
P. V. Madsen et al. / Landbauforschung Völkenrode Special Issue 308 125

Abstract

A survey on current pract�se and ongo�ng pol�cy regard-
�ng abatement, control and regulat�on of em�ss�ons and am-
b�ent concentrat�ons of odour and allergens from l�vestock 
farm�ng �n the Nord�c countr�es �s planned to form the bas�s 
for a common Nord�c strategy �n th�s area. Such a strategy 
would be an �mportant element �n reduc�ng the number of 
people �n the Nord�c Countr�es exposed to odour and/or 
allergens as well as to other l�vestock related compounds 
health hazardous beyond certa�n thresholds. The project �s 
foreseen to strengthen the knowledge exchange and coop-
erat�on between the Nord�c countr�es and �n the follow�ng 
phases address the urgent matter �n EU. The goal of the 
project �s to reduc�ng the number of �nhab�tants �n the Nor-
d�c countr�es that are exposed to odour and a�rborne aller-
gens as well as other em�ss�ons from an�mal farm�ng w�th 
poss�ble health �mpact and to �nvest�gate to what extent the 
var�ous countr�es have developed nat�onal strateg�es �n or-
der to control and regulate odour annoyance and allergen 
of d�spers�on from l�vestock farm�ng. 
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Introduction

Thousands of d�fferent odour and b�oaerosols compounds 
from l�vestock farm�ng have been �dent�f�ed (Attwood P. et 
al. 2004). Odour from l�vestock farm�ng �s usually a m�x-
ture of many compounds (Avery R. et al. 2004). Some of 
these may enhance the effect of other compounds whereas 
others may el�m�nate each other. A number of compounds 
that may be d�ff�cult to detect separately m�ght �n some 
cases together g�ve a strong smell. The human nose �s able 
to d�st�ngu�sh about 10,000 d�fferent odour compounds. 
More than 200 odour compounds have been �dent�f�ed �n 
manure. Although odour �s �n gas phase, some compounds 
may be assoc�ated w�th dust and can later evaporate.

All types of an�mal house hold may lead to odour prob-
lems, but p�g product�on appears to be the most �mportant 
cause of odour lead�ng to annoyance problems (Eder W. et. 
al. 2006) – at least quant�tavely. Another �mportant con-
cern �s the potent�al health problems related to allergens 
and other harmful compounds em�tted from farm an�mals. 
In th�s context espec�ally allergens from horses have been 
�n focus �n a strong debate that has taken place �n Sweden. 

The or�g�ns of the b�oaerosols are the an�mals themselves: 
the�r feed, stools and ur�ne w�th some allergens from sk�n 
and ha�r. Add�t�onal components stem from �nsects and 
m�croorgan�sms thr�v�ng on the organ�c mater�al �n an�mal 
bu�ld�ngs. D�s�nfectants and other agents appl�ed to the 
env�ronment are also present, and may add to the adverse 
health effects of workers (Preller L. et al. 1995). Bacter�a 
thr�ve �n th�s env�ronment and g�ve or�g�n to h�gh concen-
trat�ons of bacter�a, endotox�ns, and other bacter�al com-
ponents �n the a�r. The fungal load �n an�mal houses w�th 
concrete floors w�thout l�tter �s l�kely to or�g�nate pr�mar�ly 
from outs�de a�r. For l�vestock ra�sed on l�tter or an�mals 
fed on hay fung� probably or�g�nate to a great extent �n-
doors. Th�s �s �mportant, s�nce fungal spores appear to be 
closer assoc�ated w�th the asthma prevalence �n l�vestock 
farmers than endotox�ns and more protect�ve �n �nd�v�duals 
d�sposed for allerg�c d�seases and more harmful �n �nd�-
v�duals not d�sposed for allerg�c d�seases (Eduard W. et al. 
2004). 

