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Abstract 
 

E-waste is a generic term encompassing various forms of waste 
electrical and electronic equipments (WEEE) that are old, end-of-life 
electronic appliances and have ceased to be of any value to their 
owners. Among the various categories, e-waste is considered to be 
most advanced and fastest growing type of solid waste streams in the 
urban environment worldwide. In general, e-waste comprises of all old, 
end-of-life appliances like computers, laptops, audio and video 
products, refrigerators, freezers, mobiles phones, etc. along with their 
peripherals. The sources of e-waste are relatively expensive and 
essentially durable products used for data processing, 
telecommunications, or entertainment in private households and 
businesses. It is known that e-waste contains over thousand different 
substances. Heavy metals form a significant part of inorganic fraction 
of e-waste accounting for 20-50%. These include hazardous metallic 
elements like lead, cadmium, chromium, mercury, arsenic, selenium 
and precious metals like silver, gold, copper and platinum. Since these 
elements are non-renewable in nature there recovery from e-waste 
stream is the key. This paper, based on previous studies carried out by 
authors; make an effort to propose an innovative strategic model for 
the recovery of valuable metal for the management of e-waste by 
employing combined technological strategies viz. chemical and 
biological. Chemical technology involves the leaching of silver from 
electronic scrap using toxic chemical like cyanide. The complex silver-
cyanide form is then subjected to biological technology using passive 
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low-cost material. The strategy proposed by the authors will help to 
strengthen supply chain elements for efficient management of e-waste.  
 
Keywords: E-waste management, Combined strategy, Industrial 
symbiosis, Valuable metals, Technology management 
 
 

1. Introduction 
E-waste is a generic term encompassing various forms of waste electrical and 
electronic equipment (WEEE) that are old, end-of-life electronic appliances and have 
ceased to be of any value to their owners. Among the various categories, e-waste is 
considered to be most advanced and fastest growing type of solid waste streams in the 
urban environment worldwide. In general, e-waste comprises of all old, end-of-life 
appliances like computers, laptops, audio and video products, refrigerators, freezers, 
mobiles phones, etc. along with their peripherals. The sources of e-waste are relatively 
expensive and essentially durable products used for data processing, 
telecommunications, or entertainment in private households and businesses. Annually, 
40 million tons of e-waste is generated globally [1] and constitutes to 1-2% of the total 
solid waste generation. As per UNEP (2007) developing countries are already facing 
the continuum of hazardous e-waste mountains. By 2020, in some of the BRICS 
nation’s like India, China and South Africa, e-waste from old computers will jump in 
the range of 200 to 500% [2]. In India, as on 2010, the total e-waste emanated amounts 
to more than 1,46,180 tons per year [1]. As far physical composition of e-waste is 
concerned, it is known that e-waste contains diverse range of over thousand different 
substances [3]. Heavy metals form a significant part of inorganic fraction of e-waste 
accounting for 20-50%. These include hazardous metallic elements like lead, 
cadmium, chromium, mercury, arsenic, selenium and precious metals like silver, gold, 
copper and platinum. Overview indicates that manufacturing of mobile phones and 
personal computers consumes 3% of gold and silver mined worldwide each year; 13% 
of the palladium and 15% of cobalt [4]. Since all these metallic elements are non-
renewable in nature there recovery from e-waste stream is the key. Currently, in India, 
the e-waste management practices followed are completely disorganized, which may 
lead to negative impacts on human health and ecology. Managing e-waste in eco-
friendly, systematic and formal manner is a need of the hour by way of 
removing/recycling of valuable metals from e-waste stream. It was assumed that if an 
efficient removal/recovery strategy is proposed and developed, valuable metals could 
be conserved, which in author’s opinion would be an innovative approach of resource 
recovery. This paper, based on previous studies carried out by authors; make an effort 
to propose an innovative strategic model for the recovery of valuable metal for the 
management of e-waste by employing combined technological strategies viz. chemical 
and biological.  

