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1. Title of the Thesis and Abstract  

(a)  Title of the Thesis:  E-waste Management: Environmental damage due to spent 

acid generated by informal sector. 

(b)  Abstract:  Electrical and Electronic industry is the largest and fastest growing 

industry. Automation and digitalization have increased exponentially over the last 

three decades. The digital world requires fast development of hardware to ensure 

compatibility with the softwares and the large databases. The rate of generation of 

electronic waste has also grown at such a rapid pace that it has become a challenge to 

the environment.  However, a very active informal sector exists processing the e-

waste in extremely hazardous conditions causing environmental damage. 

This study has attempted to identify this informal sector, their sites of operation, 

processes involved in the extraction of precious metals from printed circuit boards 

(PCBs) and the components embedded therein. The waste acid generated from this 

process has been characterized for the presence of heavy metals, which are harmful to 

the environment. Inputs and outputs from the process have been identified and 

estimated to give a material balance so that the magnitude of environment damage can 

be understood. The water and soil samples collected from the sites where the waste 

streams are disposed have shown that the water is unfit for consumption as it has high 

levels of heavy metals. Even the soil samples show high content of heavy metals, 

thereby making the soil unfit for agriculture. 

The study further examines the various methods available for the removal of heavy 

metals from the waste acid. Adsorption of multiple heavy metals with low cost 

agricultural waste as adsorbent has been examined and proposed for treatment prior to 

disposal by the informal sector to reduce the damage to the environment. 

During the extensive literature review and subsequent visit to various treatment sites 

of the formal sector it was found that, 85-95% of e-waste is being processed illegally 

at Moradabad. Therefore, Moradabad was selected for field investigations. 

 It was observed that a large populace of Moradabad is dependent on processing of e-

waste. Banning this activity would result in the business being shifted from one place 

to another. Based on the observations as seen during the study it is suggested that the 

informal sector be recognized and brought under the aegis of legislations pertaining to 

Environment and the Factories Acts, such that the inherent benefits and restrictions of 

these law be passed on to ensure the safety and livelihood of the workers. It is also 

suggested that since a large part of the e-waste generated in the country is being 
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brought to Moradabad, this place be converted as a hub for processing e-waste and a 

research and education Institute be raised at Moradabad. 

2.        Brief description on the state of the art of the research topic:   

Electronic waste or E-waste is the waste generated by disposal of electrical and 

electronic gadgets thereof such as, computers, mobile phones, washing machines etc. 

In a rapidly advancing era, not only the use of technology has exponentially 

increased, but the advancements often lead to rendering the previous version useless. 

The manufacture of these electronic gadgets requires components which when 

discarded become a source of heavy metals, toxic chemicals, glass and plastics etc., 

when the waste is processed. PCBs are dismantled and acid leached to extract 

precious metals. However, this process has attracted the attention of the informal 

sector, who have evolved unsafe (for environment as well as health) methods of 

extraction of metals, especially in the developing countries [1]. Another major issue, 

which has led to exponential rise in the amount of e-waste, is the illegal trade from the 

United States and other rich economies, who dump their wastes in developing 

countries [2, 3]. Due to illegal import of e-waste from the developed countries, the 

boom in the IT sector and large and fast consumption rates the generation of e-waste 

has grown exponentially. It has been reported that this waste contains a lot of toxic 

compounds, heavy metals, polychlorinated biphenyls, brominated flame retardants 

etc. [4, 5, and 6]. Balde et al., (2014) reported that total global e-waste documented in 

the year 2014 was 41.8 Million tonnes (Mt) and expected to grow up to 49.8Mt in 

2018 [7]. Gujarat Samachar daily newspaper on 30 September 2018 reported that 

India is likely to generate 2 Mt of e-waste by 2018.  

The generation of E-waste in the developed country has grown exponentially. The 

disposal of this e-waste has proven to be very expensive. The developed countries, 

find it more economical to export these wastes and dump them in developing nations. 

China accepted the arrival of E-waste with a collecting fee of US$50 per ton which 

was taken up by small operators to dispose the waste. These operators did not have 

equipment or safety standards to process this waste and they extracted only the 

precious metals in the cheapest possible way. The residual waste was disposed by 

burning, dumping into landfills or discharging into water bodies. This was similarly 

seen in other developing countries. This is a procedure that is being practiced by the 

unskilled labors of the informal sector [8]. 

