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It is not always easy to find a win–win relation in food,

environment, energy and sustainability regarding nitrogen.

By virtue of an invention of the Haber–Bosch process

where inert nitrogen, i.e. N2, is converted into ammonia, a

main constituent of ‘‘reactive’’ nitrogen, we have been able

to produce more fertilizers, contributing to an increase in

food production. Nevertheless, the groundbreaking inven-

tion triggered overdose of fertilizer application, which

resulted in nitrogen pollution in water bodies. As reviewed

elsewhere (Shibata et al. 2017), the trade-off between food

production and nitrogen pollution, termed ‘‘N dilemma,’’ is

arisen. In engineered systems for nitrogen-containing

wastewater treatment, reactive nitrogen is biologically

converted into inert nitrogen. To this end, aeration is

essential to oxidize ammonia into nitrite/nitrate, necessi-

tating energy and cost. In order to save the aeration energy,

limiting oxygen supply has been implemented. However,

this option boosts emissions of nitrous oxide (N2O) known

as an ozone-depleting and highly potent greenhouse gas.

Thus, another trade-off occurs between cost-effectiveness

and greenhouse gas emission in wastewater treatment

systems.

We are in the period when nitrogen cycle is taken into

consideration for its pollution abatement. According to the

report on the planetary boundaries approach (Rockstrom

et al. 2009), nitrogen pollution has been highly alerted

because it makes the earth irreversibly vulnerable (Rock-

strom et al. 2009) and the magnitude of the risk has become

more serious (Steffen et al. 2015). This threatening con-

dition will continue or may become even worse in the

twenty-first century owing to an increase in the amount of

nitrogen fixed from the atmosphere for human activities. It

has been reported that climate changes and land use due to

population growth will further increase the total amount of

fixed nitrogen by approximately 30% from 2010 to around

2100 (Fowler et al. 2015). This indicates that we will face

situations: (1) where reactive nitrogen remaining in ter-

restrial, marine and soil environments needs to be con-

verted into inert nitrogen; and (2) where the amount of used

reactive nitrogen needs to be reduced. Unless these situa-

tions are resolved, further nitrogen pollution would be

anticipated, posing risks of water pollution, human health

and global warming.

That being said, the situations seem to be changing.

Indeed, more stringent regulations for reactive nitrogen

emissions and discharges in developed countries have been

enforced to deter air and water pollutions, which reduce the

amount of reactive nitrogen to the atmosphere and water

bodies. From engineering standpoint, the application of

nanotechnology to agricultural plants, named phytonan-

otechnology (Rajan et al. 2015), would be promising to

reduce the amount of fertilizes applied to a cropland

(Kottegoda et al. 2017). Developing a wastewater treat-

ment system to mitigate N2O emission and to enhance

nitrogen removal by harnessing novel microorganisms

could be feasible.

I had a chance to attend the Fifth International Confer-

ence on Nitrification and Related Processes (in Vienna

from 23rd to 27th July 2017) where the concept ‘‘low

N-footprint’’ was extensively introduced and discussed.

Given that meat has a higher N-footprint than vegetables,

all served foods during the conference were vegetarian.

There was a special workshop ‘‘Ecological Impact of the
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Global N-Cycle and Perspectives for Sustainability.’’ The

lectures encouraged the participants to seriously think of

contributing to a low N-footprint society.

Individual nitrogen consumption in food and energy

should be also taken into consideration as nitrogen man-

agement. In this regard, the N-calculator (http://www.n-

print.org) can be suggested for developing public aware-

ness. This N-calculator is based on N-footprint per capita

resultant from the amount of reactive nitrogen loss to the

environment by incorporating consumed food and energy,

as well as required nitrogen to produce food and goods

(Leach et al. 2012). The challenge, however, is to dis-

seminate information about nitrogen footprints of food,

energy and environmental issues. Hopefully when a critical

mass of the population becomes concerned about nitrogen

pollution, innovative solutions to the nitrogen trade-offs

will emerge.
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