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Abstract

Dust measurements are done �n several an�mal bu�ld�ngs 
w�th d�fferent a�r vent�lat�on and feed�ng systems. Even 
�f all dust regulat�ons are observed some aspects should 
be added, wh�ch apply to �nfluences on the dust em�ss�on 
factors. These aspects are related to mean em�ss�on factors 
over one day, season or year. For that the parameters a�r 
volume flow, an�mal act�v�ty and part�cle concentrat�on �n 
the �nter�or and exhaust a�r depend�ng on d�fferent seasons 
are done �n a fatten�ng p�g barn. An�mal act�v�ty and a�r 
volume flow affected the develop�ng of part�cle em�ss�on 
factors. A dev�at�on of s�ngle half an hour data to the aver-
age value of the whole day was determ�ned. So �t �s neces-
sary to set the m�n�mum analys�ng �nterval on 24 hours. 
The measur�ng po�nt for the dust measurements should be 
the exhaust a�r. A compar�son of the �nter�or and exhaust 
dust concentrat�ons showed that fact. 

Furthermore the d�str�but�on of part�cles �s chang�ng by 
d�fferent levels of an�mal act�v�ty. The h�gher the an�mal 
act�v�ty the h�gher �s the number of part�cles w�th b�g op-
t�cal d�ameters. The management of the farmer has a b�g 
�nfluence on the �nter�or factors of the barn. D�fferent prac-
t�ses w�th equal hous�ng and feed�ng systems, we�ghts of 
an�mals and vent�lat�on systems y�eld d�fferent results.
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Introduction

In most an�mal houses, heat�ng, feed�ng and vent�lat�on 
systems are very complex and have many �nfluences on 
the generat�on of part�cles, odor and ammon�a. Based on 
several measurements on dust we are able to descr�be some 
�mportant cond�t�ons for the measurement setups. The �n-
fluences of an�mal act�v�ty and vent�lat�on rates should be 
exposed to get more knowledge about the cons�der�ng fluc-
tuat�on factors.

Methods

D�urnal var�at�ons �n the parameters an�mal act�v�ty, par-
t�cle concentrat�on and a�r volume flow rate were recorded 
w�th d�fferent weather cond�t�ons �n order to fac�l�tate the 
analys�s of the connect�on between an�mal act�v�ty and par-
t�cle em�ss�ons. The �nvest�gat�ons were made �n a fatten-
�ng house for 112 p�gs w�th dry feed�ng (ad l�b�tum) and 
door vent�lat�on.

The cont�nuous part�cle measurements were carr�ed out 
�n accordance w�th standard�sed measur�ng �nstruct�ons for 
occupat�onal safety and health (VDI 2080, VDI 2066). Par-
t�cle concentrat�ons were measured w�th an aerosol spec-
trometer, model 1.108 (GRIMM-Aerosoltechn�k, A�nr�ng, 
Germany). Isok�net�c sampl�ng �n the exhaust a�r flow was 
carr�ed out on the �ntake s�de. The measur�ng �nterval was 
one m�nute. A cal�brated measur�ng fan w�th a data logger 
for mon�tor�ng the frequency of the fan was used to mon�-
tor the volume flow rate. The measur�ng �nterval �n th�s 
case was one m�nute as well. The measur�ng fan was pos�-
t�oned on the pressure s�de of the exhaust shaft. The act�v-
�ty sensors used �n th�s study are commerc�al pass�ve �n-
frared sensors mod�f�ed for th�s part�cular appl�cat�on. The 
�ntegrated relay control for the prevent�on of �nterferences 
has been deact�vated. Instead, a voltage �s tapped d�rectly 
from the sensor so that �t maps a s�gnal that �s analogous to 
the recorded movement. The s�gnal �s a d�fferent�al s�gnal, 
�.e. rap�d temperature �ncreases or decreases �n front of the 
sensor lead to h�gher pos�t�ve or negat�ve values than slow 
changes �n temperature. Thus, the ampl�tude of the �mpulse 
�s proport�onal to the �ntens�ty of the temperature change. 
Slow temperature changes �nduce no s�gnal. S�gnals are 
f�rst rect�f�ed for further process�ng so that temperature 
�ncreases and decreases are no longer d�fferent�ated. The 
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�ncom�ng s�gnal �s then routed through a hold�ng c�rcu�t so 
that short �mpulses are art�f�c�ally prolonged; the durat�on 
can be adjusted on the sensor. Thus, a data logger records 
the voltage every s�x seconds to capture short movements 
as well.

To get more knowledge about the d�fference of the par-
t�cle concentrat�on between the �nter�or a�r and the exhaust 
a�r, two aerosol spectrometers were pos�t�oned �ns�de the 
barn 1.2 m above the an�mals and �n the exhaust a�r as de-
scr�bed before.

Results and discussion

The f�rst and most �mportant fact �s that �t �s necessary to 
measure em�ss�ons over one day to calculate a mean value 
for those em�ss�ons. The dev�at�on of a three or four hour’s 
measurement �s factor 2 to 4 �n relat�on to the da�ly mean. 
F�gure 1 shows that fact. 

The reasons for th�s dev�at�on are chang�ng an�mal ac-
t�v�ty and chang�ng a�r volume rates. So �t �s poss�ble to 
underest�mate or overest�mate the em�ss�ons by measur�ng 
only short terms.