The Basel Convention on the control of Trans-boundary movements of Hazardous 
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Wastes and their disposal is one major initiative that imposes the ban on illegal E-

waste trade. This agreement bans the export of hazardous waste to developing 

countries unless a written prior consent is provided. This agreement was signed by 

178 nations including India. However this agreement was signed, but not ratified by 

the U.S. [9]. 

The authorized stakeholders involved in E-waste in India, according to E-waste 

(Management) Rules, 2016 are the Central Pollution Control Board, State Pollution 

Control Boards or Committee of Union Territories, Urban Local Bodies, Port 

Authorities, Custom Authorities, Importers, manufacturers, distributors, traders, 

retailers, collectors, consumers and end users. E-waste rules have formally established 

the responsibilities and duties of each stakeholder in order to organize the e-waste 

management and keep the e-waste menace under control [10].   

However, several investigations by Basel Action Network, Greenpeace as well as 

Toxics Link have reported flow of E-waste into the informal sectors, where cheap and 

unsafe methods of metal extraction from e-waste are being taken place. The informal 

sector involves minor children, poor illiterate workers including pregnant and 

lactating women who are unaware of toxicity involved with handling of E-waste. 

They work in poor health conditions for meager income. This leads to development of 

diseases such as cancer, upper respiratory tract infections, skin diseases, neurological 

disorders etc., and in general a shorter life span [11].  

PCBs are an important part of all the electronic and electrical appliances and usually 

contain metals such as Iron, Copper, Gold, Silver, Zinc, Platinum etc. and the organic 

parts include thermoplastics and flame retardants [12].  

The important question that arises is how to get rid of the heavy metals generated in 

the process of e-waste treatment. There are several treatment methodologies available 

for the removal of heavy metals from the e-waste. These methodologies are as 

follows:  

(a) Chemical Precipitation  

(b) Ion Exchange  

(c) Membrane filteration 

(d) Electrodialysis  

(e) Solvent Extraction  

(f) Adsorption  

Adsorption is a process where a substance has the capability to adhere or attract a gas, 
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liquid or a dissolved solid onto its surface. Adsorption is one of the most promising 

dependable and efficient processes to remove the heavy metals from the waste water 

to an acceptable limit [13].  This is mainly attributed to its designs flexibility, being 

economic and adsorbents being regenerated by a suitable desorption process. A study 

for removal of heavy metal from synthetic waste water by adsorption using a mix of 

rice husk and pressmud was carried out. It was seen that the 90% of iron, lead and 

zinc were successfully removed [14].     

3.        Definition of the Problem   

Extraction of precious metals from e-waste by informal sector involves 

environmentally hazardous processes of acid leaching, mercury amalgamation etc. 

The spent acid generated by these processes are highly acidic (pH ranging from 1.8 to 

2.2) and contains high levels of heavy metals. This spent acid is disposed both in land 

and water bodies, thereby causing irreparable damage to the environment. 

The present investigation includes study and analysis of heavy metals present in the 

spent acid during the processing of e-waste by informal sector and proposing an 

economical technique for effective removal of multiple heavy metals.  

4. Objectives of the study 

The basic objective of the present study is to identify the informal sector processing e-

waste and render an economical solution for treatment of spent acid to reduce 

environmental damage caused by the informal sector.   

5. Scope of work 

The scope of work involves the following: 

(a) Identify the sites involved in extraction of precious metals from PCBs by informal 

sector 

(b) Site visits and liaison with informal sector to study the process involved in 

extraction of precious metals from PCBs by informal sector. 

(c) Characterization studies of various samples with specific reference to heavy 

metals, which includes collection and analysis of samples. 

(d) Material balance and analysis of the existing business model of the informal 

sector. 

(e) Study various techniques for removal of heavy metals from spent acid 

(f) Study the feasibility of adsorption by locally available agricultural waste like rice 

husk and pressmud including increase in the pH of the spent acid to near neutral. 
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6. Research Questions 

The following questions gave a clear framework for an effective study: 

(a)   Does the spent acid generated by informal sector damage the environment? 

(b)  Is effective management of e-waste feasible using low cost treatment technology        

method?  

