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Abstract 

 
We present Tecno-legal and Techno-economical aspects research to human rights on the water, agriculture, sanitation and hygiene (HR-

WASH) context in Smart World sustainable development goals (SDG) and present views regarding the possible use of the Green Internet of 
Things (G-IoT) for WASH in India and so are intended to be achieved globally by 2030. The views were informed by an analysis of literature 
related to the WASH domain nationally and internationally. Example case studies of the use of G-IoT in the WASH sector in developing countries, 
and where possible India, provided further background. As a triangulation exercise, a survey amongst various stakeholders in the WASH domain 
was conducted. To contextualise the WASH sector in India and other countries, value chains were derived. To identify the opportunities for G-IoT, 
the findings of the study were combined with insights acquired on the G-IoT domain in general, both from literature and our experience and 
learning as Technocrat vision. 
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1. Introduction 

  In Indian constitution human rights to water, food from agriculture, sanitation and hygiene, collectively known as HRWASH, are 
guaranteed under international law as components of the right to an adequate standard of living guaranteed in the International 
Covenant on Economic, Social and Cultural Rights, as well as in many other human rights treaties. Moreover, water, agriculture, 
food sanitation and hygiene are inextricably linked to a range of other human rights, including the fundamental rights to life, health, 
education and housing in our Indian Constitutions [1]. Reporting on progress with the United Nations (UN) Millennium Sustainable 
Development Goals (SDG) vision 2030, UNICEF states that [2]: (i) More than 760 million people in 2018 lacked access to safe 
drinking water sources within a convenient distance from their habitation, 389 million of which lived Rajasthan in India and Sub-
Saharan Africa. A total of 189 million people were dependent on surface water, of which 152 million lived in Rajasthan in India and 
Sub-Saharan Africa. (ii) Adequate sanitation facilities, for human excreta disposal in, or close to, peoples’ habitation, were not 
available to 2.9 billion people in 2018, 895 million of which lived in Rajasthan in India and Sub-Saharan Africa. In Rajasthan in 
India and South Africa, and many other developing countries, a large number of people still do not have an acceptable toilet and 
cannot easily access safe water to drink or wash their hands. This leaves significant proportions of young children and vulnerable 
individuals to die of preventable RH-WASH related diseases such as diarrhoea, intestinal nematode infections, lymphatic filariasis, 
trachoma, schistosomiasis and malaria [3]. This could also contribute to malnutrition and poor school attendance, which could result 
in cognitive impairment and reduced learning outcomes [4]. It is argued that improvements related to drinking water, food from 
agriculture, sanitation, hygiene, and water resource management could result in the reduction of almost 15% of the total burden of 
disease worldwide. Access to adequate HRWASH services is therefore an important mechanism to address risks associated with the 
burden of disease of any country. The use of green cloud computing and  information and communications technologies (ICTs) has 
been posited as one way to address the burden of disease and improve quality of life for those most at risk. One of the new 
developments in ICT, the ‘Green Internet of Things’ (G-IoT), allows for the integration of digital and the sensor-rich data-centric 
Cyber-Physical Systems (CPS) with an increasing degree of automation, giving rise to Fourth Industrial Revolution, known 
as Industry 4.0 for Smart Health Care. Environmental pollution is a worldwide problem of modern industrial civilization. In the 
context of HR-WASH innovative G-IoT work, including technology development and applications, is being done in relation to HR-
WASH services in both the developed and developing world. However, it is unknown to what extent (and if at all) G-IoT approaches 
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to providing HR-WASH services have been pursued in India and South Africa. Following a study conducted for the Water Research 
Commission (WRC) of India and South Africa [5], 
2. Background 

Non-degradable and persistent nature of Cadmium (Cd) poses high toxicity to humans, plants and animals. Several industrial 
processes generated wastes are the main anthropogenic pathway through which Cd enters into the environment. Although, World 
Health Organization (WHO) has set the limit of Cd in drinking water as 0.005 mg L-1, the industrial activities release much higher 
concentrations of metal ions to the water stream than the prescribed limits, which leads to the increasing health hazards and 
environmental pollution. 
2.1. SDG in Smart World HR-WASH context 
   The UN 2030 globally vision agenda for Sustainable Development [6], comprising 17 Sustainable Development Goals (SDGs) and 
169 targets addressing social, economic and environmental aspects of development, seeks to end poverty, protect the planet and 
ensure prosperity for all. Concerning HRWASH services, Goals shown in Table 1 apply. 
   
     Table 1: The 17 Sustainable Development Goals (SDG) 
1 No Poverty  10 Reducing Inequality 

2 Zero Hunger  11 Sustainable Cities and Communities 

3 Good Health and Well-being 12 Responsible Consumption and Production 

4 Quality Education 13 Climate Action 

5 Gender Equality 14 Life Below Water 

6 Clean Water and Sanitation  15 Life On Land 

7 Affordable and Clean Energy 16 Peace, Justice, and Strong Institutions 

8 Decent Work and Economic Growth 17 Partnerships for the Goals 

9 Industry, Innovation, and Infrastructure   

 
2.2 Green-IoT and Human Rights 3.0 
 Green Internet of Things (G-IoT) as “an ecosystem that integrates the physical and digital via the Internet with associated computing 
services. Data is ingested from the physical and digital world for sense making, thus enabling the execution of contextual 
commands” [5]. Fig. 1 presents the generic IoT process chain. Observations are acquired via a variety of sensors and communicated 
via the Internet to backend systems (typically cloud infrastructure).  
 
