in the blood of local residents 
around e-waste recycling activities [20]. A similar 
effect can be expected for the Agbogbloshie scrap 
yard as well. PBDEs have been known to cause ab-
normal brain development in animals [21], endocrine 
disruptive properties [22] and anomalies in the 
immune system [23]. Furthermore, combustion of 
PBDE containing or PVC coated cables and wires – a 
common practice at the Agbogbloshie scrap yard - 
produces dioxins and furans (PCCD/Fs) [24], [25]. 
Brigden et al. (2008) measured 359 pg/g of toxicity 
equivalent value (TEQ) for PCCDs and 629 pg/g 
TEQ for PCCFs in the sediment samples of the 
lagoon adjacent to the Agbogbloshie scrap yard [9]. 
The background levels of PCCD/Fs in soils and 
sediment have not yet been defined in Ghana, but the 
above mentioned PCCD/Fs values indicate extremely 
high contamination. Commonly, in unpolluted or 
lightly polluted areas, including urban and industrial 

soils in other countries, the values are below 1 pg/g 
TEQ and rarely above 10 pg/g TEQ [26].  

According to local residents, the lagoon, adja-
cent to the Agbogbloshie scrap yard, used to be a 
common fishing ground for the local communities 
until some years ago. However, improper e-waste 
recycling and disposal activities have eliminated all 
kind of lives in the lagoon. Many interviewees 
reported that large quantities of unusable waste, such 
as broken CRT glass, is frequently dumped in the 
lagoon in order avoid over-accumulation in the scrap 
yard, and also to prevent injuries to the workers. 
Moreover, it is expected that during rainy season 
when a major portion of the site in flooded, contami-
nated soil and dust from the burning sites, is carried 
to the adjacently low-lying lagoons and also into the 
sea close by. 

 
4. IMPACT ON WORKERS 
 
4.1. Safe and healthy working conditions 
 
As described above, the e-waste recycling industry in 
Ghana is widely associated with severe health and 
safety risks for workers involved in this sector [9]. 
These risks emerge primarily due to improper and 
crude recycling techniques used for the recovery of 
raw materials, as for instance, open incineration of 
cables and wires to recover copper (figure 2). 
 
Figure 2: Burning of cables at Agbogbloshie Metal 
Scrap Yard, Accra (Source: Öko-Institut 2010) 

 

 
 
While exposure to lead fumes or dust is known 

to cause multiple disorders, including neurological, 
cardiovascular and gastrointestinal diseases [17], ex-
posure to cadmium fumes or dust leads to malfunc-
tioning of kidneys [27] and respiratory system [28], 
and possibly lung cancer [29]. On the other hand, 
even in Europe, workers in electronics recycling 
facilities have been found to have higher blood levels 
of PBDEs than other workers [9], [30]. Consequently, 



it is assumed that in the absence of protective gear 
and other workplace standards, the levels of PBDEs 
in the blood of the recycling workers in Ghana would 
be much higher. Apart from open incineration, inap-
propriate dismantling techniques to recover basic 
metals, such as copper, aluminium and iron, also 
represent enormous risks to the workers. For exam-
ple, breaking of CRT-monitors using stones, ham-
mers, heavy metal rods and chisels, to recover 
copper, steel and plastic casings, could result in the 
inhalation of hazardous cadmium dust and other 
pollutants by the workers.  

On the other hand, a job of an informal e-waste 
collector involves about 10–12 hours of pulling of 
handcarts, made from boards and old car axles, in 
order to transport obsolete EEE from e-waste shops 
and warehouses to the dismantling site at the scrap 
yard. Often such a rigorous activity leads to spinal 
injuries and back pains due to lifting and transporta-
tion of heavy appliances, and consequently to a 
relatively short career spanning not more than 6–7 
years. Also refurbishers reported the inhalation of 
fumes during electrical soldering operations as a 
major health threat. As metallic lead had been used in 
electrical solder, commonly as an alloy with tin, it is 
estimated that refurbishers could also suffer from 
lead-borne diseases. Many workers complained of 
mucus and pain in the eyes, which probably can be 
attributed to the fumes from the soldering activities.  

