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Abstract

Part�culates �n the a�r of an�mal houses or�g�nate from 
the feed, the l�tter, the manure and the an�mals themselves. 
They cons�st ma�nly of dusts and m�croorgan�sms. The 
dust conta�ns h�gh amounts of prote�ns and carr�es gases, 
odours, m�croorgan�sms, and endotox�ns. About 85 % of 
�ts mass cons�sts of organ�c mater�al. There are clear d�f-
ferences �n the compos�t�on of dust or�g�nat�ng from types 
of an�mals and d�fferent hous�ng systems. The behav�our 
of the part�culates can be character�zed by the processes of 
format�on (condensat�on, subl�mat�on, and d�spers�on) and 
decay (sed�mentat�on, d�ffus�on, and �nhalat�on). The effect 
of dust and a�rborne m�croorgan�sms on the health of man 
and an�mals cannot be str�ctly separated because both form 
the part�cles that are �nhaled. The role of compounds l�ke 
endotox�ns and drug res�dues (e.g. ant�b�ot�cs) wh�ch can 
be found �n an�mal house dust �n relat�vely large amounts 
�s not yet suff�c�ently clear. The aerodynam�c d�ameter of 
the part�cles determ�nes how deeply they can penetrate �nto 
the resp�ratory tract. Dust �n the a�r of l�vestock bu�ld�ngs 
can present a s�gn�f�cant burden to the resp�ratory tract of 
humans and an�mals and must be cons�dered �n the context 
of some typ�cal resp�ratory d�sease patterns. The�r �mpact 
can be descr�bed as mechan�cal, chem�cal, �nfect�ous, �m-
munosuppress�ve, allerg�c, and tox�c. Although there �s 
d�st�nct ev�dence that h�gh dust levels �n p�g houses reduce 
product�on s�gn�f�cantly, dust reduct�on measures are not 
yet common. It seems necessary to establ�sh sc�ent�f�cally 
based max�mum levels for dust �n l�vestock houses. Th�s 
would benef�t both an�mals and farmers. For the develop-
ment of an �nfect�ous d�sease the presence of the respect�ve 
�nfect�ous agent seems to be necessary. Measures to reduce 
dust format�on and �ncrease hyg�ene �n the an�mal house 
should be g�ven more susta�ned appl�cat�on �n pract�ce. 
Th�s would be �n the �nterests of workers, of an�mal wel-
fare, and of the w�der env�ronment. The role of a�rborne 
part�culates �n l�vestock product�on needs close further sc�-
ent�f�c attent�on.
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Introduction

There are numerous reports about dust concentrat�ons �n 
an�mal house a�r (Taka� H. et al. 1998, Hartung J. 1997, 
Saleh M. 2006). Less �nformat�on �s ava�lable on the com-
pos�t�on of th�s dust. Because of the complex nature of an�-
mal house dust the term b�o-aerosol was �ntroduced (H�rst 
J. M. 1995, Seedorf J. and Hartung J. 2002). B�oaerosols 
are composed of v�able and nonv�able part�cles wh�ch 
may carry gases and wh�ch rema�n suspended �n the a�r 
for longer per�ods because of the�r m�nute d�mens�ons of 
between 10-4 and approx�mately 102 µm. They are w�dely 
cons�dered to be pr�nc�pal r�sk factors for resp�ratory d�s-
eases (Clark S. et al. 1983; Donham K. et al. 1986; Bruce 
J. M. and Sommer M. 1987). The part�culates �n an�mal 
houses a�r or�g�nate from the feed, the l�tter, the manure 
and the an�mals themselves. These sources determ�ne also 
the compos�t�on of the dust. Dust part�cles and m�cro-or-
gan�sms usually occur together �n an a�rborne state and 
may therefore be cons�dered generally as part�cles. They 
can comb�ne chem�cally w�th gases em�tted �nto the a�r and 
also act as a carr�er of odours (Hartung J. 1986). However, 
�n sp�te of th�s ev�dence no generally accepted max�mum 
allowable concentrat�ons of aerosols, part�cles or m�croor-
gan�sms �n conf�ned an�mal houses are def�ned, because the 
effects of a�rborne part�cles on the health and performance 
of l�vestock are st�ll �nconclus�ve (Perk�ns S. and Morr�son 
W. D. 1991). One reason for th�s def�c�ency may be the 
complex�ty of husbandry and management factors. These 
�nclude: unsu�table a�r temperatures; a�r hum�d�t�es and a�r 
movements; h�gh stock�ng dens�t�es; low vent�lat�on �nten-
s�ty; and �nadequate clean�ng of l�tter and floors (De Boer 
S. and Morr�son W. D. 1988; Perk�ns S. and Morr�son W. 
D. 1991). These factors can �nfluence the format�on, decay, 
amount, and compos�t�on of the a�rborne part�cles.