A variety of services operate on the data observations. Through the services, value is introduced to society and the environment. 
Important to note is the bi-directional nature of the process chain. Outputs from services are fed into the processing engines, with 
those outputs feeding back into the cyber physical systems world through actuation. G-IoT is maturing rapidly in the developed 
smart world sustainable environment. This research initiative at scale has been pursued and commercial solutions are becoming 
available. There is also an abundance of skilled resources and 
technologies available for the SDG. 
Human rights 3.0 was facilitated by the rapidly increasing amounts 
of online data “gushers of data” in the apt words of one deep learning 
engineer [7] the rise of social networks as sites of activist 
mobilization, the growing sophistication of tools for searching and 
making use of big data and deep learning, and the application of 
algorithms and artificial intelligence (AI) to questions of policing, 
rights compliance, investigation of mass crimes, and (albeit lagging 
somewhat behind) awareness raising. Out of this constellation of 
phenomena, six central features stand out as especially noteworthy: (i) Social media landscapes with platforms that facilitate 
lobbying and organization, but also introduce problematic forms of discourse inclined toward oversimplification and incivility; (ii) 
new forms of technologically facilitated rights violation, mainly those involving new capacities for censorship, the invasion of 
privacy, and the misapplication of AI; (iii) the trend toward collapse of the “fourth estate,” represented mainly by investigative 

 
Fig. 1. Green IoT process chain [5] 
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newsprint journalism, as a source of public justice campaigning; (iv) emerging forms of collective resistance to the misuse of 
technologies through the use of those same technologies, a significant aspect of which involves experts forming the main bulwark 
against technologically applied rights violations; (v) one current of this specialized expertise is oriented toward “vernacularizing” 

technical knowledge, creating space for new grassroots forms of 
participatory fact-finding, which, among other things, are 
expanding forensic capacities in the investigation of mass crimes; 
and (vi) an enclosed and proprietary current of expertise, 
involving greater private sector participation in human rights 
initiatives, spearheaded by major technology corporations in 
philanthropic gestures that draw from, while masking the harms of, 
surveillance capitalism [8]. Putting these six features together 
presents us with the contours of a digital arms race involving a 
contest between abuses of new technologies of surveillance and 
invasion of privacy, with defenses against these abuses taking the 
form of efforts to promote and protect technologically enabled 
capacities for documenting and publicizing human rights 
violations. The efforts being taken by some powerful states and 
their corporate allies to control the structure of internet activism 
(even while some of these same corporations are involving 
themselves in human rights initiatives) should temper any 
exaggerated hope that overcoming digital inequality and 
accentuating the horizontal, universal nature of the web would 
lead inevitably to new conditions of human rights compliance and 
participatory democracy. Let me now outline in a little more detail 
the main features of this most recent nexus of human rights and 

technology. Social media and the “post-truth” crisis: To tech-oriented activists, the early years of social media that followed the 
simultaneous release of smart phones and major social media platforms like Facebook and Twitter in 2006 and 2007 were full of 
promise. 
2.3 Green IoT use in HRWASH 
   Nanostructures sensors enabled G-IoT technologies for Cd removal from waste-water and effluents are ion exchange, reverse 
osmosis, precipitation, cementation, adsorption, chemical precipitation, and membrane separation Fig. 2. However, some techniques 
are limited to a narrow linear range of concentrations (such as chemical precipitation, ion exchange and membrane separation are 
effective at 1-100 mg L-1), cost effectiveness; while some technologies generate high volumes of toxic sludge which further require a 
second treatment process [9].  
 Apart from the above shortcomings, the conventional Cd removal process has some inherent drawbacks. Recently, to remove heavy 
metals from waste-water, biological base adsorbents have emerged and extensively used. Removal of heavy metals like Cd using 
biological means has been identified as a promising alternative to traditional treatment techniques. This overview presents various 
scientific reports towards low-cost microorganism and agricultural based biosorbents for efficient removal of Cd+2  by producing less 
toxic waste and the future perspective of the process. 

    3. Nano-bio sensors use in HRWASH  
3.1. Bioadsorbents 
   Bio-adsorption may be simply defined as the removal of substances from solution by biological material [9]. Bioadsorbents are 
basically utilizing non-living, algal or micro-organisms such as algae, fungi, and bacteria. Owing to its high effectiveness in reducing 
the heavy metal ions, cost effectiveness, minimization of chemical and/or biological sludge, non-requirement of additional nutrient, 
regeneration possibility and possibility of metal recovery, biosorption processes are particularly suitable to treat dilute heavy metal 
wastewater [10]. Various types of bio-adsorbents for application of heavy metal removal from wastewater are presented in Table 2. 

Table2. Various exemplary bioadsorbents towards the              removal of heavy metals from waste-water [9,10] 
BioadsorbentsConstitution 

and References 
Application (s) 

Non-living leaves of Posidonia oceanica  Removal of Cd2+ from aqueous solutions. 
Coco-peat biomass Removal of Lead (Pb),  

Cdmium (Cd), Copper (Cu) and Nickel (Ni) ions. 

 
Fig.2. Various technologies for Cd like heavy metal removal 
from waste-water. 
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Dead blue green algae  
mixed species 

Biosorption of Cd from aqueous Solutions. 

Live and dead cells of  
Bacillus cereus RC-1 

Removal of Cd from aqueous solutions. 

Various green (Chlorophyta) and blue-green (Cyanophyta) 
algae 

Removal of  Pb, Cd , Cu , and Arsenic  (As) from simulated waste-
water. 

