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Executive Summary
Operation of the NAMN

The UK National Ammonia Monitoring Network (NAMN) has been operated by the Centre for
Ecology and Hydrology (CEH) on behalf of the Department for Environment, Food and Rural
Affairs (Defra) and the Devolved Administrations, and its predecessors since its inception
(September 1996).

The aims are to explore spatial and temporal patterns in ammonia (NHz) concentrations, compare
results with dispersion models, and contribute to national Nitrogen (N) deposition estimates. Since
1999, the network has also included measurements of ammonium (NH,") particles.

Monthly measurements of atmospheric ammonia (and ammonium) are made with an established
DEnuder for Long-Term Atmospheric (DELTA) system, augmented by NHz; measurements with
the high sensitivity Adapted Low-cost Passive High Absorption (ALPHA) sampler, with the latter
subject to continuous calibration.

A robust long-term baseline on gaseous NH; (since Sep 1996) and aerosol NH,* (since Jan 1999)
allows changes in atmospheric NH, to be quantified spatially across the UK, which will provide a
basis to verify compliance with international agreements.

The DELTA system used in the NAMN also provides monitoring of other atmospheric components
at a subset of sites, including monthly measurements of gaseous HNO;, SO,, HCI and aerosol
NOs, SO,”, CI, plus base cations Na', Ca* and Mg”', as part of the Nitric Acid Monitoring
Network. The parallel sampling allows the relationship between ammonia and interacting gases
and aerosols to be monitored. Results of these measurements are reported separately under the
Acid Deposition Monitoring contract.

Network results: QAQC

Quality Assurance is maintained through the careful implementation of established sampling
protocols. Laboratory performance is monitored through participation in Aquacheck International
Proficiency Testing scheme for analytical laboratories (until 2007), and in the EMEP laboratory
intercomparison (once annual - http://www.emep.int) and WMO-GAW (twice annual -
http://www.qasac-americas.org/lab_ic.html) schemes since 2007.

Data quality is assessed using set Quality Control criteria: a) DELTA system: monitoring air flow
rate and the use of two denuders in every sample to assess capture efficiency for NHz, and b)
ALPHA samplers: ongoing calibration of uptake rate against the DELTA, and the use of triplicate
samplers for monitoring NHs; concentrations at every site, to allow an assessment of sampling
precision and uncertainty.

Network results: Spatial patterns and seasonal vari  ability

Data are mounted on the internet at the web page of the UK NAMN which can be found at:
http://www.uk-pollutantdeposition.ceh.ac.uk

Annual maps of NH; and aerosol NH," concentrations have been generated over the country.
The number of sites in the NAMN in 2008 was 95 sites, and the high spatial variability of NH;
concentrations demonstrates that this large number of sites is necessary. Aerosol NH.', a
secondary product is spatially more even and is monitored at a smaller number of sites (46 in
2008).

The measurements show a broad pattern of small air concentration in the NW Scottish Highlands
(<0.2 ng m™) and larger concentrations across much of lowland Britain (1-3 ng m®), as well as
peaks in intensive agricultural areas (up to 22 mgy m™).

Measurements in remote sites show a strong seasonal cycle with the largest concentrations in
summer and smallest in winter.

In sheep dominated areas there is an extremely strong seasonal cycle with largest concentrations
in summer, in some cases up to a factor of 100 larger than winter concentrations. This is expected
to relate to the increased potential for grazing emissions in warm summer conditions.

A more complex seasonal pattern is seen in cattle, pig and poultry dominated areas (e.g. East
Anglia). In these situations strong spring and autumn peaks in NH3; concentrations are also
recorded, which almost certainly reflect emissions from the land spreading of wastes from housed
livestock to spring growth or after harvest.
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Measurement data are used to calibrate the FRAME atmospheric transport model, and the model
output is then combined with the CBED deposition model to provide a best estimate of annual
ammonia and ammonium dry deposition. For 2006, the estimate was 53 kt N yr'l.

National interpolated maps of NH3; concentrations may be used to give an initial estimate of critical
levels (CL) exceedance over the country. Based on the 2008 annual NHz; map, exceedance of the
new long-term average CL of 3 ug NH; m™ occurred at 18 sites (= 11 % of total grid squares in
interpolated concentration map), whilst exceedance of the long-term average CL of 1 pg NH; m™
occurred in large areas across the UK (56 sites = 63 % of total grid squares in interpolated
concentration map) across the UK.

Network results: Trends
16.

Twelve years of NH; data (1997-2008) and 10 years of aerosol NH," data (1999-2008) were
analysed. Trends are not easily detectable at individual sites due to significant inter-annual
variability linked to meteorological differences and the effect of local emissions at different times of
the year. For this reason, a trend assessment on the results was made from multiple sites.

A key benefit of the large number of sites in the NH;3 network is that group analysis can be
conducted according to the major source sectors (AENEID model). Changes in estimated
emissions for different sectors (cattle, sheep, urban etc) are not the same over the course of the
network and differences may therefore be expected. Overall the data show informative trend
differences in NH; concentrations.

In pig-poultry dominated areas, there is a slight (non-significant) reduction in NH; concentrations.
This is consistent with (but not as large as) the estimated reduction in NH3; emissions from these
sectors.

In cattle dominated areas, there is a slight (non-significant) increase in NH;z concentrations,
although there have been no increase in NH; emissions from these sectors since 2000.

In background sites (defined by 5 km grid average emissions <1 kg N ha™ yr'), there is a
tendency for NH; concentrations to have increased over the monitoring period, even though
emissions are not estimated to have increased. This may be a feature of the reduction in SO,
emissions over the period, leading to a longer atmospheric lifetime of NH3, thereby increasing NH3
concentrations in remote areas.

In sheep dominated areas, there was also a slight (non-significant) increase in NH;
concentrations. However, the analysis was based on results from 5 sites only.

For NH," aerosol, analysis was made using all measurement site data since there is less
relationship to the dominant ammonia source sectors in the data. The overall dataset shows a
downward (non-significant) trend in NH," concentrations. Again, this may be a feature of the
reduction in SO, emissions over the same period, resulting in lower formation of NH," particles in
the atmosphere.

Local variability assessment
23.

The local scale variability assessment of ammonia at a UK Southern Scottish study Landscape
has been completed. Parallel inventorying activities conducted by the NitroEurope Integrated
Project will allow a detailed interpretation of these measurements, providing information to
improve understanding on sub-grid variability and site representativity.

Related activities
24.

Throughout the contract period, CEH continued to contribute expertise related to ammonia and
monitoring to the groups under the UNECE Convention on Long-range Transboundary Air
Pollution (CLRTAP). Until 2007, the work of the NAMN was reported to the UNECE in the context
of the Ammonia Expert Group (AEG) and the Task Force on Measurement and Modelling
(TFMM). As of December 2007, the first group (AEG) was replaced by a new Task Force on
Reactive Nitrogen (TFRN) and the Expert Panel on Mitigation of Agricultural Nitrogen (EPMAN)
which is a subgroup of the TFRN. The TFRN has a much wider perspective in developing the
technical basis for linking reactive nitrogen abatement strategies, under the co-chairmanship of
Mark Sutton (CEH) and Oene Oenema (Alterra). CEH also contributed expertise to the
development of European standardized NO,, NHz; and other trace gas measurements under
CEN/TC264/WG11 (passive diffusive sampling) and HSE/CAR/WGS5 (indoor air and ambient air
methods).
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. Project Report to Defra

8. As a guide this report should be no longer than 20 sides of A4. This report is to provide Defra with
details of the outputs of the research project for internal purposes; to meet the terms of the contract; and
to allow Defra to publish details of the outputs to meet Environmental Information Regulation or
Freedom of Information obligations. This short report to Defra does not preclude contractors from also
seeking to publish a full, formal scientific report/paper in an appropriate scientific or other
journal/publication. Indeed, Defra actively encourages such publications as part of the contract terms.
The report to Defra should include:

the scientific objectives as set out in the contract;

the extent to which the objectives set out in the contract have been met;

details of methods used and the results obtained, including statistical analysis (if appropriate);
a discussion of the results and their reliability;

the main implications of the findings;

possible future work; and

any action resulting from the research (e.g. IP, Knowledge Transfer).

Contributing authors: Tang YS, van Dijk N, Simmons |, Anderson M, Dore AJ, Dragosits U, Bealey WJ, Leaver D,
Storeton-West R, Smith I, Cape JN, Fowler D & Sutton MA.

1. Introduction
1.1. Environmental impacts and policies on ammonia

Atmospheric ammonia (NHs3) is a pollutant of major environmental concern with adverse effects on forests,
species composition of semi-natural ecosystems and soils (Hornung & Wilson 1995, Hornung & Sutton 2002,
Fluckiger & Achermann 2003). The main source of ammonia emissions to the atmosphere is agriculture, which
accounts for more than 80% of total anthropogenic ammonia emissions to the atmosphere in the UK (Sutton et al.
2000). Emission and deposition of NH; can contribute significantly to total nitrogen deposition to the environment,
contributing to eutrophication (nutrient enrichment) and acidification (oxidation of NHj3 to nitrate resulting in
release of H" ions) of land and freshwaters, leading to a reduction in both soil and water quality, loss of
biodiversity and ecosystem change (e.g. DEFRA 2002, Pitcairn et al. 1998, 2002). In addition to these effects,
NH; is the major precursor for neutralization of atmospheric acids, affecting the long-range transport distance of
both SO, and NO, and leading to the formation of secondary particles (primarily ammonium sulphates and
ammonium nitrate). These particles have multiple impacts including effects on atmospheric visibility, radiative
scattering (and the greenhouse effect) and on human health.

The recognition of NH; as an important air pollutant had led to its inclusion for the first time in international
agreements to reduce air pollutant emissions, under the 1999 UNECE Gothenburg Protocol (ratified by the UK in
December 2005) and the National Emissions Ceilings Directive (2001/81/EC) of the EU. The target of both these
agreements is that NH; emissions should not exceed 297 kt as NH3; by 2010, with a particular focus on reducing
the extent of critical loads exceedance for acidification and eutrophication effects. Emissions of NH; in the UK are
estimated to have fallen by 21 % between 1990 and 2007, from 364kt in 1990 to 289kt in 2007
(http://www.naei.org.uk), achieved mostly through the ongoing changes in UK agriculture, with both reductions in
animal numbers and fertilizer use.

However, the review of the Gothenburg Protocol and NECD is currently expected to include new, more stringent
emission ceilings for 2020 that will seek more environmental protection and improvement in air quality than has
so far been committed, including the introduction of an emissions ceiling for particulate matter (PM). There are
also a number of factors that will require investment to be made in measures to reduce NH; emissions in the UK.
The first of these is the already signed Integrated Pollution Prevention and Control (IPPC) Directive (1996), which
requires pig and poultry farms (above stated size thresholds) to reduce emissions using Best Available
Techniques. Secondly, new “Critical Levels” (CL) of NH3 concentratlons for the protection of vegetation and
ecosystem were adopted in 2007, of 1 pg NHz m’ *and 3 Mg NHz m % annual mean for the protection of mosses
and vegetation, respectively (UNECE 2007), which replaced the previous CL value of 8 ug NHz m (annual
mean).