Th�s paper w�ll g�ve an outl�ne of the compos�t�on of dust 
�n l�vestock bu�ld�ngs, cattle, p�g, turkey, ducks and lay-
�ng hens. The potent�al effects on health and product�on of 
farm an�mals w�ll also be cons�dered. 

Aerosols, particles and dust

Several relevant terms are used to descr�be the part�cu-
lates suspended �n a�r. `Aerosols’ are sol�d or l�qu�d par-
t�cles wh�ch rema�n suspended �n the a�r for longer per�ods 
because of the�r m�nute d�mens�ons of between 10-4 and 



112

approx�mately 102 µm. They can comb�ne chem�cally w�th 
gases em�tted �nto the a�r and these new compounds are 
�nhaled by l�v�ng organ�sms or can settle on them (Straubel 
H. 1981).

`A�rborne part�culates’ can �nclude both sol�d and l�qu�d 
part�cles. `V�able part�cles’ are l�v�ng m�croorgan�sms or 
any sol�d or l�qu�d part�cles wh�ch have l�v�ng m�croorgan-
�sms assoc�ated w�th them (Carpenter G. A. et al. 1986). 
`Dusts’ are d�spersed part�cles of sol�d matter �n gases, 
wh�ch ar�se dur�ng mechan�cal processes or have been 
st�rred up. They belong to the aerosols together w�th smoke 
and fog (Henschler D. 1990). Dust may cover a w�de range 
of s�zes and can be a�rborne or settled (De Boer S. and 
Morr�son W. D. 1988). It must be seen as a s�gn�f�cant at-
mospher�c contam�nant and should no longer be perce�ved 
as a mere nu�sance (Honey L. F. and McQu�tty J. B. 1976). 

The measurement of dust concentrat�ons should therefore 
be correlated to response. Th�s requ�res that part�cle sepa-
rat�on, accord�ng to aerodynam�c d�ameter, reflects the 
depos�t�on pattern of the part�cles �n the resp�ratory cycle. 
Th�s can be descr�bed �n terms of dust fract�ons pass�ng 
s�ze-selectors �n a model f�lter system, wh�ch can be ad-
opted for pract�cal measur�ng procedures. Each f�lter of the 
ser�es s�ze-selects the part�cles accord�ng to aerodynam�c 
d�ameter �nto a transm�tted port�on and a reta�ned port�on. 
The respect�ve dust fract�ons can be descr�bed as nose-
pharynx-larynx dust, tracheobronch�al dust and alveolar 
dust (Henschler D. 1990). Add�t�onally, the nature of the 
part�cles and the compounds wh�ch they are carry�ng de-
term�ne the health effects.

Origin and composition of animal house dust

The ma�n aer�al pollutants �n an�mal houses are der�ved 
from s�m�lar sources. Gases are predom�nantly produced 
d�rectly by an�mals and from the�r faeces. M�croorgan-
�sms are released from an�mals, feed and l�tter. Dust par-

t�cles may or�g�nate from feed (80 to 90 %), l�tter (55 to 
68 %), an�mal surfaces (2 to 12 %), faeces (2 to 8 % and, 
to a lesser extent, from fr�ct�on aga�nst floors, walls, and 
other structural elements �n the house (Hartung J. 1986). 
A small amount of dust also comes from the a�r �ntake �nto 
the house (Dawson J. R. 1990). A compound wh�ch �s regu-
larly found �n dust samples from all an�mal houses �s endo-
tox�n. In add�t�on, dust part�cles can carry res�dues of drug 
appl�cat�ons �n an an�mal house.