Discussions with various workers of the Agbog-
bloshie scrap dealer association revealed that refur-
bishers and recyclers are aware of existing health 
risks as they complain of headaches, respiratory 
problems, chest pains, rashes, burns and cuts. At-
tempts to encourage them to use donated inhalation 
masks have not been effective as they complain that 
they do not feel comfortable wearing the masks or 
hand gloves. 

 
4.2. Child labor 
 
Ghana ratified the ILO fundamental convention C182 
on Worst Forms of Child Labour not until year 2000. 
The other ILO convention related to child labor, i.e. 
C138 on Minimum Age, has not yet been ratified by 
Ghana. Under the convention C138, the general 
minimum age for admission to employment or work 
is 15 years (13 for light work). Additionally, there is 
the possibility of setting the general minimum age at 
14 (12 for light work) in regions where economic and 
educational facilities are insufficiently developed. 
Furthermore, minimum age for hazardous work has 
been set at 18 years (16 years under the condition that 
“the health, safety and morals of the young persons 
concerned are fully protected and that the young 
persons have received adequate specific instruction 
or vocational training in the relevant branch of 

activity” – Article 3, paragraph 3). However, Article 
3, paragraph 1 of the convention C138 specifically 
states that “the minimum age for admission to any 
type of employment or work which by its nature or 
the circumstances in which it is carried out is likely 
to jeopardize the health, safety or morals of young 
persons shall not be less than 18 years”. Considering 
severe health hazards associated with the e-waste 
recycling activities, inappropriate e-waste recycling 
activities carried out without adequate instruction, 
training and sensitization, would be classified as 
hazardous work.  

Field observations and recent studies [9] have 
proved the employment of children, mostly boys, 
sometimes as young as 5 years old and mostly be-
tween 11 and 18 years in the informal e-waste recy-
cling sector in Ghana. However, also young girls of 
ages between 9 and 12 were also observed as work-
ing as collectors, and in many cases as vendors of 
water sachets, at the Agbogbloshie dumpsite. Most of 
the recyclers and collectors are aged between 14 and 
40 years. Average recycler and informal collector are 
in their early 20s. Children were seen to be involved 
primarily in burning activities, but also in manual 
dismantling of hazardous nature, such as that in-
volved in the recovery of copper containing deflec-
tion coils in the CRT monitors. 

 
4.3. Remuneration 
 
Due to the informal nature of the e-waste recycling 
sector in Ghana, most of the workers are remunerated 
by their employees on the basis of output generated 
per day, and not on the basis of a fixed monthly 
salary. In the case of collectors, the income depends 
upon the amount of e-waste collected from different 
parts of the city and subsequently sold to recyclers. 
On an average, a collector earns between GHS 100 to 
200 (US$ 70 to 140)1 per month. In worst cases, 
collectors are not able to collect any obsolete equip-
ment in the whole day, and hence end up earning 
nothing after a whole day’s work. This income 
reflects the profit margin generated by a collector at 
the end of the month, i.e. the investment for buying 
obsolete equipments deducted from the money 
earned after reselling them to recyclers. Average 
income of a recycler lies between GHS 250 to 400 
(US$ 175 to 285) per month. Other sources indicate 
that incomes of recyclers as well as of collectors 
could lie below US$ 60 in most cases [31]. Further-
more, incomes of children between 5 and 14 years, 
performing metal recovery activities, could lie as low 
as US$ 20 per month. Average income of a refur-
bisher lies between GHS 275 to 350 (US$ 190–250) 

                                                           
1 1 GHS = 0,71153 US$ (www.oanda.com; Interbank rate, 
01.01.2010–01.06.2010) 

http://www.oanda.com/


per month. However, in some cases, interviewees 
suggested of a low income of less than US$ 100 per 
month in the refurbishing business [31]. It has to be 
noted that in many cases, the income showed above 
is used to partially or fully sustain a family of about 6 
people (considering a Total Fertility Rate (TFR) of 
4.02 for the urban regions in Ghana). Table 3 below 
summarizes the income, also on daily basis. 