1.2. UK NAMN

The UK National Ammonia Monitoring Network (NAMN, Sutton et al. 2001a) was established in 1996 to quantify
the spatial distribution and long-term trends in concentrations of atmospheric ammonia (NH5) and later also NH,"
(smce 1999), which will:
start a long-term baseline for examining responses to changing agricultural practice and future
assessment of the compliance of ammonia emissions with targets established by international policies on
emissions abatement,

define the concentration field of NH; and NH4+ as input to deposition models, improve deposition
estimates and comparison with critical loads,
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estimate dry deposition of ammonia and ammonium aerosol, including assessment of uncertainties and
thereby improve estimation of the UK ammonia budget (Fowler et al. 1998, NEGTAP 2001, Smith et al.
2000, Sutton et al. 2001b), and for comparison with critical loads (NEGTAP 2001),

provide spatial patterns for testing regional variations in the performance of atmospheric transport models
(relation to different source/sink regions),

explore patterns of ammonia concentration as a reference to allow future models to deal with sulphur
dioxide-ammonia interactions.

quantify seasonal patterns for different regional areas to help understand ammonia exchange processes
and the effects on the UK ammonia budget, since ammonia exhibits strong seasonality,

Given the high spatial variability of NHs, the strategy for the network was to sample at a large number of sites to
map the UK NH; concentration field, using low-frequency sampling (monthly) to allow temporal patterns and long-
term trends to be assessed at a low cost. There were at the beginning 70 sites, which after reviews to fill in key
gaps expanded to 95 sites by 2008 (Figure 1), details of which are provided in Annex 1. At 59 of these sites, the
CEH DELTA methodology (Sutton et al. 2001a) is used to provide the spatial and temporal patterns of gaseous
NH; and aerosol NH," across the UK, while passive diffusion samplers (Tang et al, 2001a) are used to provide
additional data in key areas of expected high concentrations and variability expected on the basis of the FRAME
model air concentration estimates. To address the issue of site representativity, assessment of sub-grid variability
at selected locations have also been made (Tang et al. 2001b, Sutton et al. 2004). Local Site Operators (LSOs)
provide an essential element in the running of a network with many sites, since all samples are posted to LSOs
who change over and return samples for analysis. This minimizes travel time in the network management,
thereby permitting an adequate number of monitoring sites.

(A) NAMN 95 sites (B) HNO 3 Network 30 Sites
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Figure 1: Map of (A) 95 site NAMN for NH; and NH,", and (B) 30 site HNOs; network for HNOs, NOs and related acid gas/particle
measurements.

1.3. Integration of the Nitric Acid Monitoring Netw  ork with the NAMN

The new expanded 30 site Nitric acid Monitoring Network (operated by CEH under subcontract to AEA
Technology for defra and the Devolved Administrations; renamed AGANet Acid gas and Aerosol Network in Jan
2009 to reflect the range the acid gases and aerosols monitored) is an integral part of the UK NAMN. An
extension of the DELTA methodology is deployed at 30 DELTA sites to additionally sample gaseous HNO3, SO,,
HCI and aerosol NO3, SO,”, CI', plus base cations Na*, Ca”* and Mg”*. Results from this network are reported
separately under the Acid Deposition Monitoring contract. Neutralisation of acid gases such as SO, and NO, (and
HNO,) in the atmosphere by NH; forms ammonium particles (NH4sNO3, NH4HSO,, (NH4),SO,4). As the emissions
of these acidic gases have reduced over past years, the parallel sampling conducted at the same sites over the
same sampling periods thus allows monitoring of the relationship between ammonia and interacting gases and
aerosols.
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Overall, the NAMN structure in 2008 consisted of:

Site Type Number

DELTA sites sampling gaseous jH 59

DELTA sites also sampling aerosol i\H 46

DELTA sites also sampling gaseous HNSQO,, HCI & aerosol NG, SQZ, Cl, Nd', c&", 30

Mg®") as part of the Nitric Acid Monitoring Network

ALPHA sites sampling gaseous Réhly g‘i?eg)h's includes 8 ICP
Intercomparison sites with both DELTA & ALPHA 12

Total number of sites 95

2. Sampling Methods
2.1. Active sampling method: DELTA system

The DELTA (DEnuder for Long-Term Atmospheric) sampling system was developed for long-term sampling of
ammonia and then later also extended to sample ammonium in the UK NAMN (Sutton et al. 2001a). This diffusion
denuder method permits the selective removal of gaseous NH; on denuders, with subsequent collection of
particulate NH," on a downstream aerosol filter (Ferm 1979). The method is simple to deploy, using a small air
pump to provide the desired air sampling rate of 0.2 — 0.4 L min™, and a high sensitivity dry gas meter to record
sampled volume.

2.1.1. Sampling train

The sampling train comprise of two citric acid coated borosilicate glass denuders (10 cm long x 10 mm od) to
remove atmospheric NH; and a 2.3 cm section of uncoated glass tube at the front end to enable a fully developed
laminar flow. Two denuders in series are used for every sample, to ensure complete capture of NH3, and to
provide an assessment of capture efficiency. An additional glass tube at the back end serves to prevent possible
contamination of the second denuder during handling and sample changeover. At sites where sampling of NH,"
aerosol is also made, a filter pack with an acid impregnated filter is added after the denuders to capture NH,"
aerosol. The different sections of the sampling train are joined by silicone tubing, and provided with two
polyurethane caps for sealing before and after sampling. The train may also be folded over, utilizing the silicone
tube connection, during posting.

2.1.2. Denuder extraction and chemical analysis

Exposed samples are posted back to CEH by the site operators and stored at 4°C until analysis. Denuders are
extracted in 3 ml deionised water, while post denuder aerosol filters are extracted in 4 ml of deionised water. The
extracted samples are analyzed for ammonium on the high sensitivity AMFIA (AMmonia Flow Injection Analysis)
system, which is an automated system developed at ECN, Petten, NL (Wyers et al. 1993). AMFIA is based on the
selective dialysis of ammonia across a membrane at high pH with subsequent analysis of conductivity. Monitoring
of laboratory performance was previously through the Aquacheck International Proficiency Testing scheme for
analytical laboratories, and since 2007, through participation in the EMEP laboratory intercomparison (once
annual - http://www.emep.int) and WMO-GAW (twice annual - http://www.qasac-americas.org/lab_ic.html)
schemes.

2.1.3. Calculation of NH 5 concentrations
The amount of NH; collected (Q) on a denuder due to air sampling is given by:

Q = (Ce - Cb)*V (1)

where c. is the liquid concentration of an exposed sample, ¢y is the liquid concentration of a blank sample and v is
the liquid volume of the extraction solution.

The air concentrations (c,) of NH; is then determined as:

Ca=QNV 2

where V is the volume of air sampled, which is found directly from the gas meter readings, and is typically 15 m
per month.

The use of two denuders in series allow for the determination of capture efficiency, by comparing the amounts of
ammonia in both. An infinite series correction factor, based on the capture efficiency, is applied for ammonia not
captured. The corrected air concentration of NH; (Ca (corrected ammoniay) 1S then determined as:

(Ca(corrected ammonia)) = Ca(Denuder 1) * [1/(1'(Ca(Denuder 2) / Ca(Denuder 1))] (3)

At a typical capture efficiency of 90 % in the first denuder, the correction represents 1 % of the corrected air
concentration. At 80 %, 75 % and 70 % capture, the correction amounts to 6 %, 11 % and 17 % of the total,
respectively. Below 60 % capture efficiency, the correction amounts to greater than 50 % and should not be
applied. The air concentration of NH; is then determined as:

Ca = Ca(Denuder 1) + Ca(Denuder 2) (4)

3
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2.1.4. Calculation of NH ,* concentrations

The air concentration (c,) of NH," from filter pack sampling is determined according to equations 1 and 2
described in section 2.1.3.

The calculated air concentrations (c,) of NH," is also corrected for ammonium which is due to incomplete capture
of air NH; by the double denuder. The corrected air concentrations (Ca (corrected ammonium)) Of NH," is then determined
as:

Ca (corrected ammonium) =Ca (NH4+) — [(Ca (corrected ammonia) — (Ca (Denuder 1) + Ca (Denuder 2))] (5)

Loss of NH; due to volatilisation of NH,* from the filter paper has been investigated, by adding a 3" citric acid
coated denuder after the filter pack, and was found to be negligible.

2.2. Passive Diffusion Samplers

In the first phase of the network, the performance of 35 mm path length membrane diffusion tube was improved to
permit reliable monthly measurements down to a level of c¢. 1 pg m™ (Sutton et al. 2001b). In the second phase of
the network, an improved high sensitivity passive method, the CEH ALPHA (Adapted Low-cost Passive High
Absorption) sampler (Figure 2) with 6 mm path length was applied in the network (Tang et al. 2001a). Compared
with the diffusion tube, the ALPHA method shows an improvement of precision and detection limits by a factor of
~20. Combined with careful attention to analytical procedures, replication and ongoing calibration against the
DELTA system, the detection limit of the ALPHA sampler for monthly sampling of NH; is around 0.02 pg m™. In
May 2000, the diffusion tube method was replaced by the new improved ALPHA sampler across the NAMN.

R
A Replacement solid cap
+—H B Top protective cap
G C 5 nm PTFE membrane (27 mm diameter)
D Cap with hole for membrane
W E Support ring (6 mm height)
. <D F Filter paper

' c T "4_ B G Internal ridge to support filter paper

H Extended body for ease of handling
«— A | Velcro for attachment to holder

Figure 2: Diagram of a single CEH ALPHA sampler for NH3, which has an optimized design to meet both sampling and operational criteria.

The passive sampling system consists of three replicate ALPHA samplers attached by the use of velcro to an
aerodynamically shaped support (upturned frisbee or plant saucer) on a pole or post at about 1.5 m height above
ground. Triplicate samplers are implemented at each site in order to give a more reliable estimation of the air
concentration of ammonia and to assess method precision.

2.2.1. Analysis and calculation of NH 3 concentrations

Exposed samples are returned to CEH by post and stored at 4°C until analysis. Samples are extracted into
deionised water and analysed for ammonium on the AMFIA system (see section 2.1.3).

All passive samplers operate on the principle of diffusion of gases from the atmosphere along a sampler of
defined dimensions onto an absorbing medium, according to Fick’s law. The theoretical uptake rate of a sampler
is a function of the length, L (m) and the cross sectional area, A (m2) of the stationary air layer within the sampler,
and can be calculated provided that the diffusion coefficient, D (m? s™) of the gas of interest is known. The
diffusion path length is nominally the distance from the mouth of the sampler to the reaction surface at the other
end of the tube. Disturbance to the stationary air layer, such as through the effect of wind turbulence, can shorten
the nominal path length. Conversely, the use of a turbulence-damping membrane at the inlet can increase the
effective path length due to a quasi-laminar layer of air forming adjacent to the outside of the membrane. The
theoretical volume of air sampled (V, m®) by the CEH ALPHA sampler is given by:

V = DAt/L 1)
where t = time of exposure (h) D=2.09x10° m’s*at 10°C
A =3.4636 x 10" m’
L=0.006 m
V (m®) = 0.004343362 m> x t (h) 2)
The air concentration of a pollutant (c, e.g. ng m™) can then be calculated as:
c=(me—my)/V 3

Where me=amount of NH; collected on an exposed sample (e.g. ng)
m, = amount of NHs in the blank sample (e.g. ng)
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2.2.2. Calibration of passive samplers

Both the ALPHA sampler and the membrane diffusion tube have a gas permeable membrane placed at the inlet
to establish a turbulent free layer of air inside the sampler. The membrane and overlying laminar boundary layer
of air do however impose an additional resistance against gas diffusion, which needs to be taken into account
when deriving the sampler’'s effective sampling rate. This is determined empirically from field calibration of the
samplers against the reference DELTA system at 12 sites in the network where the 2 methods are implemented
in parallel on a long-term basis (see also later in section 3.1.3).

2.3. Quality Assurance and Quality Control of sampl  ing methods

This section describes the main QA and QC approaches used in the UK network (Tang & Sutton 2003). QA of the
network is maintained through careful adherence to specific written sampling protocols of good laboratory and site
operator practice. A number of QC criteria are applied to screen the collected dataset. Data passing and failing
the QC thresholds can then be compared to identify any biases. Two levels of data filtration are provided:

1. Standard data filtration

DELTA system: two denuders in series are used for every sample to check capture efficiency for NHs: distinction
is made between samples providing 3 75% of the total NH; captured in the first of the two denuders, compared
with < 75% of the total capture being in the first denuder. Values less than this indicate an imperfectly coated acid
film or some other sampling problems and it cannot then be guaranteed that all the NH; is captured in both
denuders. It should be noted that a collection efficiency correction is applied to the measurement based on the
capture efficiency (Sutton et al. 2001a, 2001b). Gas meter flow rates are also monitored. The air pumps used are
relatively stable, at 0.25 — 0.4 | min™, and data fail the QC standard where the air sampling rate for a sampling
period is < 0.23 | min™. Low measured flow rates indicate that the pump may need oiling, that an extended power
cut has occurred or that there is a leak in the system. Any low flow rate for a month is investigated promptly with
the site operator.