Endotoxins in sedimentation dust

Dust samples were taken by the help of standard�zed sed�-
mentat�on plates �n var�ous an�mal houses w�th d�fferent 
spec�es. The results are summar�zed �n Table 1.

Table 1: 
Mean, m�n/max values and standard dev�at�on (s) of endotox�n concentrat�ons (EU/g) �n sed�mentat�on dust from an�mal houses of d�fferent spec�es. Cattle 
a = w�th straw, cattle b = w�thout straw

 Bro�ler VOL AKA AKB Turkey Ducks P�g Cattle a Cattle b

n 8 8 9 9 9 3 10 3 3

Mean (EU/g) 736 1169 1316 1628 1612 855 1143 669 447

s 360 341 535 753 1128 84 809 471 334

Max�mum (EU/g) 1178 1740 2240 3295 4131 946 2624 1196 796

M�n�mum (EU/g) 376 522 518 942 339 782 480 289 131

n*= Number of monthly samples. Vol = av�ary. AKA = furn�shed cage type Av�plus. AKB = furn�shed cage type Eurovent. 

The h�ghest s�ngle concentrat�on was found w�th 4131 x 
10³ EU/g �n the dust from a turkey barn. Tak�ng the ar�th-
met�c mean, the h�ghest concentrat�ons were found �n AKB 
(1.6 m�o EU/g) followed by turkey, AKA, VOL and p�g. 
The concentrat�ons of endotox�n �n the dust of bro�ler and 
duck barns were about 50 % lower. The lowest concentra-
t�ons were found �n the cattle house w�thout straw. The rel-
at�ve h�gh endotox�n concentrat�ons �n the dust from AKA 
and AKB may have been �nfluenced by the pos�t�on of the 
sed�mentat�on plates wh�ch were placed �n these systems 
on the level of the manure belts. 

Material composition of the dust

From an earl�er �nvest�gat�on of the compos�t�on of sed�-
mentat�on dust from a p�ggery and a poultry house, �t �s 
known that up to 85 % of the dust cons�sts of organ�c mat-
ter. Table 2 shows the results. The crude prote�n content of 
the dust �s not�ceably h�gher than that of the feed. Th�s �nd�-
cates that the an�mal makes a cons�derable contr�but�on to 
the format�on of dust. Dust from poultry hous�ng appears 
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to be part�cularly r�ch �n prote�n. Dust from stables was 
found to conta�n over 26 % prote�n (Ze�tler M. 1988).

In a recent study (Saleh M. 2006) the prote�n content �n 
the dust from p�g and poultry bu�ld�ngs was even h�gher. 
Table 3 summar�zes the results of the analys�s of the dust 
accord�ng to prote�n, fat, f�ber, n�trogen free components 
and ash.

Table 2: 
Compos�t�on (%) of feed and depos�ted dust from a p�ggery and from a 
poultry house (after Hartung J. 1983; Aengst C. 1984)

P�g house P�g house Poultry house

Component Depos�ted dust Feed Depos�ted dust

Dry matter 78 88 89

Crude prote�n 24 19 50

Crude fat 4 4 10

Crude f�bre 3 5 -

Crude ash 15 5 -

Table 3: 
Mean (a) and standard dev�at�on (s) of dust analys�s from d�fferent an�mal houses �n percent (%) of dust mass. T.S = dry matter. R.A = crude ash. R.P. = crude 
prote�n. R.Fa. = crude f�ber. N.F.E. = n�trogen free substances

