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Electronic waste (e-waste) and its e�ects is an international issue. Globally, Asian developing countries are the most 
vulnerable countries in terms of e-waste. Informal recycling and crude processing of e-waste cause environmental 
humiliation and e�ects human health. Therefore, the study analyzes the e�ects of e-waste on human health and 
environment in Pakistan. Moreover, it identi�es asthma, respiratory, pulmonary, skin, eye, lungs and in�ammatory 
bowel diseases are induced by e-waste. Furthermore, it analyzes consumer awareness about e-waste e�ects on 
human health and environment with mean comparison analysis based on primary data with 312 sample size, 
meanwhile the study noti�es the correlation of e-waste generation with gross domestic product (GDP), population 
and electrical and electronic equipment (EEE) put in Pakistani market. Lastly, it discusses other pollutants putting 
burden on human lives and environment.
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Electrical and electronic equipment (EEE) includes all types of products that are used in business, transportation, 
household, health, security, and power generation system. In short, “any household or business item with circuitry 
or electrical components with power or battery supply is called EEE” (Step Initiative, 2014). E-waste is abbreviation 
of “electronic waste”. “E-Waste is a term used to cover items of all types of EEE and its parts that have been discarded 
by the owner as waste without the intention of re-use.” (Step Initiative, 2014).

Globally, 40,634,930 still counting tons of e-waste is thrown out in 2021 (The world counts, 2021). In 2019, about 
53.6 million metric ton (Mt) of e-waste was produced and it is expected to exceed 74Mt in 2030 (Forti et al., 2020). 
E-waste is slightly di�erent from other wastes. E-waste carries harmful substances (lead, mercury, �ame retardants, 
arsenic, etc.) and valuable metals (silver, copper, gold, etc.) that need special recycling techniques to protect 
environment and human health (Sepúlveda et al., 2010). E-waste is composed of 30% organic material (�ame retar-
dants, polymers, and glass �ber), 40% inorganic materials (non-ferrous and ferrous) and 30% ceramics material 
(alumina, mica and silica) (Rautela et al., 2021). Inorganic metals contain base metals (tin, aluminum, copper and 
iron), valuable metals (palladium, gold and silver), heavy metals (cadmium, nickel, zinc, chromium, mercury, lead 
and beryllium), and earth metals (tantalum, gallium and platinum groups) (Kaya and Martin, 2016). 
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Heavy metals contaminates environment with low concentration by biomagni�cation in animals and plants or 
chemical concentration in food cycle (Fu et al., 2008; Luo et al., 2011). Plants absorb heavy metals through soil and 
water, whereas humans and animals intake heavy metals via air, water and food ingestion (Zhao et al., 2010).

E-waste possess many hazardous substances like brominated �ame retardants, cadmium, polychlorinated biphe-
nyls, lead and mercury that pollutes environment and jeopardize human health without direct exposure to environ-
ment (Wong et al., 2007). Normally, the processing of e-waste retrieves precious metals (copper, gold and silver) by 
using simple techniques like open burning, acid leaching, melting, and incineration. These processes release a vast 
range of poisonous gases and heavy substances into the environment which pollutes atmosphere, terrestrial and 
aquatic ecosystem (Grant et al., 2013). Moreover, improper disposal and crude processing of e-waste are proven to 
be chronic and lethal for human health (Patil and Ramakrishna, 2020). Furthermore, human health issues are for 
both workers involved in unre�ned processes of e-waste and general population surrounded by polluted environ-
ment (Huo et al., 2007; Caravanos et al., 2011).

In developing and poor countries usually the opportunity cost of treating and recycling e-waste is  human health 
and environment (UNEP, 2010). In comparison with other continents, Asia is at the top in generating e-waste with 
24.9 Mt (Forti et al., 2020). In Asia, Pakistan generated 433 kilotons (Kt) of e-waste in 2019 (Forti et al., 2020). National 
Environment Policy (NEP) in Pakistan covers air, water, ozone, climate change, agriculture, and import/export of 
hazardous chemicals or waste products (NEP, 2005). On June 28, 2022, National Hazardous Waste Management 
Policy (NHWMP) is approved by Pakistan’s federal cabinet which cater e-waste trade, generation, dumping and 
discuss transboundary movement of hazardous wastes. With a great sigh, NHWMP fails to elaborate e-waste man-
agement in the country (NHWMP, 2022). Regretfully, so far, no policy implementations are observed on private or 
public level.  

Therefore, based on qualitative data (interviews) the study aims to assess e-waste e�ects on human health and 
environment in Pakistan. Moreover, according to quantitative data (survey) of 312 respondents, the study analyzes 
consumer awareness on e-waste e�ects on human health and environment. Astonishingly, results show e-waste 
impacts human health and environment. Moreover, the study depicts e-waste generation in Pakistan. For better 
analysis, the study investigates e-waste correlation with gross domestic product (GDP), population, and EEE put on 
Pakistani market, which are strongly corelated. Basically, the study provides a notion of diseases induced by e-waste 
and how e-waste contributes to environmental degradation. Lastly, the study incorporates a slight overview of 
other pollutants humiliating environment and a�ecting human health. According to best of authors knowledge, it 
is the �rst and preliminary study in Pakistan based on empirical data on the areas mentioned above.  

