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Biodiesel: Driving into the Future 
Khushboo Khosla, Indu Shekhar Thakur 

School of Environmental Sciences, Jawaharlal Nehru University, New Delhi-110067, India  
E- mail: khushboo912@gmail.com (K. Khosla); isthakur@hotmail.com (I.S. Thakur) 

 
Abstract 
When the world is seriously discussing climate change and analyzing the reasons for it, one of the 
reasons often cited is the increased Green House Gas (GHG) emissions over the years due to the 
indiscriminate use of fossil fuels. Thus, there has been a recent thrust towards non conventional, less 
polluting and sustainable energy sources. Biodiesel being a biofuel fits exactly in this category, as 
biofuels are fuels that contain energy from recently fixed carbon and are produced by living 
organisms, which carry out the carbon fixation. These fuels serve as alternative sources to fossil 
fuels not only in terms of being a substitute fuel but also by being more environment friendly than 
fossil fuels can ever be. This article focuses on the imperative that biodiesel has become in current 
times. 
 
Introduction 
India is going to be the world’s third largest car market by 2030 (Dargay et al., 2007). Within India, 
Delhi is the largest market for cars followed by Mumbai, Kolkata and Chennai respectively (Das et 
al., 2010). With increasing car users, there will be increasing fuel consumption and subsequent rise 
in GHG emissions if we continue to solely depend on fossil fuels. Biodiesel can fill in the gap here 
by serving as an alternative clean fuel, supporting various climate change mitigation and 
development commitments and also playing a role in providing energy security.  

 
 

Fig. 1: Benefits of Biodiesel 
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Biodiesel 
Biodiesel is defined as ―a fuel comprised of mono-alkyl esters of long chain fatty acids derived from 
vegetable oils or animal fats‖. A ―mono-alkyl ester‖ is the product of the transesterification reaction 
of a straight chain alcohol, such as methanol or ethanol, with a fat or oil (triglyceride) to form 
glycerol (glycerin) and the esters of long chain fatty acids (Gerpen et al., 2004). Methanol is the 
preferred alcohol for obtaining biodiesel because of its low cost (Lotero et al., 2005). The Table 
below describes the requirements of biodiesel as per Indian Standard BIO-DIESEL (B 100) blend 
stock for diesel fuel- specification. A target biodiesel with improved properties (i.e. cold flow, 
cetane number and oxidative stability) mainly contains oleic acid (71.3 %) and linoleic acid (21.4 
%) (Knothe et al., 2005).  
 

Table 1: Properties of biodiesel as per Indian Standard IS 15607 (2005) 
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Biodiesel as a Clean Alternative Fuel 
The use of bio-diesel results in substantial reduction of un-burnt hydrocarbons, carbon monoxide 
and particulate matter. It has almost no sulphur, no aromatics and about 10 percent built-in oxygen 
which help in ensuring complete combustion. Its higher Cetane Number also improves the 
combustion. When compared with the other significant biofuel ethanol, biodiesel has two 
distinguishing important characteristics. First, biodiesel has a very positive net energy gain, in the 3-
4 to 1 ratio, which is much higher than ethanol’s. Second, using biodiesel in diesel engines has 
always been a very positive experience with no concerns expressed about engine problems. In 
contrast, ethanol use has not always received such a positive response. In addition, biodiesel has 
higher energy content per gallon than ethanol, 120,000 British thermal units (BTUs) versus about 
80,000 BTUs (Coltrain 2002). Also, biodiesel increases lubricity (even at blends as low as 3 % or 
less), which prolongs engine life and reduces the frequency of engine part replacement (Lotero et 
al., 2005). 
 