Passive samplers (ALPHA samplers): replicate samples (3) are used at every site to provide estimates of
precision of the method, and to identify contamination artefacts. Where the % coefficient of variation (CV =
standard deviation / mean) of the replicate samplers is greater than 30% for diffusion tube samplers, and 15 % for
ALPHA samplers, the sample run is classed as failing the QC test. Large discrepancies greater than the set
quality standard are most likely due to contamination of samples.

2. Manual screening of outliers

In addition to the above tests, the full dataset is investigated for outliers in relation to the functioning of the
equipment. This is designed to identify the small number of runs where there was clearly a sampling malfunction.
This exclusion includes such events as vandalized samples, water ingress and invasion by invertebrates.

2.3.1. Comparison with other network measurements

Ongoing intercomparison of ammonia measurements with the CEH DELTA system versus the AMOR system
have been carried out at Zegweld, the Netherlands since July 2003 (Tang et al. 2007). Zegweld is one of eight
sites in the Dutch air monitoring network (http://www.Iml.rivm.nl/data_val/index.html) that uses the AMOR system,
a wet annular denuder method operated by RIVM, to provide atmospheric ammonia concentrations at hourly
resolution (Buijsman et al. 1998). The CEH DELTA system on the other hand is a long-term monitoring technique,
providing time-integrated data that is averaged over a monthly monitoring period. Two DELTA systems are
operated in parallel alongside the AMOR monitor, which provides an ongoing assessment of the precision of the
DELTA method.

3. Results and Discussion
3.1. Performance of the network
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Figure 3: Assessing NAMN performance through monitoring total data capture, and % of data passing the QC thresholds (DELTA: capture of
NH; 3 75 % in the first of the 2 denuders, flow rate = > 0.22 L min™; DT/ALPHA: % CV for replicate samples < 30 % and < 15 % respectively).
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Data capture and the percentage of samples passing the main QC criteria in the NAMN provide an indication of
network performance (Figure 3). The number of measurements providing data for each month is around 12 larger
than the total number of sites in the network, due to replicated measurement by more than one method at certain
sites, whilst the effect of the FMD outbreak during 2001 which affected site access can be clearly seen (Figure 3).
The gradual decline in data passing QC thresholds at the beginning of the network was attributed to imperfect
coating of denuders (the denuder coating protocol was subsequently improved), whilst the dips in the spring of
1998 and 1999 were attributed to high temperatures in monitoring cabin housing the DELTA equipment which
affected NH3 sampling (this was improved through providing increased ventilation and in some cases, moving the
DELTA sampling equipment to an outdoor location). Since these changes, the percentage of samples passing the
main QC criteria has been consistently better than 80 %.

While samples failing the QC are not necessarily invalid, it is not certain that they are reliable (e.g. it cannot be
proven that all the ammonia is captured in both the denuders if capture efficiency in the first denuder is low).
However, a comparison for each site of the overall mean NH;3 concentration using the full dataset, with the mean
of filtered data showed very close agreement, with a slope within 1%. This indicates that, although the full dataset
(excluding manually removed outliers) may be more scattered than the filtered dataset, overall there is no
significant bias introduced, demonstrating the robustness of the estimates. Results are therefore presented using
all data (excepting outliers), but showing the distinction between data passing or failing the standard filtration.

3.1.1. Measurement reproducibility

The quality/precision of the measurement data using DELTA sampling can be demonstrated at a selected number
of sites where replicated sampling has been applied. This is shown for example for Bush OTC (S1), near CEH
Edinburgh, in Figure 4.
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Figure 4: Two DELTA systems are operated in parallel at Bush OTC site in Scotland (S1 Bush OTC: mixed agricultural area, NT243642), to
provide an ongoing assessment of the precision of the DELTA approach. Excellent agreement was achieved with the replicate sampling (e.g.
an annual average difference of + 2 % in NHz and + 2 % in NH,").

3.1.2. Intercomparison of DELTA and passive samplin g methods
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Figure 5: Comparison of annual empirical calibration curves for the passive samplers against the reference estimates from DELTA sampling at
12 sites in the NAMN. For ALPHA samplers, ALP1 is the first prototype ALPHA that was made with a 22 mm diameter exposure surface
(1998-2000), while ALP2 (2001-2005) and ALP3 (2006 to present) were produced commercially from injection moulding with a 21 mm
diameter exposure surface. TE38 PTFE membrane was used from the beginning, but was replaced with the new Swiftlab PTFE membrane
from Feb 2007.

Results from the comparison of the ALPHA samplers against the DELTA system at intercomparison sites across
the UK are used to derive an effective uptake rate for the ALPHA sampler. In addition, parallel measurements
with the DELTA and ALPHA are also made at a farm site with high NH; concentrations near S1 Bush OTC, in
order to extend the calibration range, and also to ascertain linearity of response to a high concentration. The
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calibration is necessary to account for the fact that the diffusion path length of the passive sampler is slightly
longer than the distance between the membrane and adsorbent, due to the presence of a laminar boundary layer
resistance at the membrane inlet of the sampler plus the additional resistance to diffusion through the turbulence
damping membrane (see section 2.2.2).

Based on field calibration against the DELTA system, the membrane resistance (Swiftlab PTFE membrane)
equated to an extra 2 mm path length from the 2008 calibration.
Effective uptake rate (Swiftlab PTFE membrane), V (m®) = 0.0032383 m® x t (h) (4)

By comparison, the TE38 membrane equated to an extra 0.83 mm path length from past calibrations.
Effective uptake rate (with TE38 membrane, 2006), V (m®) = 0.003787816 m> x t (h) (5)

The annual regressions are used to calibrate the diffusion tube and ALPHA sampler and data, which are mapped
together with the data for active denuder sampling. To ensure that bias is not introduced in the sampling and to
maintain the validity of long-term trends, the calibration is analysed on an annual basis as a check that the
passive samplers in relation to the DELTA does not deviate significantly with time. Figure 5 compares the annual
empirical calibration for the passive samplers, based on their theoretical sampling rate (not including any
membrane or boundary layer resistance) against the reference DELTA method. There is no systematic trend over
time in either of the passive method calibrations. The annual calibration functions of both the diffusion tubes and
ALPHA samplers show both high precision and constancy between years. This is very important, as it lends
support for the detection of temporal trends in ammonia concentrations. The mean diffusion tube calibration (at 10
ng m®) amounts to a correction of 2.8% compared with the DELTA system, with the standard deviation of the
different annual calibrations being 3.8%. The mean ALPHA calibration (at 10 ng m™) amounts to a correction of
10 % (ALP1: ALPHA sampler type 1), 11 % (ALP2 + ALP3: ALPHA samplers type 2 and 3) and 13 % (ALP3M:
ALPHA samplers type 3 with Swiftlab PTFE membrane) respectively, compared with the DELTA system, with the
standard deviation of the different annual calibrations being < 1%.

3.2. Temporal patterns of ammonia and ammonium
3.2.1. Mean Temporal Patterns of gaseous NH 3
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Figure 6: Mean monitored monthly NH; concentrations from all sites in the network. The bars show the minimum and maximum
concentrations for each month. The graphs are all plotted on the same scale, to allow a comparison of annual differences in concentrations to
be made. The final graph shows the trend in mean monitored monthly NH3 concentrations of all sites from Jan97-Dec08.
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Seasonal variations in NHz across all sites in the network are summarised in Figure 6, which shows the monthly
mean of all site measurements, together with the minimum and maximum values monitored for each month.
Monthly mean concentrations of all sites in 2008 were in the range 0.94-2.8 pug NH; m™, whilst individual
monitored monthly concentrations were in the range 0—20 pg NHz m™. In the last part of Figure 7, all years are
plotted together.

+

3.2.2. Mean Temporal Patterns of aerosol NH 4

The annual temporal profiles across all sites are also plotted for NH," to show the major patterns of
concentrations (Figure 7). As with NH3, the monthly mean of all site measurements, together with the minimum
and maximum values monitored for each month are shown. The monthly concentrations of individual sites were in
the range 0.00 — 6.2 my NH," m™, with monthly concentrations of all sites averaging between 0.31 — 3.3 gy NH,"
m®. Ammonium aerosol concentrations peaked in Spring 2003, which coincided with a very warm, dry spring that
year. The higher concentration is also supported by elevated levels of aerosol NOs; and S0,> over the same
period, monitored in the HNO3z; monitoring network (Tang et al. 2007). In the last part of Figure 7, all years are
plotted together. The overall decrease in NH," concentrations from January 1999 to December 2008 is 28 %,
although this is not significant, due to interannual variability. Extrapolation between the period September 1996 to
December 2008 would equate to a 32 % reduction, which would be consistent with a (non-significant) percentage
reduction nearly twice that of gaseous NHs.
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Figure 7: Mean monthly aerosol NH," concentrations from all sites in the network. The bars shows the minimum and maximum concentrations
monitored for each month. The graphs are all plotted on the same scale, to allow a comparison of annual differences in concentrations to be
made. The final graph shows the trend in mean monitored monthly aerosol NH," concentrations of all sites from Jan99-Dec08.

3.2.3. Comparison by dominant emission sources

The distribution of NH3; emissions for the UK is modelled by the AENEID model described by Dragosits et al.
(1998) and currently applied in the NAEI. For agricultural emissions, parish statistics on livestock nhumbers and
crop areas are combined with satellite-based land cover data to model emissions at a 1 km resolution, which are
subsequently aggregated to the 5 km level. Using the UK AENEID model, each site in the network is classified
according to one of seven different dominant emission source categories (cattle, pig & poultry, sheep,
fertilizer/crops, non-agricultural, non dominant, background). In Figure 8, the average seasonal cycles in NHz and
NH," concentration of grouped sites from four different emission source categories are compared. There are a
number of broad patterns in the temporal trends that is related to emission source types.
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Background sites (NH; emission < 1 kg N ha™ yr"): Clear summer maximum with minimum concentrations
occurring in winter. The summer peak is probably related to increased land surface ammonia emissions in warm,
dry summer conditions, both from low density grazing livestock and from vegetation compensation point.

Sheep: Similar to that for background, although the summer maximum in NH; emission is larger than background
sites, because grazing emissions is larger. It is notable the peak NH3 concentration occurs later for background
areas (July-September) than sheep areas (June-August). This may be related to the seasonal presence of
lambs, which are only present for the first part of the summer.

Cattle / Pig & poultry: In areas with intensive livestock farming, concentrations are largest in spring and autumn,
corresponding to periods of manure application to land. For cattle areas, the peaks occur in March and
September, while in pig/poultry areas, the autumn peak is larger than the spring peak, since this is the main
period for manure application in arable areas (before sowing of autumn crops). Ammonia concentrations in these
areas are also larger in summer than winter, due to warmer conditions promoting volatilizations, adding to the
complex temporal profile.
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Figure 8: Temporal trends in NH; concentrations from the mean data (1996-2008) of sites in the NAMN classified as dominated by different
emission categories: cattle, sheep, pig & poultry and background (based on 1988 emissions classification).