Moringa (Moringa oleifera Lam.) Seeds Removal of Cd from contaminated water. 
Sugarcane Bagasse Mercury (Hg) ions from aqueous solutions. 
Bacterial cell wall or secreted extracellular  
poly-meric substances 

Biosorption of Hg. 

Moss (Drepanocladus revolvens) biomass Removal of Hg from aqueous solution. 
Filamentous fungus,  
Rhizopus oryzae 

Removal of Cu ions. 

Potato peels as solid  
waste 

Cu from waste water/industrial effluent. 

Biomass by-product of Lentinus edodes Cd removal from simulated waste-water. 
Green alga Ulva lactuca Biosorption of Chromium (Cr) from waste-water. 
Green algae  
Cladophora fascicularis 

Biosorption of Pb from  
waste-water. 

Spirulina platensis  
biomass  

Biosorption of Cobalt (Co2+), Cu2+, and Zinc (Zn2+). 

 
3.2. Principles for Biosorption Process 
Affinity of the biosorbent towards the sorbate species, the later is attracted and the process persists till equilibrium is reached 
between the two phases. The degree of affinity for the sorbent towards sorbate regulates the distribution between the solid and liquid 
phases [10]. Commonly, the Langmuir and Freundlich models have been used for describing biosorption of metals by algae equally 
well. The Langmuir model has been presented by the following equation (1): 
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Where, eq    is the uptake of metal at equilibrium ( )1−mgg , eC    is the concentration of metal species in solution at 

equilibrium ( )1−mgL , LK , La are Langmuir constants and ( )LL aKQ =0  is the maximum metal uptake.  
And the Freundlich adsorption model can be described by the following equation (2):  

ee LnCnLnKLnq 1+=    ..….…………. (2) 

Where, K is the measure of the adsorbent capacity and (1/n) gives the intensity of adsorption.  
The key factors affecting biosorption process are: (i) the solution pH; (ii) the thermodynamic nature of biosorption process; (iii) 
adsorbent dose; (iv) initial concentration; (v) contact time; (vi) particle size of adsorbents; and (vii) agitation rate. 
4. Sources and Value Chain of Water  
Industrial effluents, the primary source of groundwater contamination via percolation or runoff through soils and landfills, are a 
major concern for human health and the environment. Water containing toxic heavy metals is a problem to the world-wide 
environment in general and aquatic ecosystems in particular. Population growth and economic activity is an exponential increase in 
waste generation of anthropogenic origin, such as sewage [1]. Sewage treatment systems are meant towards minimizing the 
environmental impacts caused by the release of the toxic substances into the environment, but secondary waste generated through 
this process must be predisposed of properly [2], as it can be a risk to ecosystem balance through contaminating soil and water 
bodies, and interfere with the food chain [3]. Among various heavy metals, cadmium (Cd) occurs naturally in the environment, 
therefore it is naturally present everywhere in air, water, soils and foodstuffs. Well known minerals for Cd are greenockite, Cd 
sulphide (77.6% Cd), otavite, Cd carbonate (61.5% Cd) and pure Cd oxide (87.5% Cd) [4]. Cd, a major by-product from mining and 
refining, is highly toxic to humans, plants and animals. It is very well recognized for its adverse health effects including renal 
disturbances, lung insufficiency, bone lesions, cancer and hypertension in humans [10,11]. 
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In general ‘formal’ water services are a nonstop sequential delivery process from source-to-tap and from tap-to-source. It involves 
natural water resources, treatment works (processing), distribution infrastructure and effective operation to deliver potable 
(drinkable) water and safe sanitation. Rainfall runoff flows into rivers and is captured and stored in dams. Water from dams and 
other sources, such as groundwater, is purified and treated, and piped to reservoirs for distribution to customers (domestic, business 
and industrial users). Once the water is consumed, grey water (wastewater from washing, laundry etc.) and sewerage are collected 
and passed through a network of sewers to a treatment works. The wastewater is purified and treated, after which it is released back 
into rivers or dams, again becoming a water resource [13]. This formal water and sanitation sector perspective does, however, not 
provide the complete picture of the water and sanitation sector of India, South Africa and Africa and others countries. As a start, it 
excludes the ‘non-formal’ water sources and sanitation services, as it applies to most of the rural domestic inhabitants. It also 
excludes the agriculture sector not dependent on the ‘formal’ water supply. Agriculture is the largest user of water globally. In 2020, 
agriculture in India used 71 % and South Africa used 65% of the available water in the country [12, 13]. Water use in agriculture, as 
a specific focus is however not addressed in this paper. It was therefore necessary to augment the existing value chains to represent 
the complete picture. 
 
4.1. Agricultural waste as bio-sorbents 
 
The main ingredients in the agricultural waste materials are lignin and cellulose. Cellulosic agricultural waste material with 
functional groups such as alcoholic cabony, phenolic, amino, sulfhydryl groups etc. have affinity for heavy metal ions to form metal 
complexes or chelates [9]. Either by replacing hydrogen ions for metal ions or by donating an electron pair, these groups have the 
ability to bind heavy metals in solution. The mechanism of biosorption process is specify for certain types of metals depending upon 
their chemical composition; whereas some are non-selective and bind to a wide range of heavy metals with no specific priority 
shown in Figure 3. Applicability of low-cost adsorbents prepared from agricultural waste materials has appeared in recent research; 
the methods, metals adsorbed and materials used are diverse [8,9]. A few agricultural based biosorbents have been illustrated below; 
whereas Table 3 describes insightful scientific progress with various agricultural based biosorbents for Cd like heavy metal removal.   
 

