Good for soil, grim for the
air: ammonia emissions
from N fertilised soils and
their controlling factors

Catrin Rathbone and Sami Ullah*
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The limits to agricultural production were busted wide 6
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Consider Carl Bosch our leading candidate for a modern Prometheus. This year marks “;;‘m e |
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a century since Bosch, a chemist, opened the Oppau, Germany-based Stickstoffwerke FHHIIEIOIEIN NN JEIEN HPEN HIEN HIENH HNNX B
(“nitrogen works”)—the first factory to produce synthetic ammonia, the main 0 J . ! ! v B
ingredient of chemical fertilizers. 1970 1980 1990 2000 2010 2020

It was an impressive technical feat that helped earn Bosch the Nobel Prize in 1931.
His fellow chemist Fritz Haber had pioneered and patented the process for “fixing”
inert nitrogen (the gas that makes up 78 percent of the atmosphere) into a usable,

reactive form. Bosch figured out how to do it economically and on a large scale.
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UK NH; emission and reduction tz;fgets

* Agriculture in the UK contributes

Ammonia emissions by livestock & fertiliser

Horses 19— ~85% of the total NH; emissions.

Sewage sludge application 2%— _

UK only achieved 14% reduction in
emission since 1980.

Saty s * Emission reduction targets of 8% by
2020 of the 2005 levels were not
achieved
e ctl il  And reduction of 16% of 2005 levels
° 23% by 20307?

* NH;inairis a precursor of PM2.5
 Deposition on natural terrestrial and
aquatic ecosystems negatively affects

ecosystem functions
N
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Number of events

Approach: Meta-
analyis

Land type

Grass O

Arable Q
Research led by Catrin _
Rathbone as her UG thesis in Field data from 11 studies (298 data points covering
Environmental Sciences at UoB arable and grassland SO”S)
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Fertilizer, land use and soil types

N application types, soil properties, pH, SOC, texture etc.




Ammonia losses from
different fertilizer types

Losses from Urea fertilizers is the
highest (~18.5%) and reaching to
70% in certain cases

Rathbone, C. and S. Ullah. 2023. EVNRIONMENTAL
CHEMISTRY, https://doi.org/10.1071/EN23010
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Ammonia emissions from Urea with and without inhibitors

Inhibitor types:

e Ul: Urease inhibitors (blocks
hydrolysis of urea into
ammonium)

* NI: Nitrification inhibitors (blocks
nitrification of ammonium to
nitrate)

e UINI: Urease + nitrification
inhibitors
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Use of NI for N,O reduction alone
increases NH; losses

%W UNIVERSITYOF
BIRMINGHAM Applied N lost as NH3 (%)




/
UK emission of Nitrous Oxide (N,O) as a fraction of applied N fertilizers

« Trade-offs between N,O vs NH; emissions

Use of both nitrification
and urease inhibitors can
reduce both ammonia
and nitrous oxide
emissions.

Health implication of NI
across the food chain?

y @ UNIVERSITYOF AN AN + DCD Urea Urea+Both Urea+DCD Urea+ NBPT
mm | BIRMINGHAM Fertiliser Type

(from Cowan et al. 2021 Science of Total Environment).



DEFRA’S ammonia Max Emission Factor (EFmax) for non-

urea and urea fertilizers with uncertainty bands

\ /
Only ~2% observation > EFmax in case of urea,

1/3" of the NH, loss observations greater than EFmax though mean losses are way higher than non-urea

fertilizers
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Future ammonia emission reduction directions...

A serious air quality and ecosystem health concern but poorly studied (11 field studies)....
| <k GOV.UK

The DEFRA’s Nutrient Management Expert

Group’S report pUb“Shed in 2024 recommended: Home > Environment > Pollution and environmental quality

1. Soil testing before fertilization to match crop N
needs Independent report

2. Improve land application rates and time Nutrient Management Expert Group

3. Use of inhibitors, though research on health (NMEG) report
Impacts recommended

4. Measures for improving N use efficiency of
crops

5. Scope for use of non-urea fertilizers to reduce
ammonia losses

6. Encourages use of bio-derived fertilizers

This report sets out recommendations from the NMEG to
Defra on the optimal policy approach to reduce pollution
from nutrients in agriculture.

UNIVERSITYOF From: Department for Environment, Food & Rural Affairs
% BIRMINGHAM Published 23 May 2024
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Ammonia emissions from soils treated with Anaerobic digestate (AD) and
W UNIVERSITYOF conventional fertilizer (Ammonium Sulphate)
sa | BIRMINGHAM AD75 and AD150: Anaerobic digestate applied at 75 and 150 kg N h-t

Hou and Ullah, 2024 ( in prep)
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