7. Original Contribution by the Thesis 

The present investigation identified Moradabad as a hub of processing of e-waste by 

informal sector using environmentally hazardous processes. The field investigation 

was conducted at Moradabad for the process of extraction of precious metals by acid 

leaching, mercury amalgamation and grinding/precipitation method. The chemical 

process adopted by the informal sector has been documented. The spent acid 

generated in the process was analyzed for the presence of heavy metals. The soil and 

water samples collected from the site of investigation showed high content of heavy 

metals thus making them unfit for agriculture and consumption, respectively. Further 

the study establishes a material balance derived out of the process of extraction of 

heavy metals by the informal sector. The business model adopted by the informal 

sector was briefly analyzed for financial viability. The feasibility studies of adsorption 

of multiple heavy metals with low cost agricultural waste and increase of low pH to 

near neutral has been conducted at laboratory scale, so that the technique can be 

adopted by the informal sector to reduce the environmental damage. 

The informal sector is very active in processing of e-waste in developing nations. 

However, this sector has been ignored. No studies have been made on processing of 

e-waste by informal sector and scanty material is available in this area. This is the 

area where no substantial work has been done. 

Therefore, this thesis brings out the original contribution of quantifying the heavy 

metals and rendering an effective low cost treatment technology for removal of heavy 

metals prior to disposal of spent acid by informal sector. 

8. Research Methodology  

The sites where the informal sector was processing PCBs by acid leaching were 

identified and approached for liaison. Moradabad was selected as the site for the 

purpose of investigation in this study. The complete chemical process adopted by the 
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informal sector was studied and a material balance was prepared. A brief analysis of 

the financial model adopted by the informal sector was analyzed for financial 

viability. Various samples from the processes were collected and analyzed through 

inductively coupled plasma mass spectrometry (ICP-MS) for the quantification of 

heavy metals at IIT Delhi, Sophisticated Analytical Instrument Facility (SAIF) IIT 

Mumbai and Pune University. The various techniques for removal of heavy metal 

from the waste acid were studied. Then, a low cost agricultural waste was used to 

design an adsorbent i.e., rice husk and pressmud, to neutralize the pH and remove 

heavy metals from the spent acid generated during the process of extraction of 

precious metals from PCBs. The properties of adsorbent were analyzed with Scanning 

Electron Microscopy/Energy Dispersive X-Ray Spectroscopy (SEM/EDS), BET 

(Brunauer–Emmett–Teller) analysis and Fourier-transform infrared spectroscopy 

(FTIR). Thereafter, the laboratory scale experiments of adsorption using column and 

batch reactor were done and the results tabulated. The isotherms from these results 

were studied for conformity with Frieundlich/Langmuir/BET isotherm. This study 

further suggests certain reforms, based on observations during field investigations that 

are required to be enforced in order for the menace of e-waste to be brought under 

control. The following flow chart was followed during the course of this study: 
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9. Results 

9.1 Identification of sites  

The Jama Majid, Daswa Ghat area of Moradabad was found to be highly active in 

extraction of precious metals from PCBs. Thus Moradabad was selected as the main 

hub for field investigations and sample collection. The stakeholders dealing in the e-

waste recycling were contacted and requested for an opportunity for a detailed study 

to understand their work procedure.  

9.2 Study of chemical processes, Collection and Analysis of samples 

The Chemical process adopted by the informal sector to extract heavy metals was 

identified and documented. Various samples were collected from the e-waste 

processing unit at Moradabad. The samples were analyzed at IIT New Delhi, SAIF 

IIT Mumbai and Pune University. ICP-MS was used for detection and quantification 

of the heavy metals.  

(a)  Spent Acid: Eight samples of spent acid were collected and analysed. These 

samples were of eight different lots of PCBs, collected over a period of three months. 

The results are tabulated as follows: 

Table 1: Analysis of metals in spent acid of eight samples from Moradabad (informal 

sector) 

