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Abstract

Effects of part�cles on �nd�v�duals and the d�spers�on of 
a�rborne part�cles are strongly dependent on the�r s�ze, 
dens�ty, surface and shape. R�sk assessment requ�res 
knowledge about mass or number concentrat�on or fluxes 
concerned. For th�s purpose d�fferent k�nds of measur�ng 
techn�ques are used, wh�ch react �n part�cular way to the 
parameters ment�oned above. Depend�ng on the task an ap-
propr�ate techn�que w�ll be selected. It’s well known that 
dusts from l�vestock fac�l�t�es vary w�dely depend�ng on 
the source. Soph�st�cated structures and large ranges of s�ze 
d�str�but�on must be detected. For s�z�ng laser d�ffract�on 
techn�que was used to character�ze samples of dust wh�ch 
were collected �n stables of d�fferent spec�es of farm an�-
mals. These results are now supplemented w�th Sympatecs 
�mag�ng system for shape analys�s.
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Introduction

Effects of part�cles on �nd�v�duals and the d�spers�on of 
a�rborne part�cles are strongly dependent on the�r s�ze, den-
s�ty, surface and shape (Schm�tt-Pauksztat G. 2006). De-
pend�ng on these parameters part�cles penetrate more or 
less deep �nto the breath�ng of �nd�v�duals. Aerodynam�c 
d�ameter �s used to cover complex �nfluences �nclud�ng 
shape and structures. Th�s becomes compl�cated for par-
t�cle d�spers�on caused by em�ss�ons �n an�mal product�on. 
Therefore the well establ�shed laser d�ffract�on techn�que 
for analyz�ng part�cle s�ze d�str�but�on �s not suff�c�ent. In 
the follow�ng more deta�led parameters for the character-
�zat�on of the dust part�cles are descr�bed. 

Materials and Methods

Part�cle analys�s was carr�ed out �n the labs of Sympatec 
w�th samples wh�ch were taken �n research fac�l�t�es of the 
FAL and �n a commerc�al p�ggery near Braunschwe�g. The 
d�fferent dust types are taken �n stables of cattle, p�glets, 
p�gs, horses, sheeps and turkey. 

The collect�on locat�on was a central po�nt �ns�de of each 
stable w�th the except�on of turkey where the sample was 
taken from the em�ss�on flow. Th�s type of stable dust was 
chosen for the f�rst �nvest�gat�ons.

Accord�ng to the cond�t�ons of measurements at work�ng 
places (VDI 1980) probes were sucked w�th a veloc�ty of 
1.25 m/s �n a he�ght of approx�mately 1.5 m above ground. 
F�gure 1 shows the setup of the sampler. Samples �n the 
exhaust of the force vent�lated turkey kept the cond�t�ons 
of �sok�net�c probe (DIN EN 12384-1, ISO 7708).

Independent of the a�r �ntake the equ�pments cons�st of a 
h�gh volume sampler w�th an ax�s-type cyclone to separate 
the coarse fract�on and a glass f�bre f�lter to collect the pen-
etrat�ng f�ne dust part�cles, f�gure 2.
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F�gure 1: 
Sampl�ng dust �ns�de a stable
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F�gure 2: 
Scheme of the equ�pment

The separat�on eff�c�ency of the cyclone was f�tted to the 
prev�ously used Convent�on of Johann�sburg, w�th a cut off 
d�ameter of 5 µm. Part�cles larger than 7.07 µm should be 
separated totally. F�gure 3 shows the theoret�cal curve and 
the actual cal�brat�on wh�le sampl�ng w�th a flow rate of 
50 m³/h. 
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F�gure 3: 
Separat�on eff�c�ency of the used cyclone

H�gh volume sampl�ng ensures proper amounts of dust �n 
the cyclone beaker and on the f�lter �n an acceptable t�me 
of runn�ng. Mass detect�on followed by we�gh�ng. After 
we�gh�ng the samples of the coarse fract�on were trans-
ferred to the lab for further analys�s.

F�gure 4:  
Sample of stable dust

Th�s sample can be d�v�ded �nto two d�fferent types of 
part�cles: a dusty appear�ng collect�on of “normal” part�-
cles and balls of f�brously part�cles that can be taken out by 
tweezers. A dry sample spl�tt�ng �s �mposs�ble.
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The best way to handle the sample of stable dust care-
fully �s to prepare a suspens�on of the ent�rely sample �n 
dry �sopropyl�c alcohol. St�rrer speed should be slow and 
�t should change the rotat�on d�rect�on from t�me to t�me 
�n order to avo�d the collect�ng of f�bres or the creat�on of 
f�ber balls aga�n.

The suspens�on can now be spl�t and d�luted for the mea-
surements f�rst w�th a HELOS laser d�ffract�on together 
w�th the d�spers�ng un�t SUCELL and then w�th a QICPIC 
�mag�ng system comb�ned w�th the d�spers�ng system LIX-
ELL.

Results and discussion

Table 1 g�ves the concentrat�on of the coarse and f�ne 
fract�ons spl�t by the cyclone separator and �ts rat�o coarse 
to f�ne. The suspens�on made up for the part�cle s�ze d�s-
tr�but�on analys�s and for the shape analys�s conta�ns only 
the coarse fract�on.