4.3. Sanitation and Hygine Value Chain 
 
   Once the water is used and consumed, the sanitation process kicks in. The sanitation value chain is fragmented, characterized by a 
wide range of stakeholders, businesses, from sole traders to multinationals, the majority responding to limited segments of the chain. 
Only a few companies and organisations have developed a business model that runs almost entirely across the value chain with the 
majority concentrating their core activities at either end of the value chain. No specified value chain for sanitation for South Africa 
could be found in literature, but the general value chain for sanitation is also applicable to South Africa. The general sanitation value 
chain includes six phases [15]: capture of sludge, containment of sludge, emptying of sludge, transport of sludge, collection and 
treatment of sludge, and safe reuse or disposal of treated sanitation waste.  

Hygiene value chain guidelines on when to wash hands and how to 
wash hands. In general hands should, for example, be washed: 
before, during, and after preparing food, before eating food or 
feeding children, before and after caring for an infected or ‘at risk’ 
person, after using the toilet, after changing diapers or cleaning up a 
child who has used the toilet, after touching an animal, animal feed, 
or animal waste, after handling pet food or pet treats, after handling 
money (or using an ATM), etc. The Centers for Disease Control and 
Prevention (CDC)[16] recommends a five step process for washing 
hands when soap and water is available: wet, lather, scrub, rinse and 
dry. If soap and water are not available, CDC recommends the use 
of an alcohol based hand sanitiser that contains at least 60% 
alcohol, although it is said not to be as effective as handwashing 
when hands are visibly dirty or greasy and cannot eliminate all 
types of germs and harmful chemicals. If no soap is available or 
affordable, ash or mud can be used as abrasive, before rinsing. 
Another alternative in especially South African people is the use of 
Moringa oleifera powder [16]. 

 
Figure 3. Various mechanism and involvement of 
functional groups towards biosorption of Cd like heavy 
metal removal from waste-water using agricultural waste. 
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Table 3. JMP service ladder for sanitation in households  
 Service Level Defination 

1 Safely managed Use of an improved sanitation facility which is not shared with other households and where excreta 
are safely disposed in situ or transported and treated off-site. 

2 Basic  Use of improved facilities which are not shared with other households 

3 Limited Use of improved facilities shared between two or more households 

4 Unimproved Use of pit latrines without a slab or platform, hanging latrines and bucket latrines 

5 Open defecation/ no 
service 

No toilets or latrines. Disposal of human faeces in fields, forest, bushes, open bodies of water, 
beaches or other open spaces or with solid waste 

 
HRWASH is the collective term for the associated concepts of clean and safe drinking water (SDG 6.1), safe sanitation and hygiene 
(SDG 6.2)[2]. According to the WHO/UNICEF Joint Monitoring Programme (JMP) for Water Supply and Sanitation[7] in world 
wide. JMP is the custodian of global data on RHWASH and has derived a normative interpretation for SDG 6.1 and 6.2 is presented 
in Table 3 and 4 [16]. 

Table 4. JMP service ladder for handwashing in households  
 Service Level Defination 

1 Advanced  Handwashing facilities available at critical times and accessible to all 

2 Basic Hand washing facility with soap and water in the household 
3 Limited Handwashing facility without soap or water 
4 No facility No handwashing facility 

Different microorganism-derived materials have also been used as biosorbents [10]. The nature and type of biosorbent may affect the 
amount of metal uptake. Barros et al., (2003) reported that Aspergillus niger (fungus) is effective in removing Cd [9]. Yeast species, 
Saccharomy cescerevisiae and Kluyveromyces fragilis, were also exploited to remove Cd from industrial effluents [16]. The 
biosorption of Cd ions using waste baker's yeast biomass was investigated [65]. The treated yeast cells were heated for increasing 
their biosorption capacity and the highest metal uptake values of 15.63 and 17.49 mg g−1 for Cd2+ were obtained. Some insightful 
publications on various microorganism based biosorption of Cd2+ are summarized in Table 5 [9]. 

Table 5. Numerous scientific reports on microorganism based biosorption for heavy metal removal  
Type of 

Microorganism 
Microorganism Constitution 

And References 
Heavy Metal Biosorption 

Capacity 
Fungi Penicillium chrysogenum  11 mg g-1 

Bacteria Pseudomonas aeruginosa (strain CW-96-
1) 

> 99% 

Fungi Penicillium canescens  102.7 mg g-1 
Algae Marine alga Ecklonia maxima  83.5 mg g-1 

Bacteria Cd-resistant Escherichia coli (dubbed as P4)  56 % 
Biomass Aspergillus nidulans biomass  75% 

Yeast Pichia hampshirensis 4Aer  Nearly 80% 
Microorganism  The Arthrobacter oxydans LKR02 

(combined with a plant material)  
- 

 
4.4. Essential standards for safe consumption of these heavy metals 
 In general, heavy metals are naturally occurring in the environment and due to their increase in biotic flora and fauna in recent years, 
the regulatory authorities are to decide some essential standards for safe consumption of these heavy metals. Table 6 and 7 [10] 
illustrates a list of different global and national regulatory authorities that determines and regulates these standards for the safe 
consumption of drinking water. This list also highlights the difference in threshold limits due to the geographical variation and 
consumption limits of the different populations in drinking water.  