S 

No 

Metals 

in 

mg/L 

S1 S2 S3 S4 S5 S6 S7 S8 

1. Al 0.481 0.691 0.725 0.574 0.32 0.615 0.534 0.64 

2. V 0.003 0.005 0.005 ND 0.006 ND 0.001 ND 

3. Cr 0.24 0.371 0.42 0.283 0.392 0.269 0.327 0.15 

4. Fe 74.235 127.11 417.9 340.7 210.78 190.52 249.1 108.05 

5. Au 0.012 0.017 0.02 ND 0.01 ND 0.02 0.187 

6. Co 0.113 0.472 0.54 0.133 0.429 0.332 0.09 0.07 

7. Ni 1.247 0.983 1.94 1.448 1.119 1.57 1.899 1.110 

8. Cu 13.56 2.95 2.82 21.38 2.575 1.896 1.914 38.109 

9. Zn 17.56 22.37 32.76 28.44 27.74 30.98 25.73 60.02 

10. As 0.038 0.47 0.045 0.042 0.035 0.039 0.042 0.034 

11. Se 0.873 0.998 1.11 1.03 0.896 0.84 1.28 0.321 

12. Ag 0.04 0.05 0.05 0.05 0.04 0.05 0.03 0.604 

13. Cd 0.042 0.047 o.o58 0.05 0.039 0.036 0.051 0.53 

14. Pb 5.17 3.27 5.33 4.16 4.77 5.1 5.28 6.87 

15. Pd 0.305 0.239 0.497 0.408 0.367 0.428 0.411 ND 

16. Hg 0.128 0.135 0.139 0.117 0.124 0.131 0.138 0.032 
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(b)  Ash collected from chimney and Slag collected from furnace: The samples of Ash 

were collected from the outlet of the chimney to estimate the metals which are 

fugitive in the air emissions. Similarly two samples of slag, which is a solid waste in 

the furnace, were also collected and analyzed for presence of metals. Further, the 

sludge generated from the acid leaching of the components of the PCBs was also 

collected and the residual metals analyzed. The results are tabulated as follows: 

Table 2: Analysis of metals in various samples from Moradabad (informal sector) 

S No 
Metals 

 in µg/g 
Ash Slag 1 Slag 2 Sludge 

1. Al 3112 10380 8960 171.8 

2. V 8.0 10 10 1.7 

3. Cr 71 60.95 34 292 

4. Fe 4485 14174 14345                                                                                                                                                                  6523 

5. Au 12 0.40 20 0.02 

6. Co 42 33 45 4.9 

7. Ni 8561 1.56 3.8 498 

8. Cu 17304 4380 5890 12370 

9. Zn 417 1083 1620 7329 

10. As 50 1.38 10 23.5 

11. Se 5.0 1.65 3.85 361.2 

12. Ag 57 4.41 12.73 46.60 

13. Cd 7.0 0.32 0.0 11 

14. Pb 23638 93151 115100 18039 

15. Pd - - 10 0.68 

16. Hg 73 67 0 49.1 

17. Mn 353 269 670 4.7 

18. Ti 113 366 930 0.05 

19. Mo 13 1.68 0 0 
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(c) Water samples and soil samples were collected from Daswaghat and the areas 

adjoining to it. After the analysis it was observed that the heavy metals were present 

in high quantities. The water collected from hand pumps was found to be unfit for 

consumption. Even the soil was found unfit for agricultural purpose. The vegetables 

grown on the downstream of river Ramganga were contaminated with heavy metals 

[15]. The results of heavy metals in water sample and soil are shown below. 

Table 3: Analysis of metals in water samples from hand pumps in the vicinity of 

Daswaghat 

S 

No 

Metals 

in 

mg/L 

WS1 WS2 WS3 WS4 WS5 WS6 WS7 WS8 

1. Al 0.481 0.691 0.725 0.574 0.32 0.615 0.534 ND 

2. Cr 0.24 0.371 0.42 0.283 0.392 0.269 0.327 ND 

3. Fe 17.423 12.11 16.2 14.7 11.78 9.52 14.1 4.231 

4. Cu 13.56 12.95 12.82 11.38 12.575 11.896 11.914 4.765 

5. Zn 7.56 12.37 12.76 8.44 7.74 3.98 5.73 4.853 

6. Se 0.073 0.098 0.11 0.03 0.06 0.084 0.028 ND 

7. Pb 5.17 3.27 5.33 4.16 4.77 5.1 5.28 2.089 

8. Hg 0.028 0.035 0.039 0.017 0.024 0.031 0.028 ND 

 

Table 4: Analysis of metals in soil samples from Daswaghat 

S 

No 

Metals 

in 

mg/L 

S1 S2 S3 S4 S5 S6 S7 S8 

1. Al 12.173 17.181 13.22 11.17 19.18 11.21 14.16 13.19 

2. Cr 0.19 0.23 0.27 0.211 0.173 0.28 0.183 0.22 

3. Fe 33.97 10.34 13.11 13.95 13.17 15.48 13.71 23.11 

4. Cu 28.11 31.76 45.88 30.57 37.89 42.39 39.367 37.874 

5. Zn 21.54 18.32 19.76 14.98 10.335 16.02 23.12 21.58 

6. Se 0.273 0.298 0.187 0.193 0.189 0.184 0.178 0.221 

7. Pb 4.1 4.98 5.1 3.85 2.64 3.86 3.39 4.84 

8. Hg 0.091 0.098 0.102 0.083 0.072 0.078 0.069 0.07 
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9.3 Material Balance 

This is a graphical representation of material balance of the process that goes on in the 

informal sector and their resultant output. The solid and liquid waste streams are 

disposed off in land and water bodies, thus, causing environmental damage. 

