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Introduction 

Dust and particles in the air environment in pig houses most likely contribute to 
respiratory symptoms in workers and pigs. 

 Dust particles in pig houses may lead to respiratory symptoms in workers and pigs  
 

 Studies indicate that fine and ultrafine particles deposited in the lungs and the 
alveoles could be especially dangerous 
  

 A number of studies indicate that sprinkling with water  (and oil) reduces the 
amount of dust (mg·m-3) in houses for fattening pigs 
  

 Limited knowledge exist about the number of respirable particles of various size 
fractions  

Aim  

 Study the size distribution and also the effect of water sprinkling on the number of 
respirable particles of size fractions; 0.3–0.5 µm, 0.5-1 µm, 1-2 µm, 2-5 µm  
and > 5 µm 

 

Materials and Methods  

Pig barn: 

 Research facility 137 m2 

 54 fattening pigs  

 8 pens with partly slatted floor  

 

 

 

Pig barn 
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Design and cross section of the pig barn 

   

  Sprinkling: 

  Container with water 

  Pump 

  Clock and timer (time relay) 

  Nozzles  

Nozzles      (Spraying Systems Co) 

−   Over the slatted floor  

−   One over each pen   -totally 9 nozzles  

FANNOZZLES
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Straw was used as bedding material 
 

Experimental design 

Measurements of  the amount of particles : 

 Without sprinkling  

-  Before, between and after periods with sprinkling  

 With water sprinkling  

-  3 periods with sprinkling  

 

Period  Sprinkling  
during periods of 18 sec  

Amount of water  

No.  Dates  No. of Days  Time of day  Times per hour  liter∙m
-2
∙day

-1
  

1  Oct 22 – Oct 25  3  5.30 am to 6 pm  2  ~1  
2  Oct 29 – Nov 1  3  5.30 am to 6 pm  1  ~0.5  
3  Nov  5 – Nov 8  3  5.30 am to 6 pm     0.5  ~0.25  
Pig weight ~80 – 100 kg 
Ventilation rate kept constant at ~96 m

3
 pig

-1
 hour

-1   
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Measurements  

Inside the barn with pigs: 

  Amount of particles of different size  

     0.3 – 0.5 µm 

     0.5 - 1 µm 

      1  -  2 µm 

      2  -  5 µm  

      > 5 µm 

      (Particle counter Rion KC01B) 

   

  Temperature  ~1.8 m above floor 
  (Thermocouples type T)  

   RH ~1.8 m above floor  
   (Hygromer®-C80 sensors from Rotronic and 
    wet and dry temperature) 

Outdoor climate 

 - Temperature and RH data from a nearby 
   meteorological station 

 

Particles were counted six times every hour.  Average values for every 60 minutes 
were used for evaluation  

Temperature, and relative air humidity (RH), were recorded using sensors 
connected to a logger and a computer. Data was recorded each minute and average 
values for every 60 minutes were used for evaluation.  

 

 

Particle counter Rion KC01B 
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Results 

 
Temperature and Humidity 
 

 

 

 

  

Average values of temperature and relative humidity during periods 
with and without sprinkling 
 
Period of 
the days 
 

Temperature 
 

Relative Humidity, RH 

  Inside the House   Outdoors Inside the House     Outdoors 

 Mean,°C (SD)  N 1   Mean,°C (SD)  N 1  Mean, % (SD)  N 1     Mean, % (SD)        N 1 

No  
Sprinkling 
    
Whole days 
0 AM to 12 PM 

17.2 (3.2) 469 8.6 (4.4) 468 70 (5.6) 469 89 (9.0) 468 

             

Daytime 
6 AM to 6 PM 
 

17.5 (3.3) 240 9.2 (4.4) 240 71 (5.7) 240 87 (9.7) 240 

Night-time 
0 AM to 6 AM + 
6 PM to 12 PM 
 

16.9 (3.2) 229 8.0 (4.3) 228 69 (5.5) 229 90 (8.0) 228 

 
Sprinkling 
 
Whole days 
0 AM to 12 PM 

14.9 (1.6) 211 7.0 (2.4) 211 75 (3.9) 211 88 (8.9) 211 

             

Daytime 
6 AM to 6 PM 
 

15.2 (1.8) 103 7.8 (1.8) 103 76 (3.1) 103 85 (9.6) 103 

Night-time 
0 AM to 6 AM 
and  
6 PM to 12 PM 
 

14.5 (1.6) 108 6.2 (2.6) 108 73.1 (4.0) 108 91 (7.1) 108 

 

1 N = No. of hours with measurements 
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Average number of particles of different size during periods without and with 
sprinkling 

 

  

 
 

                
 
Period of the 
days 
 

Size fraction 
 

 0.3 – 0.5 µm 0.5 - 1 µm 1  -  2 µm 2  -  5 µm > 5 µm N1 
 Mean, 106 m-3 (SD) Mean, 106 m-3 (SD) Mean, 106 m-3 (SD) Mean, 106 m-3 (SD) Mean, 106 m-3 (SD) No. 

