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ABSTRACT

Ammonia emissions from agriculture are a cause for environmental concern contributing 226 kt NH3-
N per year to the atmosphere. Emissions from outdoor concrete yards or hard standings represent a pre-
viously ignored but potentially significant source of ammonia. To increase the robustness of estimates of
ammonia emission from hard standings, measurements were made on 13 commercial farms (dairy, beef
and sheep). Dairy farms were found to be the most significant source, in particular, feeding/loafing yards
emitting 462 mg NH3-N m-2 hr-1. During the winter of 2002 an experiment was carried out to assess poten-
tial ammonia abatement measures that may be used on hard standings. Of the four abatement measures tes-
ted daily scraping and pressure washing proved to be most effective at reducing ammonia emission. These
results together with those a repeat experiment during summer 2003 and testing of selected abatement mea-
sures on commercial farms will serve to provide more concrete evidence on how to reduce ammonia emis-
sions from hard standings.

INTRODUCTION

Ammonia emissions from UK agriculture have recently been estimated at 226 kt NH3-N per
year. This accounts for 80% of the total emission of ammonia to the atmosphere (Misselbrook
et al, 2000). Ammonia volatilisation is not only a cause for environmental concern, but repre-
sents a substantial loss of fertiliser N value. Environmental damage is inflicted following (long-
range) transport and deposition through direct toxicity to plants (van der Eerden, 1982), chan-
ges in plant species composition of natural ecosystems (Heil & Diemont, 1983), eutrophication
and soil acidification (van Breeman, 1988). 

Recent research findings suggest that unroofed concrete yards or hard standings may repre-
sent a previously ignored and potentially significant source of ammonia emissions (22 kt NH3-
N yr-1) accounting for 10% of the ammonia emission from UK agriculture. However, this current
estimate is subject to much uncertainty, due to insufficient information on the frequency of use
and stocking densities on hard standings, and the fact that data are limited to a small number of
farms. The aim of this project was firstly to carry out additional measurements on commercial
farms to address these uncertainties. In addition, experiments were carried out on a hard stan-
ding to which cattle had controlled access to establish the effect of stocking density and to assess
a number of potential abatement measures including the use of urease inhibitors and improved
yard cleaning methods.

MATERIALS AND METHODS

Ammonia emission measurements
Measurements of ammonia emissions were made using an equilibrium concentration techni-

que employing a system of small dynamic chambers previously described by Svensson (1994)

241

Gaseous Emissions and Odours



and Misselbrook (2001). Briefly the technique uses the micrometeorological law of resistance
to determine the flux of ammonia from an emitting surface. Passive diffusion samplers, impreg-
nated with 2% tartaric acid, were used to determine ammonia concentration within and outside
the chambers. For a particular measurement site, 6 chambers together with 4 ambient samplers,
were used for ammonia emission measurements. Typically during each sampling occasion there
were 3-4 periods when gaseous emission measurements would be made from each chamber.
Sampling times were 1-2 hours, or occasionally longer when very low emission rates were
expected, i.e. from hard standings used by sheep. Animals were excluded from the hard standing
during sampling times to prevent damage to the equipment. 
On farm measurements

Ammonia emission measurements were made on 13 commercial farms (dairy, beef and
sheep) at different times of the year, between February 2002 and January 2004, to reflect seaso-
nal changes in conditions and usage of the hard standings. Measurements were made from all
hard standings used by livestock on each of the farms. On each measurement occasion the fre-
quency of use and stocking densities were recorded. A visual observation was made of the extent
to which the whole hard standing was fouled. In addition, estimates were made of the quantity
of urine and faeces deposited and samples were taken and analysed for total-N, ammonium-N,
dry matter content and pH. 
Development of abatement strategies

In order to assess ammonia abatement strategies a series of measurements were made on
concrete yards at IGER North Wyke for a period of five weeks from 11th November 2002. Two
groups of nine suckler cows were each held on a designated ‘treatment’ and ‘control’ hard stan-
ding for a period of 2 hours at the same time each day. The following treatments were imposed
in consecutive weeks i) no cleaning, ii) daily scraping, iii) daily washing and scraping, iv) use
of a the urease inhibitor N-(n-butyl) thiophosphoric triamide (NBPT) plus daily scraping and, v)
reduced area allowance per animal plus daily scraping. The control yard was subjected to daily
scraping during treatment weeks iii) to v) to simulate commercial practice and to assess any
reduction in emission attributable to the abatement measures used in addition to scraping. Each
treatment was imposed on the hard standing from days 1 to 5, with ammonia emission being
made on the final two days.  The area of both hard standings was 44m2 providing an area allo-
wance of approximately 5m2 this being reduced to 3m2 per animal on the treatment yard in the
final week. A repeat experiment was carried out during the summer of 2003, the results of which
will be available for presentation at Ramiran 2004. 

RESULTS AND DISCUSSION

On farm measurements
The results available to date of the on-farm measurements are presented in Table 1. Hard

standings used by dairy cattle have so far proved to be the most significant source of ammonia
emission, with dairy cow feeding/loafing yards providing the highest mean emission overall as
found by Misselbrook et al (2001). Webb et al (2001) reasoned that this was due to the greater
amounts of excreta deposited by dairy cows compared with other livestock, and the less frequent
removal of dung and urine compared with dairy cow collection yards. The mean emission rate
measured from beef cattle feeding/loafing yards was 271 g NH3-N m-2 hr-1 which compares
favourably with the findings of Misselbrook et al (2001) who measured an emission rate of 220
g NH3-N m-2 hr-1 from beef cattle feeding/loafing areas. 