 
Table 3: Remuneration (in US$) for the people en-
gaged in refurbishing and e-waste recycling business 
in Ghana 

 
Remunera-
tion 

Refurbishers Collectors Recyclers 

per day  
in US$ 

(3.3)* 
6.3–8.3 

(2.0)*  
2.3–4.6 

(2.0)*  
5.8–9.5 

per month  
in US$ 

(100)*  
190-250 

(60)*  
70-140 

(60)*  
175-285 

* Figures in brackets indicate the information from other sources 

 
It is necessary to interpret the above mentioned 

income data in the whole context of the Ghanaian 
economy. The GDP per capita (current US$) in 
Ghana rose dramatically from US$ 255 in year 2000 
to US$ 713 in 2008 [14]. However, in terms of pov-
erty head count ratio regarding purchasing power 
parity (PPP), about 30% of the population of Ghana 
lived with less than US$ 1.25 per day in 2006–2007, 
whereas about 54% of the total population survived 
with less than US$ 2 per day in 2006–2007. There-
fore, the income data implies that if the Total Fertility 
Rate (TFR) of 4.0 for Ghana is considered (which 
would mean at least 6 family members), most of the 
workers engaged in informal refurbishing and e-
waste recycling sector continue to live under the 
internationally defined poverty lines. This is a signifi-
cant revelation, especially considering the fact that 
most of the workers of informal e-waste recycling 
sector originate from the northern part of the country 
where majority of the poor facing chronic food 
insecurity live [32]. Thus, even though engaging in 
informal e-waste recycling and refurbishing sector 
does not necessarily ensure higher incomes, the 
workers still prefer this sector because of access to 
regular income in the form of a rapid cash flow – an 
aspect which is largely absent in agriculture-driven 
households in northern Ghana. 

                                                           
2 Total Fertility Rate (TFR) in Ghana means that a woman 
who is at the beginning of her childbearing years will give 
birth to an average of 4.0 children by the end of her re-
productive period if fertility levels remain constant at the 
level observed in the three-year period before the 2008 
Ghana Demographic and Health Survey (GDHS) (GSS 
2008). 

4.4. Working hours 
 
There are several conventions of the International 
Labour Organization (ILO) that deal with the issue of 
working hours, overtime, overtime compensation and 
rest periods: C1 – Hours of Work (Industry) Conven-
tion, 1919, C30 – Hours of Work (Commerce and 
Offices), Convention, 1930, C106 – Weekly Rest 
(Commerce and Offices) Convention, 1957, C14 – 
Weekly Rest (Industry) Convention, 1921. These 
conventions demand that workers shall not, on a 
regular basis, be required to work in excess of 48 
hours per week and shall be provided with at least 
one day off for every 7 day period on average. Over-
time shall be voluntary, shall not exceed 12 hours per 
week, shall not be demanded on a regular basis and 
shall always be compensated at a premium rate, 
generally one and one-quarter times the regular rate. 
Although Ghana has been a signatory to all the above 
mentioned conventions, their implementation in the 
refurbishing and e-waste recycling industry in Ghana 
is difficult due to its informal character. Thus, most 
of the workers do not have any fixed working time in 
terms of hours per day or per week. Recyclers in the 
Agbogbloshie scrap yard were found to work be-
tween 10–12 hours per day, even on the weekends. 
This implies 30 work days or 300 to 360 work hours 
per month. They reported to take a day off occasion-
ally in cases of health or family related matters albeit 
without getting paid for those specific days. The rest 
periods or breaks rarely exceed 30 minutes per day. 
Similarly, collectors were also found to work for 
about 10–12 hours per day, i.e. 300 to 360 hours per 
month. Collectors, who also engage in recycling 
activities, spend about 6–8 hours per day with the 
collection of e-waste from various parts of the town, 
and 2–4 hours per day for recycling. The refurbishing 
and repair workers seems to have more regular 
working hours, generally ranging from 8–10 hours 
per day. Refurbishers also reported to take a 
weekend, mostly Sundays, as a holiday. Furthermore, 
most of the interviewees mentioned to be able to 
have holidays on Ghanaian national holidays. This 
fact is related especially to the aspect of sales of 
refurbished and repaired EEE to private and corpo-
rate consumers and pre-defined opening and closing 
times for the shops in residential and commercial 
areas in Ghana. Furthermore, mid-day meal breaks of 
30 minutes to 1 hour per day were found to be preva-
lent. Therefore, monthly working hours for refurbish-
ers can be assumed to lie somewhere between 210 to 
260 hours.  