An�mal act�v�ty and part�cle em�ss�on levels are closely 
correlated. Em�ss�ons �ncrease drast�cally espec�ally dur�ng 
per�ods of act�v�ty as you can see �n f�gure 2. The results of 
the measurements by Pedersen S. (1993) and Bönsch S. et 
al. (1996) were conf�rmed by the measurements made for 
the present study. The example of the development of an�-
mal act�v�ty and part�cle em�ss�on for several days as de-
p�cted �n f�gure 3 shows that espec�ally surve�llance walks 
are connected w�th h�gh an�mal act�v�ty and consequently 
w�th h�gh part�cle em�ss�on. The quest�on ar�ses to what 
degree an�mal act�v�ty and part�cle em�ss�on are correlated. 
F�gure 3 also conta�ns the scatter plot of the correlat�on. 
As expected, the calculated coeff�c�ent of determ�nat�on 
across all s�ze classes (R2 = 0.8) shows the correlat�on be-
tween an�mal act�v�ty and part�cle em�ss�on to be h�gh.
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F�gure 1: 
Dev�at�on of half an hour values of part�cle mass concentrat�on from average value
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F�gure 2: 
Part�cle mass concentrat�on, a�r volume flow and an�mal act�v�ty
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F�gure 3:
Part�cle mass concentrat�on and an�mal act�v�ty - relat�onsh�ps



42

In th�s analys�s a new aspect was found regard�ng par-
t�cle s�ze d�str�but�on. Representat�ve for all da�ly develop-
ments, f�gure 4 shows the development of the total mass 
concentrat�on, the PM10 concentrat�on and the levels of 
an�mal act�v�ty. 
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F�gure 4: 
Total part�cle mass concentrat�on and PM10 concentrat�on �n relat�on to an�mal act�v�ty

One of the reasons for th�s �s the �ncreas�ng proport�on 
of larger part�cles �n the total number of part�cles. In th�s 
case h�gh an�mal act�v�ty descr�bes a dev�at�on of one stan-
dard dev�at�on from the average value of the day set 100 %. 
H�gher levels of an�mal act�v�ty affect espec�ally the par-
t�cles w�th �ncreas�ng d�ameter.

The h�gher the vent�lat�on rate, the lower the dust concen-
trat�on and the h�gher the correspondence between the dust 
concentrat�on �n the �nter�or a�r and �n the exhaust a�r due 
to better m�x�ng. Because of that, �t �s necessary to mea-
sure the em�ss�on �n the exhaust a�r and not �n the barn. 
We calculate factors between the �nter�or and exhaust a�r 
depend�ng on d�fferent levels of the a�r volume flow. It was 
concluded that the barn �s not a constant system that em�ts 
equal values of em�ss�ons over the whole day. The h�gher 
quotients for particles >5 μm can be attributed to the de-
pos�t�on of dust �n the fan shafts. Part�cles are depos�ted 
on the walls of the exhaust a�r ch�mneys, resuspend�ng at 
suff�c�ently h�gh a�r veloc�t�es as larger part�cles formed 
by agglomerat�on w�th other part�cles. To v�sual�se the re-

sults, the quot�ent of the part�cle concentrat�on �n the ex-
haust a�r and the part�cle concentrat�on �n the �nter�or was 
calculated for d�fferent part�cle s�zes. Th�s concentrat�on 
rat�o descr�bes the probab�l�ty of encounter�ng a part�cle 
of a certa�n s�ze both on the �ns�de of the l�vestock house 

and �n �ts exhaust a�r. At a quot�ent of q = 1 for all part�cle 
s�ze classes, all part�cles from the �nter�or of the l�vestock 
house would make the�r way �nto the exhaust a�r. The par-
t�cle concentrat�on �ns�de the l�vestock house would be the 
same as that �n �ts exhaust a�r. The assumpt�on that part�cle 
concentrat�ons �n the �nter�or of l�vestock houses d�ffer 
from those �n the�r exhaust a�r was conf�rmed by reproduc-
�ble measurements. The number of b�gger part�cles �n the 
�nter�or a�r �s much h�gher than �n the exhaust a�r as you 
can see �n f�gure 5.
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The last �nfluenc�ng factor �s the management. Two barns, 
constructed �n the same way w�th equal feed�ng, vent�lat�on 
and heat�ng systems were compared. Surve�llance walk, 
adjustment of the a�r volume flow or number of feed�ng 
t�me per day affect d�fferent em�ss�on factor, expressed �n 
em�ss�on per an�mal un�t. F�gure 6 shows the part�cle mass 
concentrat�on and the a�r volume flow �n two d�fferent fat-
ten�ng p�g farms. The management of the farmer �s deter-
m�ned by the a�r volume flow. The a�rflow �s a funct�on of 
the temperature set of the controller. Th�s �ncludes �nflu-
ences on the part�cle mass concentrat�on and the part�cle 
em�ss�on factors.

Other �mportant factors on em�ss�ons are the seasonal ef-
fects. Because of h�gher volume flow rates per an�mal �n 
summer, the em�ss�ons are h�gher than �n autumn or w�nter. 
On the other hand, the concentrat�on of em�ss�ons �n the 
exhaust a�r �n the w�nter t�me �s h�gher than �n the summer 
t�me as you can see �n f�gure 6.
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F�gure 6: 
Part�cle mass concentrat�ons and a�r volume flows �n d�fferent seasons and two d�fferent farms

F�gure 5: 
Rat�o of the part�cle number concentrat�on �n the �nter�or a�r to the exhaust a�r
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Consequences

The results showed d�fferent cons�der�ng fluctuat�on fac-
tors on dust generat�on and PM-em�ss�ons. To quant�fy a 
dust em�ss�on factor, �t �s necessary to measure 24 hours. In 
that case an�mal act�v�ty �s the most �mportant factor. Cl�-
mat�cally effects and the house management of the farmer 
lead to d�ffer between seasons. The pos�t�on of dust sam-
pl�ng should be �n the exhaust a�r, because the dust concen-
trat�on �n the �nter�or a�r �s not equal to the concentrat�on 
�n the exhaust a�r.
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