For NH," aerosol, there is less relationship to the dominant ammonia source sectors in the data since this is a
regional product (Figure 9). The network results provide a comprehensive account of the seasonal variability of
NH; and NH," for different regional areas across the UK. It is clear that the NH; seasonal patterns vary greatly
between sites, which depends on regional source type (e.g. sheep, cattle, pigs etc.), while for NH," aerosol, there
is a significant correlation in inter-annual variability between sites, due to synoptic meteorology and variation with
long range transboundary pollutant transport.

i 100
o —o— Pig&Poultry
g 1 —— Cattle

9 1 ./'/.w

§ 1oL ateil Sheep

c ] - *‘NA/‘_‘\‘/‘

8 Background
c

5]

o

E

Z 0.1 T T T T T T T T T T T

S 29 § 5 %3 £ 3 2 a5 3¢
S=<s23">230 28
Figure 9: Temporal trends in aerosol NH,;" concentrations from the mean data (1996-2008) of sites in the NAMN classified as dominated by

different emission categories: cattle, sheep, pig & poultry and background.
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3.2.4. Relevance of seasonal differences for atmosp  heric budgets of NH

The network results provide a comprehensive account of the seasonal variability of NH, for different regional
areas across the UK. Comparing the different sites, it is clear that the NH; seasonal patterns vary, related to
regional source type (e.g. sheep, cattle, pigs etc.), while for NH," aerosol, there is a significant correlation in inter-
annual variability between sites, due to synoptic meteorology and variation with long range transboundary
pollutant transport.

3.3. Monitored mean annual ammonia and ammonium con centrations

A summary of the monitored mean annual concentrations from each of the network sites is given in Annex 2
During the course of running the network, a small number of sites have had to be moved due to local changes, in
which case the new location is referred to as e.g. site 9B, site 57B. A number of sites were also closed down,
whilst new sites were started to fill in key gaps in the national picture.

3.4. Spatial patterns of ammonia and ammonium inth e UK

The DELTA sites are distributed widely across the UK to provide the regional patterns of NH; and NH,", while
complementary passive sampling is used to assess meso-scale variability of NH; in source areas as a test of the
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NH; emission-dispersion modelling. National maps of both NH; (Figure 9) and NH," (Figure 10) concentrations
derived from the NAMN confirm the high spatial variability of NHz (0.03 — 11.4 ng NH; m™), consistent with it
being a primary pollutant emitted from ground-level sources (Sutton et al. 1995). Aerosol NH,™ on the other hand,
shows a spatially smooth concentration field (0.06 — 2.35 NH," ng m™®), as predicted by FRAME. These features
are discussed in detail in the following sections.
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Figure 9: Annual NH; concentration fields from NAMN measurements (bilinear interpolation at 10 km x 10 km grid resolution). There were 70
sites in 1997, which after subsequent reviews to improve the concentration field, increased to 95 sites in 2008.
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2007 2008

Figure 10: Annual aerosol NH,;" concentration fields from NAMN measurements (bilinear interpolation at 10 km x 10 km grid resolution).
Ammonium was monitored at all DELTA sites (~59) at the beginning (1999-2000). The number of sites providing NH," measurements was
subsequently reduced following a review in 2001, since the concentration field is less variable than NHs, as predicted.

3.3.2. Local Variability

It is recognised that mapping of NH; concentration and deposition at a national scale using monitoring and
atmospheric transport models needs to consider the extent of sub-grid variability and the representativity of
sampling points. In the UK NAMN, NH3; concentrations are compared with estimates from an emission inventory
and atmospheric transport model at 5 km grid resolution, FRAME (Fournier et al. 2002., Dore et al., 2006).
Substantial variability in NH3; concentration and deposition is expected even at the sub-5 km level (Dragosits et al.
2002). Therefore, spatially detailed local scale NH3; monitoring has been carried out, and compared with the
national inventory and a local-scale dispersion model (LADD; Theobald et al. 2004) at a sub-1 km level to assess
the extent to which the monitoring location is representative (Tang et al. 2001b, Sutton et al. 2004).

Glenshee: Spatially detailed NH; monitoring was made across an upland 5 km grid square containing the
Glenshee network site (S7) (Tang et al. 2001b).

East Anglia and Cheshire/Shropshire, linked to the LANAS (Landscape Analysis of Nitrogen and Abatement
Strategies) project of the NERC GANE programme (Theobald et al. 2004).

The analysis showed that a significant amount of variation comes from landscape (sub 5 km) level variations that
cannot be easily treated in either national 5 km or European 50 km modelling. Sites with a major effect on the
interpolated air concentration field are those which either a) show a large concentration in a clean region or b)
show a small concentration in a polluted region. The measurements have also served to provide an important test
of the 5 km scale atmospheric modelling of NH; using FRAME, and results from these two studies have also been
fully assessed through the use of local scale atmospheric transport models, the LADD model (Theobald et al.
2004).

In 2007, another local scale (sub-5 km) variability assessment of ammonia, in conjunction with NitroEurope
Landscape Analysis was conducted (Vogt et al. 2008). The chosen study landscape is a 6 km x 6 km area in
Southern Scotland, with emissions from poultry farms, sheep and cattle grazing, and some horses in close
proximity to semi-natural areas (heathlands and forests). For reasons of confidentiality, the identity and location of
the study landscape cannot at this time be disclosed. A total of 30 passive sampling sites (using the CEH ALPHA
samplers) were established within the 36 km?” grid area in mid-September 2006 for intitial assessment, followed
by 2 years of measurements from April 2007, which have now been completed. Results from the first year of
measurements are summarised in Figure 11.
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Under UK NAMN, the objective of the local variability study is to provide additional information that is important for
assessing representativity of existing monitoring sites and the spatial variability in local NH; impacts on semi-
natural ecosystems. This follows on from previous sub-grid variability studies made at the Glenshee upland site
and subsequently in East Anglia and Cheshire/Shropshire.

Under NitroEurope (http://www.nitroeurope.eu/), the wider remit is to assess how N management can modify
reactive nitrogen (N,) fluxes at local and landscape scales, with particular emphasis on N, interactions with GHG
fluxes. The project is carried out over six European study landscapes (ltaly, Poland, France, The Netherlands,
Denmark, and the UK). A PhD studentship appointed under NitroEurope is contributing to this assessment for the
Scottish landscape. NitroEurope is therefore providing additional resources which are of added value and benefits
for the UK NAMN.

Figure 11: Monitored annual mean NH; concentrations (AprO7-Mar08) at the 30 sampling locations within the Southern Scottish study
landscape (Vogt 2008)

3.4. Long-Term Trends
3.4.1. Trends in ammonia concentrations

Emissions of NH3 in the UK are estimated to have fallen by 21 % between 1990 and 2007, from 364kt in 1990 to
289kt in 2007 (http://www.naei.org.uk), However, there are uncertainties in the UK ammonia emission inventory
(e.g. due to emissions from hard standings and other miscellaneous sources). The long-term dataset from the UK
NAMN, which comprises 12 years of gaseous NH; data and 10 years of aerosol NH,  data may therefore be
analysed to assess trends in air concentrations, as an independent verification of the emission inventory.
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Figure 12: Time series of NH; Emissions (ktonnes). Reproduced from Dore et al. 2007.

Trends in atmospheric NH; are not easily detectable at individual sites due to significant inter-annual variability
that are linked to meteorological differences and periodic local influences. Therefore, a trend assessment was
based on the results from multiple sites. In Figures 13-16, the long-term trend in mean monitored and seasonally-
detrended mean NH; concentrations of sites grouped into four different emission source sectors are compared
(sites are classified according to 1988 NH; emission sector data/map by Dragosits et al. 1998). The seasonal
detrending was derived from the mean seasonal cycle for the whole period normalized to 1, and then multiplying
each monthly value by the appropriate value.
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3.4.1.1. Emission sector: Background

For analysis, background sites were grouped according to the implemented methodology, delta and passive. This
is to ensure consistency and continuity in the sampling methods for the analysis of trends. Figure 13a are
selected from 9 background sites that used the DELTA method over the entire period (S3 Inverpolly, S7B Gulabin
Lodge, S12 Halladale, S19 Shetland, S22 Moorhouse, S30 Strathvaich Dam, S41 Lagganlia, S45 Lough Navar,
S47 Rum), whereas the mean data of 8 passive sampling sites were used in Figure 13b (S3 Inverpolly, S22
Moorhouse, S41 Lagganlia, S65 Allt a Mharcaidh, S72 Cardoun Burn, S88 Sherwood, S89 Rannoch, S95
Glenshee)

The temporal patterns are clearly reproducible between years, with monitored mean monthly concentrations in
the range of 0.0 — 1.4 ug NH; m™. There appears to be an upward trend in NH; concentrations. However, the
trend is not statistically significant in the seasonally de-trended values. The apparent increase may be a feature of
the reduction in SO, emissions over the same period, leading to a longer atmospheric lifetime of NH3, thereby
increasing NH3 concentrations in remote areas.
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Figure 13: Long-term trend in mean monitored (--0--) and seasonally-detrended mean NH; concentration (— —) from background sites

(defined by 5 km grid average emissions <1 kg N ha™ yr') in the NAMN. All measurements are made using (a) the DELTA system, or (b)
passive samplers throughout.

3.4.1.2. Emission sector: Cattle

In cattle dominated areas, there is a slight (non-significant) increase in NH;3 concentrations (Figure 14), although
emission from this sector across the UK has not changed much since 2002 (Figure 12). For the purpose of
consistency in monitoring methods for analysing long-term trends, data in Fig 14a are selected from 21 cattle
sites that used the DELTA method over the entire period, whereas the mean data of 18 passive sampling sites
were used in Fig 14b. In both graphs, the temporal patterns are clearly reproducible between years, with
monitored mean monthly concentrations in the range of 0.69 — 5.1 pg NH; m.
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Figure 14: Long-term trend in mean monitored (--0--) and seasonally-detrended mean NH; concentration (— — ) from sites in grid squares

dominated by emissions from cattle in the NAMN. a) data from 21 sites where measurements are made using the DELTA system throughout,
and b) data from 18 sites where all measurements are made using the Diffusion Tube (Sep96 — Apr00) and subsequently the ALPHA sampler
(from May00).

3.4.1.3. Emission sector: Pig & Poultry

There is some indication that NH; concentrations have decreased in pig/poultry areas (Figure 15), which is
consistent (but not as large as) with the estimated reduction in NH; emissions from these sectors. Again, for the
purpose of consistency in monitoring methods for analysing long-term trends, data in Figure 15a are selected
from 2 pig & poultry sites (S20 Drayton, S33 Stoke Ferry) that used the DELTA method over the entire period,
whereas the mean data of 9 passive sampling sites were used in Figure 15b. In both graphs, the temporal
patterns are clearly re?roducible between years, with monitored mean monthly concentrations in the range of
0.65 — 8.4 ug NHs; m™. The larger NH3 concentrations at passive sites are due to the deployment of passive
samplers in source regions to explore regional and local scale variability.
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Figure 15: Long-term trend in mean monitored (--0--) and seasonally-detrended mean NH;z concentration (— — ) from sites in grid squares

dominated by emissions from pig & poultry in the NAMN. a) data from 2 sites where measurements are made using the DELTA system
throughout, and b) data from 9 sites where all measurements are made using the Diffusion Tube (Sep96 — Apr00) and subsequently the
ALPHA sampler (from May00). Since the passive methods are subject to a correction derived from their regression against the DELTA
system, caution needs to be exercised in interpreting long-term trends where the sampling methodologies are changed.

3.4.1.4. Emission sector: Sheep

There are only 5 sites in the UK NAMN that are classed as being in sheep emission grid squares (S25 Sourhope,
S29 Llydaw, S64 Pwllpeiran, S70 Cwmystwyth, S100 Plas Y Brenin). Overall there is a slight upward trend in NH;
concentrations (non-significant) (Figure 16). There is however a degree of uncertainty in the disaggregation of
emission data for sheep, and subsequent classification of 5 km grid squares in the AENEID emission model,
particularly in Wales. Using classification from the 2003 emission source category map, only 3 sites were classed
as sheep, with S70 Cwmystwyth being the only site not to have changed status. The other 2 sites are S93 Llynne
Brianne and S99 Ladybower. Under the 2005 emission category map, S99 Ladybower is the only site remaining
in this category.
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Figure 16: Long term trend in mean monitored (--0--) and seasonally-detrended mean NH; concentration (— —) from 2 sites in grid squares

dominated by emissions from sheep in the NAMN (S70 Cwmystwyth, S93 Llynn Brianne). Measurements at Cwmystwyth were made using
the DELTA system throughout, whilst passive samplers were used at Llynn Brianne.

