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Abstract

Fast development of technology and venturing of new products in the market has
increased the production of electrical and electronic devices in turn increased the E-
waste generations. The E-waste contains harmful contaminants such as polychlorinated,
polybrominated, heavy metals, toxic gases etc. and therefore they are classified as
hazardous waste. The global issue about E-waste is now a known factor due to
environmental implications and therefore the developing countries framed laws and acts
and indicated that the producers are sole responsible for all the damages. E-waste
management involves complex and employability of new technologies and equipment and
it should ensure proper handling and disposal under Government Act. E-waste
management is considered as secondary resource since the recovery of elements varies
from noble metals to trace metals which can be recycled and reused.

Keywords: Technology, environment, eco-friendly, toxic, recovery, noble metal,
nonmetal, sustainable.

1. Introduction

The term WEEE refers to the E-waste Electrical Electronics Equipment
generated and declared as wastesl. Rajya Sabha Secretariat, India recorded that about
70% of total waste generated in India is from various sectors like Government, Public and
Private and the contribution from individual households is 15% and rest from
manufacturing sectors (As per MAIT in 2007 was 3,80,000 tons of E-waste generation)2.
The E-wastes are considered to be an important secondary precious resources for its
elements but at the same time it may become a serious threat to the environment [3] [4].
The major alarming increase of E-waste is the lack of awareness and appropriate skill to
handle the problems [5] [6]. The management process involves huge initial investments
for advanced equipment, treatment process and provide personal health proyection
equipment etc. [7] [8]. Under 1986, Environment (Protection) Act by Central and State
Government, India laws are amended to safeguard the people from exposure to toxic or
hazardous materials [9]. The electronic equipment uncompressed of heavy metals like
beryllium, lead, cadmium, copper, aluminum etc. (60%), plastics (30%) and other
pollutants (10%) [10] and these materials create environmental contaminations and results
in health problems [11]. Evidences prove that around 29-59 million tons of e-waste
worldwide and an increase of 10% every year [12] [13]. The percentage of E-waste
produced is tabulated in Table 1.
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Table 1: Percentage of e-waste generation from electronic goods [12] [14]
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According to World Economic Forum report about 48.5 million tons of E-waste
has been generated and Spain registered 113.131 tons of E-waste15. In US alone around
100 million computers E-waste are thrown as waste in which only 20% has been recycled.
China with 160 million electronic devices / year and Indian waste was around 146,000 /
year (ranking fifth in the world) [16] [17].

2. E-Waste Management in India

Environmental epidemiological studies are required in terms of E-waste
generation, their impact amplitude and recycling process. Many countries have developed
legal laws to restrict the inflow of hazardous materials in the environment by Restriction
of Hazardous Substance (RoHS) Regulations which includes electronic equipment [18].
Environmental (Protection) Act 1986 indicates “Pollution Pays Principle” where the party
will be responsible paying for the damage in the environment [19] and any violation will
be liable for punishment [20]. Due to urbanization and advancement in technology
demand for electronic newer goods are increasing day by day and this in turn increased
the generation of E-waste significantly[21] and it is estimated that E-waste generated
three times faster than the municipal solid waste[22] (20-50 million tons) in the
developing countries[23]. The developing countries are exporting the E-waste to Ghana,
Indonesia, Thailand, Malaysia, Nigeria etc. [24]. It has been estimated about 3,00,000
tons of E-waste generated in India and only 3% is recycled by authorized
recyclers[25].Report evidence revealed that there was 53.1% increase of domestic
household sales from 1998 to 2002[26] and this will accelerate 10% of E-waste
generation annually[27] and affect environment drastically[28]. According to Central
Pollution Control Board (CPCB), the companies are responsible for collection and
disposal of E-waste according to EPR authorization plan in India [26] [27].

3. Novel Approach for E-Waste Management

E-waste contains around 1000 different elements which are considered as
the second generation resources [21]. Improper recycling methods in China and
India according to report published by Basel Action Network and Silicon Valley
Toxin Coalition has caused serious environmental pollution [24][27]. Since the
techniques used are primitive and lack technical capabilities [28] and various
harmful effects are listed in the Table 2.
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Table 2: Harmful effects of primitive techniques [21] [29-32]

Exposure to volatile compounds of
nitrogen and chlorine

Formation of carcinogenic agents /
dioxin / furan etc.