The rapid growth of EEE industry with information technology, aid in generating e-waste globally and impose threat 
to human health and environment (Duan et al., 2009; Song et al., 2013). In 2009, Robinson (2009) estimated the 
global e-waste production range from 20 - 25 million tons annually. World generated around 44.7 Mt e-waste in 
2016 and it is estimated that it will surpass 53 Mt in 2021 (Baldé et al., 2017). Worldwide e-waste quantity is growing 
exponentially at the rate of about 2 Mt yearly (Forti et al., 2020).

In Asia, 24.9 Mt e-waste was generated of which 2.9 Mt e-waste was properly collected and recycled (Forti et al., 
2020). Some of the largest e-waste generating Asian countries are given in Table 1.

2. LITERATURE REVIEW
2.1. E-waste in global context 

2.2. E-waste in Asian context 
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Table 1 Largest e-waste generating Asian countries in 2019

Source:  Global E-waste Monitor 2020

Despite the existence of Basel Convention – controls international �ow of harmful wastes. E-waste is exported from 
United States (US), Australia, Canada, European Union (EU) countries, Kuwait, Singapore, United Arab Emirates 
(UAE), Japan and Korea to India, China and Pakistan (Cobbing, 2008; Li et al., 2013). Where Singapore and UAE plays 
a role of intermediary for distributing e-waste from US and EU countries to South Asian countries (Cobbing, 2008). 
Over a period of 9 years (2005 – 2014), the quantity of generating e-waste is doubled in South-East Asian countries 
(Iqbal et al., 2015).

Besides world's largest manufacturing country, China is considered as e-waste dumping hub (Chi et al., 2011). More-
over, China receives e-waste in large quantity from developing countries (Shinkuma and Huong, 2009). 

India is considered as highly polluted and populated country. The rapid industrialization in India has cause threats 
to environment and human health (Parikh, 2012). India is trying to deal with its e-waste in eco-friendly manner 
because e-waste is ruining ecological system (Maheshwari et al., 2013).

Pakistan import approximately all major EEE which means the entire EEE sector is depended on importation (Bashar, 
2000). The extensive growth in EEE imports elucidates the increasing trend of e-waste generation in near future 
(Iqbal et al., 2015). In 2014, Pakistan’s mobile phone subscriptions were 138 million, indicating the threat of increas-
ing e-waste (PTA, 2014). In 2021, Pakistan’s total mobile phone subscriptions increased from 138 to 185 million (PTA, 
2021). Pakistan is considered as one of the prime location for e-waste dumping where e-waste is treated illegally 
and informally (Puckett, 2002; Iqbal et al., 2015).

Sub Region  E-waste generated 
Western Asia  2.6 Mt | 6 kg per capita 
Turkey  847 Kt 
Saudi Arabia 595 Kt 
Iraq 278 Kt 
Central Asia  0.2 Mt | 7.1 kg per capita 
Kazakhstan  172 Kt 
Turkmenistan  39 Kt 
Kyrgyzstan  10 Kt 
Eastern Asia  13.7 Mt | 8.6 kg per capita 
China  10129 Kt 
Japan  2569 Kt 
South Korea  818 Kt 
South-Eastern Asia 3.5 Mt | 5.4 kg per capita 
Indonesia  1618 Kt 
Thailand  621 Kt 
Philippines  425 Kt 
Southern Asia  4.8 Mt | 2.6 kg per capita 
India  3230 Kt 
Iran  790 Kt 
Pakistan  433 Kt 

 



E-waste recycling processes contains top 10 chemicals which has adverse e�ects on human health (WHO, 2021). The 
chemicals include heavy metals like cadmium, dioxins, mercury, lead, �ne particles (particulate matter 2.5) and 
other air pollutants (WHO, 2021).

The studies have found crude processing, recycling and disposing of e-waste is related to adverse health e�ects 
(Forti et al., 2020). These include e�ects on children height (Zheng et al., 2008), thyroid stimulating hormone (TSH) 
(Yuan et al., 2008), increases oxidative stress biomarkers (Chung et al., 2008), unfavorable birth results (Zhang et al., 
2017), a�ect neurodevelopment (Huo et al., 2019), a�ect cognitive skills (Soetrisno and Delgado-Saborit, 2020), 
damage DNA (Alabi et al., 2012), heart diseases (Cong et al., 2018), a�ect respiratory system (Amoabeng Nti et al., 
2020), a�ect immune system (Huo et al., 2019), a�ect hormonal system (Maheshwari et al., 2013), skin diseases 
(Decharat and Kiddee, 2020), hearing loss (Xu et al., 2020), and cancer (Davis and Garb, 2018). For details see Table 
2.

Disposing e-waste by land�lls contains hazardous metals which contaminate land, soil and other biodegradable 
waste (Patil and Ramakrishna, 2020). Dumping e-waste fragments in rivers may leach harmful substances into 
groundwater, drinking water and irrigation system through which heavy metals enter into the food chain (Patil and 
Ramakrishna, 2020). Toxic e-waste pollutants may enter the food chain by plant roots through contaminated 
groundwater and soil (Maheshwari et al., 2013).