 
 



Management of Electronic Waste by Employing Combined Technological 547 
 

 

2. Chemical Management Technologies and Strategies 
There are several methods employed for the recovery of heavy metals using chemical 
technologies and is one of the most researched areas in last couple of decades [5]. 
Precipitation, leaching, purification, solvent extraction, adsorption, ion-exchange, etc. 
are some of the strategic steps being employed to separate the target metals. These are 
followed by electro-refining process, chemical reduction, or crystallization for metal 
recovery. Normally the first step processing is to leach out the metals. Most commonly 
used chemicals to leach the metals out include cyanide, halides, thiosulphate and 
thiourea; and cyanide being most popular. It is used for the extraction of gold and 
silver in mining industry for more than a century and is a low-cost option. However, 
use of cyanide is of major concern due to its evil reputation in the past [6], considering 
its impact on human, other life forms and ecology [7]. In response, many non-cyanide 
substitutes like thiourea, thiosulphate, chlorine, etc. have being tried and has been 
discussed and argued elaborately in Bhat et al. (2012) [3]. Overall, cyanide still enjoys 
higher status compared to non-cyanide chemicals because of its several advantages 
over others with the exception of its notorious characteristics and therefore requires 
careful handling, storage and transportation. Cyanide bearing wastewaters are also 
originated from several industrial processes and require stringent control and statutory 
compliance. Although notorious, cyanide can be managed effectively by adopting 
sound management practices at workplace like by using Personal Protective 
Equipment’s (PPEs), requisite non-metal storage tanks, proper transportation facilities 
and cost-effective treatment. Considering all merits and demerits the authors therefore 
recommend and employed cyanide as a leaching agent for removal of valuable metals 
(like gold and silver) for the development of removal/recovery strategy.  

 
 

3. Biological Management Technologies and Strategies 
Employing the ‘bio-component’ has been one of the most interesting and promising 
technologies for the removal of heavy metals from wastes [5]. In principle, biological 
entities (biomass) can be employed in both active (alive) and passive (dead) way. 
Active biomass requires significant time span to accomplish the process (such as 
leaching) and also subject to toxicity of metals. In-depth research on live biomass is 
further required. Therefore, the researchers, in the present paper suggest rapid chemical 
process of leaching for our proposed strategy. Biomass (live or dead) has got range of 
defence mechanisms because of which it can trap the target chemical either on its 
surface of inside it; and therefore, they offer numerous opportunities of exploiting the 
variety of natural and waste biomass for environmental clean-up.  

It is well documented that all types of biomass viz. bacteria, fungi, yeast, algae, 
plants, organic waste, etc. have the ability to bind to metals, in some cases selectively, 
from aqueous solutions (Itankar et al., 2013) and called as ‘biosorption’. The 
biosorption strategy has several merits like: (i) non-living biomass are not subject to 
toxicity limitations; (ii) costly nutrients and aseptic conditions are not required for the 
cultivation of biomass; (iii) the process is very rapid; (iv) waste from fermentation 
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industry and nature could be cheap source of biomass; (v) biosorbent could be operated 
at wider range of pH, temperature and target compound concentration; (vi) established 
theories, conventions and formulae could be applied to the adsorbent [9]. 

 
 

4. Combined Technological Strategy for the Removal of Silver from 
Electronic Scrap  

Feasibility studies were conducted by the researchers for the removal and recovery of 
valuable silver metal from electronic scrap using a combination of chemical leaching 
and biosorption process and details of the same have been documented [3]. Chemical 
technology involves the leaching of silver from electronic scrap using toxic chemical 
like cyanide. The complex silver-cyanide form is then subjected to biological 
technology using passive low-cost material. Low-cost biomass were obtained from 
different sources and processed as documented by Gaddi and Patil (2011) [10]. All the 
feasibility experiments were conducted as per methods prescribed by our previously 
published papers [9, 10]. Through series of experiments, it was found that biomass of 
Eichornia roots and Tea powder waste were the most efficient biomaterials for silver-
cyanide biosorption (Table 1).  