 Biodiesel as a Renewable Energy and its contribution to Energy Security 
In 2013, India was the fourth-largest consumer and net importer of crude oil and petroleum products 
in the world after the United States, China, and Japan. India's petroleum product demand reached 
nearly 3.7 million barrels per day (bbl/d), far above the country's roughly 1 million bbl/d of total 
liquids production (US EIA, 2014). India’s energy security remains vulnerable until alternative fuels 
to substitute and supplement fossil fuels are developed based on indigenously produced renewable 
feedstocks. Biodiesel can be produced from a diverse range of feedstocks, plants: vegetable oils 
(edible and non-edible); animals: fats, tallow, lard; microbial oils and waste: sludge, waste edible oil 
(frying oil), thereby ensuring renewability. As per the National Policy on Biofuels, the Indian 
approach to biofuels is different to the current international approaches, which could lead to conflict 
with food security. The Indian approach is based solely on non-food feedstocks to be raised on 
degraded or wastelands that are not suited to agriculture, thus avoiding a possible conflict of fuel vs. 
food security. The Policy calls for facilitating and bringing about optimal development and 
utilization of indigenous biomass feedstocks for production of biofuels. Under the National Mission 
on Biodiesel launched by the Government, Jatropha curcas was identified as the most suitable tree-
borne oilseed for biodiesel production (Basavaraj et al., 2012) 
 
 Role of Biodiesel in meeting INDC 
Use of biodiesel also supports India’s Intended Nationally Determined Contribution (INDC) 
communicated in response to COP decisions 1/CP.19 and 1/CP.20 for the period 2021 to 2030. 
Under the INDC, India states that it shall adopt a climate friendly and a cleaner path than the one 
followed hitherto by others at corresponding level of economic development. It also commits to 
reduce the emissions intensity of its GDP by 33 to 35 percent by 2030 from 2005 level (UNFCCC 
INDCs, 2015). Achievement of both these objectives will be facilitated by expanding the use 
biodiesel. 
 
 Sustainable Development Goal 7  
The universal sustainable development goals of the 2030 Agenda for Sustainable Development 
adopted by world leaders in September 2015 at a historic UN Summit, envisage access to 
affordable, reliable, sustainable and modern energy as one of the goals (SDG 7). One of the targets 
of SDG7 is to substantially increase the share of renewable energy in the global energy mix by 2030 
(UNDP SDG, 2015). Once again, biodiesel because of being a clean, renewable alternative fuel fits 
in this scheme of sustainable development. 
 
 Main Challenge for Biodiesel 
Biodiesel’s chief economic challenge is the high feedstock/raw material cost (Revellame et al., 
2010) which is about 80 percent of the total operating cost. In India, particularly, the non-
availability of sufficient feedstock and lack of R&D to evolve high-yielding drought tolerant 
Jatropha seeds have been major stumbling blocks in biodiesel programme. In addition, smaller land 
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holdings, ownership issues with government or community-owned wastelands, lackluster progress 
by state governments and negligible commercial production of biodiesel have hampered the efforts 
and investments made by both private and public sector companies. However, here lies the 
opportunity to explore the potential of low cost feedstocks for biodiesel, especially a feedstock such 
as sludge which has bare minimum cost, available in plenty and consists of significant 
concentrations of lipids that can make production of biodiesel from sludge profitable (Kargbo 2010)  
 
 Conclusion 
With the national capital witnessing Odd-Even car number days, the Supreme Court banning 
registration of diesel cars with engine capacity of 2000 cc till March 2016 and the National Green 
Tribunal repeatedly raising its concerns over rising air pollution, the need for clean, green and 
renewable fuels was never more than what is today. Biodiesel might just be the answer to all these 
concerns and drive us into the future, i.e. very near future. 
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Abstract 
Bacteria that colonize plant roots and promote plant growth are referred to as plant growth-
promoting rhizobacteria (PGPR). Use of PGPR for the benefits of agriculture is gaining worldwide 
importance and acceptance and appears to be the trend for the future. PGPR are capable of 
stimulating plant growth either directly or indirectly. There are a variety of direct mechanisms that 
include improvement of nitrogen fixation, production and regulation of phytohormones, phosphate 
solubilization, potassium solubilization, siderophore production. The indirect mechanisms for 
enhancing plant growth involve production of antibiotics, hydrolytic enzymes, exo-polysaccharides 
and siderophores. The aim of this review is to describe the importance of PGPR in agriculture and 
its modes of action. 
Keywords: Growth promotion, PGPR, Phytohormones, Biofertilizers 