3.4.2. Trends in aerosol ammonium concentrations

For NH," aerosol, it has already been shown that this is regional product, and there is therefore less relationship
to the dominant ammonia source sectors in the data. This is confirmed by very similar long-term trends in mean
monitored and seasonally-detrended NH," concentrations derived for sites grouped into different emission source
sectors (data not shown). Analysis was therefore made using all measurement site data (Figure 17). The overall
dataset shows a downward (non-significant) trend in NH," concentrations.
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Figure 17: Long-term trend in mean monitored (--0--) and seasonally-detrended mean NH," aerosol concentration (— —) from all sites in the
UK NAMN. The seasonal detrending was derived from the mean seasonal cycle for the whole period normalized to 1, and then multiplying
each monthly value by the appropriate value.
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3.6. Modelling UK NH 3-N and NH,"-N dry deposition

UK budgets of NH; and NH," dry deposition is estimated using the CBED (Concentration Based Estimates of
Deposition) inferential model of Smith et al. (2000) as applied by NEGTAP (2001). For NHj3, the model combines
estimates of NH; air concentration with a resistance analysis, applying canopy resistances for forest and
moorland vegetation, and the canopy compensation point model (e.g. Sutton et al. 1995; Nemitz et al. 2004) for
exchange over grassland and croplands. This ‘inferential approach’ can use air concentration estimates from
either models or measurements.

The regression between NH; measurements and FRAME is used to scale the FRAME estimates to the network,
and the transformed FRAME estimates are then applied as input to the inferential model. This approach is
considered to provide the best estimate of the UK concentration field overall. The outputs of this model are maps
of NH3 dry deposition to the major land-cover types, forest, moorland (and semi-natural vegetation), agricultural
grassland, arable, and urban. To estimate the budget of UK NH; dry deposition, these maps are combined
according to percentage of land cover occurrence in each 5 km grid square, which gives a map of grid average
NH, dry deposition. The deposition models are also applied to estimate dry deposition of aerosol NH," in the UK
which gives an estimate of the effect of new data on total dry deposition budgets and NHz and NH," exports from
the UK (Table 1) estimated under the Defra Acid Deposition Processes project. There has been little change in
the modelled deposition of both oxidised and reduced nitrogen to the UK. Generally speaking, the above changes
in UK budgets are well within the expected variability (or uncertainty) we obtain with these models.

Table 1: Estimated annual budgets of UK nitrogen deposition for the period 1997-2007 (kt year™)

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

NOy wet+cloud 102 98 103 98 105 107 77 99 104 94
dry (NOy) 37 33 31 32 28 22 25 17 19 17
dry (NOy) 89 101 84 111 73 82 78
aerosol 7 9 9 13 9 9 8
total 194 215 199 201 181 195 180

NHx wet+cloud 116 121 121 104 120 118 87 112 121 135
dry 62 53 50 43 52 51 58 49 54 53
aerosol 9 12 11 15 10 10 10
total 156 184 180 160 172 185 197

The current best estimate of NH; dry deposition for 2006 provided by the transformed FRAME approach is 53 kt
(N) yr'1 for the UK. Overall, reduced nitrogen deposition contributes on average 47% of the UK deposited
nitrogen, while oxidized nitrogen contributes 53%. This shows the regional scale of the fluxes. NH;z dry deposition
is a major term in the UK N deposition budget (~53 kT-N), contributing on average 14 % of the UK deposited
nitrogen. Since NH; also deposits preferentially to semi-natural ecosystems, for the deposition received by these
habitats, by far the largest fraction is deposited as reduced nitrogen.

The model may also be used to provide inputs to sensitive ecosystem types (receptor basis), as used in the APIS
website (http://www.apis.ceh.ac.uk) which provides a searchable database and information on pollutants and their
impacts on habitats and species. The modelling demonstrates that ammonia is one of the largest atmospheric
nitrogen inputs to sensitive ecosystems over many parts of the UK.

3.7. Critical Levels Assessment

Current policy assessment of N deposition impacts at a UK scale uses the “critical loads” and “levels” approach
(NEGTAP 2001). A critical load is defined as “a quantitative estimate of an exposure to one or more pollutants
below which significant harmful effects on specified sensitive elements of the environment do not occur according
to present knowledge” (UNECE 1996). Following recent international revision, the critical load for woodlands has
been set at 10-15 kg N ha yr™ (to protect ground vegetation) and for heathland is 10-20 kg N ha yr* (Achermann
and Bobbink 2002). A complementary approach is to assess the direct effects of ammonia using “critical levels” of
concentrations. For Ammonia, new “Critical Levels” (CL) of NH; concentrations for the protection of vegetation
and ecosystem were adopted in 2007, of 1 ug NH; m™ and 3 pg NH; m™ annual mean for the protection of
mosses and vegetation, respectively (UNECE 2007). These replaced the previously set CL of 8 pg NHz m™
annual mean and 23 pg NH; m™ monthly mean.

National interpolated maps of NH; concentrations derived from the UK NAMN may be used to give an initial
estimate of critical levels exceedance over the country (Figure 18). Based on the annual 2008 map, exceedance
of the previous long-term average CL of 8 pg NH; m™ occurred at only 2 sites (S78 Auchincruive and S104
Hinderclay Fen), whilst exceedance of the new long-term average CL of 1 and 3 pg NH; m™ occurred over large
areas of the UK (63 % and 11 % of the total number grid squares in interpolated map, respectively).
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Exceedance of Critical Levels of NH; concentrations across UK (based on UK NAMN 2008 annual data)

New annual mean of 1ug NH3 m-3 New annual mean of 3ug NH3 m-3 Old annual mean of 8ug NH3 m-3
No. of % of total grid squares in No. of % of total grid squares in No. of % of total grid squares in
sites interpolated map sites interpolated map sites interpolated map

56 62.9 % 18 11.4% 2 0.1%

Figure 18: Interpolated annual NH; concentration map for 2008, classified according to the new critical levels of 1 ug NHz m=and 3 pg NH; m™
annual mean adopted in 2007 for the protection of mosses and vegetation, respectively, as well as the previous (higher) critical levels of 8 ug
NHz; m™.

4. Future Recommendations

The following recommendations are made based on the experience of operating the National Ammonia
Monitoring Network:

1. Maintain stability in the implementation of methods

Long-term monitoring requires that measurement series can be continued consistently for many years and also
requires reproducible measurements, without artefact or interference, for detection of trends. The difficulty in
measuring NH; concentrations reliably means that any change of methods would significantly disrupt the
reliability of the long-term trend data. Even the transition from diffusion tubes to the improved ALPHA method led
to changes of the order of 5-10%, as demonstrated by the DELTA reference measurements. It is essential to
DEFRA that the measurement continuity is maintained.

2. Maintain the sites of the NAMN unchanged as far as possible

In several instances over the operating period of the NAMN, monitoring sites have had to change. This included
when sites are no longer available, as well as most recently, streamlining to ensure co-location with the expanded
nitric acid network. Following this change, stability should now be maintained to allow the generation of long-term
records at the established sites. The need for stable long-term records is emphasized by the substantial inter-
annual variability that limited the detection of significant trends over the nine year record.

3. Build on established experience to improve European wide datasets.

Given the transboundary nature of atmospheric ammonia and ammonium, the UK benefits significantly by the
availability of international datasets (e.g. Sutton et al. 2004b). For example, the new EMEP Super Site network
will deliver hourly time resolved data at key sites across Europe. The NAMN will continue to play a key role in, 1)
Dissemination of DELTA and ALPHA sampling methodologies to improve Europe-wide monitoring of NH; and
NH.,", HNO; and related species, 2) facilitate low-cost measurements of NH; and NH,", and related species e.g.
implementation of DELTA methodology in the European Level 1 network of Inferential N Flux Network (58 sites)
under the NitroEurope IP project (Tang et al. 2009), and 3) through its recommendation as a Level 1 method in
the EMEP monitoring strategy.

4. Continue to utilize the web for reporting of NAMN data

The NAMN data are reported on the web (http://www.uk-pollutantdeposition.ceh.ac.uk/ammonia_network) in a
system that directly links the data to an underlying Oracle database. The data can therefore be both visualized
and downloaded easily by users. QA/QC is a vital part of the network, and for this reason the NAMN website not
only reports the calculated concentrations, but also the key supporting data (e.g. denuder flow rate, capture
efficiency of first denuder, coefficient of variation for ALPHA samplers). This system should continue to be
maintained and updated.
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5. Continue to interpret the NAMN measurements in relation to data from AGANet

The sampling of NH,, plus related acid gas and aerosol conducted at 30 sites of the UK NAMN Nitric acid network
(renamed AGANET - Acid Gas and Aerosol Network since 2009) allows monitoring of the relationship between
ammonia and interacting gases and aerosols.

6. Continue to interpret the NAMN measurements in relation to process studies

The operation of the NAMN benefits from a close link to a wide range of process studies on ammonia exchange
and the deposition of other atmospheric pollutants. This link needs to be maintained (e.g. through RoTAP) to
maximize the interpretation of the network results in the context of a changing UK pollution climate. As the long-
term record develops, the NAMN will play a vital role in the independent verification of national submissions of
ammonia emission reductions reported to the EU and UNECE.

7. Sharing Technology

CEH has developed technology for the low-cost time-integrated passive diffusion sampling method for ammonia
(ALPHA: “Adapted Low-cost Passive High Absorption”), and for the low-cost time-integrated active sampling
using denuders and filters of a range of trace gases and particles (DELTA: “DEnuder for Long Term Atmospheric
system”). Both these technologies have been deployed in the UK air quality monitoring networks under contract to
Defra (Department for Environment, Food and Rural Affairs) for routine monitoring of ammonia (since 1996) and
nitric acid and related species (since 1999) in air. As part of the new UKEAP Project, CEH will transfer detailed
knowledge of the operation and maintenance of ALPHA and DELTA technology to AEA staff. ALPHA and DELTA
technologies are appropriate for air quality measurement in many situations beyond routine national monitoring,
for example, in demonstrating compliance with air quality targets around point emission sources (IPPC
assessments), or in demonstrating current air quality as part of Environmental Impact Assessments. As such,
these are valuable technologies for consultancies or other bodies. AEA and CEH are developing a Memorandum
of Understanding to facilitate technology sharing.
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ANNEX 1

List of sites in UK NAMN (Dec 08) (See footnotes at end of Table).