As a comparison, reports on labor conditions of 
workers employed in the computer manufacturing in 
China, have revealed similar trends. In computer 
manufacturing in China, workers were found to work 
between 10–12 hours per day, 6–7 days per week, 



which implies about 80 to 200 overtime hours per 
month [33]. 

 
4.5.  Job satisfaction 
 
It was observed that workers were not overly positive 
about their working conditions, but still indicated a 
certain level of satisfaction with their incomes. One 
of the most cited reasons was the ability to send 
remittances regularly to their families in the northern 
part of Ghana. Many interviewees, however, empha-
sized that they have to cut their costs, for instance by 
avoiding costs related to housing and education, in 
order to save ample money to send to their families. 
Interviewees mentioned that engaging in the refur-
bishing and e-waste recycling business provides them 
access to rapid cash flow, which was often not the 
case in their traditional modes of livelihoods, such as 
agriculture. In terms of employment turnover rates, 
the data suggests high rates ranging between 3 to 7 
years. This could be attributed to the fact that apart 
from low incomes, rigorous and hazardous working 
conditions and lack of employment & social security, 
many workers seek to set up their own businesses 
after gathering enough experience and skills of refur-
bishing and e-waste recycling. 

 
5.  IMPACT ON SOCIETY 
 
5.1. Employment creation 
 
Till date, there has not been any statistical informa-
tion, either from government or non-government 
sources, on the number of people employed in the 
refurbishing and e-waste recycling sector in Ghana. 
The Labour Market Information System (LMIS) of 
the Ministry of Employment and Social Welfare, and 
the Ministry of Trade and Industry of Ghana do not 
provide any employment information based on 
business activity. Similarly, employment data for 
Ghana was not specified in international information 
sources, such as the Data Bank of the World Bank 
Group and the CIA – the World Factbook. Therefore, 
it is necessary to make certain assumptions based on 
the interview data, expert opinion and other sources, 
such as membership in market associations etc. in 
order to estimate the size of the sector.  

According to the information from the President 
of the Agbogbloshie Scrap Dealers Association, the 
association boosts a membership of about 3,000. 
Expert opinion suggests that about half of the mem-
bers, i.e. about 1,500 people, focus primarily on e-
waste, while the other half on automobile dismantling 
and material recovery [35]. The data reveals that on 
an average 3–4 workers are employed by one recy-
cler (including arrangements with collectors, who are 
given some money to go around the city to collect 