Incineration of e-waste fragments like wires and cables containing polyvinyl chloride (PVC) for extracting valuable 
materials contains harmful chemicals like acid fumes and dioxins (Patil and Ramakrishna, 2020). The remaining �y 
ashes of burned e-waste in the vicinity are also very dangerous for environment (Leung et al., 2008). 
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2.3. E-waste impact on human health 

2.4. E-waste impact on environment 

Table 2 E-waste impacts on human health and environment

Heavy metals Electrical and 
electronic 
equipment 

Environment 
exposure 

Effects on human 
health  

Lead (Grant et al., 
2013; Huo et al., 
2019) 

Circuit boards, 
light bulbs, cathode 
ray tubes, batteries, 
televisions. 

Soil, water, air Renal, heart diseases, 
neurodevelopmental, 
reproductive system 

Chromium 
(Grant et al., 2013) 

Tapes, anticorrosion 
coatings, floppy 
disks 

Soil, water, air Allergy, cancer 

Cadmium (Grant et 
al., 2013; Lin et al., 
2017) 

Switches, batteries, 
connectors, circuit 
boards, infrared 
detectors, 
semiconductor chip, 
mobile phones, 
cathode ray tubes, 
printer’s ink/drum, 
toners, photocopying 
machines 

Soil, water, air, food 
(vegetables and rice) 

Bone, renal 
 

Mercury (Grant et al., 
2013; Lin et al., 2017) 

Thermostats, 
switches, monitor, 
sensors, cells, circuit 
boards, LCD, 
screens,  
cold cathode, 
fluorescent lamps  

Soil, water, air, food 
(seafood) 

Ingestion, inhalation 
neurodevelopmental 
renal, dermal contact 

Nickel and lithium 
(Grant et al., 2013; 
Lin et al., 2017) 

Batteries, cathode 
ray tubes 

Soil, water, air, food 
(plants) 

Liver, allergy, 
inhalation, ingestion, 
transplacental, skin 
contact 

Barium (Huang et al., 
2014; WHO, 2021) 

Vacuum tubes, 
fluorescent lamps, 
cathode ray tubes 

Soil, water, air, food Neurodegenerative 
disease  

Beryllium (Grant et 
al., 2013; WHO, 
2021) 

ceramic components 
of electronics, 
computers, power 
supply boxes, X-ray 
machines 

Water, air, food Cancer, lung disease,  
skin diseases  

Brominated flame 
retardants 
Polybrominated 
diphenyl ethers 
(PBDEs) (Yu et al., 
2018; WHO, 2021) 

Plastics 
(thermoplastic 
components) of 
computers 

Soil, water, air, food Reproductive system, 
endocrine disruption, 
neurodevelopmental 
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3. METHODOLOGY
3.1. Primary and secondary data

3.2. Mean comparison

3.3. Explanation of variables for Pearson correlation 

Globally, there is a lot of research on e-waste e�ects on human health and environment. However, in Pakistan there 
is no/less research on similar topic which creates a literature gap. Therefore, the study �lls the gap by assessing 
e-waste e�ects on human health and environment gleaned from primary and secondary data.  

For primary data, ten doctors were interviewed from diverse medical specialties. Along with six e-waste dealers, six 
private waste management o�cials were interviewed and a survey of 312 consumers was conducted to see 
consumer awareness about e-waste e�ects on human health and environment. All interviews were conducted in 
semi-structured way because the study intended to explore the treatment of e-waste and how it e�ects human 
health and environment. For survey a questionnaire was designed and distributed among metropolitan cities i.e., 
Islamabad*, Lahore, Rawalpindi, Multan, and Faisalabad. Initially 400 questionnaires were circulated, with a 
response rate of 78% the study included 312 responses for the analysis which were considered to be su�cient for 
population representation. Moreover, for analysis mean comparison was used to assess consumer awareness about 
e-waste e�ects on human health and environment in STATA (version 16.1). All primary data was collected from 
metropolitan cities of Punjab (province in Pakistan). For geographical sampling distribution please (refer to Table A1 
in appendix).

For secondary data, a systematic literature review of e-waste e�ects on human health and environment was 
conducted with a comprehensive search of existing literature from published journal articles, institutional reports, 
and o�cial websites. Moreover, secondary data comprises time series data of Pakistan from 2015 to 2019. E-waste 
generated and EEE put on market data were collected from “The Global E-waste Statistics Partnership”, gross domes-
tic product (GDP) and population related data were collected from “World Bank”. All secondary data was compiled 
in MS Excel and exported to STATA (version 16.1). As mentioned by Kusch-Brandt and Hills (2017) and Perkins (2014) 
GDP and population are associated with e-waste generation. Therefore, based on data, Pearson Correlation test was 
conducted to see the relationship between variables in the context of Pakistan. For the strength of Pearson correla-
tion (refer to Table A2 in appendix).

Since mean comparison is a method for measuring variables e�ectiveness. Therefore, on primary data of 312 
respondents, mean comparison analysis was conducted to assess variables. Precisely, under the umbrella of mean 
comparison, t-test was conducted to measure consumer awareness about e-waste e�ects on human health and 
environment.

*Islamabad is capital territory but for the sake of analysis the study includes it in Punjab 
(province of Pakistan). 