  T.S. % R.A. % R.P. % R.F. % R. Fa. % N.F.E. %  

Bro�ler a 90.8 9.0 70.6 3.8 4.7 2.6 N =   8

 s 0.8 1.4 3.7 0.5 2.5 2.3  

Av�ary a 88.8 13.0 62.3 3.6 6.2 3.6 N = 11

 s 1.3 1.5 7.7 1.9 3.7 5.0  

Furn�shed cage a 90.1 11.7 63.9 6.4 3.7 4.3 N = 11

 s 0.6 1.5 4.6 1.5 2.0 3.2  

Ducks a 89.4 8.6 58.6 8.4 3.1 10.6 N =  6

 s 2.3 1.2 3.8 0.8 1.7 2.8  

Turkeys a 89.8 9.0 53.8 3.4 11.2 12.4 N = 11

 s 1.6 1.9 6.0 1.0 4.4 5.0  

P�gs a 90.2 14.5 38.4 3.6 1.3 32.5 N = 13

 s 1.0 1.2 2.9 0.9 0.7 3.6  

Cattle a 85.8 18.8 29.7 6.6 6.6 24.1 N =  6

 S 5,4 3.8 4.3 1.7 1.7 3.1  

All dust samples conta�n relat�vely l�ttle water. In poultry 
and p�g dust the dry matter content reaches about 90 %. 
The dust from the cattle barn showed a hum�d�ty of about 
15 %. Th�s value �s sl�ghtly above the threshold of bacter�al 
growth wh�ch �s around 14 % mo�sture �n dry meal feed 
(Kamphues J. et al. 2004). The relat�ve h�gh content of ash 
�n the dust from the cattle house �s probably due to sandy 
feedstuff. The very low values �n the moskovy duck house 
are probably caused by the plast�c floor�ng.

The dust from poultry houses conta�ns the h�ghest amounts 
of prote�n. Th�s �s caused f�rstly by the relat�vely h�gh pro-
te�n content �n the feed wh�ch �s usually between 20 and 
25 % (Kamphues J. et al. 2004). The other proport�on of 
up to 45 % comes probably from feathers and claw abra-
s�on. Also �n the p�g house dust a percentage of about 20 % 
seems to come from the sk�n and the ha�rs of the an�mals. 
The relat�vely h�gh amounts of fat �n the dust from the duck 
house can be expla�ned by the behav�our of the duck to use 
a self produced fatty substance for preen�ng and protect�ng 
the feathers. The h�gh f�ber content �n the turkey house dust  
may have been �nflunced by the hay baskets wh�ch were 
offered to the turkeys as a mean to prevent feather peck�ng 
and cann�bal�sm. 

Amounts of microorganisms in dust 

An�mal house dust �s an �mportant carr�er of bacter�a and 
fung�. Table 4 g�ves an overv�ew of the amounts of total 
bacter�a count, E. col�, staphylococc�, streptococc� and 

fung� �n the sed�mentat�on dust from an�mal houses of 6 
d�fferent spec�es.

The h�ghest concentrat�ons are observed �n bro�ler barns 
followed by duck, turkey, lay�ng hen, p�g and cattle. Th�s 
reflects the common exper�ence that the h�ghest concen-
trat�ons of m�cro-organ�sms are found �n poultry houses. 
There are clear d�fferences between keep�ng systems of one 
spec�es. In the av�ary (VOL) d�st�nctly h�gher amounts of 
bacter�a were found compared to furn�shed cage systems.
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Table 4: 
Mean concentrat�ons (a) of typ�cal m�cro-organ�sms �n sed�mentat�on dust from an�mal houses of d�fferent spec�es. Standard dev�at�on (s)Standard dev�at�on (s)

  Total count
cfu/g
x 106

E. col�
cfu/g
x 103

Staph.
cfu/g
x 106

Strep.
cfu/g
x 106

fung�
cfu/g
x 105

Lay�ng hens
   Av�ary a

s
1741
1146

57
29

1168
676

5
4

4
6

Lay�ng hens
   Av�plus (AKA)
 

a
s

200
82

398
352

124
55

8
3

12
12

Lay�ng hens
   Eurovent (AKB)
 