Table 6: Various heavy metals  and associated health risks 
Sl Heavy Metal Associated Health Risk 
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1 Cadmium 
(Cd) 

•Nausea, Vomiting, Diarrhea 
 •Liver injury  •Convulsions  

2 Arsenic 
(As) 

• Diarrhea, Heart disease  • Numbness, Cancer 

3 Lead 
(Pb) 

 • Intellectual disability 
• Anemia, Seizures • Coma 

4 Chromium  (Cr) • Anxiety, Schizophrenia  
• Kidney and liver diseases 

5 Zinc 
(Zn) 

•Nausea • Vomiting • Cramps  
• Diarrhea 

6 Copper 
(Cu) 

• Vomiting, • Jaundice, Damage to the liver &  kidneys. 

7 Iron 
(Fe) 

• Stomach pain, • vomiting 
.• Metabolic acidosis 

8 Mercury 
(Hg) 

•Tremors • Insomnia and memory loss • lungs and kidneys, and may be fatal 

9 Nickel 
(Ni) 

• Chronic bronchitis • Cancer of the lung and nasal sinus • Allergy  
• Cardiovascular and kidney diseases 

 
Table 7: Maximum permissible limits of various heavy metals according to different regulatory authorities [10] 

Sl 
 

Heavy Metal World recognised different regulatory authorities 
FSSAI WHO US 

FDA 
CODEX 

1 Cadmium 
(Cd) 

0.003 0.003 0.005 0.005 

2 Arsenic 
(As) 

0.05 0.01 0.01 0.01 

 Lead 
(Pb) 

0.01 0.01 0.005 0.01 

4 Chromium 
(Cr) 

0.05 0.05 0.100 0.05 

5 Zinc 
(Zn) 

15 3.00 5.000 5.00 

6 Copper 
(Cu) 

1.5 2.00 1.000 2.00 

7 Iron 
(Fe) 

0.3 2.00 0.300 0.20 

8 Mercury 
(Hg) 

0.001 0.006 - - 

9 Nickel 
(Ni) 

1.5 0.02 0.1 0.02 

*Detection limit in mg /L for all regulatory authorities 
(FSSAI)Food Safety and Standards Authority of India, (WHO) World Health Organization, (CODEX) Codex Alimentarius 
Commission a body under Joint FAO/WHO Food Standards Programme in Rome, (USFDA) United State Food and Drug 
Administration. 
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5. Experimental 
Enzyme-based nano-biosensors have been exploited for heavy metal ions detection extensively during the last few decades. Nano-
biosensors use enzymes that are immobilized on the transducer surface and act as a bridge between the analyte and transducer. These 
types of sensors have the advantage of high sensitivity and selectivity for heavy metals detection [10]. 
 

 
Fig. 4. Schematic representation of aptamer-based AgNS or AuNS for heavy metal detection [17]. 

 
5.1. Electrodeposition of Silver Nanostructure on Screen-printed Carbon Electrodes (AgNS/SPCE) 
 
  First SPCEs were cleaned by immersing in 0.5 M H2SO4 solution and applying cyclic voltammetry (CV) via sweeping potential 
between 0 and 1.2 V until reaching stable cyclic voltammograms. Then silver droped nanostructure were electrodeposited of on 
SPCEs using 3.0 mM AgNO3 solution in 0.1 M KNO3 solution. For electrodeposition of AgNS, we have used two different methods 
including single and double-potentiostatic programs. In single potentiostatic program, one deposition potential (- 0.2 or - 0.1 V) was 
applied for different times (10 or 30 s). In double-potentiostatic program, we applied a nucleation potential (- 0.6 V, - 0.8 V, - 1.0 V, 
- 1.2 V and - 1.4 V) for 50 s and then a growth potential of - 0.2 V for 200 s. Finally, the AgNS/SPCE was thoroughly washed with 
distilled water and then dried with N2 gas. The modified electrodes were kept under vacuum condition to avoid oxidization of 
AgNS[12]. 
 

 
Fig. 5 Nanostructure Electrochemical Multisensors setup known as electronic tongue (a) Experimental Setup, (b) Data 
Processing [11] 
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5.2. Sample Preparation 
Water samples were collected from tap water in our lab, rainwater, lake water from Denmark and river water from India. These 
samples were filtered through a 0.45 mm filter. Generally, 200 μl of 1 M acetate buffer pH 4.4 was mixed with 1.8 ml water sample 
and then analyzed by the optimized DPASV method. The practical application of AgNS/SPCEs was evaluated by spiking the known 
amount of Cd, Pb, Cu, and Hg into the water samples. Then recoveries were calculated using following equation (3). 

100%covRe ×=
Added

otibrationplFoundbycal

C
C

ery          ..…… (3) 

 
5.3. Results and Discussions 
 

 In this research work, we developed a reliable and sensitive Nano-bio electrochemical nanostructure sensor towards simultaneous 
detection of four heavy metals of cadmium (Cd+2), lead (Pb+2), mercury (Hg+2) and copper (Cu+2).  Regarding to the problem that can 
be encountered in the simultaneous analysis of cadmium and lead ions, screen-printed carbon electrodes (SPCEs) modified with 
butterfly-shaped AgNS was employed as a very promising probe. Key analytical factors such as electro-deposition condition of 
AgNS and differential pulse anodic stripping voltammetry (DPASV) parameters were optimized towards simultaneous detection of 
Cd+2, Pb+2. Due to the excellent electrical conductivity and high electro-catalytic activity of AgNS, two distinguished anodic signals 
with the peak-to-peak separation of 0.253 V were recorded for Cd+2, Pb+2 on AgNS/SPCE. With very low detection limits and high 
signal reproducibility, the presented AgNS/SPCE sensor was also able to successfully measure the four heavy metal ions in four 
different water samples with excellent recoveries.  