No  
Sprinkling 

 

Whole days 
0 AM to 12 PM 61.2 (34.7) 2.09 (1.08) 1.56 (1.07) 1.49 (1.13) 0.40 (0.31) 469 

            

Daytime 
6 AM to 6 PM 
 

60.6 (33.4) 2.31 (1.17) 1.94 (1.28) 1.89 (1.33) 0.51 (0.36) 240 

Night-time 
0 AM to 6 AM + 6 
PM to 12 PM 
 

61.8 (36.0) 1.88 (0.94) 1.17 (0.59) 1.07 (0.66) 0.29 (0.19) 229 

 
Sprinkling 
 
Whole days 
0 AM to 12 PM 48.7 (13.8) 1.81 (1.07) 1.32 (0.71) 1.20 (0.74) 0.32 (0.21) 211 

            

Daytime 
6 AM to 6 PM 
 

46.0 (10.7) 2.12 (1.21) 1.64 (0.76) 1.51 (0.80) 0.40 (0.23) 103 

Night-time 
0 AM to 6 AM and  
6 PM to 12 PM 
 

51.3 (15.9) 1.53 (0.84) 1.02 (0.50) 0.91 (0.55) 0.25 (0.16) 108 

 

1 N = No. of hours with measurements 
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Average reduction with sprinkling 
 

 

 

 

 

 Reduction with sprinkling was significant for all sizes of particles (ANOVA; 
p<0.05) 
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Amount of particles in experiments with different amount of water 
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Diurnal variation of the amount of particles 
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Correlations 

 
Sprinkling 

Barn 
Temperature 

Humidity 
in Barn 

Outdoor  
Temperature 

 

Correlation  Correlation  Correlation  Correlation  

     0.3 – 0.5 µm -0,191*** N.S.  N.S.  0,135***  

      

     0.5 - 1 µm -0,120** 0,097*  0,144***  0,150***  

      1  -  2 µm -0,113** N.S.  N.S.  N.S.  

      2  -  5 µm  -0,129*** N.S.  N.S.  -0,11**  

       

      > 5 µm -0,122*** -0,083*  N.S.  -0,14***  

N.S. = Not Significant;  
*   = Significance level p≤0.05 **   = Significance level p≤0.01; ***   = Significance level p≤0.001  

 

Discussion and Conclusions 

 Average numbers of particles in millions per m3 during periods without sprinkling 
were 63 for size fraction 0.3-0-5 µm, 2.2 for 0.5-1 µm, 1.5 for 1-2 µm, 1.5 for 2-5 
µm and 0.39 for particles larger than 5 µm.  

 Average numbers of particles in millions per m3 during three periods with water 
sprinkling were 48 for size fraction 0.3-0-5 µm, 1.8 for 0.5-1 µm, 1.3 for 1-2 µm, 
1.2 for 2-5 µm and 0.33 for particles larger than 5 µm. 

 Problems with some nozzles in “Sprinkling 1” and a small amount of water in  
“Sprinkling 3”  likely  limited the reduction of dust particles in the experiment 

 The result suggests that sprinkling with water gives a significant reduction 
particles with sizes  0.3 – 0.5 µm, 0.5 - 1 µm, 1  -  2 µm, 2  -  5 µm, and > 5 µm 

 The diurnal variations of the amounts of  particles indicate a strong influence of  
the activity in the barn on the number of particles larger than > 0.5 µm  

 Outdoor temperatures is likely of a large importance for occurrence of smaller 
particles (0.3 – 0.5 µm, 0.5 - 1 µm) 

 Variation between concentrations during different days indicates a difficulty to 
make sure conclusions and also a need for further studies 

 10 


	Measured size distribution OF DUST PARTICLES IN A HOUSE FOR FATTENING PIGS – summary of measurements
	Introduction
	Aim

	Materials and Methods
	Sprinkling:
	Straw was used as bedding material
	Experimental design
	Measurements
	Outdoor climate

	Results
	Temperature and Humidity
	Average reduction with sprinkling
	Amount of particles in experiments with different amount of water
	Diurnal variation of the amount of particles
	Correlations

	Discussion and Conclusions



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments 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

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 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

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /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

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /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 ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