a
s

408
268

499
373

342
228

12
2

4
5

Bro�ler

 
a
s

7772
3990

285
177

6326
2933

22
24

289
129

Turkeys
 

a
s

3554
1938

1813
1304

2915
1866

93
31

71
53

Cattle a
 

a
s

91.4
79.9

1651.6
1497.0

64.7
59.9

1.3
0.6

6.3
52.0

Cattle b
 

a
s

85.7
8.1

1574
109

63.0
1.6

0.9
0.5

5.7
8.0

Moscovy duck
 a

s

 
5782
3644

 
129
150

1764 
1956

224
193

3
6

P�g
 a

s
88
44

90
96

26
17

15
10

2
4

The dust from l�vestock bu�ld�ngs conta�ns a var�ety of 
further compounds wh�ch are potent�ally hazardous agents 
(Donham K. J. 1989). Dust also conta�ns potent�ally aller-
g�c agents, �nfect�ous m�croorgan�sms, enzymes, and tox�c 
gases. One gram of p�ggery dust can absorb about 1 mg of 
gases such as fatty ac�ds and phenols (Hartung J. 1985). 

Further compounds wh�ch are assoc�ated w�th an�mal 
house dust are drugs. In a recent study Hamscher G. et al. 
(2003) were able to show that p�g house dust has an excel-
lent “memory” for all types of ant�b�ot�cs. Up to 12 mg/kg 
dust of ant�b�ot�c res�dues were analyzed. It was poss�ble to 
�dent�fy d�fferent classes of ant�b�ot�cs �n the dust even 15 
years after �ts appl�cat�on.

Effect of airborne particles

The effects of the part�cles �n l�vestock bu�ld�ngs on hu-
man and an�mal health cannot s�mply be attr�buted to dust 
levels or the concentrat�on of m�croorgan�sms. Effects on 
health are related to the complex act�on of part�cles and 
gases as well as the phys�cal and psycholog�cal env�ron-
ment. Part�culates can have effects wh�ch may be descr�bed 
as mechan�cal, �nfect�ous, �mmunosuppress�ve, allerg�c or 

tox�c. Table 5 summar�zes the poss�ble effects of a�rborne 
dust, m�croorgan�sms and gases on an�mal health.

The mechan�cal effects of h�gh dust levels and the �nflu-
ence of pathogen�c m�croorgan�sms are relat�vely easy to 
understand. Inhalat�on of large amounts of dust may cause 
overload�ng of the clearance mechan�sms �n the resp�ratory 
passages and mechan�cal �rr�tat�on wh�ch fac�l�tates the 
beg�nn�ng of �nfect�ons. H�gh levels of dust, m�croorgan-
�sms or gases �n the resp�ratory tract may lead to reduced 
res�stance (Parry R. R. et al., 1987), part�cularly �n an�mals 
where they may be comb�ned w�th the effects of f�ght�ng 
w�th�n groups or unfavourable cl�mat�c cond�t�ons �n the 
bu�ld�ng.

Part�cle s�ze �s of fundamental �mportance to the �nflu-
ence of dust, �rrespect�ve of whether the �nhaled part�cle �s 
a gra�n of dust or a bacter�um. The smaller the part�cle d�-
ameter, the deeper �ts po�nt of depos�t�on �n the resp�ratory 
tract. Part�cles of less than 7 µm �n d�ameter are known as 
alveole-access�ble (V�ncent J. H. and Mark D. 1981; Hen-
schler D. 1990). 

A dec�d�ng factor �n the depth of penetrat�on �s the aero-
dynam�c d�ameter. At d�ameters of 4 to 5 µm the alveolar 
depos�t�on rate may be as h�gh as 50 %. It �s not only the 
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s�ze of the dust part�cles wh�ch plays a part �n an�mal health 
and performance. H�gh dust concentrat�ons seem to have a 
general performance-reduc�ng effect. Carpenter G. A. et al. 
(1986) demonstrated that removal of a part of the a�rborne 
dust, us�ng coarse dust f�lters �n an a�r rec�rculat�on system, 
led to an �ncrease �n fatten�ng p�g performance. Although 
dust removal was only pract�sed �n the weaner house for 
the f�rst 20 days after wean�ng, and the p�gs were subjected 
to the same cond�t�ons as the control group subsequently, 
the an�mals reached the�r market we�ght up to 8 days ear-
l�er than the control group reared ent�rely w�thout dust re-
moval. Only a low level of cl�n�cally recogn�zable d�seases 
occurred �n both groups. 