B�oaerosols conta�n�ng th�s type of components have re-
peatedly been found to �nduce lung funct�on changes, up-
per a�rway and mucosal �nflammat�on, symptoms and sys-
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tem�c �nflammatory react�ons �n adults exposed to them.
A�rborne concentrat�ons of l�ve bacter�a are also very 

h�gh (Ducha�ne C. et al. 2000, Donham K. J. et al. 1986, 
Attwood P. et al. 1987). Gram-pos�t�ve bacter�a dom�nate 
th�s populat�on as they eas�ly represent 90-95% of the total 
bacter�a. Exper�mentally, endotox�ns are capable of �nduc-
�ng many of the symptoms assoc�ated w�th l�vestock expo-
sure, �nclud�ng fever react�ons as seen �n organ�c dust tox�c 
syndrome and farmer’s lung and worsen�ng of asthma w�th 
cough and breathlessness. Thus, �t �s not surpr�s�ng, that 
endotox�ns have drawn so much attract�on. Several ep�de-
m�olog�c �nvest�gat�ons have found that resp�rable endo-
tox�n �n farm�ng env�ronments were closer assoc�ated w�th 
adverse effects on the a�rways and �mmune system than 
were a�rborne dust levels (W�ng S. et al. 2002).

National status of odour

In Denmark an �ncreas�ng p�g product�on has �ncreased 
the odour problems over the last decade. Table 1 shows the 
number of pr�vate res�dences �n Denmark that are placed 
�n the v�c�n�ty of l�vestock farms over a certa�n s�ze. Th�s 
select�on �s based on the number of An�mal Un�ts per l�ve-
stock farm. One An�mal Un�t �s def�ned as the an�mals 
lead�ng to an em�ss�on of 100 kg N/year. Th�s �s equal 
to 0.85 m�lk�ng cow �n stable, annual product�on of 36 
slaughter p�gs (equal to 9 �n stable), or 2900 annually pro-
duced slaughter ch�ckens. Larger l�vestock farms typ�cally 
cover an area w�th a d�ameter of 100 m (rad�us 50 m), and 
the d�stances g�ven �n Table 1 should therefore be reduced 
by approx�mately 50 m. Thus about 6700 res�dences are 
placed w�th�n 300 m from a l�vestock farm w�th more than 
249 An�mal Un�ts. It should here be noted that the f�gures 
�n the table refer to number of houses �n Denmark w�th a 
potent�al odour problem related to l�vestock farm�ng. 

Table 1: 
Number of pr�vate res�dences �n the v�c�n�ty of l�vestock farms �n Den-
mark based on reg�stry data per 31/12/2002 (Source: Steen Gyldenkærne 
Pol�cy Analys�s, NERI 2005)

S�ze and number of l�vestock farms

>125 DE >249 DE

6238 963

Rad�us (meters) Number of pr�vate houses 

100 8708 1258

150 13939 1953

250 28190 3983

350 46548 6699

500 84312 12561

1000 298966 53630

Odour problems are ma�nly related to manure and the 
em�ss�ons may have three d�fferent sources: from stables, 
manure storages and from out br�ng�ng to the f�elds. The 
odour from storages may be reduced s�gn�f�cantly e.g. by 
cover�ng of manure storage tanks. Out br�ng�ng takes place 
over relat�vely short per�ods of t�me, whereas stables have 
to be vent�lated cont�nuously. Stables may therefore em�t 
odour dur�ng the ent�re year and research �n th�s f�eld has 
to a large part been devoted to regulat�on of vent�lat�on and 
control of a�r flows �ns�de the stables. 

In Denmark the agr�culture �s �n general more �ntense than 
�n the other Nord�c countr�es. The publ�c concern about es-
pec�ally about odour and ammon�a has also been h�gh for 
several years putt�ng a pressure on the pol�t�cal system for 
regulat�on of th�s area through leg�slat�on. A Dan�sh Gu�de-
l�ne for handl�ng odour from l�vestock farm�ng has been 
�n preparat�on for a longer per�od of t�me. Currently th�s 
Gu�del�ne �s awa�t�ng the restructur�ng of Dan�sh count�es 
and mun�c�pal�t�es wh�ch took place by 1. January 2007.