Introduction 
According to the State of Food Insecurity in the World report (2015), about 795 million people are 
undernourished globally, so there is an immense need of efficient food production. It has been 
estimated that net investments of 83 billion US$ per year must be made in agriculture in developing 
countries, in order to retain enough food for all people by 2050 (FAO, 2006). To obtain increased 
yields, intensive application of inorganic nitrogen and other chemical fertilizers is needed, in 
addition to increased irrigation, greater application of pesticides and herbicides, and the use of 
hybrid seeds or genetically modified crops. Pesticides have been linked with deleterious effects on 
human health and that of the environment. Most pesticides contain potentially toxic chemicals that 
can cause negative health effects such as cancer and neurological and reproductive disorders 
(Kumari et al., 2014). In addition, pesticides can migrate into lakes and streams when it rains. When 
fertilizers enter a body of water, they can cause oxygen levels to drop, killing aquatic life and posing 
risks to other species. So researchers are now looking for alternatives to reduce the effects of 
pesticides on the non-target organisms and environment. 
 In the present century, increasing population has pressurized agriculture in two manners, 
first the urgent need to meet the demand for food grains, and second to meet these demands in an 
ecofriendly pollution free environment. Thus, in the recent years, scientists have diverted their 
attention towards exploring the potential of green inputs into agriculture including bio-fertilizers, 
bio-pesticides, compost, Farm Yard Manure (FYM), green manure etc. 
 Bio-fertilizers provide an eco-friendly organic agro-input and are more cost-effective 
than chemical fertilizers. Bio-fertilizers such as Rhizobium, Azotobacter, Azospirilium, 
Pseudomonas, Serratia, Bacillus, Burkholderia, Enterobacter, Erwinia, Acinetobacter, Alcaligenes, 
Arthrobacter and Flavobacterium have been in used for a long time (Bashan and de-Bashan, 2005; 
Esitken et al., 2010). The microorganisms in bio-fertilizers restore the soil's natural nutrient cycle 
and build soil organic matter. Through the use of bio-fertilizers, healthy plants can be grown, while 
enhancing the sustainability and the health of the soil. Since they play several roles, a preferred 
scientific term for such beneficial bacteria is "plant-growth promoting rhizobacteria" (PGPR). Bio-
fertilizers do not contain any chemicals which are harmful to the living soil and are thus 
advantageous. 

 Global context of biofertilizers 
Nowadays, many companies around the world in fertilizer industry develop and commercialize 
biofertilizers. Overall its sales volume is estimated to be US $ 3 billion in global market (Council of 
agriculture, 2016). The European Union (EU) ―Common Agricultural Policy‖ promotes use of bio 
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based products along with organic farming and provides up to 30 % of the budget as direct green 
payment to farmers complying with sustainable agricultural practices. The role and importance of 
biofertilizers in sustainable crop production has been reviewed by several authors (Biswas et al., 
1985; Wani and Lee, 1995; Katyal et al., 1994). The increasing awareness regarding health and 
wellness, the growing organic food industry, and the significant increase in the price of chemicals 
have played a huge role in providing the necessary boost to the global biofertilizers industry.   

Scenario of biofertilizers in India 
Government of India introduced a national initiative as part of its five year plan which aims at 
increasing biofertilizer production, distribution and its utilization. In India the first commercial 
production of bio-fertilizer started in 1956 under the supervision of N.V Joshi. India’s Ninth Five 
Year plan document talked of environmentally sustainable agriculture to promote sustainable 
growth. A Scheme by the name of ―National Project on Development and Use of Bio-fertlizer‖ 
(NPDB) was implemented by Indian Government for the production, distribution and promotion of 
bio-fertilizers. A National Bio-fertilizer Development Centre was established at Ghaziabad to 
promote the training program related to the promotion of bio-fertilizer in India. The NIKU (Natural 
Input Complete and Utilization) Bio Research Laboratory was established in the year 1997 at Pune. 
The Tenth Plan document emphasized the use of bio fertilizers, bio-control agents, organic manures 
etc. with infrastructure support. Now the role of bio-fertilizer following principles of sustainable 
development is obligatory for all forms of Indian agriculture. 

