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Abstract

After ammon�a PM comes more and more �n the focus of 
�nternat�onal strateg�es of a�r pollut�on control. Add�t�onal 
PM �s a factor of a�r qual�ty �ns�de the bu�ld�ngs related to 
health and welfare of farmers and an�mals.

One of the ma�n sources are l�vestock houses of poultry 
and m�nor p�gs and cattle. Annual em�ss�ons w�ll be cal-
culated from act�v�ty data (an�mal places or numbers) and 
em�ss�on factors. These em�ss�on factors must be deter-
m�ned by measurements. In contrast to ammon�a there are 
no models ava�lable to determ�ne part�cle em�ss�ons.

Effects of part�cles on �nd�v�duals and the d�spers�on of 
part�cles �n the amb�ent a�r strongly depend on the s�ze that 
means ult�mately the mass of the s�ngle part�cles. Var�ous 
fract�ons are def�ned by d�fferent def�n�t�ons. The paper 
g�ves the most �mportant def�n�t�ons and procedures how 
to measure part�cles �n a s�ze select�ve way.

In a project of b�lateral German-Pol�sh cooperat�on �n 
agr�cultural research, measurements �n a da�ry house were 
carr�ed out �n summer and w�nter 2006. Flow rates and PM 
concentrat�on were measured �ns�de the houses and �n the 
exhaust of a force vent�lated stable.

Concentrat�on of TSP (total dust) was below 0.6 mg/m³ 
w�th h�gher values �n summer than �n w�nter, whereby 
measures �ns�de the stable were h�gher than �n the exhaust 
flow. Em�ss�ons cons�st of 100 % PM10.

One a�m of the stud�es was to g�ve an �mprovement of 
em�ss�on factors used �n em�ss�on �nventory, but th�s spot 
measurements w�ll g�ve only the �mpress�on that depen-
dent on the management these factors may be lower than 
the usually used.
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Introduction

There �s an �ncreas�ng need to control em�ss�ons of par-
t�culate matter (PM). Agr�culture �s a substant�al source 
of PM em�ss�ons. PM also reduces the a�r qual�ty w�th�n 
l�vestock bu�ld�ngs w�th �mpl�cat�ons for the health and 
welfare of farmers and an�mals. Effects of part�cles on 
�nd�v�duals and the�r d�spers�on �n the a�r depend on d�f-
ferent parameters but strongly on the�r s�ze and mass. D�f-
ferent target–or�ented def�n�t�ons are used (ISO 1996, US 
EPA2001), f�gure 1.
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F�gure 1:
Def�n�t�ons of part�cle fract�ons

In a b�lateral German- Pol�sh research projects, measure-
ments were carr�ed out �n force-vent�lated bu�ld�ng hous-
�ng da�ry cows. Concentrat�on of total dust (TSP) and the 
PM10-fract�ons �ns�de the house and the a�r flows through 
the exhaust ducts were measured and em�ss�on factors cal-
culated. These values may be useful to est�mate the s�ze of 
em�ss�ons and the �nfluenc�ng parameters.

Materials and Methods

Invest�gat�ons were done on a da�ry farm �n the Kon�n 
reg�on of Poland. 64 cows w�th an average m�lk y�eld of 
9200 kg m�lk per year and cow were kept �n a bu�ld�ng of 
46.25m  12 m equ�pped w�th four temperature controlled 
ax�al fans w�th a nom�nal max�mum flow of 5950 m3/h 
each. F�gure 2 shows the floor plan of the stable and the 
locat�ons of the fans �n the roof.
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F�gure 2: 
Floor plan of the cattle house w�th exhaust open�ngs locat�on

There was a passage �n the corr�dor used for forage d�str�-
but�on. On both s�des of �t were forage tables and two rows 
of cha�ned cows’ boxes w�th straw bedd�ng. Straw manure 
�s removed by mechan�cal grabbers of an electr�cally-pow-
ered mach�ne once a day.
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F�gure 3: 
Cross sect�on of the cattle house

Fresh a�r entered the cow house through w�ndows w�th 
var�able open�ngs. The degree of decl�nat�on of the w�n-
dows was adjusted manually upon evaluat�on of atmo-
spher�c cond�t�ons as g�ven �n f�gure 3.

