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Ammonia in the Atmosphere

= Ammonia (NH,) Is an air pollutant, mainly from agriculture
(88%) and traffic emissions

" |t's an irritant, that is detrimental to human health
= |t's the only pollutant not to decrease since 1970!

(%)
]

Porcentage changs in enmissions ngainst sl year of date
8 s 3 4 s

sAmmonis  aNO, NMVOCs =S0, wPM,,

Science and
m Technology = 2020-01-14 SON Kick-Off Meeting York 1 RAL Space



Current Detection Methods

= \\Vind tunnels and shuttles
= Accurate and reliable, but slow to read out (~ hours)
= A continuous, real-time method would be welcome
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Trace gas remote sensing in astronomy
and Earth Observation (EO)

» “Wiggling” molecules emit radio signals at characteristic
frequencies

= A receiver can pick that signal up, and calculate how much gas
there Is
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Location of Ammonia Spectral Lines

Kacm**2Z/molecule Absorption coefficient

@ HITRAN. Molecule NH3. Isotopologue(s): 4111. Scut=1e-24cm/molecule, T=296.00K, P=1.000000atm, Voigt, wing=50HW
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Atmospheric Transmissivity
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Viable Ammonia Spectral Lines

Log({Ka) Absorption coefficient
|.7000c+1

- HITRAN. Molecule NH3. Isotopologue(s): 4111. Scut=1e-24cm/molecule, T=296.00K, P=1.000000atm, Voigt, wing=50HW
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Detectability Analysis for Various
Emissions and Atmospheric Scenarios
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TABLE 2: LIST OF VARIOUS THRESHOLD DETECTION LEVELS [TIMMER,2004] [BECKER,1999]

Detection
Limit

Source / Objective

1 ppb Environmental air monitoring

50 ppb Breath monitoring

1 ppm Measuring in stables

10 ppm Extensive farming / Normal traffic emissions

20 ppm Chemical alarm: Maximum allowed workspace level

50 ppm Chemical alarm: Smell detection limit / Severe traffic emissions

500 ppm Chemical alarm: Immediate and serious irritation of nose and
throat

1000 ppm Chemical alarm: Pulmonary oedema

5,000 ppm - Chemical alarm: Lethal dose {5-10 mins)

10,000 ppm
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Differential Emission Technique
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» Cheap and simple!
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Ammonia spectra with 2GHz box-char ILS (75% RH, 100m, 1000hPa, 290K)
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Open Path Observing Systems

= Concentrated NH, —

levels are found In
closed spaces (animal | _____ ) o _
houses) and llllllllllllllllll

Immediate above
fertilized fields Main Beam Reference Beam

= Beam switching to "

= Maximise the NH4/H,O
ratio (by removing H,O
only layers)

= Get a cold background

* Have a known humidity
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Instrument Concept

WR42 Horn
Antenna
RF range:
15-30GHz
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Roadmap

» September 2018: Food Network + Seed corn study: £6k
» Theoretical feasibility study

= March 2019: SFN+ extension: £5k
= Refinement to feasibility study

» June 2019: STFC Proof-of-Concept study: £40

» Select an implementation scenario and design the instrument
breadboard

= 2020: STFC Challenge Led Applied Systems Programme
(CLASP); Security and Environment: Bidding for £250k

» Proposal to build an instrument prototype and perform laboratory- and
field campaigns
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