Table 1 Region wise distribution of chemical and biofertilizers distribution in India 
(2005-2006) 

Region 
 

Chemical fertilizer (tones) Biofertilizer (tones)  

East 3417(17%) 385.96(3%) 

West 5077(25%) 5217.48(46%) 

North 6420(32%) 544.44(5%) 

South 5425(27%) 5155.74(45%) 

Source: The Fertilizer association of India 
 
Modes of action of PGPR 
―Biofertilizers are living microorganisms which are agriculturally useful in terms of nitrogen 
fixation, phosphorus solubilization or nutrient mobilization, phytohormones production etc. to 
increase the productivity of the soil and/or crop‖.  PGPR are basically biofertilizers applied for 
sustainable agriculture. PGPR are naturally occurring soil microorganisms that colonize roots and 
stimulate plant growth. Such bacteria have been applied to a wide range of agricultural species for 
the purposes of growth enhancement, including increased seed emergence, plant weight, crop yields, 
and disease control (Kloepper et al., 1980; Kloepper et al., 1991).  
 Plant roots release organic compounds which includes amino acids, fatty acids, nucleotides, 
organic acids, phenolics, plant growth regulators, putrescine, sterols, sugars, and vitamins (Uren, 
2007). Higher population of bacteria is observed in the rhizosphere due to the highly nutritious 
environment but there is lower diversity/species richness than in the bulk soil (Lugtenberg and 
Kamilova, 2009). In this environment, bacteria can be either pathogenic or symbiotic and 
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stimulate/hinder plant growth. PGPR can fertilize several important agronomic plants such as wheat 
(Boddey et al., 1986), sorghum (Stein et al., 1997), maize (Garcia de Salamone et al., 1996), rice 
(Malik et al., 1997) or sugarcane (Boddey et al., 2001). 

 
Fig. 1 Mode of action of PGPR 

 
Conclusions and future perspectives 
PGPR’s are of immense importance in agriculture as plant biofertilizers or bioenhancers for growth 
improvement. Biofertilizers represent a new technology for agriculture that promises to balance 
many of the shortcomings of the conventional chemical-based technology. The future in PGPR 
research should be directed towards the selection of PGPR or PGPR mixes to help solve current 
agricultural problems such as the use of highly contaminating pesticides and fertilizers and 
cultivation in low-fertility soils. Also, PGPR applications may lead to the creation of functional 
foods, that is, foods having a beneficial effect on human health. However, further research is 
required to ascertain the efficacy of the best isolates in situ. 
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AN ENVIRONMENTAL EVENING ON 
“Addressing the pollution issues in Delhi” 

By School of Environmental Sciences Faculty and Students 

The world is facing severe environmental crisis and no part is untouched by this problem which is 
prominent especially in the metros including Delhi. Ever increasing pressure from population 
growth and resulting pollution and waste accumulation is taking a sever toll on the air, water and 
soil quality of the city. Therefore, such issues pertinent to environment in the contemporary times 
were discussed in the talk. Faculty and distinguished scientists and students of the School of 
Environmental Sciences, Jawaharlal Nehru University took part in the talk on 29th January 2016  to 
discuss the environmental challenges and propose possible solutions for the current pollution 
problems facing Delhi. 

The first speaker Prof. S. Mukherjee, a renowned geologist working in the field of remote sensing 
and GIS for almost two decades, addressed the issues of air and water pollution in Delhi and said 
that both anthropogenic as well as natural factors were responsible for Delhi’s air and water quality 
and meteorological conditions play a significant role in determining the atmospheric conditions of 
any place. In order to better understand the dynamics of air quality, several parameters such as 
temperatures, pressure and humidity should be regularly monitored and modelling studies 
correlating these parameters should be conducted. With regard to water, particularly Yamuna river 
pollution, he emphasized the role domestic sewage run off from nearby settlements as well as the 
movement of the river and pattern of sediment deposition in determining the river water quality. 

Professor P.S. Khilare has been dealing with environmental monitoring and assessment for the past 
20 years. He discussed the basics of dynamics of environmental pollution in Delhi. He highlighted 
the fact that Delhi has highest vehicular density and is one of densest in terms of population in India. 
As a result, Delhi’s air and water bodies are becoming a repository of pollutants. He said that the air 
quality monitoring done by the government is only in terms of routine parameters and there is no 
convergence of data distribution. He brought out the need to systematically monitor inorganic and 
organic species in air as well which have more detrimental impact on human, livestock and crop 
health. Addressing the issue of water pollution, he said that domestic sewage is the main culprit of 
Yamuna river water pollution. No ecological flow in Yamuna leading to high concentrations of 
domestic sewage and discharge of untreated sewage is mainly responsible for the river water 
pollution. Citing the recent odd/even plan of government, he mentioned that till date, there is no 
substantial evidence for the success of the scheme. He suggested that to solve Delhi’s environmental 
crisis, residents’ response as well as government initiatives must go hand in hand.  