Measur�ng part�cle em�ss�ons from force vent�lated sta-
bles requ�res �sok�net�c sampl�ng �n the duct to get the  
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representat�ve �nformat�on about part�cle mass concentra-
t�on �n the balance area; f�gure 4 (H�nz T. 2005). 
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F�gure 4: 
Scheme of �sok�net�c sampl�ng 

To ensure the �sok�net�c cond�t�on at each measur�ng lo-
cat�on, flow veloc�ty was mon�tored us�ng a hot w�re ane- 
mometer.

To asses the em�ss�ons actual flow rates through all the 
ducts must be known. It was not poss�ble to do so dur�ng 
the measur�ng campa�gn. Pre- �nvest�gat�ons were carr�ed 
out to get knowledge about flow d�str�but�on �n the four 
ducts. For th�s purpose a�r veloc�ty prof�les were measured 
us�ng a Prandtl-probe. The measur�ng pos�t�ons �ns�de a 
duct, wh�ch were also bas�cally used to arrange the PM 
sampler, are g�ven �n f�gure 5. 

At e�ght pos�t�ons �n two cross sect�ons each gr�d mea-
surements of a�r veloct�y were used to calculate average a�r 
flow rates and to cal�brate voltage control of the vent�lat�on 
system.
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F�gure 5: 
Array of measur�ng locat�ons to calculate exhaust a�r flow

Samples �ns�de the bu�ld�ngs were collected w�th a sam-
pl�ng veloc�ty of 1.25 m/s accord�ng to the cond�t�ons at 
work�ng place.

In both cases �ns�de the stable and �n exhaust a conven-
t�onal grav�metr�c f�lter procedure served as reference of 
total dust. To determ�ne the complete s�ze d�str�but�on a 
h�gh-volume sampler  was used w�th a pre-separator to 
separate large part�cles. The coarse fract�on was analysed 
w�th l�ght d�ffract�on method. A scatter�ng l�ght mon�tor 
was �nstalled �n the flow beh�nd the cyclone separator �n 
order to determ�ne the pass�ng through of f�ne part�cles. 
For control and cal�brat�on purposes an absolute f�lter col-
lected the f�ne part�cle fract�on. F�gure 6 shows the com-
plete ensemble of �ns�de measurements.

F�gure 6: 
Set of �nstruments to measure concentrat�on and part�cle s�ze �ns�de the 
stable
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Results and Discussion

Results w�ll be presented for the pre- �nvest�gat�ons to 
cal�brate the vent�lat�on system, the a�r flow rates and the 
measurements of concentrat�on and part�cle s�ze �ns�de the 
stable �n compar�son w�th the em�ss�ons. 

Mon�tor�ng of a�r flow rate �n the vent�lat�on system has 
been replaced by mon�tor�ng of the supply�ng voltage of 
the fans after prev�ous assessment of a�r flow �n each ch�m-
ney separately. The sum of capac�t�es of all four ch�mneys 
represents total runn�ng capac�ty of the vent�lat�on system 
that �s a funct�on of supply�ng voltage del�vered by the 
speed controller. 

Table 1. 
A�r flow through the ch�mneys as a funct�on of supply�ng voltage 

Fan Flow rate
Supply�ng voltage [V]

70 90 110 130 150 170 190 210 230

K-1 [m3/h] 1 858 1 768 2 358 2 537 2 865 3 353 3 459 3 213 3 279

K-2 [m3/h] 1 440 1 745 2 256 2 565 2 787 3 096 3 291 3 412 3 478

K-3 [m3/h] 1 290 1 624 2 167 2 524 2 742 2 893 3 039 3 204 3 342

K-4 [m3/h] 1 628 1 823 2 260 2 518 2 756 2 967 3 099 3 205 3 302

Total [m3/h] 6 217 6 960 9 041 10 144 11 150 12 308 12 888 13 034 13 402

Total performance of the vent�lat�on system �s shown �n 
the d�agram below, f�gure 7. 
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F�gure 7: 
Cal�brat�on of the vent�lat�on control, total a�r flow rate of the 4 fans

Thus performance of the vent�lat�on system �s presented 
by the equat�on: 

V = -0.246 • U2 + 121.1 • U – 1406.7            [m3 h-1] 

The coeff�c�ent of determ�nat�on R2  = 0.9906 �s suff�c�ent. 
The funct�on was used �n further calculat�ons for est�mat-
�ng the a�r exchange �n the stable. 