The lowest emissions were to be found a hard standing used as a handling/feeding area to
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which sheep had access for just two hours per day and a self feed silage area used by beef cat-
tle at a low stocking density during the night time only. 

Development of abatement strategies
During the first week of ammonia measurement no treatment was imposed and no signifi-

cant difference in ammonia emission was found between the treatment and control yard. As the
experiment progressed, there was a lot of variation in ammonia emissions from the control yard
(Figure 1) in response to weekly changes in temperature, wind speed, rainfall etc. thus highligh-
ting the need for the direct comparison to the treatment yard.  

Scraping proved to be an effective abatement measure achieving a 93% reduction in ammo-
nia emission compared to the non-scraped control yard (P=0.03). This result should however be
treated with caution when scaled up to the farm level as scraping effectiveness was found to
range from 18% to 80% in the on-farm studies, with large differences even on different yards
within the same farm. The scraping method used in this experiment was a hand-held scraper and
thus may be more effective and reliable than a tractor mounted scraper. Heavy rainfall may also
have helped to overestimate this abatement option. 

Pressure washing following scraping compared to scraping alone achieved an 89% reduction
in ammonia emission (P=0.002) and proved to be an effective means of reducing ammonia emis-
sion. However, large volumes of water are required for this type of cleaning and the impacts that
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Yard type  No. of  
observations  

Range of  
emission rates  (mg m-2 hr-1)

 

Mean NH3 emission rate 
for yard type 
(mg m-2 hr-1)

Beef cattle feeding/loafing yard 
 

23
 

60-600
 

271
Beef cattle self-feed silage area

 
6

 
10-140

 
53

Dairy cow collecting yard

 
64

 
70-1010

 
388

Dairy cow feeding/loafing yard 20 60-760 462
Sheep yard 10 0-570 150

Table 1. Mean ammonia emission rate measured from each yard type
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Figure 1. Mean ammonia emission rate from different abatement strategies.
*Vertical bars represent s.e.m. Means denoted by different letters are significantly different (P<0.05).



this may have on costs, farm storage capacity and subsequent land spreading operations require
careful consideration.

The use of a urease inhibitor following scraping when compared to scraping alone resulted
in a 74% reduction in ammonia emission (NS). Varel et al (1997) found that by applying NBPT
to manure in feedlots urea hydrolysis could be delayed for up to 28 days. Given that the surfa-
ce area to volume ratio for hard standings is greater than for manure stores, delaying hydrolysis
of urea on hard standings could significantly reduce ammonia emissions and is worth further
exploration. 

Reducing the area over which a given quantity of excreta is deposited should in theory redu-
ce the potential for ammonia volatilisation. In this experiment we found that a reduction of the
area allowance by 39% lowered ammonia emission by 25% (NS). This abatement method when
compared to the others tested is unlikely to be a feasible abatement option when animal welfa-
re is taken into account.

CONCLUSIONS

Preliminary results from this study have shown that there are promising abatement options
amongst those tested, notably scraping, pressure washing and the use of a urease inhibitor.
Results of the repeat summer 2003 experiment will be available for presentation at Ramiran
2004. This together with testing of selected abatement measures on commercial farms will pro-
vide further evidence of the potential of these abatement measures. 

REFERENCES

Heil, G.W., Diemont, W.H. 1983. Raised nutrient levels change heathland into grassland. Vegetatio, 53:
113-120.

Misselbrook, T.H., van der Weerden, T. J., Pain, B. F., Jarvis, S. C., Chambers, B. J., Smith, K. A., Phillips,
V. R., Demmers, T. G. M. 2000. Ammonia emission factors for UK agriculture. Atmos. Environ., 34:
871-880.

Misselbrook, T.H., Webb, J., Chadwick, D.R., Ellis, S., Pain, B.F. 2001. Gaseous emissions from outdoor
concrete yards used by livestock. Atmos. Environ., 35: 5331-5338.

Svensson, L. 1994. A new dynamic chamber technique for measuring ammonia emissions from land-spre-
ad manure and fertilizers. Acta Agr. Scand. Section B-Soil Plant Sci., 44: 35-46.

van Breeman, N. 1988. Ecosystem effects of atmospheric deposition of nitrogen in the Netherlands.
Environ. Pollut., 54: 249-274.

van der Eerden, L.J.M. 1982. Toxicity of ammonia to plants. Agric. Environ., 7: 223-235.
Varel, V.H., Nienaber, J.A. & Byrnes, B.H. 1997. Urease inhibitors reduce ammonia emissions from cattle

manure. In: Ammonia and odour emissions from animal production facilities, Proceedings, (ed). A.
Heber, Nederlandse Vereniging Techniek Landbouw, Rosmalen pp. 721-728.

Webb, J., Misselbrook, T., Pain, B.F., Crabb, J., Ellis, S. 2001. An estimate of the contribution of outdoor
concrete yards used by livestock to the UK inventories of ammonia, nitrous oxide and methane. Atmos.
Environ., 35: 6447-6451.

244

Sustainable Organic Waste Management for Enviromental Protection and Food Safety


	2. GASEOUS EMISSIONS AND ODOURS
	MEASUREMENT AND ABATEMENT OFAMMONIA EMISSIONS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