Professor Krishan Kumar, specializing in air and noise pollution, discussed air and land pollution 
issue. Commenting upon the recent initiative of the government of developing ―Smart Cities‖, he 
was of the view that the rural areas and urban settlements should be developed in a manner that 
magnetism of the big cities and metros is less. He also pointed out the need for better planning of 
metro route and development of a mass rapid transit system such that the individuals can reach their 
final destination in time. He suggested that the major polluting industries within the city should be 
moved to the outskirts and there should be uniform enforcement of law for pollution control.  He 
appreciated the government’s initiative of dissolution of subsidies for those with a salary above Rs. 
10 lakhs so that the funds could reach the poor who still use fire wood as cooking fuel, which is a 
major source of air pollution in the city. He also pointed out the problem of landfills, open burning 
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of solid waste and dust from road and barren lands that is one of the main sources of suspended 
particulate matter in the city air. He suggested the use of vacuum cleaners and planting of green 
cover along roads and on barren areas in order to fight the problem of dust. He pointed out that 
Delhi’s aerosol concentration mostly shoots up twice in a year, first during May-June which is due 
to low rainfall and second during October-November, which is mostly attributed to the Kharif crop 
burning in the adjacent Punjab-Haryana belts and the westerly winds. 

Prof. U.C. Kulshrestha, a prominent scientist in the area of chemistry and climate change, has been 
working on the problem of air pollution for the past 20 years. He said that for proper 
implementation of pollution control measures, the awareness of civic society, industrial stakeholders 
and regulatory authorities is needed. He emphasized that criteria of characterizing PM 2.5 and 10 
should be redefined and the type of PM 2.5 and 10 should be mentioned, that is, whether it is 
consisting of Carbon or heavy metal or POPs. He proposed that systematic characterization of 
pollutants and policy formation and implementation could be the possible solutions to solve the 
problem of air pollution.  

Dr. Meenakshi Dua, who specializes in molecular microbiology, expressed her view point as a Delhi 
resident and recalled her early days in the city with lush green cover most of which is lost now. She 
pointed out that it is the responsibility of the individuals as well to deal with the city’s aggravated 
pollution problems. Addressing the problem of solid waste accumulation in the city, she suggested 
that garbage should be directly collected from households and taken to the treatment sites instead of 
being dumped collectively at one corner of the societies. She proposed for construction of more 
water bodies and maintenance in the city. She also suggested some of the possible solutions to deal 
with the pollution crisis such as the formation of a collective board to address the specific pollution 
issues, formation of ―Silent zones‖ in the city to curb noise pollution and spreading of awareness 
among the public by the students of the School of Environmental Sciences. 

Dr. N.S. Siddaiah, who’s research interests include water pollution, said that’ ―While solving one 
environmental problem, we create more problems‖. He cited the example of Cerium pollution that 
resulted from replacement of lead with nanocerium in catalytic converters of vehicles. He suggested 
that the best way to solve the problem of pollution is to distinguish between ―need and greed‖.  

Dr. Vijay Pal Yadav, researching in environmental biology, discussed the problems of vehicular 
emissions. Dr. Sudesh Yadav, who works on aerosol chemistry and e-waste management, finally 
concluded the talk by summing up the various points that were discussed. He pointed out the lack of 
systematic monitoring sites in Delhi and non-availability of a specific scientific index for better 
understanding of air quality. He said that society at large should act to address the problem and we 
at SES, JNU should set an example for others.  He cited several instances where students and faculty 
of SES actively participated in addressing environmental issues within the university campus. He 
also encouraged fellow faculty members to start car pooling. 

At the end, students discussed their doubts and shared their views on the topic. The talk ended with 
a resolution proposed by Dr. Sudesh Yadav to collect all waste paper generated in SES in separate 
bins for proper recycling. The talk concluded with the words of Prof. S. Mukherjee, who said that 
the main plume is our thinking and the Gandhian way of ―Simple Living and High Thinking‖ would 
best solve the environmental crisis we all are facing today. 