and buy e-waste). Considering that Agbogbloshie 
builds the major part of recycling (informal) industry 
in Accra, it can be assumed that about 4,500 to 6,000 
people are involved in informal e-waste collection 
and recycling operations in the region of Accra. In 
the refurbishing/repair sector, expert opinions suggest 
that only 20% of the businesses are registered with 
any local or national body [34]. On the other hand, 
the Repairers Association (GESTA) lists about 500 
registered members in Accra and Tema region. Thus, 
it can be estimated that at least 2500 refurbishing/ 
repair businesses can be found scattered in the region 
of Accra and Tema, if not more. The socio-economic 
data revealed that each refurbishing/repair business 
employs between 4–6 employees, suggesting an em-
ployment creation for about 10,000 to 15,000 people 
in Accra. Expert opinion suggests that refurbishing 
and e-waste recycling sector in Accra might account 
for 40%–60% of the total size of Ghanaian refurbish-
ing and e-waste recycling activities [31], [34],  [35]. 
This would imply that about 6,300 to 9,600 people 
are engaged in e-waste collection and recycling ope-
rations in whole Ghana, in refurbishing/repair sector, 
the number lies at about 14,000 to 24,000. Thus, in 
total, about 20,300 to 33,600 people are employed in 
refurbishing and e-waste recycling sector in Ghana, 
constituting about 0.19%–0.32% of total labor force 
in Ghana. 

Furthermore, on the basis of the survey from the 
Ghana Demographic and Health Survey (GDHS) 
2008, which suggests the total fertility rate (TFR) of 
4.0 for Ghana, it is assumed that refurbishing and e-
waste recycling sector partially or fully sustains 
about 87,000–126,000 people in the region of Accra, 
in the whole country of Ghana, the number goes be-
tween 121,800 and 201,600. This represents about 
1.04%–1.72% of the total urban population in Ghana, 
or 0.50%–0.82% of the total Ghanaian population. 
Table 4 summarizes the findings on the employment 
creation. 

 
Table 4: Number of people employed and dependent 
on refurbishing and e-waste recycling in Ghana 

 

 
Refur-
bishers 

Collectors / 
Recyclers 

Total 

Employed in Accra 
10,000–
15,000 

4,500– 
6,000 

14,500–
21,000 

Employed in Ghana 
14,000–
24,000 

6,300– 
9,600 

20,300–
33,600 

Dependent on refur-
bishing and e-waste 
recycling in Accra 

60,000–
90,000 

27,000–
36,000 

87,000–
126,000 

Dependent on 
refurbishing and e-
waste recycling in 
Ghana 

84,000–
144,000 

37,800–
57,600 

121,800–
201,600 

 



5.2. Contribution to national economy 
 
Estimates based on the socioeconomic data collected 
in Accra reveal that in Ghana between 10,000 and 
13,000 metric tons of e-waste are treated annually. 
Till date, there is no quantitative information on the 
role refurbishing and e-waste recycling sectors play 
in the development of other sectors. However, it is 
still possible to estimate the contribution of refur-
bishing and e-waste recycling sector to the Ghanaian 
economy on the basis of average salaries and the 
number of workers (table 5). 

 
Table 5: E-Waste’s contribution to the Ghanaian na-
tional economy 

 

 
Refur-
bishers 

Collec-
tors 

Recy-
clers 

Total 

Remuneration/ 
month (US$) 

190– 
250 

70– 
140 

175–
285 

435–675

Remuneration/ 
year (US$) 

2,280 
-3,000 

840–
1,680 

2,100–
3,420 

5,220–
8,100 

Number of peo-
ple employed in 
refurbishing & 
e-waste recy-
cling sector in 
Ghana 

14,000–
24,000 

6,300–
9,600 

20,300– 
33,600 

Contribution to 
national econ-
omy per year 
(US$) 

Remuneration per 
year * Number of 
people employed in 
refurbishing & e-
waste recycling 
sector in Ghana 

105,966,000–
268,128,000 

 
Thus, it is estimated that total value of the refur-

bishing and e-waste recycling sector in Ghana could 
range between US$ 105 and 268 million annually. 
Due to the informal nature of the refurbishing and e-
waste recycling sector in Ghana, this contribution is 
not reflected in the national GDP. Assuming that the 
contribution of this sector is added to the national 
GDP, it will make about 0.29%–0.55% of the total 
GDP of Ghana. 