Exposure of metal / hazardous fumes
Leaching of residual metals

Release of air pollutants

Spillage and wastes generation of
toxic dusts / contaminants in the
environment

Evidences of key components of Printed Circuit Boards (PCB) are listed in the Table 3
and it is revealed that one ton of PCB contains copper (20% and gold (250g)).

Table 3: Constituents of Printed Circuit Board (PCB) [21]
28-30

70
16

0.05

0.03

0.01
<0.01
<0.01

A novel approach for recycling of PCB was attempted by two methods namely,
Laser induced Inductive Coupled Plasma Mass Spectrometry (ICP-MS) and Pyrolysis
method [21] and the results are tabulated in Table 4.

Table 4: List of elements recovered through Laser Induced Inductive
Coupled Plasma Mass Spectrometry (ICP-MS) and Pyrolysis from Printed
Circuit Board [21]

229.05 1.46
2780 692.9
27.15 17.77
2.47 0.83
4089 84.18
8559 3681
411 0.88

13.1 3.38
187.1 60.36
30442 645
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1945 500.7
38.99 119.0
76.79 9.5
29296 72.89

1.23 0.1
18623 1522
61114 21928
62622 185-5
2550 252.0
200.2 174.5

Recently, microbial recycling technologies for metal extraction from E-waste has
been taken a new dimension[33-35] where, microorganisms are involved in the
bioleaching of metals[36,37] and Table 5 represents the microorganisms involved in the
bioleaching of E-waste.

Table 5: Efficiency of microorganisms in the recovery of metal elements

Li- 100, Cu- 94, Mn-72, Al-62, Ni-45,
Co-38 [38]

Cu-13.79, Au-2.55, Ag-0.44 [39]

Li-100, Sr-10 [40]

Cerium, Curapium, Neodymium->99,
Yttrium and Lanthanum — 80 [41]

Cu- 98, Au _ 44 [42]

Cu - 95, Al=91, Zn — 96 [43]

Cu—77, Al -88, Zn — 92 [44]

Cu - 89, Ni— 81, Zn — 83 [45]

Cu-96.8, Zn — 83,8, Al _ 75.4 [46]

Li- 100, Cu- 94, Mn-72, Al-62, Ni-45,
Co-38 [38]

Cu-13.79, Au-2.55, Ag-0.44 [39]

Li-100, Sr-10 [40]

Cerium, Curapium, Neodymium->99,
Yttrium and Lanthanum — 80 [41]

4. Conclusion

E-waste management if applied systematically and effectively taking
into consideration all the issues in the environment it will surely pave a way
for additional resource to mankind. Among other recycling technology,
microbial application will have high attention by the researcher to venture
into it for lesser cost effective and ecofriendly methodology for a sustainable
environment.

Reference
[1].  Somvir Arya, Ajay Gupta and Arvind Bhardwaj, “Electronic waste management approaches — A pilot
study in Northern Indian states™, International journal of waste Research. 2018; 8: 3-7.

6035
ISSN: 2005-4238 [JAST
Copyright © 2020 SERSC



[2].

[3].
[4].

[5].

[6].

(71

[8].

(9]

[10].

[11].

[12].

[13].
[14].
[15].
[16].

[17].

[18].

[19].
[20].
[21].
[22].
[23].

[24].

International Journal of Advanced Science and Technology
Vol. 29, No. 6, (2020), pp. 6032 - 6037

Pathak P, Srivastava RR and Ojasvi, “Assessment of legislation and practices for the sustainable
management of waste electrical and electronic equipment in India. Renewable and sustainable energy.
Reviews”, 78, (2017), 220 — 232.

Veglie F, Ismala Birlager and Ida De Michalis, “8" World congress and expo on recycling”,
Conference series. Com international waste Resources, (2018), 8-10.

Birloago S, Demichelis I, Ferella F, Buzalu M and Veglio F, “Study on the influence of various
factors in the hydrometallurgical processing of waste printed circuit boards for copper and gold
recovery”, Waste management, 33(4), (2013), 935-941.

Birlarga and Veglio F, “Study of multi-step hydrometrical methods to extract the valuable content of
gold, silver and copper from waste printed circuit boards”, Journal of Environ Chemical Engg. Hith.
4(1), (2016), 20-27.