Compiled by: Asmita Gupta 
Research Scholar (Ph.D), SES, JNU 
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ENVIS NEWS: RESEARCH & DEVELOPMENT 

Estimation of exhaust and non-exhaust gaseous, particulate matter and air toxic 
emissions from on-road vehicles in Delhi 
Analysis of emissions from on-road vehicles in an Indian megacity, Delhi, was performed covering 
the past (1991–2011) and future (2011–2020) scenarios. Results indicated that emissions of most of 
the pollutants from private vehicles (two wheelers and cars) have increased by 2- to 18-times in 
2020 compared to the 1991 levels. Two wheelers were found to be dominating the emissions of 
carbon monoxide (CO, 29–51%), hydrocarbons (HC, 45–73%), acetaldehyde (46–51%) and total 
polyaromatic hydrocarbons (PAHs, 37–42%). Conversely, private cars were found to be responsible 
for the majority of the carbon dioxide (CO2, 24–42%), 1,3-butadiene (72–89%), benzene (60–82%), 
formaldehyde (23–44%) and total aldehyde (27–52%) between 1991 and 2011. The heavy-duty 
commercial vehicles (HCVs) showed their accountability for most of the nitrogen oxide (NOx, 18–
41%) and PM10 (33–43%) emissions during the years 1991–2011. In terms of PM10 emissions, 
vehicular exhaust contributed 21–55%, followed by road dust (42–73%) and brake wear (3–5%) 
between 1991 and 2011. After 2002, non-exhaust emissions (e.g. road dust, brake wear and tyre 
wear) together indicate higher accountability (66–86%) for PM10 emission than the exhaust 
emissions (14–34%).  
(Source: Nagpure et al. 2016, Atmospheric Environment 127: 118-124) 
 
Neuro-Fuzzy approach for forecasting Ozone Episodes over the urban areas of Delhi, 
India 
PM2.5 pollution in Delhi averaged 150 μg/m3 between 2012 and 2014, which is 15 times higher than 
the World Health Organization's annual-average guideline. PM2.5 concentrations for 11 transport 
microenvironments along a fixed 8.3-km arterial route, during morning rush hour was measured. 
The on-road PM2.5 concentrations exceeded the ambient measurements by an average of 40 % for 
walking, 10 % for cycle, 30 % for motorized two wheeler (2W), 30 % for open-windowed (OW) 
car, 30 % for auto rickshaw, 20 % for air-conditioned as well as for OW bus, 20 % for bus stop, and 
30 % for underground metro station. On the other hand, concentrations were lower by 50 % inside 
air-conditioned (AC) car and 20 % inside the metro rail carriage. Thus, it was found that the percent 
exceedance for open modes (cycle, auto rickshaw, 2W, OW car, and OW bus) reduces non-linearly 
with increasing ambient concentration. After accounting for air inhalation rate and speed of travel, 
PM2.5 mass uptake per kilometer during cycling was found to be 9 times of AC car, the mode with 
the lowest exposure. At current level of concentrations, an hour of cycling in Delhi during morning 
rush-hour period results in PM2.5 dose which is 40 % higher than an entire-day dose in cities like 
Tokyo, London, and New York, where ambient concentrations range from 10 to 20 μg/m3. 
(Source: Goel et al. 2015, Atmospheric Environment 123, 129-138) 
 