In Sweden there has recently been an �ncreas�ng concern 
not only to odour problems but also concern�ng the release 
of allergens from l�vestock farm�ng and how these releases 
of allergens affect the health of the populat�on �n the nearby 
surround�ngs of the farms. In Germany the “NILS” study 
has shown, that there �s a detr�mental effect on the lung 
funct�on of l�v�ng �n the v�c�n�ty of many an�mal farms. 
The researchers showed, that for people exposed to > 20EU 
LPS m-3 there was a tendency to asthmat�c patterns �n lung 
funct�on measures. Allergens from horses may to a h�gher 
extend than allergens from other farm an�mals be spread 
further away from the farm houses. 

F�nland has no formal�sed gu�del�nes for odour. Appl�ed 
pr�nc�ples are formed w�th certa�n l�m�t values or w�th set 
back d�stances. Odour management obl�gat�ons for odour 
em�tt�ng plants are set �n reg�onal EPA env�ronmental per-
m�ts. Often the em�ss�on l�m�ts are set and followed up lo-
cally result�ng �n l�m�ted pred�ctab�l�ty for farmers. For l�fe 
stock operat�on, set back d�stances are usually appl�ed. 

L�vestock farm�ng has caused odour compla�nts �n F�n-
land, the �mpact of these act�v�t�es �s usually l�m�ted to less 
than 0.5 km, although large p�g farms can cause s�gn�f�cant 
annoyance depend�ng on the volume and an�mal un�t.

Due to env�ronmental measures, the odour load and an-
noyance has generally d�m�n�shed from �ndustr�es, agr�-
cultural odour be�ng an except�on. The reason for th�s �s 
that the product�on un�ts �n F�nn�sh l�vestock product�on 
are s�gn�f�cantly �ncreas�ng as well as �n the other Nord�c 
countr�es. Large an�mal houses are bu�lt closer to dwell�ng 
houses and as a consequence, odour annoyance becomes 
s�gn�f�cant (Beaman A. L. 1988).
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F�gure 1: 
M�n�mum d�stance between l�vestock un�ts and sens�ble areas

In the nearest surround�ng area of the product�on un�t 
the odour occurrence levels are above 12 % of favourable 
cond�t�on calculated �n yearly hours. The odour occurrence 
levels are decreas�ng as the d�stance from em�ss�on sources 
�s �ncreas�ng.
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F�gure 2:
Sources of odour

Distinction between odour nuisance and severe odour 
nuisance

The Dutch government uses two def�n�t�ons for the env�-
ronmental problem of odour nu�sance: odour nu�sance and 
severe odour nu�sance. The concept of odour nu�sance �s 
based on the term�nology used by Stat�st�cs Netherlands �n 
�ts “Ongo�ng Survey of L�v�ng Cond�t�ons” (OSLC). The 

term ‘severe odour nu�sance’ comes from the per�od�cal 
nu�sance survey conducted by the Dutch research �nst�tute 
TNO (also known as the ‘quest�onna�re survey’). 

Odour nu�sance (�n the Stat�st�cs Netherlands def�n�t�on) 
�s def�ned as exper�enc�ng frequent or occas�onal nu�sance 
from stench, �n l�ne w�th the quest�ons asked �n the OSLC. 
Sources of odour �ncluded �n the survey are road traff�c, 
�ndustry or bus�ness, agr�culture and open f�res/mult�-burn-
ers �llustrated �n f�gure 2.

Severe odour nu�sance (�n the def�n�t�on g�ven by TNO) 
�s based on the quest�on from the per�od�cal nu�sance sur-
vey of TNO about the extent to wh�ch people see a spec�f�c 
source �n the l�v�ng env�ronment as a nu�sance on a scale 
from of 1 (not a nu�sance at all) to 10 (extreme nu�sance). 
People g�v�ng answers �n the 8 to 10 range are class�f�ed 
as exper�enc�ng ‘severe nu�sance’ (Rantakrans E. et al. 
1995).

It �s not easy to compare the concepts because of the d�f-
ferent ways the quest�ons are formulated and the d�fferent 
def�n�t�ons of the sources.