No |Site Name Site Operator Nature Other air Map Ref. Type Start End
Reserve monitoring
Status
Bush 1 CEH Edinburgh HNO3; NW nt245635 D,D,F,T | Apr'96
Bush 2 CEH Edinburgh S0,, O3, NOy nt247638 T Apr '96
Inverpolly SNH NNR HM ncl87088 D,F.T Nov Jul '04
‘95 (D), Aug
'06 (T)
3B |Inverpolly SNH NNR HM ncl87087 D,F.T Jul '04
(D),
Aug
‘06 (T)
Penallt Gwent Wildlife Trust SSSI HM 50523095 D Sep '96
Priddy Somerset Wildlife Trust SSSI st525526 D Sep '96|Dec '01
Holme Lacy Holme Lacy College 50554357 D,F Mar '97 |Dec ‘05
6B |Rosemaund ADAS HNOs; NW, NO, 50564476 D,F Jan ‘06
7 |Glenshee G. Cruikshanks NNR nol17693 D Sep '96/May '00
7B |Gulabin Lodge G. Fischnaller NNR no110701 D,F Apr ‘00 Dec ‘05
8 |Stackpole CCw NNR / SSSI SO, sr982947 D Sep '96|Dec '97
8B Orielton CCw NNR / SSSI SO, sr954992 D,F Jan '98 |Dec ‘05
8C |Narberth Pembrokeshire County Council HNO; NW, NO,, [sn146127 D,F Jan ‘06
AURN (PM10,
NO,)
9 Brown Moss A. Bushnell LNR / SSSI sj559396 D, T Sep '96/May '98
9B |Brown Moss 2 J. Ashley LNR / SSSI sj563390 D,T May
'98
10 |Bure Marshes Natural England NNR tg334161 D Nov '96
11 |Mere Sands Wood |Lancashire Wildlife Trust LNR sd447157 D,F,T Sep '96
12 |Halladale Fountain Forestry HNO3z NW, NO, nc902488 D,F Jan '97
13 |Aston Rowant Natural England NNR su727979 D Sep '96
14 |Ellon Ythan Macaulay Institute nj945304 D Sep '96
15 |Llynclys Common |D. Pedlow SSSI sj274236 D,T Sep '96
16 |Northallerton K. Hardisty se360930 D,F Jan '97
17 |Easingwold Hawkhill College se540675 D,F Jan '97
18 |Auchencorth Moss |CEH Edinburgh EMEP supersite, nt221562 D,D,F,T |Apr'96
HNO3z; NW, SO,,
O3, NOy, HM
19 Shetland Met. Office HNO3; NW, NO,  hu500400 D,F Apr' 97
20 |Drayton ADAS ECN sp164549 D Sep '96
21 |Glensaugh Macaulay Institute ECN/HNO; NW |no664799 D,F Jun '97
22 |Moor House CEH Lancaster NNR ECN/HNO; NW |ny751334 D,F Sep '97
23 |North Wyke IGER ECN S$x659983 D,F Sep '96
24 |Rothamsted IACR ECN/HNO; NW 11123129 D,F Sep '96
25 |Sourhope Macaulay Institute ECN nt867218 D,F May
'97
26 |Wytham Woods NERC/CEH SSsSi ECN, HM sp452083 D Sep '96
27 |Alice Holt Forest Research ECN su809379 D Sep '96
28 |Porton Down CBDE Porton NNR ECN su253365 D Sep '96|Nov ‘04
28B |Porton Down CBDE Porton NNR ECN su223384 D Jun ‘05

Note: S3B Inverpolly 2 (met enc.), relocated from original S3 Inverpolly site located at Knockan cottage. S3B is ~100m away within a
meteorological enclosure. Parallel measurements were made for 2 years to check that concentrations were not different at new site, before

the Knockan site was closed down. * S29 Dyffryn Mymbyr: No Power to site since May 05, because of building work; currently using passive
ALPHA samplers.
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List of sites in UK NAMN (Dec08) cont. (See footnotes at end of Table).

No [Site Name Site Operator Nature Reserve  Other air monitoring Map Ref. Type |Start End
Status
29* |Dyffryn Mymbyr |CCW NNR ECN sh695572 D,F* Apr'97 |Jul ‘04
29* | Dyffryn Mymbyr | CCW NNR ECN sh695572 | T Mar '05
30 |Strathvaich Dam Clova Environmental Research Primary / HNO3 NW nh348750 |D,F Sep'96
31 |Eskdalemuir Met. Office Primary / HNO; NW nt235030 D,F Sep'96
32 |High Muffles Forest Research NNR Primary / HNO; NW se776939 | D,F Sep'96
33 |Stoke Ferry Kings Lynn & W. Norfolk Bor. NO,, SO, HNOz; NW t1700988 D,F,T Nov '96
Council
34 |Yarner Wood Natural England NNR Primary / HNO; NW, HM | sx789788 D,F Sep'96
35 |Lullington Heath 'Natural England NNR S0O,, O3, NOy tg538016 D,F Dec '96
36 |Bloomsbury Stanger Science S0O,, O3, NOy tq264789 D Mar '97 |Apr '97
36B |Victoria CG Images S0O,, O3, NOy tq291790 D,F Dec'97 |Dec
'99
36C |Cromwell Rd CG Images HNO; NW , SO, O3, NO, tq265790 D,F Dec'99
37 |Five Acres Cornwall Wildlife Trust LNR sw794486 | D,F Sep'96 Dec
‘05
38 | Sheffield Univ. Sheffield sk332870 | D,F |Nov '96
38B |Sheffield 2 Sheffield Museum sk339873 T May ‘04
39 |Silsoe Silsoe Estate 11088356 D,F Sep'96
40 | Sutton Univ. Nottingham SO,, HNO3, O3, NOy sk505268 D,F Dec '96
Bonnington
41 |Lagganlia CEH Banchory HNO; NW nh856037 |D,F,T Sep '96
42 |Castle Cary Somerset Wildlife Trust LNR st609319 D,F Mar'97
43 |Tadcaster Environment Agency se452455 D Oct '96
44  |Hillsborough DANI ECN, HNO3; NW ij243577 D,F |Oct'96
45  |Lough Navar DARDNI Primary / HNO; NW, HM  |ih065545 D,F Oct'96
46 |Sibton CG Images SO,, Oz, NOx tm363722 D, T Feb'97
47 |Rum Scot. Natural Heritage NNR HNO3; NW nm408992 |D,F Sep '96
48 |Wem Moss Shropshire Wildlife Trust NNR sj473343 T Sep '96
49 |Frodsam Cheshire Wildlife Trust LNR sj525795 T Sep '96 |Oct '98
50 |Swettenham Cheshire Wildlife Trust LNR sj804674 T Sep '96 |Oct '98
Meadows
51 |Wybunbury Moss English Nature SSSI/NNR 5j698502 T Nov '96 |Oct '98
52A |Fenn's Moss 1 Natural England NNR sj488364 T Oct' 96
52B |Fenn's Moss 2 Natural England NNR sj478368 T Oct '97
52C |Fenn's Moss 3 | Natural England NNR sj498377 T May ‘00
53 |Little Budworth  Manchester Metropolitan NNR NOy N Manipulation sj584658 T Oct '96
University
54  |Bickerton Hill Manchester Metropolitan NNR NO,, N manipulation sj498527 T Oct '96
University
55 |Ruabon Manchester Metropolitan NNR NO,, N manipulation sj225489 T Nov '96
University
56 |Wardlow Hay Univ. Sheffield NNR NOy, N manipulation sk177737 T Nov '96
Cop
57 |Stanford Ministry of Defence SSSI 11858948 T Nov '96 |Feb ‘06
57B |Stanford 2 Ministry of Defence SSSi 1836929 T Mar ‘04
58 |Redgrave and Suffolk Wildlife Trust NNR tm050797 | T Dec '96
Lopham Fens
59 |Dunwich Heath | The National Trust SSSI tm470680 T Dec '96
60 | Edinburgh Castlecliff Training Workshop nt253734 D,F Oct'97 |Mar'02
60B | Edinburgh 2 CEH Edinburgh SO; nt263726 D,F Apr‘02 |Dec
‘05
60C |Edinburgh St Edinburgh Council HNO3z; NW, AURN nt262731 D,F Jan ‘06

Leonards
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List of sites in UK NAMN (Dec08) cont. (See footnotes at end of Table).

No |Site Name Site Operator Nature Reserve | Other air monitoring Map Ref. Type  Start End
Status

61 | Much Hoole Leyland District Council sd473231 T Mar'97 |Dec
'01

62 | Midge Hall Leyland District Council sd508231 T Mar'97 |Dec
'01

63 | Cardigan Welsh Wildlife Centre LNR / SSSI sn185453 D,F Feb'97

64 PenY Garn CEH Bangor NO,, N manipulation (until sn798771 T Feb '97

ADAS PwillIpeiran 05)

65 |Allta Mharcaidh |CEH Banchory NNR ECN nh895024 T Apr '97

66  Dennington Suffolk Coastal District Council tm276669 T Mar '97

67 |Fressingfield Mid Suffolk District Council tm261759 T Mar '97

68  Bedingfield Mid Suffolk District Council tm173684 T Mar '97

70 |Cwmystwyth ADAS SO,/ HNO3; NW / HM sn771742 D,F Feb'97

71 Myerscough Myerscough College 5d498399 T Sep '97

72 | Cardoun Burn Freshwater Fisheries Laboratory Freshwater monitoring nx541678 T Apr '98

73 | Jenny Hurn Powertech SO, sk816986 D,F Nov'98 Jan
‘01

73B Marton Powertech SO, sk844819 D,F Mar‘'02 Jan
‘06

74  |Carlisle Environment Agency ny468554 D,F Feb'99

75 |Westhay Moor  Somerset Wildlife Trust LNR st455440 T Feb '99

76 |Pointon Environment Agency tf128313 D,F Feb'99

76B Pointon 2 Environment Agency tf128313 T Oct'99  Mar
‘02

76C Pointon 3 Environment Agency tf128310 T Mar '02

77 Carradale SEPA HNO; NW nr798378 D,F Mar'99

78 Auchincruive SAC Auchincuive ns379234 D,F Mar'99

78B Auchincruive 2 | SAC Auchincuive ns384229 T Mar'99  Sep
‘01

78C |Auchincruive 3 | SAC Auchincuive ns379230 T Nov '01

79 Coleraine University of Ulster iC884211 D,F Nov'99

80 | Lyulphs Tower |The National Trust ny403202 D,F Aug '99

81 | Pitmedden The National Trust for Scotland nj883278 D May '00 Aug
‘02

82 | Brompton K. Hardisty 5e389988 T May '00

83 Barcombe Mills Southeast Waters HNO; NW tq438149 D,F Apr'00

84  Thursley Imperial College SSSi N manipulation su910404 T Jun '00

Common

85 Savarnake TBF Forestry Advisory Services Level Il ICP su055888 T Aug'00 Dec
‘06

86 | Lakes Forest Research Level Il ICP sd337941 T Aug '00

87  Thetford Forest Research Level Il ICP 11944841 T Aug '00

88 | Sherwood Forest Research Level Il ICP sk163905 T Aug '00 | Aug
‘06

89 |Rannoch Forest Research Level Il ICP nn603533 T Aug '00

90 Coalburn Forest Research Level Il ICP ny693782 T Aug '00 Mar
‘07

91 | Tummel Forest Research Level Il ICP nn744611 T Aug '00

92 | Loch Awe * Forest Research Level Il ICP nm966115 T Aug '00  Mar
'07 *

93 | Llynn Brianne Forest Research Level Il ICP sn816484 T Aug '00

94  |Alice Holt (2) Forest Research Level Il ICP su805427 T Aug '00

S90 Coalburn and S92 Loch Awe: Monitoring stopped in Mar 07 due to funding cuts to ICP-Level Il work activities. *S92 Loch Awe: NH3

monitoring resumed in Jan08 after agreement from Forestry Commission.
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List of sites in UK NAMN (Dec08) cont. (See footnotes at end of Table).

No |Site Name Site Operator Nature Reserve | Other air monitoring Map Ref. Type Start End
Status

95 |Glenshee Hotel D. Cruar nol111699 T Feb '01

95 |Glenshee Hotel D. Cruar nol11699 D,F Jul ‘06

96 |Oldmeldrum A.G. Robertson NJ832273 T Aug '02

97 |Detling Maidstone Environmental Health HNO3; NW, TQ801597 D,F Feb ‘06
HM

98 |Harwell AEA Technology Dyffryn Mymbyr su474863 D,F Apr ‘06
HNO3; NW

99 |Ladybower Lancaster University HNO; NW SK164892 D,F Jan ‘06

100 |Plas Y Brenin CCwW HNO3; NW sh716578 D,F May ‘06

102 |Caenby West Lindsey District Council HNO3; NW SK993900 D,F Jan ‘06

103 |Goonhilly British Telecom HNO3; NW, Primary SW723214 |D,F |Jan ‘06

104 |Hinderclay Fen |R. Langston NNR TM025787 | T Jul ‘06

*105 | Llydaw CCw NNR ECN sh639551 T Jun ‘08

*S105 Llydaw (ECN site): monitoring commenced in Jun 08, following requests from CCW / ECN, to compare local variability in NH3
concentrations with nearby S29 Dyffryn Mymbyr and S100 Plas Y Brenin.