 
6.  CONCLUSIONS 
 
Results of the socio-economic assessment indicate 
that a large number of people in Ghana rely, either as 
workers or as family members of workers, on infor-
mal refurbishing and e-waste recycling sector for 
their livelihoods. In the e-waste recycling sector, 
focus is on recovery of base metals, such as iron, alu-
minium and copper from e-waste. However, in the 
absence of adequate technology, skills, business and 
finance opportunities, and legislation, refurbishing 
and e-waste recycling sector causes enormous dam-

age to human health and environment. Simultane-
ously, engagement in informal refurbishing and e-
waste recycling sectors is associated with rigorous 
working conditions and a life below internationally 
defined poverty lines. Also, there are no employment 
or social security mechanisms available to the work-
ers. However, people, mostly migrants from the 
northern part of Ghana, continue to engage in these 
sectors due to access to relatively regular income 
opportunities in the form of rapid cash flow. This has 
helped them to be able to send regular remittances to 
their families members staying in the north of Ghana. 
It can be expected that in the wake of increasing 
obsolescence of EEE, triggered by modern 
consumption patterns and short useful life of EEE, 
even much larger volumes of e-waste will be 
generated in the near future, hence giving ample 
employment opportunities to many more people, 
albeit with poor health, social and environmental 
standards. 
Recently, many studies [6], [7], [10] and [11] have 
highlighted several options to improve social and 
environmental standards in the informal e-waste 
recycling sector. Such improvement options aim at 
facilitating an efficient recovery of precious and base 
metals from e-waste, and at the same time, managing 
hazardous substances in an environmentally sound 
manner. Thus, apart from promising higher end-value 
and incomes, such options would help in reducing 
negative environmental impacts of informal e-waste 
recycling sector, however only to a certain extent as 
they focus solely on those e-waste fractions that have 
a good market value. Here, other options gain impor-
tance as they highlight the implementation of e-waste 
specific national legislations in order to deal with 
those e-waste fractions which do not offer any market 
value and incentive for recyclers. These options 
should go hand-in-hand and be tested in a pilot phase 
in Ghana as soon as possible, especially considering 
the current dynamics of e-waste debate in the 
country.  

 
7. REFERENCES 
 
[1] Sinha-Khetriwal, D., Kraeuchi, P., Widmer, R. Pro-
ducer responsibility for e-waste management: Key issues 
for consideration – Learning from the Swiss experience, 
Journal of Environmental Management, Volume 90, Issue 
1, January 2009, Pages 153-165 
[2] Nnorom, I.C., Osibanjo, O. Overview of electronic 
waste (e-waste) management practices and legislations, and 
their poor applications in the developing countries, 
Resources Conservation and Recycling, Volume 52, 
January 2008, Pages 843-858 
[3] Kang, H.Y., Schoenung, J.M. (2004). Used consumer 
electronics: a comparative analysis of material recycling 
technologies. In: 2004 IEEE international symposium on 
electronics and the environment; 2004 