From March 2006 to 2007 the vent�lat�on rate changed 
between approx�mately 8000 m³/h and 12000 m³/h mea-
sured �n the hot July 2006. The columns of f�gure 8 g�ve 
the course of the year. 

The �nvest�gat�ons �n dust concentrat�on and dust em�s-
s�ons were carr�ed �n July and November 2006. F�gure 9 
shows the measured a�rflows for the respect�ve days, wh�ch 
do not d�ffer w�dely from the monthly averages.

In July the a�r exchange ra�sed up to approx�mately 11000 
m³/h wh�le �n November an average of 9000 m³/h was mea-
sured caused by the lower temperature.
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F�gure 8: 
A�r exchange �n the cow stable �n the per�od from March 2006 unt�l 
March 2007
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F�gure 9: 
A�r exchange �n the cow stable at 04.07.2006 and 06./07.11.2006

The concerned concentrat�on of total dust (TSP) �ns�de 
the stable, �n the exhaust and the result�ng em�ss�ons of 
TSP and PM10 are g�ven �n table 2.

Table 2: 
Concentrat�on and em�ss�ons �n and from the stables

Type of 
an�mal / 
season / 
l�tter

C�ns�de
[mg/m³]

Cexhaust
[mg/m³]

MTSP
[g/(an�mal/h)]

MPM10
[g/(an�mal/h)]

cow / 
summer / 
straw

0.550 0.188 0.033 n.a.

cow / 
w�nter / 
straw

0.198 0.064 0.009 0.008

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

9:48 9:56 10:03 10:10 10:17 10:24 10:32 10:39 10:46 10:53 11:00

Time

total dust
PM10

C
on

ce
nt

ra
tio

n 
[m

g/
m

3 ]

F�gure 10: 
TSP and PM10 concentrat�on �n the exhaust flow

In the cow stable the concentrat�on was generally low 
w�th values <1 mg/m³. Depend�ng on the cl�mate cond�-
t�ons PM concentrat�on and em�ss�ons were lower �n No-
vember than �n June. In both cases the concentrat�on �ns�de 
the stable at 1.5 m above ground was 3 t�mes h�gher than 
the concentrat�on �n the exhaust flow.

Part�cle s�ze d�str�but�on and w�th th�s the rat�o of PM10 
d�ffer essent�ally between the a�r �ns�de the stable and the 
exhaust flow, f�gure 10 and f�gure 11. 

PM em�ss�ons cons�st of the fract�on PM10 only. In con-
trast to th�s TSP concentrat�on �ns�de the bu�ld�ng was 
much h�gher than for PM10, f�gure 11. 
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F�gure 11: 
TSP and PM10 concentrat�on �ns�de the stable 

Depend�ng on the pr�nc�ple the used l�ght scatter�ng 
mon�tor �s not able to class�fy coarse part�cles >20 µm. By 
cyclone separat�on TSP was spl�t to 5 % f�ne and 95 % 
coarse fract�on. Part�cle s�ze analyses of the coarse frac-
t�on show a w�de d�str�but�on w�th part�cle s�zes up to 300 
µm and only a l�ttle proport�on of approx�mately 15 % of 
PM10, f�gure 12. In total only 20 % of TSP form PM10 �n 
the stable.

The d�fferences between concentrat�on and s�ze d�str�bu-
t�on conf�rm the necess�ty to measure �n the exhaust flow 
to get the r�ght em�ss�ons.
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F�gure 12: 
S�ze d�str�but�on of the separated coarse fract�on �n the stable a�r

Conclusion

On a da�ry cattle farm �n Kon�n, Poland, PM em�ss�ons �n 
and from a cattle house were �nvest�gated. Instrumentat�on 
was used to measure total dust and PM10 by grav�metr�c 
procedure and onl�ne mon�tor�ng.
An excellent management strategy by the farmer resulted 
�n a very clean da�ry house w�th very low concentrat�on 
and em�ss�ons, wh�ch may be not the normal case.

In summer concentrat�on was h�gher than �n w�nter.
Concentrat�on �ns�de the bu�ld�ng was h�gher than �n the 

exhaust flow.
The rat�o PM10/TSP was nearly 100 % �n the em�ss�on 

flow, but 20 % only �n the stable a�r.
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