Key: NNR, National Nature Reserve; LNR, Local Nature Reserve; SSSI, Site of Special Scientific Interest; ECN,
Environmental Change Network Terrestrial Site; Primary, Defra Primary wet deposition monitoring site; HNOs NW, Nitric Acid
monitoring Network; HM, Heavy Metals monitoring network; Level Il ICP, Long-term forest monitoring; D, denuder sampler; F,
aerosol sampler; T, diffusion tube sampler (Sep '96 — Apr '00) and ALPHA samplers (May '00 — current).
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ANNEX 2
Table of annual mean monitored atmospheric NH; gas concentrations in the UK NAMN

Annual Average gaseousNHs (g NHz m™)
N° Method [ 1996 1997 | 1998 | 1999 | 2000 2001 2002 2003 2004 2005 2006 2007 2008
1 D 1.67 2.35 2.31 2.49 2.62 3.27 1.92 2.19 1.53 1.58 1.43 1.43 0.97
1P* D 2.61 2.01 2.22 1.73 1.50 1.46 1.65 1.18
T 1.51 252 2.19 2.57 2.70 3.09 1.78 2.12 1.44 1.59 0.89
B 1.55 2.25 2.34 2.52 3.26 1.85 1.99 1.41 1.52 1.32 1.60 1.05
2 T/B 1.46 1.00 0.88 0.87 0.78 0.84 0.66 0.81 0.63 0.69 0.73 0.79 0.54
3 D 0.09 0.08 0.07 0.06 0.06 0.08 0.12 0.20 0.05 0.07
3P* D 0.08 0.08 0.06 0.07 0.03
3 B 0.07 0.06 0.08 0.06 0.13 0.06 0.06
3B D 0.06 0.07 0.08 0.06 0.06
3B B 0.05 0.06 0.07 0.05 0.09
D 2.75 1.23 1.59 1.31 1.27 1.63 1.28 1.69 1.40 1.48 1.82 2.16 0.95
D 1.02 1.59 1.68 1.71
D 1.96 2.18 2.19 2.00 2.40 2.19 2.45 2.02 2.41
6B D 3.31 3.44 3.97
7 D 2.27 2.33 3.50 2.85
7B D 0.74 0.80 0.60 0.44
8 D 2.15 2.28
8B D 1.23 1.09 1.46 1.18 1.57 1.81 1.80 2.23
8C D 1.64 1.70 3.11
D 3.51 3.87 5.01
T 5.54 6.39
9B D 3.61 3.50 3.12 4.37 4.33 3.95 3.51 3.68 4.38 3.03 2.57
9B T 3.36 3.28 3.43
9B B 3.28 3.45 3.25 4.11 4.33 3.80 3.21 3.39 3.40 2.58 2.60
10 D 0.35 1.39 1.40 1.05 0.93 0.98 1.16 1.58 1.40 1.30 1.52 1.08 1.07
11 D 3.80 2.68 1.82 1.42 1.03 1.85 1.33 1.50 1.14 1.02 1.33 1.48 1.30
11 T/B 1.68 2.46 2.23 1.32 1.07 1.79 1.30 1.31 1.21 1.16 1.25 154 1.15
12 D 0.41 1.45 1.38 0.47 0.42 1.80 0.69 0.83 0.53 0.85 0.57 0.51 0.93
13 D 0.82 0.84 1.76 1.90 241 1.69 1.50 1.46 1.16 8.79 3.35 2.49 1.97
14 D 1.63 1.63 0.94 1.59 1.40 1.67 1.31 2.17 2.26 2.22 2.79 5.54 6.50
15 D 1.58 1.13 1.46 1.18 1.42 1.46 1.78 1.49 1.65 1.78 1.58 1.43
15 T/B 2.03 1.14 1.18 1.03 1.28 1.32 1.60 1.23 1.58 1.44 1.46 1.30
16 D 4.05 3.57 3.53 3.16 2.87 2.96 2.99 2.43 2.82 3.35 3.99 2.94
17 D 6.06 4.23 4.40 2.76 4.67 2.82 4.20 3.53 2.27 2.38 1.52 2.20
18 1.15 1.02 0.72 0.84 0.64 0.73 0.70 0.87 0.67 0.71 1.01 0.78 0.75
18P* | D 1.09 1.00 0.78 1.00 0.65 0.72 0.76 0.94 0.69 0.69 0.93 0.68 0.73
18 T 0.72 0.86 0.72 1.07 0.88 1.18 0.64 0.83
18 B 0.80 0.83 0.96 0.79 0.92 0.94 1.13 0.86 0.88 0.94 0.77 0.71
19 D 0.22 0.14 0.12 0.11 0.13 0.28 0.19 0.15 0.20 0.15 0.13 0.57
20 D 1.81 4.62 3.95 2.96 2.22 1.68 1.79 1.86 1.26 1.94 1.83 1.75 1.27
21 D 0.30 0.20 0.31 0.32 0.35 0.40 0.52 0.27 0.28 0.41 0.31 0.25
21 B 0.27 0.23 0.23 0.27 0.35 0.30 0.31 0.34 0.22 0.20
22 D 0.23 0.21 0.35 0.25 0.21 0.20 0.36 0.29 0.32 0.53 0.42 0.46
22 B 0.51 0.27 0.26 0.30 0.53 0.49 0.48 0.53 0.37 0.34
23 D 1.47 2.03 1.32 1.75 1.57 1.69 1.56 1.86 252 1.49 1.76 2.07 1.09
24 D 0.91 1.07 0.83 0.94 2.34 2.04 1.84 1.97 1.35 1.70 1.18 1.32 1.07
25 D 0.53 0.41 0.62 0.43 0.32 0.45 0.44 0.44 0.58 0.57 0.63 0.09
25 B 0.52 0.38 0.40 0.38 0.50 0.38 0.39 0.44 0.36 0.40

* Replicated DELTA sampling are carried out at 2 sites (S1/S1P, S18/S18P), and also previously at S3/S3P until end of 2000.
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Table of annual mean monitored atmospheric NH; gas concentrations in the UK NAMN cont.

Annual Average gaseousNHs (g NHz m™)
N° Method | 1996 1997 | 1998 | 1999 | 2000 2001 2002 2003 2004 2005 2006 2007 2008
26 D 0.53 1.35 1.33 1.26 0.82 0.60 1.54 1.13 0.43 0.90 1.14 1.29 1.22
27 D 1.49 0.99 1.37 1.24 0.92 0.87 1.12 1.53 0.87 1.68 1.53 0.79
28 D 1.02 212 (193 | 1.83 1.13 1.60 1.67 2.10 1.58 1.68 2.46 1.73 1.93
29 D 1.79 1.01 1.50 1.09 1.02 1.37 1.18 0.79 1.63 1.73 5.87 2.95
30 D 0.16 0.14 | 0.08 | 0.11 0.09 0.10 0.12 0.18 0.11 0.08 0.12 0.10 0.11
31 D 0.67 0.48 | 0.31 | 0.32 0.32 0.31 0.30 0.45 0.34 0.28 0.39 0.37 0.89
32 D 2.14 357 (163 | 1.11 0.73 0.59 0.74 0.87 0.65 0.69 0.71 0.63 0.83
33 D 1.20 2.33 1.82 | 231 2.44 2.03 2.26 2.60 2.20 2.22 2.61 2.70 2.10
33 T/B 151 295 [ 1.99 | 2.38 2.24 2.05 2.36 2.55 2.10 2.28 2.41 2.62 1.99
34 D 0.51 0.52 [ 049 | 0.51 0.50 0.49 0.47 0.65 0.48 0.53 0.50 0.56 0.48
35 D 0.34 094 | 0.82 | 0.34 0.50 0.54 0.67 0.90 0.52 0.52 1.05 0.60 0.68
36B | D 192 | 1.64 | 2.06
36C | D 4.53 5.19 5.24 4.88 5.33 4.95 4.64 4.15 4.01 3.70
37 D 0.54 0.92 | 0.94 1.20 1.12 1.10 0.78 0.84 0.72 1.36
38 D 0.99 | 0.63 | 0.64 1.95 2.07 6.63 2.71 1.03 0.26 0.68 0.67 0.90
38B | B 1.91 1.77 1.81 1.52 1.49
39 D 0.99 1.51 1.64 1.73 1.16 1.40 1.48 1.73 1.35 151 1.40 1.66 1.46
39 B 1.77 1.15 1.34 1.60 1.87 1.36 1.68 1.29 1.87 1.59
40 D 2.45 6.12 | 452 | 4.83 4.85 5.20 4.41 5.08 4.41 6.19 3.96 4.15 3.34
41 D 0.09 0.13 | 0.12 | 0.25 0.15 0.58 0.63 0.47 0.49 0.24 0.28 0.58 0.34
41 T 0.45 | 0.26 | 0.38 0.63
41 B 0.09 | 0.09 | 0.27 0.25 0.10 0.68 0.40 0.30 0.20 0.27 0.51 0.32
42 D 3.96 | 3.78 | 3.70 2.95 3.63 3.08 4.40 4.20 5.51 4.51 4.34 3.51
43 D 1.89 248 | 2.38 | 2.60 1.98 2.82 2.10 2.49 1.90 2.04 1.89 1.95 1.57
44 D 1.75 3.40 | 3.00 | 3.96 3.92 2.55 2.74 3.73 4.05 3.50 4.18 3.91 5.20
45 D 0.22 0.57 | 0.30 | 0.44 0.45 0.52 0.46 0.55 0.41 0.44 0.57 0.70 0.60
46 D 3.12 | 3.19 | 2.49 1.96 3.78 3.82 3.76 1.74 1.66 2.16 1.43 1.66
46 T/B 241 | 3.08 | 2.46 2.12 1.86 2.20 2.03 2.08 2.03 1.72 2.14 1.78
47 D 0.06 0.16 | 0.14 | 0.15 0.19 0.17 0.21 0.28 0.42 0.22 0.17 0.32 0.48
48 T/B 2.86 2.89 (284 | 224 3.49 1.85 3.61 2.98 2.57 2.33 2.25 2.06 2.00
49 T 2.04 3.35 | 3.12
50 T 3.41 2.70 | 456
51 T 1.61 1.74 | 4.73
52A | T/B 1.19 321 | 265 | 1.79 1.78 2.49 2.68 2.66 2.44 2.42 2.47 2.31 1.97
52B | T/B 1.27 1.95 1.65 1.64 1.52 1.98 1.73 1.87 1.71 1.77 1.82 1.94 1.74
52C | T/B 1.88 2.92 2.83 2.69 2.84 3.25 4.37 3.46 3.24
53 T/B 1.17 3.26 | 248 | 2.27 2.29 2.59 2.42 2.56 2.59 2.61 2.39 2.68 1.78
54 T/B 1.11 3.04 | 249 | 243 2.44 2.97 2.66 2.93 2.82 2.99 2.92 2.77 2.69
55 T/B 0.80 0.40 | 0.43 | 0.32 0.35 0.43 0.37 0.73 1.27 2.51 0.70 0.67 0.51
56 T/B 2.38 1.06 | 0.97 | 091 0.91 1.44 1.04 1.47 1.41 1.26 1.50 1.14 0.90
57 T/B 2.69 1.97 1.95 1.18 1.16 1.40 1.58 1.54 1.35 2.43 1.33 1.77 2.57
57B | B 1.48 1.41 1.37 1.77 2.57
58 T/B 4.44 296 | 241 | 2.60 2.05 2.46 2.76 2.28 2.25 2.23 2.17 3.19 181
59 T/B 1.25 1.78 | 0.95 | 0.65 0.64 0.68 0.91 2.07 0.68 0.68 0.75 0.86 0.63
60 D 1.37 1.32 1.68 1.31 1.75
60B [ D 2.76 2.52 2.77 2.18
60C | D 1.55 1.33 1.19
61 T 428 | 2.76 | 2.96 2.61
62 T 3.46 | 2.68 | 2.04 2.12
63 D 0.66 | 0.64 | 0.54 0.58 0.65 0.57
64 T/B 0.38 | 0.26 | 0.24 0.27 0.28 0.33 0.60 0.74 0.62 0.56 0.39 0.37
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Table of annual mean monitored atmospheric NH; gas concentrations in the UK NAMN cont.