Bacteria capable of degrading anthracene, phenanthrene, and fluoranthene as 
revealed by DNA based stable-isotope probing in a forest soil 
The study applied stable-isotope probing (SIP) to investigate degraders of PAHs in a forest soil with 
the addition of individually 13C-labeled phenanthrene, anthracene, and fluoranthene. Three distinct 
phylotypes were identified as the active phenanthrene-, anthracene- and fluoranthene-degrading 
bacteria. The putative phenanthrene degraders were classified as belonging to the 
genus Sphingomona. For anthracene, bacteria of the genus Rhodanobacter were the putative 
degraders, and in the microcosm amended with fluoranthene, the putative degraders were identified 
as belonging to the phylumAcidobacteria. Our results from DNA-SIP are the first to directly 
link Rhodanobacter- andAcidobacteria-related bacteria with anthracene and fluoranthene 
degradation, respectively. The results also illustrate the specificity and diversity of three- and four-
ring PAHs degraders in forest soil, contributes to our understanding on natural PAHs biodegradation 
processes, and also proves the feasibility and practicality of DNA-based SIP for linking functions 
with identity especially uncultured microorganisms in complex microbial biota. 
(Source: Song et al. 2016, Journal of Hazardous Materials 308: 50-57) 
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Ecosystem services from rainwater harvesting in India 
This hydrologic research analysis using satellite rainfall data and a water balance approach was 
supported by NASA Precipitation Measurement Mission (PMM) Program at Department of Civil 
and Environmental Engineering, University of Utah, Salt Lake City, UT, USA to provide a spatial 
and temporal analysis of the ecosystem services’ potential of RWH in India. This study analyzed the 
effects of capturing rainwater for a 12.5 year period (Jan 1999 - Jun 2011) to provide three 
ecosystem services: water supplementation for indoor use, water supplementation for food 
production and groundwater recharge (GWR).  
(Source: Stout et al. 2015, Urban Water Journal) 
 
Regional pollution and long range transport over Hyderabad using ozone data from 
MOZAIC 
MOZAIC (Measurement of OZone and water vapor by Airbus In-Service air Craft) sensors were 
developed by European scientists of European Research cluster, Coordination of Research for the 
Study of Aircraft Impact on the Environment (CORSAIRE) and installed on Airbus commercial 
aircraft since year 1999. Data collection from MOZAIC (ozone, water vapor, carbon monoxide and 
nitrogen oxides) was used for experimental analysis of chemical and physical processes of 
atmosphere, stratosphere – troposphere exchange, satellite retrievals and to validate global 
chemistry transport models. 
Over Central India, Marine region and Africa /Middle East, MOZAIC ozone data (2005 - 2011) 
have been assessed for residence time and long range transport model using back-air trajectories and 
regional pollution records and study was carried out at Indian Institute of Remote Sensing, 
Aryabhatta Research Institute of Observational Sciences and supported by European commission, 
Laboratoire d’Aerologie, CNRS, and University Paul Sabatier, Toulouse, France. Investigations 
revealed that during summer, rate of ozone increase is maximum (boundary layer 6.8 ± 0.9 ppbv/day 
along with lower free troposphere 2.4 ± 0.4 ppbv/day) and during winters, rate of ozone is minimum 
(boundary layer 1.5 ± 0.2 ppbv/day and lower free troposphere 0.8 ± 0.7 ppbv/day). During March-
April months, the boundary layer ozone shows a distinct peak within monthly variation study. 
Throughout the year excluding in summer-monsoon season, over Indo-Gangatic plains, outflow has 
a considerable role in ozone enhancement due to extreme fire counts and potential source inputs. 
(Source: Srivastava et al. 2015, Atmospheric Environment 117:135-146) 
 
Concentrations of arsenic and other elements in groundwater of Bengal delta: 
Potential cancer risk 
23 elements were analyzed from arsenic-endemic areas of Bangladesh and West Bengal, India by 
researchers from Centre for Environmental Risk Assessment and Remediation (CERAR), University 
of South Australia and Cooperative Research Centre for Contamination Assessment and 
Remediation of the Environment (CRE-CARE), Australia. All investigated concentrations of As 
exceeded the threshold value of 10 µg/L given by World Health Organization (WHO).  Drinking 
water was found to be a potential cause of cancer in all areas of West Bengal and Bangladesh. 
Estimated values of As concentration from groundwater were Noakhali (297 µg/L), Jalangi (262 
µg/L), Domkhal (262 µg/L), Dasdia Nonaghata (115 µg/L), Deganga (161 µg/L), Baruipur (349 
µg/L). WHO guideline value for Mn is 400 µg/L. Mn concentration was found to be Noakhali (139 
µg/L), Jalangi (807 µg/L), Domkhal (807 µg/L), Dasdia Nonaghata (341 µg/L), Deganga (579 µg/L) 
and Baruipur (584 µg/L).  
(Source: Rahman et al. 2015, Chemosphere 139:54-64) 
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