Overall e-waste produced in Pakistan  

Overall EEE put on Pakistani market

Population living in Pakistan

GDP of Pakistan in terms of purchasing power parity (PPP) in united states dollar (USD)

Overall e-waste produced in Pakistan  

EEE put on market per capita in Pakistan

E-waste generation 

EEE put on market 

Population 

Gross domestic product (GDP)
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4. RESULTS AND DISCUSSION  

4.1.1. Doctors’ interviews

Figure 1 A �ow chart that how e-waste contaminates environment and e�ects human health

Pakistan is a developing country with weak and pliable laws leading to illegal import, informal recycling, crude 
processing and dumping of e-waste (Iqbal et al., 2015; Sajid et al., 2018). E-waste generation in Pakistan is growing 
exponentially because it imports secondhand EEE and e-waste in large quantity. Over time Pakistan is becoming a 
prime location for e-waste recycling and dumping. The site areas of metropolitan cities (Karachi, Hyderabad, Pesha-
war, Lahore, Rawalpindi, Multan, Gujranwala and Faisalabad) of Pakistan are dumping and recycling points for 
e-waste. 
E-waste recycling, crude processing and dumping cause serious human health issues. E-waste incineration contami-
nate air, e-waste land dumping cause soil pollution and disposing e-waste in river pollute water leading to overall 
environmental degradation. Resultantly, people inhale polluted air, drink adulterated water, eat compromised 
seafood and land grow tainted crops. Considering the process, heavy metals are included in our food chain through 
crops ingestion and seafood ingestion. A causal loop between e-waste and its e�ects on human health and environ-
ment is shown in Figure 1.

According to interviews with doctors majorly asthma, pulmonary diseases, in�ammatory bowel diseases, lower 
respiratory infections, upper respiratory infections, skin diseases, diarrhea, gastritis, eyes infections and lung diseas-
es are induced by e-waste, mostly the labor in direct contact with informal recycling are victims. One of the doctor 
quoted “� � � � � � � � � �� � � � � � � � �� � � � �� � � � �� � � � ��  �� � �� �� � � 
 � �� � � � � �� � 
 � � � �� � � � � � � � 	�� � � � �� � � � �  � 	�� � � �� � � �� � � � �  � ��
� � � 
 � � � � � � � � � � � �� � � �� � � �� � � � � � � � 
 � � 
 � � � � � � � 
 � � �� � � �� � � 
 �� � �� � � � � � � �� � � � �  � �� � � � �� � � � � � � � � � � � � � � � � �� �Moreover, the 
other doctor retorted �� � 
 � � � �� � � �� � � � �� � � � �  � � � �� � � �� � � � �� � � � � � � � 
 �� � �� � � � � � � � �� � � � � � � �� � �
 � � � � �� � � � � ��� � � � � 
 � �
� � � � � ��  Majorly lower class are victims of these diseases because they are deprived from clean drinking water, hygien-
ic food and exposed more to chemicals and hazardous pollutants.

One of the lady doctor stated��� � � � � � � � �� � � � � �� � 
 � � � �� � � �� � �� � � 
 � � 
 �� � 
 � �� � � � � �� � � � �� 
 �� � �� � �� � � � �� � � � � ��  This 
contact induces changes in developing and rapidly regenerating cells, which can lead to cancerous cells. Moreover, 
she added� �� � � � � � � � 
 � � � � � � � �� � � 
 � � � � � � � � � � � � � � � � � � � � � �� � � 
 � � � � � � � � � � � � � � � � � � � 	� � � � � � � � � � 
 � � � � 	� � � � � � � � 
 � � � 
 � �
� � � � � � �� � � � ��  �
 � �� � � � �� � � � 
 � �� � �� � � � � � � �� � � � � � ��  E-waste includes both toxic and valuable materials but the cost 
of extracting valuable material is human life.” 



Majority of the doctors stressed upon �� � � � � � � � � � � � � � � � � � � � � �  � � 
 � � � � � � � � � 
 � � � � �� � � � � � � � � � � � � � � �� � � 
 � ��

 � � � �  � � � � � 
 � � �� � 
 � � � � � � � � � � � �� � � � � � � � � 
 � � � 
 � � � � 
 � � � � 
 � � � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � 	� � �  � � 
 � � � �
� � 
 � � 
 � � � � �
 � � � 
 �� � � � � � 	� � � 
 � � � � 
 � � 
 � � � � �� � � � � � � � 	�� � � � � � � � �� � � �� � 
 � � 
 � � � � �� � �� � ��� � � � �� � � � � �� � � � �� � � � � � �
 � � � � �
� � � � 
 � � � � � � �� � � � � � � � � � � � � � � �� � � 
 � �� � � � � � � � � � 
 � � � � � � � � 
 � � � � � � � � � � �� � � � � � � � � � � � � � � 	� � � � � � � � � � � � � � � � � � � � � � � � 
 � � � �
� � � � � 
 � � � � �� � � �� � 
 � � � �� 
 
 � � � � ��� � � � � � � � 	�� � � � �� � � � � � � � �� � � �� � � �� � � � �  � � � �� � � �� � � � � � � �� � � � �� � � � � � �� � � �� � � � � 
 � � �
� � � � � � � � �� � �� �� � � 
 � �� � � � � � � � 
 � � � �� � �� � � � � �� � � � � � � � �  ��
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4.1.2. E-waste dealers’ interviews