N° Method Annual Average gaseousNHs (pg NHz m™®)

1996 1997 1998 1999 | 2000 2001 2002 2003 2004 2005 2006 2007 2008
65 T 0.31 0.17 0.22 | 0.45
65 B 0.07 0.06 0.11 | 0.12 0.29 0.18 0.22 0.20 0.17 0.17 0.18 0.12
66 T/B 4.34 4.44 3.32 | 3.35 2.87 3.46 3.25 2.39 2.92 2.83 3.24 2.34
67 T/B 8.78 7.20 554 | 5.65 5.17 5.47 7.43 1.94 5.95 5.66 0.27 3.56
68 T/B 11.38 | 10.90 | 8.33 | 7.69 7.88 7.35 7.43 1.94 5.46 5.93 0.27 3.56
70 D 2.13 1.18 1.67 | 0.75 1.09 1.75 2.96 1.94 1.83 2.42 0.27 3.56
71 T/B 3.92 3.28 478 | 3.02 4.82 4.26 4.28 3.55 3.51 3.60 0.27 3.56
72 B 0.16 0.24 | 0.18 0.15 0.23 0.30 0.26 0.20 0.24 0.27 0.26
73 D 1.09 1.69 | 1.76 2.12
73B | D 2.58 2.13 1.77 1.87
74 D 3.07 | 3.71 4.35 4.29 3.36 2.95 3.46 4.36 3.64 3.56
75 B 1.21 | 1.23 1.35 1.35 1.55 1.32 1.48 1.37 1.38 1.54
76 D 473 | 4.25 6.13 7.80 4.04 3.97 5.90 6.90 7.03 4.71
76B [ B 22.00 | 42.11 | 90.60 | 24.18
76C | B 2.57 2.54 2.65 2.61 291 2.61 2.21
e D 0.68 | 0.88 0.38 0.41 0.24 0.22 0.61 0.41 1.13 0.47
78 D 6.82 | 5.35 10.50 | 10.96 | 6.81 5.07 7.94 6.54 9.28 8.14
78B | B 290 | 3.11 4.99
78C | B 5.40 5.64 4.67 3.47 4.16 4.11 5.22 3.34
79 D 245 | 2.36 3.25 2.24 2.45 2.18 1.97 2.87 2.90 2.63
80 D 0.66 | 0.79 0.83 0.65 0.74 1.03 0.25 0.72 0.88 0.49
82 B 4.09 4.42 4.98 4.73 5.49 7.40 5.33 5.60 3.74
83 D 1.03 1.32 1.92 1.86 2.01 1.88 1.58 1.41 1.28
84 B 0.35 0.42 0.37 0.57 0.45 0.61 0.63 0.68 0.59
85 B 2.24 1.55 1.30 1.34 1.55 1.61 1.27
86 B 0.34 0.85 0.53 0.68 0.87 0.78 0.69 0.88 0.55
87 B 1.66 1.68 1.94 2.20 1.86 1.89 1.84 1.75 1.68
88 B 0.40 0.43 0.70 0.72 0.81 0.87 0.84
89 B 0.06 0.11 0.07 0.05 0.04 0.06 0.07 0.04 0.07
90 B 0.18 0.15 0.18 0.28 0.24 0.24 0.32 0.27
91 B 0.04 0.09 0.11 0.08 0.03 0.06 0.10 0.05 0.09
92 B 0.07 0.08 0.10 0.13 0.09 0.07 0.09 0.05 0.11
93 B 0.20 0.18 0.25 0.20 0.15 0.18 0.17 0.18 0.11
94 B 0.40 0.56 0.63 0.67 0.52 0.61 0.58 0.66 0.51
95 B 0.26 0.41 0.37 0.31 0.51 0.34 0.35 0.30
96 B 1.42 1.95 1.16 1.18 1.24 1.10 1.29
95B | D 0.67 0.54
97 D 1.62 2.67 1.35
98 D 1.95 1.81 1.33
99 D 3.03 0.76 0.74
100 | D 0.51 0.42 0.37
102 | D 2.31 3.00 3.97
103 | D 0.67 0.63 0.41
104 | B 8.68
105 | B 0.46

Key: D, denuder sampler; F, aerosol sampler; T, diffusion tube sampler (Sep '96 — Apr '00) and B, ALPHA samplers (May
'00 — current).
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Table of annual mean monitored atmospheric NH," aerosol concentrations in the UK NAMN.

Annual Average aerosol NHs* (g NH,* m™)

N° Name

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
1 Bush OTC 0.64 0.54 0.76 0.83 1.14 0.66 0.54 0.71 0.57 0.42
1P* | Bush OTC 0.77 0.49 0.59 0.79 1.16 0.59 0.54 0.75 0.58 0.48
3 Inverpolly 0.16 0.13 0.19 0.21 0.38 0.17 0.17
3P* Inverpolly 0.29 0.06
3B L”r:’g)rpo"y 2 (met 0.18 0.17 0.27
4 Penallt 0.99 1.17
5 Priddy
6 Holme Lacy 1.02 1.18 1.36 1.25
6B Rosemaund 1.32 1.10 0.86
7 Glen Shee 0.39 0.22
78 | Gulabin Lodge 0.38 0.36 0.49 0.63 0.44 0.26
88 | Orielton 0.59 0.74 0.87 0.76 1.29 0.72 0.64
8C Narberth 0.91 1.51 0.73
9B grown Moss NR 0.96 121
10 Bure Marshes 1.00 1.31
1 | e dsa”ds 1.09 1.48 1.44 121 1.94 1.28 1.19 1.23 0.95 0.81
12 | Halladale 0.20 0.19 0.27 0.32 0.53 0.23 0.17 0.30 0.20 0.21
13 Aston Rowant. 1.28 1.10
14 Ellon Ythan 0.46 0.45
15 (L:'g”mcr'%’sn 0.75 1.07
16 | Northallerton 1.17 1.44 1.60 1.61 2.06 1.33 1.34 1.47 1.12 0.86
17 | Easingwold 1.10 1.21 1.83 2.35 1.63 1.81 2.01 1.27 0.59
18 Q‘:)"S';e”"o”h 0.59 0.59 0.77 0.80 1.10 0.58 0.55 0.70 0.54 0.42
18pP* Q‘é"s';e”"o'th 0.66 0.66 0.75 0.82 1.05 0.50 0.53 0.66 0.48 0.37
19 | Shetland 0.20 0.19 0.22 0.34 0.50 0.19 0.21 0.39 0.29 0.19
20 Drayton 1.07 1.39
21 | Glensaugh 0.66 0.36 0.51 0.63 0.94 0.47 0.45 0.61 0.41 0.26
22 | Moor House 0.59 0.59 0.50 0.59 0.81 0.49 0.55 0.67 0.57 0.50
23 | North Wyke 0.70 0.94 0.96 1.35 0.88 0.78 1.00 0.75 0.69
24 | Rothamsted 1.07 1.33 1.83 1.57 2.09 1.67 1.67 1.38 1.39 1.10
25 | Sourhope 0.55 0.49 0.24 0.51 0.86 0.53 0.35 0.47 0.35 0.11
26 | Wytham Woods | 1.03 1.26
27 | Alice Holt 1.05 1.05
28 Porton Down 1.08 1.17
29 Dyffryn Mymbyr 0.53 0.58 0.63 0.65 0.85 0.54
30 | Strathvaich Dam | 0.20 0.13 0.23 0.26 0.36 0.19 0.20 0.21 0.16 0.28
31 | Eskdalemuir 0.51 0.46 0.60 0.70 0.82 0.50 0.40 0.61 0.54 0.41
32 | High Muffles 0.92 1.02 1.11 1.22 1.57 1.10 1.08 1.08 0.83 0.71
33 | Stoke Ferry 1.34 1.60 1.80 1.80 2.13 1.75 1.70 1.94 1.31 1.20
34 | Yarner Wood 0.74 0.88 1.03 0.86 1.53 0.91 0.94 1.06 0.93 0.71
35 | Lullington Heath | 0.98 1.28 1.24 1.33 1.79 1.19 1.20 1.13 0.92 0.80
36b London, Victoria 1.58
36C t?gdmc\’;e'” Rd 2.08 2.08 2.01 2.27 1.82 1.79 1.76 1.54 1.43
37 | 5Acres 0.41 1.05 0.87 1.16 0.97 0.67
38 | Sheffield 1.02 1.55 1.81 1.38 1.84 1.42 1.21 1.34 1.05 1.19
39 | silsoe 1.13 1.43 1.62 1.46 2.06 1.49 1.58 1.43 1.27 0.98

* Replicated DELTA sampling are carried out at 2 sites (S1/S1P, S18/18P), and also previously at S3/S3P until end of 2000.
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Table of annual mean monitored atmospheric NH," aerosol concentrations in the UK NAMN cont.

N | Name Annual Average aerosol NH;" (ug NH," m™®)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
40 Sutton Bonington | 1.45 1.55 1.87 1.75 2.28 1.67 1.56 1.39 1.31 1.03
41 Lagganlia 0.17 0.16 0.25 0.26 0.46 0.26 0.23 0.36 0.31 0.22
42 Castle Cary 0.97 1.13 1.33 1.16 1.68 1.18 1.27 1.19 0.87 0.87
43 Tadcaster 1.05 1.26
44 Hillsborough 0.56 0.62 0.85 0.72 1.16 0.60 0.79 0.81 0.66 0.71
45 Lough Navar 0.39 0.48 0.62 0.59 0.84 0.42 0.52 0.55 0.45 0.42
46 Sibton 1.00 1.93
47 Rum 0.13 0.13 0.20 0.20 0.40 0.22 0.14 0.21 0.25 0.21
60 Edinburgh 0.95 0.70 0.99 0.84
60B | Edinburgh 2 1.14 1.97 1.07 0.77
60C | Edinburgh 3 0.90 0.71 0.51
63 Cardigan
70 Cwmystwyth 0.74 0.80 0.84 0.93 1.53 0.82 0.90 0.80 0.73 0.64
73 Jenny Hurn 2.15 1.92 1.68
73B | Marton 1.60 2.15 1.49 1.66
74 Carlisle 0.73 0.62 1.16 1.28 0.84 0.72 0.94 0.62 0.46
76 Pointon 0.95 1.16 0.98 1.30 1.69 1.59 1.35 1.48 1.30 0.86
77 Carradale 0.54 0.40 0.72 0.53 0.94 0.47 0.59 0.57 0.38 0.32
78 Auchincruive 0.58 0.63 0.77 1.03 1.25 0.67 0.69 0.71 0.54 0.51
79 Coleraine 0.64 1.09 0.81 1.33 0.79 0.79 0.73 0.43 0.42
80 Lyulphs Tower 0.53 0.54 0.61 0.70 0.96 0.54 0.52 0.55 0.44 0.33
81 Pitmedden
83 Barcombe Mills 1.29 1.55 1.49 1.85 1.49 1.65 1.44 1.32 1.07
95B | Glenshee Hotel 0.37 0.32 0.28
97 Detling 1.26 1.16 1.07
98 Harwell 1.05 1.27 0.90
99 Ladybower 1.03 0.99 0.78
100 [ Plas Y Brenin 0.51 0.62 0.50
102 | Caenby 1.24 1.10 0.94
103 | Goonhilly 0.95 0.79 0.65

. References to published material

9. This section should be used to record links (hypertext links where possible) or references to other
published material generated by, or relating to this project.
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