Wang T Fu JJ, Wang Y, Liao C, Tao Y and Jiang G, “Use of scalp hair as indicator of human
exposure to heavy metals in an electronic waste recycling areas, Environ Pollut, 1567, (2007), 445-
451

Hicks C, Dietmar R and Eugster M. The recycling and disposal of electronic waste in China-
legislative and market response. Environ Impact Assess Rev. 2005; 25: 459-471.

Qiu B, Peng L, Xu X, Lin X, Hong J, Huo X. In: Proceedings of the International Conference on
Electronic Waste and Extended Producer Responsibility, April 21-22, 2004. Beijing, China:
Greenpeace and Chinese Society for Environmental Sciences; 2004. Medical investigation of e- waste
remanufacturing industry in Guiyu town; 2004; 79-83.

Kishore J, National Health Programs of India. National policies and legislations related to health. 8t
Ed. New Delhi. Century Publications. 2010; 735-736.

Jang YC and Townsend TG. Leaching of lead from computer printed wire boards and cathode ray
tubes by municipal solid waste landfill leachates. Environ Sci Technol. 2003; 37: 4778-4784.

Bathurst PA, McMichae AJ, Wigg NR, Vimpani GV, Robertson EF, Roberts RJ, et al. Environmental
exposure to lead and childrens intelligence at the age of seven years: The port cohert study. N Engl J
Med. 1992; 327: 1279-1284.

Surgul Calis and Ramzige Ergul N. Determination of science teacher candidates’ views on electronic
waste pollution. 5" World conferences on learning, teaching and educational leadership. WCLTA.
Procedia-Social and Behavioural Sci. 2015; 186: 261-268.

Cohen L, Manion L and Morrison K. Research methods in education. 6™ Ecd. London. Routledge
Falmer.2007.

Electronic equipment recycling advanced recovery. https://www.advance
directory.com/envirommental/html/alactronic_equipment_recyccling_htm (Accessed date 05.1.2008).
Ama Pont, Antonio Robdes and Jose A Gil. E-waste: Everything an ICT scientist and developer
should know. IEEE Access.2019; 6(7): 169614-169635.

Widmer R, Oswald HK, Sinto DK, Schnallmann M and Heinz B. Global perspectives on e-waste.
Environment Impact Assess Review. 2004:25: 436-458.

Janet Ky, Xing CG, Xu Y, Liiang Y, Cen LX, Wu SC, et al.Body loadings and health risk assessments
of polychlorinated debenzo-p-dioxins and diezo feurons at an intensive electronic waste recycling site
in China. Environment Science Technology. 2007; 41: 7668-7674.

Yang L, Ortz D, Calderon J, Batres L, Carrizades L, Mejie J, et al. Overview of human health and
chemical mixtures: Problems facing developing countries. Environment Health Perspectives. 2002;
110: 901-909.

HaoL, Peng L, Xu X, Zhang L, Oju B, Qi B, et al. Elevated blood levels of children in Guiyu, An
electronic waste recycling town in China. Environment Health Perspectives. 2007; 115: 1113-1117.
Environmental management for information technology industry in India. New Delhi: Development of
Information Technology, Government of India. 2003; 122-124.

Ravindra Rajarao, Veena Sahajwalla, Rominia Cayusil, Miles Pask, Rita Khanna. Novel approach for
processing hazardous electronic waste. Procedia Environment Science. 2014; 21: 33-41.

Directive 2002/96/EC. Of 4" European Union Parliament and of the council of 27 January 2003 on
waste electrical and electronic equipment (WEEE). Official Journal of European Union. 2003; 24-38.
UNEP DEWA/ GRID — Europe. E-waste the hidden side of IT equipment’s manufacturing and use.
2005.

Wong MH, Wu SC, Deng WJ, Yu XZ, Luv Q and Leug AOW. Export of toxic chemicals a review of
the case of uncontrolled electronic waste recycling. Environment Pollution. 2007; 149(2): 131-140.

6036

ISSN: 2005-4238 |JAST
Copyright © 2020 SERSC


https://www.advance/

[25].

[26].
[27].
[28].
[29].
[30].
[31].
[32].
[33].

[34].

[35].

[36].

[37].

[38].

[39].
[40].
[41].

[42].

[43].
[44].
[45].

[46].

International Journal of Advanced Science and Technology
Vol. 29, No. 6, (2020), pp. 6032 - 6037

CPCB. Guidelines for environmentally sound management of E-waste (As approved vide MoEF letter
No. 23-23/2007-HSMD) Delhi: Ministry of Environment and Forests, Central Pollution Control
Board, March 2008. http://www.cpch.nic.in.