Table 5: 
Poss�ble �nfluences of dust and m�croorgan�sm levels on an�mal health 
(after Ze�tler M. 1988)

Factor Effect on the an�mal

H�gh dust levels Mechan�cal �rr�tat�on: overload�ng 
of lung clearance, les�ons of the 
mucous membranes

Spec�f�c m�croorgan�sms Infect�ous effect: �nfect�on by pathogens

Dust, m�croorgan�sms, 
and gases

Non-spec�f�c effect: defence mechan�sms 
stressed, reduced res�stance

M�croorgan�sms and dust Allerg�c effect: over-sens�t�v�ty react�on

M�croorgan�sms and dust Tox�c effects: �ntox�cat�on by 
bacter�al/fungal tox�ns 

H�gh levels of aer�al pollutants can d�st�nctly �nfluence 
the health status of p�g herds. In a compar�son of 44 fatten-
�ng p�g herds w�th (+AR n = 15) and w�thout (-AR n = 29) 
cl�n�cally recogn�zed atroph�c rh�n�t�s (AR) was shown that 
�ncreased levels of dust, bacter�a, endotox�ns, and ammo-
n�a were assoc�ated w�th a h�gher �nc�dence of AR (Baekbo 
P. 1990). When compar�ng these results w�th a proposal for 
an exposure threshold g�ven by Donham K. J. (1989), �t �s 
shown that resp�ratory d�sease may be absent even under 
unfavourable concentrat�ons of some of the factors. 

A lot of attent�on has been g�ven to endotox�ns wh�ch 
seem to be �mpl�cated �n the pathogenes�s of hypersens�-
t�ve pneumon�as �n humans (Thel�n A. et al. 1984). Apart 
from the�r allerg�c potent�al, they also affect the �mmune 
system (Rylander R. 1986). In sens�t�ve �nd�v�duals, even 
very small amounts of these l�popolysacchar�des are suff�-
c�ent to cause an �ncrease �n ant�bod�es (Clark et al., 1983). 
In cattle and horses, allerg�c d�seases such as rh�n�t�s, al-
veol�t�s, and asthma are well known and are pr�mar�ly as-
soc�ated w�th the use of mouldy feed, hay or straw (S�e-
pelmeyer F. J. 1982). The role of endotox�ns �n resp�ratory 
d�seases of an�mals has not been suff�c�ently researched. In 
humans �t �s known that only chron�c exposure over years 
w�ll contr�bute to cl�n�cally apparent resp�ratory alterat�ons 

l�ke chron�c bronch�t�s. The l�fet�mes of l�vestock may 
therefore be too short for damage to occur. However, even 
younger workers, who have spent a relat�vely short per�od 
�n p�g farm�ng, can show temporary symptoms of �rr�tat�on 
of the a�rways (Rylander R. et al. 1989). 

Dust �n the a�r of l�vestock bu�ld�ngs can present a s�gn�f�-
cant burden to the resp�ratory tract of humans and an�mals 
and must be cons�dered �n the context of some typ�cal re-
sp�ratory d�sease patterns. The effects of dust, m�croorgan-
�sms, gases, and tox�ns cannot be separated, but dust �s of 
spec�al s�gn�f�cance as the carr�er of these substances. H�gh 
dust burden can d�st�nctly �nfluence the health of an�mals 
kept �n conf�ned bu�ld�ngs. For the development of an �n-
fect�ous d�sease the presence of the respect�ve �nfect�ous 
agent seems to be necessary. Measures to reduce dust for-
mat�on and �ncrease hyg�ene �n the an�mal houses should 
be g�ven more susta�ned appl�cat�on �n pract�ce. It seems 
necessary to establ�sh sc�ent�f�cally based max�mum levels 
for dust �n l�vestock houses. Th�s would be �n the �nterests 
of workers, of an�mal welfare, and of the w�der env�ron-
ment. The role of a�rborne part�culates �n l�vestock produc-
t�on needs close further sc�ent�f�c attent�on.
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