[4] StEP. Solving the E-Waste Problem. Website: 
http://www.step-initiative.org/index.php, Accessed:  
15.07.2010 
[5] Huisman, J, Magalini F, Kuehr R, Maurer C, Ogilvie S, 
Poll J, Delgado C, Artim E, Szlezak J, Stevels A. 2008 
Review of Directive 2002/96 on Waste Electrical and 
Electronic Equipment (WEEE). Bonn: United Nations 
University, 2007 
[6] Schluep, M.; Hagelüken, C.; Kühr, R.; Magalini, F.; 
Maurer, C.; Meskers, C.; Müller, E.; Wang, F.: Recycling – 
From e-waste to resources. UNEP 2009  
[7]Rochat, D., Rodrigues, W., Gantenbein, A. India: 
Including the existing informal sector in an clean e-waste 
channel. Proceedings of the 19th Waste Management 
Conference of the IWMSA, 6-10th October, Durban, South 
Africa 
[8] BAN. Basel Action Network. The digital dump – 
exporting re-use and abuse to Africa, October 2005. In: 
Puckett J., ed. A project of Earth Economics.  
www.ban.org 
[9] Brigden, K.; Labunska, I.; Santillo, D.; Johnston, P. 
Chemical contamination at e-waste recycling and disposal 
sites in Accra and Korforidua, Ghana. Greenpeace Interna-
tional, Amsterdam 2008 
[10] Prakash, S., Manhart, A. Socio-economic assessment 
and feasibility study on sustainable e-waste management in 
Ghana, in collaboration with Amoyaw-Osei, Y., Agyekum, 
N.Y.O, Green Advocacy Ghana. Öko-Institut e.V., 
Freiburg 2010 
[11] Manhart, A., Prakash, S., Osibanjo, O., Agyekum, 
N.Y.O. Osei, Y.A.; Schluep, M., Müller, E., Fasko, R. 
Towards environmentally and socially sound e-waste 
management in W-Africa – results from surveys in Nigeria, 
Ghana and Europe, Care Innovation 2010, Vienna 8-11th 
September 2010 
[12] UNEP. United Nations Environment Programme. 
Guidelines for Social Life Cycle Assessment of Products, 
Paris, UNEP 2009. Website: www.lcinitiative.unep.fr 
[13] Grießhammer, R.; Buchert, M.; Gensch, C.-O.; 
Hochfeld, C.; Manhart, A.; Reisch, L.; Rüdenauer, I.: 
PROSA – Product Sustainability Assessment – Guideline. 
Öko-Institut. Freiburg 2007. Website: www.prosa.org  
[14] The World Bank Group. Website:  
www.databank.worldbank.org 
[15] SBC E-Waste Africa project. Presentation given by 
EMPA and Green Advocacy at the stakeholder meeting on 
24th June 2010 in Accra, Ghana 
[16] Laperche, V., Dictor, M.C., Clozel-Leloup, B., 
Baranger, P.: Guide méthodologique du plomb, appliqué à 
la gestion des sites et sols pollués [in French]. Orléans, 
France: BRGM, 2004 
[17] Haefliger, P., Mathieu-Nolf, M., Lociciro, S., Ndiaye, 
C., Coly, M., Diouf, A., Faye, A.L, Sow, A., Tempowski, 
J., Pronczuk, J, Filipe Junior, A.P., Bertollini, R., and 
Neira, M.: Mass lead intoxication from informal used lead-
acid battery recycling in Dakar, Senegal. In: Environmental 
Health Perspective, 117 (10), October 2009, p. 1535-1540 