 
Table 8. Recovery result for Cd+2 and Pb+2 in four different water samples using Ag/SPCE (n=1,3) [10]. 

Samples Added 
/ppb 

Cd 
Recovery 

% 

Pb 
Recovery 

% 

Hg 
Recovery 

% 

Cu Recovery 
% 

Tab 
water 

10 91.5 90.38 90.6 106 
30 98.3 98.21 102.6 109 

Rain 
water 

10 100.5 96.79 104.9 103.6 
30 90.7 92.05 108.5 90.0 

Lake 
water 

10 108 103.21 90.9 106.8 
30 90.7 92.41 104.3 90.6 

River 
water 

10 90.6 92.71 90.3 98.1 
30 98.6 110.36 109 90.3 

 
The further investigation is being considered to incorporate the fabricated sensor into a portable and miniaturized potentiostat device 
that can facilitate on-site water safety analysis. The developed platform can be greatly employed for electrochemical detection of 
other biomarkers with high degree of sensitivity and reproducibility. As shown in Table 8, the average recoveries range from 90.6% 
to 110.3% for Cd+2, 90.38% to 110.36% for Pb+2, 90.1% to 113.1% for Hg+2 and 90.0% to 110.5% for Cu+2,. The obtained 
recoveries values indicated that AgNS/SPCE can be a promising electrode for simultaneous detection of Cd+2, Pb+2, Hg+2 and Cu+2 in 
water samples. 
 
5.4. Conclusion and Future Developments 
 
  Towards the development of environmentally friendly, low-cost, efficient and Green IoT for waste-water treatment, various 
microorganism and agricultural based biosorbents have been successfully exploited for biosorption of Cd+2, Pb+2, Hg+2 and Cu+2 
metal ions. These materials possess high affinity for Cd+2, Pb+2, Hg+2 and Cu+2 removal. Their reusability nature and effective 
adsorptibility within very short contact time are applicable in detoxification at trace concentration of Cd+2, Pb+2, Hg+2 and Cu+2 from 
water and waste-water. These biosorbents are socio-economically viable and can be converted into commercial adsorbents by 
modification. The applicability of low cost adsorbents to produce carbonaceous carbon for environmental remediation offers an 
alternative to the use of commercial carbon. Despite several advantages, there are some limitations which should be taken into 
consideration. 
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   Numerous research works on adsorption has been conducted and still in progress through batch mode studies to make the process 
economically viable at industrial scale with focus on metal recovery and regeneration. A significant input of integrated metallurgical 
skills would be needed towards Cd+2, Pb+2, Hg+2 and Cu+2 biosorption and waste-water treatment for HRWASH future developments. 
Adsorbents, derived from microbial, plant and agricultural origin, and wide availability in nature at very low cost, have been 
contributed significantly to the biosorption process of Cd+2, Pb+2, Hg+2 and Cu+2 from waste-water. Owing to ease in operation, 
selectivity for metal ions, wide applicability in pollutant removal and affordability of the method, efficient and economical 
biosorbent developments for waste-water treatment at commercial level is of immense need. It has been found that the biosorption 
properties can be enhanced by treatment of the materials. Mostly acidic and alkali solutions have been used for this purpose. More 
mechanistic studies including nature of binding sites, coordination chemistry, oxidation states and the speciation of metals could be 
useful for the selective biosorption process.  
   Further investigation in the direction of modelling, regeneration of biosorbent and recovery of metal ions and immobilization of the 
waste material for enhanced efficiency and recovery has to be performed in the batch process, which may lead to a platform for the 
designing of the continuous flow systems for industrial applications at the commercial level as well. Most of the studies have been 
focused on biosorption of Cd+2 ions from the synthetic waste water rather than real waste-water system.  
 
6.1.Techno-legal aspect of Green-IoT in HRWASH  
    
    Vision SDG by 2030, achieve access to adequate and equitable sanitation and hygiene for all and end open defecation, paying 
special attention to the needs of women and girls and those in vulnerable situations. The UN also identified a number of cross-cutting 
criteria for good practices in the WASH sector: non-discrimination, participation, accountability, impact and sustainability. Noble 
metal-based electrodes were used by Wei, J.et al. (2015) to detect heavy metals like Cr (IV) in water through the voltammetric 
technique [11]. They used electrochemical impedance spectroscopy to detect a trace amount of chromium in drinking water. 
Scientists have reported the range of detection as 1-100 ppb and the LOD as 0.0014 ppb at pH 5 (Wei et al., 2015). Similarly, 
Canhoto, O. F., & Magan, N. (2003) had shown an indirect measurement of heavy metal concentration in water through e-nose using 
bacterial culture as an assisted signal transducer. They have shown that the presence of 0.5 ppm concentration of heavy metals can 
change the volatile production patterns by modifying the activity of microorganisms. Different microbial species like Escherichia 
coli, Enterobacter aerogenes, Pseudomonas aeruginosa were used to detect low concentrations of different heavy metals Cd, As, Pb, 
and Zn using an electronic nose [12].  
 