4.1.3. Private waste management o�cials’ interviews

E-waste dealers draw the real pathetic picture of e-waste in Pakistan. Respondents retorted “Pakistan is a major 
importer of e-waste and used electronic items, it imports e-waste and used electronic items from UK, USA, Canada, 
Australia, Dubai, Germany, Spain, Korea and Thailand.” Initially, e-waste or used EEE lots are docked in Karachi (city in 
Pakistan) dry port, where its duty is paid and then e-waste containers are distributed to other cities of Pakistan. 
Respondents added “mostly used computers, laptops, and tablets are imported on “testing working” condition.” In 
“testing working” all imported electronic products are checked either they can be further used or not. Based on 
assessment all used electronic items are divided into four categories A, B, C, and D. Furthermore, A and B categories 
include fully functioned devices which are sold in the same condition as they are imported. Category C includes 
devices that need some repairing like LCD, Ram, Hard Disk, Screen, Touchpads, Speakers and other repairable items. 
Category D includes devices that are nonrepairable, from those devices some valuable items like Ram, Hard Disk, 
LED, Batteries, Speakers, and other fully functioning items are extracted and the rest of the plastic, silver, and copper 
is sold to the scrap dealers. The residual plastic from e-waste is considered as “black plastic” which is further used to 
manufacture clothing hangers, motorbike meter heads, and other cheap plastic items. 

Moreover, obsolete electronic equipment like desktop computers, TV, video cassette player (VCR), DVD/CD players, 
MP3/MP4, roll camera and other broken electronic devices like laptops, tablets, mobiles phones, Walkman, and 
other hand handles are sold to big scrap dealers, those scrap dealers own e-waste extraction foundries. 

There are several extraction foundries in Karachi, Peshawar, Faisalabad and Gujranwala (cities in Pakistan). In the 
foundries, all the electronic waste is stoked in the furnace where valuable materials are extracted through incinera-
tion and remaining ashes are dumped into the land and rivers. With a great sigh, people living in the vicinity are 
living worst of their lives. As they use river water for their livelihood. Moreover, children indulge themselves in 
collecting and burning batteries for the sake of enjoyment. Adults work for the factories on minimum wages with 
no/less safety/health measures. Lastly, majority of the population living near these areas are not (very) well. Most of 
the e-waste workers are patients of asthma, skin allergies, eyes infections, and lungs disorder. People living near 
these areas are victims of lower and upper respiratory diseases, skin allergy, and stomach problems. Children who 
are directly involved in collecting and burning e-waste are the prime su�erer of eyes infection, skin allergies, asthma 
and neurodevelopment.

Private waste management o�cials focused on e-waste in�ltration and roles of di�erent stakeholders in generating 
e-waste in Pakistan. All the respondents stated Pakistan needs an exclusive e-waste policy with strict implications. If 
designing exclusive e-waste policy is di�cult then should expand the scope of national environment policy of 
Pakistan by including e-waste aspect. One of respondent quoted �� �� � � 
 � � �� � � � 
 � � � �� � � �� � � � � 
 � � � �� � � �
 � � �� � �� � �
� � � 
 � � � � 
 � � �
 � �� �� � � 
 � � � � � � � 
 � � � �� � �� � � � � 
 � � �� � � � � � � � � � � � 
 �� � �� � � � � 
 � � ��  � � ��� � �� � � ��  �� � � � �
 � �
 � � � � � �� � �� � 
 �
� � � 
 � � � 
 � �  �� �� � � 
 � �� � � �� � �
 � � �� � � � 
 � � �� �

Apart from all, e-waste dealers added, � 
 � � �� � � � � � � � � �  � � � � � � � � � � � � �� � � � 
 � �  �� � � � �� � � � 
 � � � � � � � 
 � � � � � � �� � � � � 
 � � � � � �
� � � � � � � � � �� � � � � � �� � � � � �� � � � 
 � � � � � �� � � � � � 
 � � �and this electronic import is a byproduct of e-waste in Pakistan.  
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4.1.4. Mean comparison analysis 

Table 3 T-test results of consumer awareness on e-waste e�ects on human health & environment 

In mean comparison, the study explored. Females are more aware about e-waste e�ects on human health and 
environment as compared to males. As compared to the people above 53 age, respondents from age bracket of 18 
to 32 are more aware, with the increase in age after 32 the awareness is declining. The respondents earning below 
70,000 per month in PKR are less aware as compared to the respondents earning more than 70,000 per month in 
PKR. Moreover, the results show awareness is directly proportional with income. Consumer awareness is increased 
with the increase in level of education. Students, entrepreneurs and employed respondents were more aware about 
e-waste e�ects on human health and environment as compared to unemployed. In chronological order from least 
to most aware metropolitan cities of Punjab are Rawalpindi, Lahore, Multan, Islamabad and Faisalabad. For details, 
please refer to Table 3 and 4.

Note: Table 3 represents the mean comparison of consumer awareness in terms of gender, age, income, and occupa-
tion. Consumer awareness means that how much consumers are aware about e-waste e�ects on human health & 
environment. The results shows that females are more aware about e-waste e�ects with 0.042 mean di�erence, even 
though the results are insigni�cant but still we can observe di�erence. Respondents from age group of 18 to 52 are 
more aware as compared to the respondents above 52 with mean di�erence (0.408), which means young, tricenari-
an and quadragenarian consumer are more aware than quinquagenarian consumers. With a mean di�erence of 
(0.165), consumers earning more than Rs70,000 per month are well aware about e-waste e�ects on human health 
and environment compared to the consumers earning less than Rs70,000 per month. Respondents those who were 
unemployed are less aware as compared to the respondents who were employed, students and entrepreneurs with 
a mean di�erence of (0.405). 