 

Figure 2: Composite box diagram showing material balance 

9.4 Business Model of informal sector 

The informal sector works in a manner to attain maximum profits. In order to achieve 

high profits, they adopt practices which cause damage to the environment. The 

approximate profit in processing 1000 kg of PCB is ₹ 20,000 to 30,000 over a period 

of 5-7 days.  

9.5 Preparation and qualitative analysis of Adsorbent 

Rice husk and pressmud, both agricultural waste were prepared and mixed in the 

proportion of RH40PM60 after literature review and laboratory experiments. During 

the study the properties of Rice Husk and Pressmud were observed. Using Scanning 

Electron Microscopy, the structural properties of the adsorbent was determined. 

Further, SEM-EDS (Scanning Electron microscopy-Energy Dispersive X-ray 

16 
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Spectroscopy) were carried out to carry out an elemental analysis. FTIR spectrometer 

was used to identify the presence of functional groups in the rice husk and pressmud 

mixture. The analysis of physical characteristics of adsorbent RH40PM60 by BET 

Analyzer showed that the surface area was 2.88 m2/g, pore size radius 16.2nm, pore 

volume 0.0233 cc/g and the type of pore was mesopore.  

9.6 Experiments for removal of Heavy Metals 

 (a)  Heavy metal removal in Batch Reactor: Synthetic spent acid of pH 1.9 was 

prepared in the laboratory with the concentration of metals as observed in the spent 

acid from the actual site of processing of PCBs for extraction of precious metals. 

100ml of synthetic spent acid was placed in conical flasks with adsorbent ranging 

from 1 to 8g. These conical flasks were placed in an incubator shaker at 100rpm at 

30ºC for 16 and 20 h respectively. 

Table 5: Heavy metal removal in Batch Reactor 

Metal Initial 

Conc 

E.T. 

(h) 

↓ 

Final Concentration 

Adsorbent 

→ 

1g 2g 3g 4g 5g 6g 7g 8g 

Hg 

  

35.82 

Ppb 

16 1.93 0.69 0.51 0.34 0.33 0.5 ND ND 

20 0.35 ND 0.19 0.2 0.03 3.15 1.29 0.45 

Pb 

  

6.73  

ppm 

16 ND ND ND ND ND ND ND ND 

20 ND ND ND 0.14 ND 0.28 ND ND 

Zn 

  

59.94  

ppm 

16 7.87 0.93 0.75 0.61 0.68 1.26 0.71 0.57 

20 5.59 1.36 0.79 1.42 0.47 2.73 0.66 0.55 

Se 

  

379.6  

ppb 

16 211.2 74.84 77.36 122.3 64.39 121.8 46.88 89.2 

20 144.4 144.2 85.76 57.69 73.70 79.64 92.53 98.7 

Fe 

  

475.6 

ppm 

16 64.78 3.06 1.34 4.47 4.26 6.62 9.08 7.49 

20 91.16 2.52 3.36 1.99 4.1 3.76 5.28 7.59 

Cu 38.1 

ppm 

16 5.23 4.95 4.01 3.2 2.03 2.47 2.56 1.96 

20 4.85 4.16 3.87 2.73 1.78 1.98 2.1 1.63 
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(b)  Heavy metal removal by columnar method: In the columnar method, in an 

exposure time of 24 hours almost 64% to 90% of heavy metals were removed. The 

results are as tabulated in Table 6.  