Baud I, Grofakos S, Hordjik M and Post J. Quality of life and alliances in solid waste Management.
Cities. 2001; 18: 3-12.

Pandve HT. E-waste management in India: An emerging environmental and health issue. Indian
Journal of Occupational Environment and Medicine. 2007; 11: 116-119.

The Basel Action Network and Silicon Valley Toxics Coalition. Exporting Harm: The high tech
trashing od Asia. 2002.

Brigden K, Labunska T, Santillo D and Alsopp M. Recycling of electronic wastes in China and India:
Workplace and Environmental Contamination, Green piece Research Laboratories. 2005.

Tsydenova O and Bengtson m. Chemical hazards associated with treatment of waste electronic
equipment. Waste Management. 2011; 31: 45-58.

Schleup M, Haglueken C, Kuchr R, Magalini F, Maurer C, Meskers C, Muller F and Wang F.
Recycling —from E-waste to resources, sustainable innovation and technology, Ttranafer Industrial
Sector Studies. United Nations Environment Programme.2009.

CBC news. E-waste monitoring in developing countries. United Nations. 2010; February 22.

Jujun R, Xing Jiong, Yiming Q and Jian H. A new strain for recovering precious metals from waste
printed circuit boards. Waste Manag. 2014; 34: 901-907.

Kaksonen AH, Boxall NJ, Gemulya Y, Khaleque HN, Morris C, Bohu T, Cheng KY, Usher K and
Lakaniemi AM. Recent progress in biohydrometallurgy and microbial characterization.
Hydrometallurgy. 2018; 180: 7-25.

Sahni A, Kumar A and Kumar S. Chemo biohydrometallurgy — a hybrid technology to recover metals
from obsolute mobile SIM cards. Environment Nanotechnology Monitoring Management. 2016: 6:
130-133.

Sun M, Wang Y, Hong J, Dal J, Wang R, Niu and Xin B. Life cycle assessment of
biohydrometallurgical treatment of spent Zn — Mn batteries. Journal Clean Production. 2016: 129:
350-358.

Heydarian A, Mousavi SM, Vakilchap F and Baniosadi M. Application of a mixed culture of adapted
acidophilia bacteria in two step bioleaching of spent lithium ion laptop bacteria. Journal Power
Sources. 2018; 378: 19-30

Horeh BN, Housari SM and Baniassadi M. Use of adopted metal tolerant Aspergillus niger to enhance
bioleaching efficiency of valuable metal from spent litjium ion mobile phone bacteria. Journal
Chemistry Production. 2018; 197: 1546-1557.

Xia M, Bao P, Liu A, Wang M et al, bioleaching of low grade E-waste PCB by mixed fungal culture
and its community structure analysis. Resource Consert Recycle. 2018; 136: 267-275.

Jowkar MJ, Horch NB, Mousavi SM and Pourhossein F. Bioleaching of indium from discarded liquid
crystal displays. Journal Clean Production. 2018; 180: 417-429.

Marra A, Cesars A, Rene BR, Belgiemo V and Lus PNL. Bioleaching of metals from WEEE
shrudding dust. Journal Environment Management. 2018; 210: 180-190.

Isldar A, Renea ER, Van Hullebusch ED and Lens PNL. Electronic waste as a secondary source of
critical metallic management and recovery technologies. Resource Conservation Recycle. 2018; 135:
296-312.

llyes S and Lee JC. Bioleaching of metals from electronic scrap in a stirred tank reactor.
Hydrometallurgy. 2014; 149: 50-62

Zhou G, Zhang H, Yang W, Wu Z, Liu W and Yang C. Bioleaching assisted from fractionation for
recovery of gold from PCB of discarded cellphone. Waste Management. 2019; 101: 200-2009.

Isaldar A, Van de Vossenberg J, Rene ER, Van Hullebusch RD and Lens NL. Two step bioleaching of
copper and gold from discarded printed circuit boards (PCB). Waste management. 2016; 57: 149-157.
Yang C, Tang Q, Zhang Y, Wang Z and Li J. Measuring the sustainability of tin in China. Science
Total Environment. 2018; 635: 1351-1359.

6037

ISSN: 2005-4238 |JAST
Copyright © 2020 SERSC


http://www.cpcb.nic.in/