  Das S.C., et al. (2013) have reported a modified electronic tongue-based heavy metals detection in the water where cellulose 
nanowhiskers (CNW), nanocomposites based on electrospun nanofibers, and silver nanoparticles are used as the sensor material. The 
mentioned materials are combined to form 6 different sensing materials that are used to fabricate an impedimetric e-tongue[9,10]. 
Apart from the current focus on ‘urban’ applications of IoT in mainly the water sector, which is also necessary, there are therefore 
huge opportunities to investigate the use and benefits of GIoT in HRWASH as an integrated and interlinked domain.  
  Vast opportunities also exist for research to determine how GIoT technologies can be used to improve the lives and health of the 
large proportion of the Smart World population dependent on HRWASH services that cannot be classified as safely managed, 
improved or advanced, and to develop suitable technologies to fit such sustainable environments for fulfill the SDG vision 2030. 
 
6.2. Techno-socioeconomic aspect of G-IoT for  HRWASH  in  Smart World 

The benefits above apply to the value of Green IoT in a fairly broad sense. Using the HRWASH value chains as: (i) Water quality 
can be measured continuously through Nano-bio Electrochemical or any sensors installed permanently or through ‘use-once and 
discard’ type of sensors. Data related to taste, colour and odour can be obtained. This allows for early alerting where the water 
quality has dropped outside of the required parameters. This approach works for piped water, boreholes, tube and dug wells, springs, 
and packaged or delivered water. Water treatment plants can be measured before and after the treatment process. (ii) Indicators 
related to water distribution can be obtained near real-time. Pressure within pipes can be measured at different locations. Pressure 
differences can indicate a leak, while a high-pressure point can provide alerts related to possible failures. Smart valves can be used in 
the distribution system to control the flow of water (e.g. shut off in case of failure, or if the pressure appears to be too high). (iii) 
Water availability can be confirmed through such sensors that indicate the water level (for instance in a dam or borehole). Trends 
can be extracted, which in turn can guide the community as well as providers as to the future availability of water. (iv)Excreta 
management (sanitation) can be enhanced. Sensors linked to the appropriate back-end systems can provide insights as to when a pit 
or sanitation tank has reached capacity and needs to be emptied. General (solid) waste management can also be improved with the 
appropriate sensors and can be enhanced further by optimising the routing of waste trucks and the dispatch of an appropriate truck. 
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(v) Handwashing has been highlighted as one of the most important criteria for both hygiene and sanitation. Green-IoT can be used 
to raise awareness of when hands should be washed. E.g. sensing when a toilet has been flushed, and if the basin has been used 
directly after the toilet flushing, after which a general reminder can be communicated to the occupant through smart visual aids when 
leaving the rest room. Also, trends from handwashing can be used as indicators of when and if additional awareness campaigns 
should be executed. 
 
 The true value of GIoT is, however, only manifested when intelligent decisions are being made with the acquired data, resulting in 
appropriate actions. Furthermore, GIoT is entirely dependent on addressing the ‘real’ challenge which only becomes possible if the 
community is part of the GIoT lifecycle. For a broad GIoT deployment, these data observations should ideally be from multiple 
sensor types (e.g. hand pump utilisation, water quality and flow in the pipe, sanitation pit level, etc.). In such a scaled GIoT 
deployment, the following general benefits can be obtained [18,19]: 
 
Viewing GIoT in relation to the United Nation’s crosscutting criteria for HRWASH, several opportunities and benefits can be 
identified [20-22]: 
 
• Non-discrimination: Monitoring use through sensors and mobile-based technologies may assist in detecting/reporting denied or 
restricted access to sanitation facilities and/or water resources. 
 
• Participation: Using mobile-based technologies linked to sensors, communities can contribute to improving their own HRWASH 
context. 
 
• Accountability: Armed with the data from the community based IoT solutions, entities responsible for maintenance and planning 
can make evidence-based decisions. 
 
• Impact: Valid and justifiable choices have a higher probability for impact. 
 
• Sustainability: With the inclusion of communities and the ability to solve that community’s specific challenge, the probability of a 
sustainable intervention is higher. 
 
Acknowledgments 

The authors are grateful for the research guidance from Prof. Nabarun Bhattacharyya, Director, School of IST, MAKAUT and Prof. 
Debasish Das, Director, CRNN, University of Calcutta, Kolkata for all facility. Finally authors express thanks to DST, Government 
of India, for the financial assistance for this experiment. 
 
References 
[1] United Nations General Assembly: Report of the independent expert on the issue of human rights obligations related to access to safe drinking 

water and sanitation, Catarina de Albuquerque. United Nations (2009). 
[2] UNICEF and WHO: Progress on Sanitation and Drinking Water-2015 update and MDG assessment. WHO Press, Geneva (2015). 
[3] World Health Organization: Global Health Observatory Data: Mortality and burden of disease from water and sanitation, Accessed (2017). 
[4] WHO and UNICEF: WASH in the 2030 Agenda. World Health Organisation (WHO) and United Nations Children’s Fund (UNICEF) (2017). 
[5] Coetzee, L., Kotzé, P.: The Internet of Things: Opportunities for Water, Sanitation and Hygiene (WASH) Management. Water Research 

Commission, Pretoria (2018). 
[6] United Nations General Assembly: Transforming our world: the 2030 Agenda for Sustainable Development. United Nations (2015) 
[7] Das S.C. and  Das J. K, (2023), “Protection of Green Environment in Smart World using Nanostructured Biosensors: A Techno-legal aspect” 

Abstract Books of International Seminar (ICBS-2023), 4th January 2023, pp 7-8. 
[8] Das S.C., Sanyal M.K. and  Das J. K, Jana C, (2019), “Energy rich Environment Management in Sustainable Smart World by Green IoT 