One of the interviewees responded, �� � �� � � � � � � � � � � � � � � � �� � � 
 � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � � � 
 � � � �
� � � � � 
 �
 � � � � �� �� � � 
 � �
 � �� � � � � � � ��  �� � � � 
 � � � � �� � � � �� � � � � 
 � � 	�� � � � � 	�� � � � � � � � � 	�� � � �� � �� � �� �� � �� � � � � �� 
 � � �� � � � � � � �
� � � � 
 �� � �
 � � � � � � �  � � � � �� � � � � � � � � � 
 �� � � �� � � �
 � �� � � � � � � 
 � � � � � � � 
 � �� � �� � � � � � �� � �� � � �� �� � � � � � � � 	�� � �� � � 
 � � �� � � � �
� � � � � � � 
 � � � � � 	� � �� � � 
 � � �� � � � 
 � � � � � � � � � � � � � � � � � � � � � � � � � �
 � � � � � � � �� � 
 � � 
 � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � � � � 
 � � 	�
� � � � � �  �� � 
 � �� �� � � 
 � �� � �� � � � � 
 � � �� � �� �� � � � � � � � � � � � 
 � �� � �� � � �� � � � � � � 
 � � � � � 	� � � � � � � � � 
 	�� � � �� � � � � � � � � 	�� � � � � � � �
� � � � � � � � � � � 
 � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � �� � � 
 � 	� 
 � � � � � � � � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � �
� � � � 
 � � � � � �� � � �� � � � 
 �� � � � � �� � � � �� � 
 �� � 
 � � � � � � � � �
 � � � � � � �� � � � � � 
 � � � �� � �� � � ��  � � � � � � � � 
 �� � �� � � � � 
 � � �� � � �� � � 
 � � � �
� 
 � �� � �� � 
 
 � �  �� 
 � � � 
 �� � � � �� � � �� �  � � � 
 � � � � �� �

Moreover, other participant responded,��� � � � 
 � � � � � �� � 
 � � 
 � � � � � � 
 ��� �� � 
 � � 
 � � � � � � 
 ��� � � � � 
 � � �� � � � � � � � �� �� � � � �
 � �
� � � � 
 � � � � � �� � � � � � � �� � � � � � � �� �� � 
 � � 
 � � � � � � 
 �� � � �� � � � � �� �� � � �� � � � � � � � � � �
 � �
 � � � � � ��  �� � � � � 
 � � �� �� � � �� � � � � � �
� � � 
 � � � � � � � � 
 � � � 
 � � � � � � � � � 
 � � � � 
 � � � � � � � � � � ��  � � � � � � � � � 
 � � � � � � � � �� � � 
 � �� � � � � � � � � � � � � � � � � � � � � � � ��  � � � � � 
 � � � � �
��� � � � 	� � � �� � 	� � � � � � � � � 	� � � � � 	� � � � � � 	� � � � 
 � � � � � � � �� 
 � � 
 � � � � � � � � 
 �� � � � � � �� � � 
 � � � � 
 � � 
 � � � � � 
 � 
 � � � � � � � � � � � � � �� � � 
 � �
� � � � � � 	� � � � � � � � � � � � � 
 � � �� �All the respondents suggested that initially government of Pakistan can adopt e-waste 
management policies and practices from India and China. Lately, it can adopt best practices from Singapore for 
e�cient management of e-waste in Pakistan.    

According to the survey, about 271 (87%) among 312 were concerned about environment. Around 237 (76%) partic-
ipants were aware about��� �� � � 
 � �
 � � � � � � � � �� � � 
 � �� � �� � � � � � � � � �� � 
 � � � � � � � 
 � � 
 �� � � �� � �� �� � � � � �� � � � 
 � �� � � �
 � � �
� � � � � � � � � � 
 �� � Among 312 respondents 271 (87%) responded that everyone should contribute to sustainable 
environment. 

Consumer awareness  N Mean N Mean Diff   St 
Err  T-Value P-

Value 
Gender (0=Female 1=Male) 137 0.8250 175 0.7830 0.0420 0.0450 0.9000 0.3580 
Age (0=>53 1=<52) 5 0.4000 307 0.8080 (0.4080) 0.1790 (2.3000) 0.0240 
Income (0=<70,000 1=>70,001) 81 0.6790 231 0.8440 (0.1650) 0.0510 (3.2500) 0.0020 
Occupation (0=Unemployed 
1=Employed) 19 0.4210 293 0.8260 (0.4050) 0.0920 (4.4000) 0.0000 
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Note: Table 4 shows mean comparison of demographics i.e., city, education, and income. Respondents from 
Rawalpindi with 0.167 mean are least aware about e-waste e�ects on human health and environment. Whereas 
Lahore, Multan, Islamabad and Faisalabad are signi�cantly aware with 0.789, 0.814, 0.819 and 0.917 mean 
respectively. Consumers having education level of bachelor, master and PhD are relatively more aware than 
primary & secondary and intermediate & DAE. Consumers earning less than Rs70,000 per month are relatively 
less aware than consumer earning more than Rs70,000 per month. Interestingly, consumer awareness about 
e-waste e�ects on human health and environment slightly decreases when person earn more than Rs150,000 
per month. 

According to Kusch-Brandt and Hills (2017) e-waste generation is linked with GDP. Likewise, our study con�rms 
that e-waste generation is strongly correlated with GDP see Table 5. 