[18] Malcoe, L.H.; Lynch, R.A.; Kegler, M.C.; Skaggs, 
V.J.: Lead sources, behaviors, and socioeconomic factors 
in relation to blood lead of native American and white 
children: A community-based assessment of a former 
mining area. Environmental Health Perspectives 110 (2): p. 
221-231, 2002 
[19] Harrad, S.; Wijesekera, R.; Hunter, S.; Halliwell, C.; 
Baker R.: Preliminary assessment of UK human dietary 
and inhalation exposure to polybrominated dipehyl ethers. 
Environmental Science and Technology 38 (8): p. 2345-
2350, 2004 
[20] Bi, X.; Thomas, G.O.; Jones, K.C.; Qu, W.; Sheng, G.; 
Martin, F.L.; Fu, J.: Exposure of electronics dismantling 
workers to polybrominated diphenyl ethers, polychlori-
nated biphenyls, and organochlorine pesticides in south 
China. Environmental Science and Technology 41(16): p. 
5647-5653, 2007 
[21] Eriksson, P.; Viberg, H.; Jakobsson, E.; Orn, U.; 
Fredriksson, A.: A brominated flame retardant, 2,2 ‘,4,4 
‘,5-pentabromodiphenyl ether: Uptake, retention, and 
induction of neurobehavioral alterations in mice during a 
critical phase of neonatal brain development. Toxicological 
Sciences 67 (1): p. 98-103, 2002 
[22] Legler, J. & Brouwer, A.: Are brominated flame 
retardants endocrine disruptors? Environmental Interna-
tional 29 (6): p. 879-885, 2003 
[23] Birnbaum, L.S.; Staskal, D.F.: Brominated flame 
retardants: cause for concern? Environmental Health 
Perspectives 112 (1): 9-17, 2004 
[24] Gullett, B.K., Linak, W.P., Touati, A., Wasson, S.J., 
Gatica, S., King, C.J.: Characterization of air emissions and 
residual ash from open burning of electronic wastes during 
simulated rudimentary recycling operations. Journal of 
Material Cycles and Waste Management 9 (1): p 69–79, 
2007 
[25] Hedman, B.; Naslund, M.; Nilsson, C.;, Marklund, S.: 
Emissions of polychlorinated dibenzodioxins and dibenzo-
furans and polychlorinated biphenyls from uncontrolled 
burning of garden and domestic waste (backyard burning). 
Environmental Science & Technology 39 (22): p. 8790-
8796, 2005 
[26] Zhu J.; Hirai Y.; Yu G.; Sakai S.: Levels of 
polychlorinated dibenzo-p-dioxins and dibenzofurans in 
China and chemometric analysis of potential emission 
sources, Chemosphere 70 (4): p. 703-711, 2008 
[27] Hellstrom, L.; Elinder, C.G.; Dahlberg, B.; Lundberg, 
M.; Jarup, L.; Persson, B.; Axelson, O.: Cadmium 
Exposure and End-Stage Renal Disease. American Journal 
of Kidney Diseases, 38 (5), p. 1001-1008, 2001 
[28] Chlorobenzenes other than hexachlorobenzene: 
environmental aspects. Concise international chemical 
assessment document: 60. ISBN 92 4 153060 X, ISSN 
1020-6167, Geneva 2004 
[29] Report on Carcinogens, Eleventh Edition; U.S. 
Department of Health and Human Services, Public Health 
Service, National Toxicology Program, 2005 

http://www.step-initiative.org/index.php
http://www.ban.org/
http://www.lcinitiative.unep.fr/
http://www.prosa.org/
http://www.databank.worldbank.org/


[30] Sjödin, A., Carlsson, H., Thuresson, K., Sjolin, S., 
Bergman, Å.; Ostman, C.: Flame retardants in indoor air at 
an electronics recycling plant and at other work 
environments. Environmental Science and Technology 35 
(3): p. 448-454, 2001 
[31] Anane, Michael. Personal Interview with Micheal 
Anane in June 2010 in Accra. 
[32] FAO. Food and Agriculture Organization of the 
United Nations. Website: 
http://www.ruralpovertyportal.org/web/guest/country/home
/tags/ghana  
[33] The dark side of Cyberspace. Inside the Sweatshops of 
China’s Computer Hardware Production. WEED, Berlin 
2008 
[34] Pwamang, John. Discussion with John Pwamang, EPA 
Ghana, in June 2010 in Accra 
[35] Ali, Mohammad. Discussion with Mohammad Ali, 
President of the Agbogbloshie Scrap Dealers Association, 
in June 2010 in Accra 

http://www.ruralpovertyportal.org/web/guest/country/home/tags/ghana
http://www.ruralpovertyportal.org/web/guest/country/home/tags/ghana

	1. INTRODUCTION
	2. OVERVIEW ON THE INFORMAL REFURBISHING AND E-WASTE SECTOR IN ACCRA, GHANA
	3. IMPACTS ON LOCAL COMMUNITIES
	3.1. Safe and healthy living conditions

	4. IMPACT ON WORKERS
	4.1. Safe and healthy working conditions
	4.2. Child labor
	4.3. Remuneration
	4.4. Working hours
	4.5.  Job satisfaction

	5.  IMPACT ON SOCIETY
	5.1. Employment creation
	5.2. Contribution to national economy

	6.  CONCLUSIONS
	7. REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