Allergens and health 

It �s a well known fact that exposure to the env�ronment 
�n sw�ne conf�nement bu�ld�ngs �s a cause of resp�ratory 
�mpa�rment and loss of lung funct�on �n farmers (Omland 
O. 2002, Omland O. et al. 2000, Preller L. et al. 1995b), 
Thorne, (Corm�er Y. et al. 1991). Acute exposure to h�gh 
amounts of dust from sw�ne conf�nement bu�ld�ngs has 
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been shown to �nduce a neutroph�l�c pneumon�t�s.
Furthermore acute exposure of subjects has been shown 

to �nduce substant�al more �nflammat�on �n subjects naïve 
to farm�ng compared to farmers. Cattle and poultry are 
also known to cause both short and long term resp�ratory 
�mpa�rment among exposed workers. In add�t�on there are 
reports on adverse effects on the resp�ratory system from 
exposures to other l�vestock such as sheep and horses. The 
common bel�ef that odour �s worse from sw�ne than from 
cattle farms �s supported by the greater em�ss�on rates from 
such bu�ld�ngs �n Europe (Taka� H. et al. 1998). 

The a�rway d�seases that can be caused by l�vestock ex-
posures �nclude development of allerg�c and non-allerg�c 
rh�n�t�s, other upper a�rway and mucous membrane �rr�ta-
t�on symptoms, allerg�c and non-allerg�c asthma, aggrava-
t�on of ex�st�ng asthma, chron�c obstruct�ve pulmonary d�s-
ease, hypersens�t�v�ty pneumon�t�s, and a�rway �nfect�ons. 
Allerg�c alveol�t�s may be caused by exposure to mouldy 
hay and thus be related to although not d�rectly caused by 
exposure to cattle and cows.

Odour alone has been shown to negat�vely affect �mmune 
funct�on �n ne�ghbour�ng res�dent�al med�ated v�a stress 
(Avery R. C. et al. 2004) but the �solated effect of odour 
has not been stud�ed �n l�vestock exposed workers. Aller-
gens appear to play a l�m�ted role �n �ndustr�al�zed farm�ng 
env�ronments such as �n modern sw�ne farm�ng w�th low 
prevalences of allerg�c sens�t�zat�on and allerg�c d�seases. 
It cannot be ruled out that th�s �s partly because of self se-
lect�on out of the trade by �nd�v�duals w�th atop�c d�spo-
s�t�on. Most �nvest�gators agree that no s�ngle component 
or factor �s respons�ble for the adverse health effects that 
occur after exposure to the an�mal farm�ng env�ronment. 
Rather the m�xture of gases, dust part�cles, allergens, m�-
crobes and substances of m�crob�al or�g�n together �nduce 
the neutroph�l�c �nflammat�on �n the a�rways and the sys-
tem�c changes �n �mmune funct�on. 

Many d�fferent allergens of an�mal and plant or�g�n are 
abundant �n farm�ng. In cattle breeders �t has been shown 
that even several years after the last an�mal contact, there 
are s�gn�f�cantly more allergens �n the farmers houses, 
compared to other houses (Schulze A. 2006). For people 
hav�ng horses, �t has also been observed, that the�r fam�l�es 
are exposed to h�gh amounts of horse allergen. Th�s means 
that the allergens are stable over t�me, and can be trans-
ported from the stables to hous�ng quarters of the farmers 
or horseback r�ders themselves. There �s only very scarce 
�nformat�on on the allergen concentrat�ons �n the area sur-
round�ng a horse stable or a cow-shed.

Exposure to h�gh levels of endotox�n �s part�cularly well 
documented �n many types of farm�ng, but other substanc-
es of microbiologic origin such as peptidoglycans and β-
glucans are present �n h�gh concentrat�ons. A�rborne con-
centrat�ons of l�ve bacter�a are also very h�gh (Ducha�ne 

C. et al. 2000), Donham K. J. et al. 1986, Attwood P. et al. 
1987a). Gram-pos�t�ve bacter�a dom�nate th�s populat�on 
as they eas�ly represent 90-95% of the total (dead as well 
as l�ve) bacter�a.