Applications” on New Paradigms in Management, Kolkata, 24th August 2019, pp 28. 
[9] Bhattacharyya N, et. al,  (2017)“ Microorganism and Agricultural Based Biosorbents Towards Removal of Cadmium from Waste-Water: An 

Overview,” Recent Patents on Biotechnology published by Bentham Science, vol.11(2017), pp.204-217. 
[10] Bhattacharyya N, et.al, (2022)“A Robust Electrochemical Sensor Based on Butterflyshaped Silver Nanostructure for Concurrent 

Quantification of Heavy Metals in Water Samples,” Electroanlysis published by Willey-VCH GmbH, vol. 34(2022), pp.1-11. 
[11] Bhattacharyya R, Tudu B, Das S.C, Bhattacharyya N, Bandyopadhyay R, Pramanik P (2012)“Classification of black tea liquor using cyclic 

Voltammetry” Journal of Food Engineering, Elsevier Editorial System(tm), vol. 109(2012), pp.120-126.                                                                                                         

88 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 10 Issue 02, February 2023  

ISSN (Online) 2348 – 7968 | Impact Factor – 6.72 

www.ijiset.com  

[12] Das S.C., et.al.,“Doped ZnO Nanostructured Sensor in E-nose for Detection of NH3, H2 and LPG” in Springer Proc. in Phy. 143, Springer-
Verlag Berlin Heidelberg (2013), pp 475-484. 

 [13] Department for Business Innovation and Skills: The Smart City Market: Opportunities for the UK, GOV.UK (2013). 
[14] Upande: Water Sanitation Hygiene Management Information System (WaSHMIS), Accessed (2017). 
[15] Bill and Melinda Gates Foundation: Water, Sanitation & Hygiene Fact Sheet. Global Development Program (2010). 
[16] Wilkinson, M., et.al, Assessment of Handwashing andHand Hygiene Behaviour. Water Research Commission, Pretoria (2012). 
[17] Das S. C.,  Bandyopadhyay J, et. al (2020), “Favorable influence of ssDNA-functionalized SWCNT on the navigation pattern of C.elegents”, 

Journal of Microsystem Technologies published by Springer Nature, vol.12( June2020), pp.204-219. 
[18] Das S.C., Sanyal M.K. and  Das J. K, (2016), “ICT enable IPR solutions enhance Sustainable Development and Inclusive Growth for 

Marginalized People for Poverty Reduction ” on UGC and ICSSR sponsored Seminar, 23- 24th August 2016, pp 88-89. 
[19] Das S.C, Sanyal M.K, Das R, and  Das J. K, (2016), “IPR for Good Governance in e-Education and of Innovation Systems” on UGC 

sponsored National Seminar, NBU, WB, 10th Sept. 2016, pp 68-75. 
[20] Gubbi, J., et.al,” Internet of Things (IoT): a vision, architectural elements, and future directions. Future Gener. Comput. Syst. 29(7), pp1645-

1660 (2013). 
[21]Agarwal VK (2005) Environmental laws in India: challenges for enforcement. Bulletin of the National Institute of. Ecology 15, pp 227-238 

(2005). 
[22]Daj, A., “Economic and Legal Aspects of Introducing Novel ICT Instruments”, Bulletin of the Transilvania University of Braşov, Vol. 6 (55) 

,No. 2 (2013). 
Authors Profile 
 

 Samir Chandra Das has received PhD (Nanotechnology) degree from Jadavpur University in 2017, B.Sc. from University 
of Calcutta, W.B. in 1997. B.E. (Elect. Eng.) and M.Tech. (ETCE) degree from Jadavpur University, Kolkata, India in 2004 
and 2007. Received MBA (HR), M.Phil. (Comp.Sc.), MLISc. from IGNOU, New Delhi, India in 2008, 2009 and 2013 
respectively. He received LL.B and LL.M (IR&LLaw) from India in 2011 and 2014 respectively. He is currently associated 
with Center for Research in Nano Science and Nanotechnology (CRNN) as System Manager and Nodal Officer, University 
of Calcutta and pursuing his 2nd PhD degree in Management and Law at University of Kalyani. His research interests 
include nanobiosensor, nanostructure sensor, nanodevice modeling, wireless sensor network, Green Internet, G-IoT, Cyber 
Security, IPR, SDG, etc.  

 
 
Prof. Manas Kumar Sanyal has received the M.Tech. (CSE), Ph.D. degree from Jadavpur University. He worked as 
a Professor and HOD in the Department of Business Administration at  University of Kalyani, West Bengal, India. Former 
Dean, Faculty of Engineering, Technology and Management (ETM),Kalyani University. Presently Vice-Chancellor, 
University of Kalyani.  His research interests include the fields of G-IoT, Green HRM, SDG, Artificial Intelligent systems, 
etc. 
 
 

 
Prof. Jatindra Kumar Das has completed his LL.M. and PhD degree from Law School, Banaras Hindu University (BHU), 
India. He received LL.B. degree from Guahati University. Presently he is a Professor, Faculty of Law, Dean and Secretary at 
the Faculty of Law, University of Calcutta. His research interests are Constitutional Law, International Law and Human 
Rights, Intellectual Property Rights and Contemporary Legal Issues. 
 
 

 

 

89 

http://www.ijiset.com/

	P1PDepartment of Business Administration, University of Kalyani, West Bengal, India
	4.1. Agricultural waste as bio-sorbents