Table 6: Heavy metal removal by columnar method 
Metal Initial 

Conc  

(mg/L) 

Exposure time 

4h 8h 12h 16h 20h 24h 

Hg 0.139 0.041  

(70.5%) 

0.032  

(76.97%) 

0.024  

(82.73%) 

0.018  

(87.05%) 

0.0162 

(88.34%) 

0.016  

(88.48%) 

Pb 5.33 1.93  

(63.78%) 

1.63  

(69.41%) 

1.38      

(74.1%) 

1.241  

(76.71%) 

1.102  

(79.32%) 

1.08   

(79.7%) 

Zn 32.76 10.9  

(66.72%) 

8.6   

 (73.74%) 

6.33   

 (80.67%) 

5.49   

 (83.24%) 

4.78     

 (85.4%) 

4.72   

(85.6%) 

Se 1.11 0.62  

(44.14%) 

0.56  

(49.54%) 

0.473  

(57.38%) 

0.369 

(66.75%) 

0.291 

(73.78%) 

0.283 

(74.5%) 

Fe 417.89 229.2 

(45.15%) 

200.01 

(52.13%) 

180.75 

(56.74%) 

165.29 

(60.44%) 

153.4  

(63.29%) 

152.8  

(63.43%) 

Cu 38.1 14.59  

(61.7%) 

11.84  

(68.9%) 

7.97 

(79.1%) 

4.95        

(87%) 

4.08 

(89.3%) 

3.89    

(89.8%) 

Note: % Removal shown in brackets 

pH→ 2.2 3.8 4.5 4.9 5.2 5.6 6.2 

 

From Table 6 it is seen that there is 88.48% of removal of Hg that is from initial 

concentration of 0.139mg/L to the concentration of 0.016mg/L at the end of 24h. 

Removal of Lead from initial concentration of 5.33mg/L to 1.08mg/L at the end of 

24h. Removal of Zinc from initial concentration of 32.76mg/L to 4.72 mg/L at the end 

of 24h. Removal of Selenium from initial concentration of 1.11mg/L to 0.283 mg/L at 

the end of 24h. Removal of Iron from initial concentration of 417.89mg/L to 152.8 

mg/L at the end of 24h. Removal of copper from initial concentration of 38.1mg/L to 

3.89 mg/L at the end of 24h. It can also be seen that the optimal time is 20h.   

 

 

 

 

 

 

Figure 4: Graphical representation of removal of heavy metals versus time (hours). 
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c) The results of batch reactor represented at Table 5 above were graphically drawn 

representing Langmuir, Freundlich, and BET isotherms. The constants of these 

isotherms were also derived. According to these constants, it was observed that the 

adsorption is multilayered and the adsorbent had the capability to adsorb multiple 

heavy metals efficiently.    

10.  Achievements with respect to Objectives 

The following achievements with respect to objectives have been achieved: 

(a)  The processing units of the formal sector and the informal sector were identified 

and visited. Liaison with informal sector to seek permission to carry out field 

investigation was successfully done. Extensive field study and investigations to 

understand the chemical processes adopted by informal sector for extraction of 

precious metals from PCBs was studied and documented. The working conditions of 

the minors, women and illiterate men were observed. 

(b)  Eight samples of spent acid were collected and analyzed for presence of heavy 

metals. This has been documented and compared with the General Standards for 

discharge of environmental pollutants as per Schedule VI of “The Environment 

(Protection) Rules, 1986”[16]. All those heavy metals which were above the disposal 

standards were considered for removal by adsorption in this study. 

(c) Water and soil samples from the area near the vicinity of the recycling site at 

Daswaghat, Moradabad were collected and analysed for heavy metals and found unfit 

for consumption and agricultural usage.  

(d)  The material balance of the processes was prepared. This material balance gave 

an insight into the waste streams being release in the air, water and soil. 

(e)  The business model, as explained by the stakeholders in the processing of e-

waste, was analyzed for financial viability and found viable. 

(f)  The review of the methods available for removal of heavy metals was studied and 

adsorption was considered as a suitable technique for removal of multiple heavy 

metals. 

(g)  Rice husk and pressmud, locally available low cost agricultural waste was 

considered as an adsorbent in the adsorption experiment. RH40 PM60 was 

characterized and found to be an ideal adsorbent. The batch reactor and columnar 

adsorption experiments were conducted. Based on the results isotherm of the 
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adsorption were done which showed that multilayered adsorption of multiple metals 

was favorable. 

11. Conclusion  

(a) Moradabad was found to be a hub for processing of e-waste by the informal 

sector. 

(b) The spent acid was having high content of heavy metals especially with reference 

to Mercury, Lead, Zinc, Selenium, Iron, and Copper. 

(c) Adsorption by RH40PM60, a low cost agricultural waste was found to be 

successful for the removal of multiple heavy metals from spent acid in batch reactor 

and columnar method. 
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