The or�g�ns of the b�oaerosols are the an�mals themselves: 
the�r feed, stools and ur�ne w�th some allergens from sk�n 
and ha�r. Add�t�onal components stem from �nsects and 
m�croorgan�sms thr�v�ng on the organ�c mater�al �n an�mal 
bu�ld�ngs. D�s�nfectants and other agents appl�ed to the 
env�ronment are also present, and may add to the adverse 
health effects of workers (Preller L. et al. 1995a). Bacter�a 
thr�ve �n th�s env�ronment and g�ve or�g�n to h�gh concen-
trat�ons of bacter�a, endotox�ns, and other bacter�al com-
ponents �n the a�r. The fungal load �n an�mal houses w�th 
concrete floors w�thout l�tter �s l�kely to or�g�nate pr�mar�ly 
from outs�de a�r (at least th�s �s true for p�gs on slatter). For 
l�vestock ra�sed on l�tter (e.g. sw�ne or cattle on chopped 
straw or on shav�ngs) or an�mals fed on hay (such as hors-
es) fung� probably or�g�nate to a great extent �ndoors. Th�s 
�s �mportant, s�nce fungal spores appear to be closer assoc�-
ated w�th the asthma prevalence �n l�vestock farmers than 
endotox�ns (more protect�ve �n atop�cs and more harmfull 
�n non-atop�cs) (Eduard W. et al. 2004c). Gases evaporate 
from the manure p�ts underneath or �n close adjunct�on to 
the sw�ne bu�ld�ngs.

B�oaerosols conta�n�ng th�s type of components have re-
peatedly been found to �nduce lung funct�on changes, up-
per a�rway and mucosal �nflammat�on, symptoms and sys-
tem�c �nflammatory react�ons �n adults exposed to them.

The effects on ch�ldren’s health are subject to some de-
bate. On the one s�de there �s ev�dence that the farm�ng 
env�ronment �s protect�ve aga�nst the development of al-
lerg�es and some allerg�c d�sease and more so w�th an�mal 
exposure. On the other s�de, there �s �mpell�ng ev�dence, 
that h�gh concentrat�ons of modern l�vestock operat�ons 
�n close v�c�n�ty of ch�ldren’s homes �s assoc�ated w�th 
negat�ve health effects and �ncreased r�sk of lung d�sease 
�nclud�ng asthma-l�ke symptoms. Ch�ldren’s exposure �s 
l�kely to d�ffer from that of adults w�th less exposure from 
�ns�de concentrated an�mal bu�ld�ngs and more exposure 
to d�esel exhaust and feed, gra�n and other dusts outs�de 
these bu�ld�ngs as well as odours. L�vestock exposures 
even appear to be strongly protect�ve aga�nst atopy �n the 
prenatal per�od (Ege M. J. et al. 2006). Whether l�vestock 
exposures are protect�ve or harmful depends on the genet�c 
background of the exposed person and th�s �s true both �n 
ch�ldhood (Eder W. et al. 2006) and adulthood (Eduard W. 
et al. 2004a). 

D�fferences �n technology and cl�mate �s, however, l�kely 
to cause d�fferences �n qual�t�es and quant�t�es of exposures 
�n res�dent�al areas. Importantly, �t has been shown that 
whereas b�oaerosol components such as gases and bacter�a 
can be traced at long d�stances from CAFO’s, they are d�-
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luted to m�nute amounts w�th�n very short d�stances of the 
vent�latory outlets. However, h�gher background levels of 
e.g. endotox�n can be found �n rural areas w�th �ntens�ve 
l�vestock product�on than �n urban areas (Schulze A. et al. 
2006). W�th the current knowledge of mechan�sms there �s 
no reason to th�nk that such low levels could have adverse 
health effects other than those caused by odour. 

Qual�ty of l�fe, as �nd�cated by the number of t�mes res�-
dents could not open the�r w�ndows or go outs�de even �n 
n�ce weather, was found to be s�m�lar �n res�dents �n the 
v�c�n�ty of a cattle operat�on or far away from l�vestock 
but greatly reduced among res�dents near a hog operat�on 
(W�ng S. et al. 2000). More wheez�ng has been observed 
among pup�ls at schools �n the v�c�n�ty of conf�ned sw�ne 
feed�ng operat�ons (M�rabell� M. C. et al. 2006).

Regulation and abatement

S�nce the end of the 1990’s there was a strong need felt 
by the env�ronmental author�t�es to �mprove the sc�ent�f�c 
bas�s of the odour regulat�ons espec�ally �n the agr�cul-
tural sector to �ncrease the�r acceptance and effect�veness. 
(Corm�er Y. 2004). Th�s was further elaborated �n a couple 
of larger research projects (W�ng S. et al. 2002). 