As GDP is considered as a standard parameter for economic development of a country. Pakistan’s economic 
growth is highly associated with population’s standard of living. As people grow economically their lifestyle 
changes and their preference towards spending on advanced EEE increases. Therefore, an increase in economic 
development of population leads to an increase in demand for EEE ultimately leading to e-waste generation. In 
the world of globalization as individuals purchasing power parity increases, they tend to spend more on 
electronic items because majority wants to become tech-savvy, which is why e-waste generation per capita and 
GDP per capita are strongly correlated. Broadly, the trend shows people spend comparatively more on EEE due 
to the need of time (professional/personal requirements). For economic analysis and material �ow of e-waste, 
the GDP measure is a good parameter because the scrap of one country is a resource for other country, but 
unfortunately the cost of bearing e-waste in a country is lethal.  

4.2. Results and discussion on secondary data 
4.2.1. Pearson correlation 

Table 4 mean comparison of di�erent classes/demographics 

Table 5 The Pearson correlation test results of e-waste with other variables

City Education Income 

Islamabad 
0.819*** 

Primary & Secondary 
0.333** 

0 - 70000 
0.679*** 

(0.0456) (0.1670) (0.0522) 

Lahore 
0.789*** 

Intermediate & DAE 
0.474*** 

70001 - 110000 
0.778*** 

(0.0393) (0.1180) (0.0441) 

Multan 
0.814*** 

Bachelor 
0.800*** 

110001 - 150000 
0.892*** 

(0.0511) (0.0352) (0.0296) 

Faisalabad 
0.917*** 

Master 
0.895*** 

>150000 
0.867*** 

(0.0403) (0.0257) (0.0631) 

Rawalpindi 
0.1670 

PhD 
0.545***   

(0.1670) (0.1570)   
N 294   312   312 

 

Variables  Correlation 
coefficient (r) 

Interpretation 

E-waste generated with GDP 0.9872 Very strong correlation 
E-waste generated per capita with GDP per capita  0.8955 Strong correlation 
E-waste generated with population  0.9988 Very strong correlation 
E-waste generated with EEE put on market 0.9362 Very strong correlation 
E-waste generated per capita with EEE put on market per 
capita  

0.9224 Very strong correlation 
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Population growth is highly associated with e-waste generation (Perkins et al., 2014). Similarly, our study a�rm 
that e-waste is strongly correlated with population growth. Population growth itself is a major problem. The 
exponential growth of population in Pakistan serves other problems like unemployment, health coverage, 
poverty, etc. Due to the lack of employment opportunities, low income and a�ordability people from Pakistan 
demand cheap electronic items. Therefore, Pakistan imports e-waste in a form of used EEE for selling and 
recycling which ultimately renders economic bene�t at the expense of human life and environmental humilia-
tion. Moreover, nowadays infants, toddlers and preschool children are more charmed with electronic gadgets 
than toys, which gives another aspect of looking how population is generating demand for electronic items.

Pakistan is one of the largest importers of branded, secondhand and wasted electronic items. Therefore, e-waste 
generation and EEE put on market in Pakistan are strongly correlated. The branded products are treated as new 
EEE put on Pakistani market, second hand electronic items are repaired and further kept into the market for 
selling and wasted EEE are solely used to extract valuable material like copper, silver and gold. Under the name 
of recycling, extraction process is performed through incineration and crude processing which cause serious 
health and environmental hazards in the country. Today majority of youth prefers to play electronic-indoor 
games as compared to physical-outdoor games. The attitudinal and behavioral shift in adolescents and adults is 
giving a rise to the e-entertainment industry causing early obsolesces of previous electronic products with 
increasing demand for new electronic gadgets, ultimately leading to a vicious cycle of generating e-waste see 
Figure 2 and 3 for e-waste trend in Pakistan.

Figure 2 E-waste trend in Pakistan from 2015 to 2019

Figure 3 E-waste per capita in Pakistan from 2015 to 2019

Source: The Global E-waste Statistics Partnership

Source: The Global E-waste Statistics Partnership
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Population growth is highly associated with e-waste generation (Perkins et al., 2014). Similarly, our study a�rm that 
e-waste is strongly correlated with population growth. Population growth itself is a major problem. The exponential 
growth of population in Pakistan serves other problems like unemployment, health coverage, poverty, etc. Due to 
the lack of employment opportunities, low income and a�ordability people from Pakistan demand cheap electron-
ic items. Therefore, Pakistan imports e-waste in a form of used EEE for selling and recycling which ultimately renders 
economic bene�t at the expense of human life and environmental humiliation. Moreover, nowadays infants, 
toddlers and preschool children are more charmed with electronic gadgets than toys, which gives another aspect 
of looking how population is generating demand for electronic items.

Pakistan is one of the largest importers of branded, secondhand and wasted electronic items. Therefore, e-waste 
generation and EEE put on market in Pakistan are strongly correlated. The branded products are treated as new EEE 
put on Pakistani market, second hand electronic items are repaired and further kept into the market for selling and 
wasted EEE are solely used to extract valuable material like copper, silver and gold. Under the name of recycling, 
extraction process is performed through incineration and crude processing which cause serious health and 
environmental hazards in the country. Today majority of youth prefers to play electronic-indoor games as com-
pared to physical-outdoor games. The attitudinal and behavioral shift in adolescents and adults is giving a rise to 
the e-entertainment industry causing early obsolesces of previous electronic products with increasing demand for 
new electronic gadgets, ultimately leading to a vicious cycle of generating e-waste see Figure 2 and 3 for e-waste 
trend in Pakistan.