 
 

Table 1: Silver-cyanide loading capacity of efficient low-cost biomass [10] 
 
Low-cost biomaterials Conditioned biomass 

(at optimal pH) 
Unconditioned biomass 
(natural pH of biomass) 

Eichornia roots 9.74 (7.0) 9.77 (7.01) 
Tea powder waste 9.41 (5.0) 9.40 (4.94) 
Activated charcoal (as 
reference) 

9.95 (6.0) 9.94 (5.59) 

 
Various process parameters pH, kinetics, biomass quantity, etc. were optimised. It 

was also observed that the two efficient biomasses conformed to the Langmuir and 
Freundlich isotherm models and can be used for practical applications. Overall studies 
showed that Eicchornia root biomass was an efficient low-cost biomaterial for the 
sorption/removal of silver-cyanide from solutions. 

From the foregoing theoretical and practical discussion, the authors attempted to 
proposed a strategic framework/model that could be implemented effectively for the 
removal and recovery of valuable metal from electronic scrap using a combination of 
chemical and biological technology (Fig. 1). In order to operate this model, it is 
imperative before leaching to segregate the diverse components of WEEE in a well-
structured and organised processing station or materials recovery facility (MRF). This 
involves the various steps like separation of functional parts and hazardous materials 
followed by shredding, screening, magnetic and Eddy current separation of ferrous and 
non-ferrous materials and density separation. In chemical process, the electronic scrap 
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of less than one mm particle size thus obtained is leached with cyanide for the 
extraction of valuable metal. Cyanide combines with the metal for the formation of 
metal cyanide complexes like silver or gold-cyanide complex. After the pH adjustment 
the valuable metal-cyanide complex is now ready for biological process. 

The biomass is packed in cylindrical glass column of appropriate length and 
diameter. The leached gold- or silver-cyanide solution is passed through column in 
upflow mode. The solution emanated from the column is free of precious metal-
cyanides since target contaminant has been sorbed on the biomass present in column. 
The biomass uploaded with gold/silver-cyanide is then eluted/leached using caustic 
soda. This elution process will help to recover the concentrated form of gold- or silver-
cyanide. After elution, the biosorbent column could be regenerated again using acid in 
order to use column for the next cycle of biosorption. The eluted out concentrated form 
of precious metal-cyanide is now ready for its use as raw/input material for the same 
industry or any other industry like electroplating units. Most of the plating industries 
use silver-cyanide and gold-cyanide baths for plating range of materials [7]. 

 
 

Chemical process: 
(1) Electronic scrap of size less than 1 mm 
(2) Leaching of valuable metals (say like silver or gold) using free cyanide solution 
(3) Synthesis of silver-cyanide complex 

Biological process: 
(4) Subjecting silver-cyanide solution through packed bed column consisting low-

cost biomass 
(5) Biosorption of gold/silver-cyanide on low-cost waste biomass) 
(6) Saturation of biosorbent column with gold/silver cyanide (i.e. reaching 

breakthrough point) 
(7) Elution of sorbed gold/silver-cyanide using caustic soda (After regenerating 

biosorbent column with acid, the biosorbent column is again ready for step 4) 
(8) Recovery of precious gold/silver-cyanide in concentrated form 
(9) Recycling of recovered gold/silver-cyanide in electroplating circuits as raw 

material 
 

Fig. 1: Combined technological strategies for the recovery of  
valuable metal from electron scrap 

 
 

5. Conclusion 
The proposed combined technological strategy towards recovery/recycling of valuable 
metals from e-waste will not only add to the advancement of knowledge in the area of 
resource conservation and pollution management, but will also strengthen the supply 
chain and upcoming discipline of ‘Industrial Ecology’, wherein waste generated by 
one entity can be used as a raw material by other entity with some amount of 
processing thereby leading to sustainable economic development.  
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