The concern of the publ�c �s grow�ng �n the Nord�c coun-
tr�es. It would be benef�c�al �n the Nord�c countr�es to ex-
change knowledge about strateg�es beh�nd env�ronmental 
management and regulat�on of odour and allergens from 
l�vestock farm�ng. A common Nord�c strategy could be use 
a bas�s for recommendat�ons to a new EU leg�slat�on �n 
th�s f�eld. 

Em�ss�on factor data for p�g and bro�ler product�on has 
been establ�shed for odour �mpact assessments. The em�s-
s�on data for p�g product�on were sl�ghtly h�gher than 
results obta�ned �n other countr�es, although �n the same 
order of magn�tude. Em�ss�on rates are �nfluenced by a 
range of local factors �nclud�ng feed, manure manage-
ment, bu�ld�ng des�gn and vent�lat�on rate. Certa�n lack of 
unan�m�ty �n publ�shed odour em�ss�on data speaks up for 
the �mportance of us�ng data obta�ned �n representat�ve na-
t�onal cond�t�ons. F�nn�sh agr�cultural c�rcumstances d�ffer 
not�ceable from those �n Central Europe or North Amer�ca 
concern�ng both cl�mate and product�on methods. 

Odour annoyance study has showed that people’s reac-
t�ons to p�g and poultry odour are very d�fferent. Thus no 
clear �nd�cat�on for need for set back d�stances for m�d-s�ze 
the poultry product�on plants could be �dent�f�ed �n the �n-
vest�gated plants. On the other hand, there seems to be a 
need for s�gn�f�cant set back d�stances for large sw�ne pro-
duct�on un�ts �f no odour reduc�ng measures �mplemented.

Dust em�tted by hous�ng un�ts contr�butes to odour trans-
port and plumes may have potent�al for transm�tt�ng d�s-
eases to other hous�ng un�ts or ne�ghbour�ng people. Odour 

�s comb�ned w�th h�gher concentrat�ons of endotox�ns �n 
the surround�ngs of a farm. Th�s subject �s currently be�ng 
�nvest�gated w�th regard to potent�al effects on health of 
farmer fam�l�es and ne�ghbour�ng res�dent�al. At the same 
t�me, a F�nn�sh study has �nd�cated that newborns’ expo-
sure to m�crobes related to l�vestock farm�ng d�m�n�shes 
the r�sk for the ch�ld to develop allerg�es (Omland O. et al. 
2002). 

Summary

Odour �s one of the most remarkable env�ronmental haz-
ards caused by l�vestock farm�ng. Odour �s annoy�ng peo-
ple l�v�ng �n the ne�ghborhood of farm�ng un�ts and odour 
�nconven�enc�es may cause compla�n�ng �n the v�c�n�ty of 
product�on un�ts.

A major part of the on-go�ng projects on a�r em�ss�ons 
from agr�cultural sources relates to mon�tor�ng and d�m�n-
�sh�ng greenhouse gases. There �s, however a need to rev�se 
the current general set of gu�del�nes for l�vestock produc-
t�on and base them on the actual odour �mpact. Very l�ttle 
data �s ava�lable e.g. on odour em�ss�ons from cow sheds 
and fur product�on.

A major odour source �s the appl�cat�on of slurry �n the 
f�elds. These �nterm�ttent fug�t�ve odour sources are d�f-
f�cult to regulate and control. Invest�gat�on �n the odour 
em�ss�on and annoyance ar�s�ng from spread�ng slurry �n 
the f�eld would funct�on as a base for further gu�del�nes. 

Exposure to h�gh levels of endotox�n �s part�cularly well 
documented �n many types of farm�ng, but other substanc-
es of microbiologic origin such as peptidoglycans and β-
glucans are present �n h�gh concentrat�ons.

Reduct�on of l�fe qual�ty �n c�t�es downstream from l�ve-
stock farm�ng some stud�es have been conducted to �n-
vest�gate poss�ble negat�ve effects of exposure from these 
fac�l�t�es. 
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