Along with e-waste, industrial waste, plastic waste, solid waste and household waste are other contributing factors 
in environmental degradation and human health hazards. Globally, air pollution is one of the biggest health hazard 
to human life. According to World Air Quality Report air pollution cause 7 million premature deaths yearly (IQAir, 
2020).  Nowadays, one of the most prevailing issue is Smog (smoke-fog). In industrialized countries and cities, smog 
is a type of intense air pollution; it consists of nitrogen oxides and other air pollutants to form ground level ozone 
(not the ozone which protects earth from ultraviolet radiation) when in contact with sunlight. The major sources of 
smog are emissions from vehicles, powerplants, factories, construction, wood burning, burning fossil fuels, chemi-
cal solvents, plastic products and charcoal starter �uid (GoC, 2020; West, 2021). Smog causes serious human health 
issues like eyes, nose and throat irritation, heart diseases, emphysema, asthma, lungs infection, chronic bronchitis 
and other respiratory infections. Moreover, it impacts the environment by inhibiting plant growth and causing 
damage to forests and crops (GoC, 2020; West, 2021).

\Globally, Asian countries are the most polluted countries in the world, especially China, India, Pakistan and Bangla-
desh (IQAir, 2020). As discussed above, all types of wastes emit harmful gases either in their production, usage or 
recycling. E-waste seems to have a small portion of other wastes, but it has signi�cant e�ects on human health and 
environment.

Pakistan is the second highest country with particulate matter (PM) 2.5 concentration in its air (IQAir, 2020). In 2020, 
Lahore (city in Punjab) is ranked as 18th most polluted city in the world (IQAir, 2020). During winter season Lahore 
experiences highest level of air pollution due to temperature/thermal inversion (a reversal of the normal behavior 
of temperature in the troposphere), biomass burning and agriculture burning in Pakistan and India. 

Punjab a province of Pakistan is highly populated province among other provinces (PES, 2018). Therefore, the study 
includes the respondents (interviews and survey) from metropolitan cities of Punjab. The primary results are specif-
ic to Punjab and there is a broad scope of similar research to be conducted in other provinces of Pakistan. 

4.3. Other contributing factors   

4.4. limitations and future work

Source: The Global E-waste Statistics Partnership

Source: The Global E-waste Statistics Partnership



12

5. CONCLUSION 
The study attempts to investigate e-waste e�ects on human health and environment. There are many diseases 
which are induced by e-waste and cause serious damage to human health. Mainly, asthma, respiratory, pulmonary, 
skin, eye, lung and in�ammatory bowel diseases are induced by e-waste. Consumer awareness towards e-waste 
e�ects on human health and environment is signi�cant and are willing to contribute towards sustainable environ-
mental practices. Interestingly, e-waste generation is strongly correlated with gross domestic product (GDP), popu-
lation and electronic products. Lastly, e-waste is not only the factor contributing to environmental degradation, but 
there are other in�uencing factors like solid waste, industrial waste, organic waste, plastic waste and so on. E-waste 
is a part of these wastes which plays a signi�cant role in contaminating environment and e�ecting human lives. 

The major reason for negative e�ects of e-waste on human health is e-waste treatment in Pakistan. Broadly, govern-
ment of Pakistan, e-waste dealers, electrical and electronic manufacturer and consumers are responsible for 
quadrupling e-waste in Pakistan. Therefore, government of Pakistan may design an exclusive e-waste management 
policy with signi�cant implementation, describing e-waste treatment, transboundary movement, and controlling 
mechanism with proper guidelines for all the stakeholders. Besides e-waste policy, national environment policy 
needs to have strong implementation for environmental assessment to mitigate the e�ects of solid waste, industri-
al waste, organic waste, and plastic waste. Moreover, labor policy needs a strict compliance to restrict child labor 
and increase safety standards for adult workers in toxic work environment. If the problems are not addressed timely 
sooner Pakistan will face dreadful consequences on ecological system.

The authors declare that they have no con�icts of interest.
All interviewees’ consent was taken to use their insights without quoting their names for con�dentiality reasons.   
The survey conducted in Pakistan was abide by the Institutional Review Board (IRB) of Pakistan Institute of Develop-
ment Economics (PIDE) and Lahore University of Management Sciences (LUMS). 
Protocol Number: LUMS-IRB/12032021Exten/SZ-00019408 

Ethical compliance
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Table A1 Sampling distribution of primary data

Table A2 Strength of Pearson correlation 

APPENDIX 

City  Doctors 
interviewed  

Private officials 
interviewed   

E-waste dealers 
interviewed 

Survey collected 

Faisalabad  1 1 1 50 
Islamabad  2 1 - 72 
Lahore 4 2 3 109 
Multan 2 1 1 65 
Rawalpindi 1 1 1 16 
Total  10 6 6 312 

 

Correlation coefficient (r) Interpretation 
0.00 – 0.29  No/little correlation  
0.30 – 0.49 Weak correlation  
0.50 – 0.69 Moderate correlation  
0.70 – 0.89 Strong correlation  
0.90 – 1.00  Very strong correlation  
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