The result of the laser d�ffract�on analys�s shows a d�str�-
but�on of laser d�ffract�on comparable spheres. The mea-
surement �tself �s done �n less then one m�nute and �s based 
of some m�ll�on part�cles. Therefore the reproduc�b�l�ty and 
rel�ab�l�ty of the result are very h�gh. The standard dev�a-
t�on of three d�fferent measurements �s below 0.5 %.

Table 1: 
Concentrat�on of coarse and f�ne dust fract�on, percentage coarse

Spec�es
Fract�on concentrat�onon

Percentage 
coarse Pos�t�oncoarse

[mg/m3]
f�ne�ne

[mg/m3]

Cattle I 0.116 0.00567 96 �ns�de

Cattle II 0.180 0.029 87 �ns�de

P�glet 1.144 0.159 88 �ns�de

P�gs 0.860 0.057 93 �ns�de

Horse 0.150 0.0268 85 �ns�de

Sheep 0.072 0.017 89 �ns�de

Turkey 2.560 0.296 90 exhaust
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F�gure 5: 
HELOS - Cumulat�ve and dens�ty d�str�but�on of the turkey stable dust.

But even the best result does not show any �nformat�on 
about part�cle shape.

More deta�led �nformat�on about the part�cles �s g�ven by 
the �mag�ng system QICPIC. Its s�ngularly comb�nat�on of 
a h�gh speed camera up to 500 �mages per second, shortest 
exposure t�mes below 1 ns w�th spec�al telecentr�c opt�cs 
makes �t poss�ble to evaluate a h�gh number of sharp par-
t�cle �mages (W�tt W. et al. 2006 and 2007).
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F�gure 6: 
Opt�cal setup of QICPIC �mag�ng system.

Before and dur�ng the measurement the sensor-control 
w�ndow of the WINDOX-software shows already part�cle 
�mages. Th�s allows to check the measur�ng range and the 
concentrat�on of part�cles �n the suspens�on.
Cons�der�ng the flow veloc�ty �n the cuvette and the vol-
ume of the suspens�on a frame rate of 50 �mages per sec-
ond dur�ng a measur�ng t�me of 120 seconds has been su�t-
able. In th�s case the measurement conta�ns the �mages of 
350,000 part�cles.

The software WINDOX calculates parameters l�ke EQPC 
(d�ameter of the c�rcle of equal project�on area), the d�ffer-
ent Feret-d�ameters (d�stance between to parallel tangents), 
the m�n�mum bound�ng area w�th �ts max�mum and m�n�-

mum value, length and d�ameter of f�bres and the volume 
based f�bre d�ameter. Th�s l�st has to be supplemented w�th 
the shape parameters l�ke spher�c�ty, aspect-rat�o, convex-
�ty, stra�ghtness and elongat�on of f�bres and w�th the pos-
s�b�l�ty to comb�ne these parameters to USER-def�ned pa-
rameters.

F�gure 7: 
QICPIC - Part�cles flow�ng through the cuvette dur�ng the measurement
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F�gure 8: 
QICPIC - Volume d�str�but�on of EQPC as f�rst result. Th�s d�agram �s sl�ghtly comparable to the volume d�str�but�on d�agram of the laser d�ffract�on result. 
(F�gure 4)
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W�th all these parameters and the�r comb�nat�ons a w�de-
spread var�ety of d�fferent results can be created to charac-
ter�ze the very spec�al propert�es of the sample:

Part�cle s�ze d�str�but�on of d�fferent part�cle d�ameters
D�str�but�ons of user def�ned part�cle parameters
Shape d�agrams of d�fferent shape parameters vs. par-
t�cle s�ze
D�str�but�on d�agrams of d�fferent shape parameters
Shape d�agrams of USER-def�ned part�cle parameters

•
•
•

•
•
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F�gure 9: 
QICPIC - Length d�str�but�on of Feret-Max as result for f�brously mater�als
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F�gure 10: 
QICPIC - Length d�str�but�on of LEFI (Length of F�bre) 
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F�gure 11: 
QICPIC - Length d�str�but�on of LEFI > 20 µm and Aspect rat�o < 0.25. Th�s user f�lter suppresses the part of small, spher�cal part�cles

F�gure 12: 
QICPIC - Part�cle Gallery of the d�str�but�on shown �n F�gure 10
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F�gure 13: 
QICPIC - Aspect rat�o vs. LEFI. Typ�cal for f�brously samples �s the fall�ng curve to b�gger part�cles
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F�gure 14: 
QICPIC - Cumulat�ve number d�str�but�on of aspect rat�o. A flat curve shows the predom�nantly �nfluence of f�bres

The last h�nt, that the sample of stable dust conta�ns most-
ly needle-shaped part�cles �s found �n a shape-d�agram:
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Conclusion

F�rst �nvest�gat�ons �n stable dust d�spersed as suspens�on 
�n dry �sopropyl�c alcohol, show very pos�t�ve results w�th 
Sympatec laser d�ffract�on system HELOS w�th SUCELL 
that allow a su�table handl�ng of th�s spec�al mater�al and 
g�ves reproduc�ble results of part�cle s�ze d�str�but�on. Th�s 
real�zat�on has been transferred to the �mag�ng system 
QICPIC w�th LIXELL. Its var�ously poss�b�l�t�es �n the 
evaluat�on of stable dust lead from s�mple part�cle d�str�bu-
t�ons �n order to have an overv�ew down to the d�scover�ng 
of s�ngle part�cles w�th very spec�al user spec�f�ed proper-
t�es.
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