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Human Health Hazards  

 PM is the collective name for all microscopic atmospheric particles, which is classified by 

size: PM10 which are particles smaller than 10 micrometres, PM2.5 and PM1.0. In addition, 

particulate matter is subdivided into primary and secondary PM [1].  

Primary particulate matter is emitted directly into the atmosphere, which include organic 

material for instance skin flakes, feathers, hair, animal feed, faecal matter [2]. It also consists of 

microorganisms, a general name for microorganisms such as viruses, bacteria and fungi that are 

associated with animal production. They can be carried by animals as reservoirs, pathogenic for 

animals and humans or just present without causing infection or disease. In the model, microorganisms 

have been subdivided into endotoxins, antimicrobial resistant bacteria, and zoonotic pathogens. 

Endotoxins are cell-wall components from gram-negative bacteria [3]. Poultry and pig farms are 

known to emit large quantities of endotoxins. Some bacterial microorganisms are resistant to 

antimicrobials such as MRSA, Extended Spectrum Beta Lactamases (ESBL producing bacteria) and 

Clostridium difficile. Some microorganisms originating from animals can infect humans. There are 

many zoonotic pathogens that may be present in livestock and can be transmitted to residents.  

Secondary particulate matter is formed from chemical reactions between gases and particles in 

the atmosphere such as sulphur dioxide, nitrogen oxide and ammonia [4]. Livestock farming 

contributes to secondary particulate matter by emitting ammonia (NH3), which is the main precursor of 

the secondary inorganic aerosols containing ammonium nitrate and ammonia sulphate. NH3 as well as 

other compounds such as hydrogen sulphide, volatile organic compounds and particulates from 

microbial decomposition of manure may produce odour [5].  

Nevertheless, it is difficult to distinguish the sources of primary and secondary PM; primary 

and secondary particulate matter have multiple sources such as industry and traffic, which are known 

to contribute significantly to the total concentration [6]. In addition, the formation of secondary 

particulate matter takes time, as emissions of secondary particulate matter spread over large distances.  

Manure, which consists of animal faeces used as a fertilizer in agriculture, is considered a 

reservoir of various hazards in this model. It contributes to (primary) particulate matter; known and 

unknown microorganisms can originate from animals shedding microorganisms such as zoonotic 

pathogens, antibiotic resistant bacteria and endotoxins which then spread through the air [7,8]. 

Zoonotic pathogens found in manure include for instance Salmonella and Campylobacter shed in 

faeces of infected animals. Also Coxiella burnetii found in urine, faeces and birth products may lead to 

contamination of manure [9]. Also antibiotic resistant bacteria such as MRSA and ESBL might be 

present in manure. Moreover, manure contains secondary particulate matter such as ammonia, hence 



contribute to odour. However, there currently remains a lack of knowledge which point of the role of 

manure in the health effects and risks of neighbouring residents [8].  

Health effects 

Various international literature reviews provide contrasting conclusions. Douglas et al [10] 

state that the association between health outcomes and bioaerosols in nearby communities show mixed 

findings. Whereas Casey et al [11] conclude that there are consistent and positive associations with 

living near livestock farms. In contrast, O’Connor et al [12] seem to assert that the associations remain 

unclear, except for Q fever. All reviews stress the need for more research for stronger evidence. 

Moreover, despite various studies finding an association with respiratory health, these were performed 

in different regions predominantly in the vicinity of swine farms, in the Netherlands, USA and 

Germany. Also, countries differ in farm characteristics and manure management procedures. 

Therefore, the outcomes of these studies may not be comparable to the Netherlands [13].  

Physical and psychological complaints related to odour 

Odour can affect negatively affect people physically, psychologically, socially and 

behaviourally [14]. Physical complaints include increased incidences of headaches, runny, nose, sore 

throat, excessive coughing, diarrhoea and burning eyes [15]. Psychological complaints include 

negative mood such as experiencing more tension, depression, anger, fatigue, confusion and less vigor 

[16,17]. Moreover, odour from hog farms restricts undertaking daily activities and social interactions 

[18] and reduced quality of life [19]. Similarly, a study in the Netherlands found that a high number of 

pigs, poultry and cattle in a 500m radius from a home was associated with increased odour annoyance: 

respiratory (dyspnoea, coughing), gastrointestinal (nausea, upset stomach), neurological (headache, 

vertigo) and among people with lower back pain stress-related symptoms (fatigue, sleep disturbance) 

[20].  

Respiratory effects 

Negative effects including community-acquired pneumonia [21-24], wheezing and reduced 

lung function [25,26] and COPD exacerbations (chronic bronchitis)  [27,28] have been reported. Some 

studies have found an association with asthma symptoms [29,30] as well as asthma exacerbations [31]. 

However, these findings are inconsistent [10] as a lower incidence of asthma has also been 

documented [27,32,33].  

The exact nature of the hazards causing these negative as well as positive health effects remain 

unknown. Various zoonotic pathogens, particulate matter and endotoxins may cause respiratory 

problems, yet the likelihood is dependent on the livestock type [24]. Exposure to PM is associated 

with respiratory effects, cardiovascular effects and mortality [34]. In addition, it may aggravate 



existing diseases [35]. It is also established that exposure to endotoxins may cause acute respiratory 

effects and long-term exposure can cause chronic bronchitis and reduced lung function [36]. Yet, 

knowledge about the health effects in local residents due to exposure to endotoxins from livestock 

farms is limited [1]. 

In the Netherlands, spatial associations have been found between living near poultry and goat 

farms and pneumonia. On average, there are 1650 people with pneumonia per 100,000 inhabitants 

each year in the research area. Of these, more than 200 lung infections are associated with living in the 

vicinity of poultry farming or goat farms [37]. Associations were reported between living near (1 km) 

poultry farms and the incidence of pneumonia between 2009-2014 [6]. A recent study conducted in 

Pennsylvania also concluded that living near poultry farms may increase the risk of community 

acquired pneumonia [38]. Experts have speculated that particulate matter and endotoxin missions are 

the cause, as poultry farms have high emission levels [22-24]. Notably, in 2015 and 2016 the 

association between living near poultry farms and the incidence of pneumonia in the Netherlands was 

only weakly present for broilers but no longer statistically significant [39].   

Stronger and consistent associations have been found between living near (within 2 km) of 

goat farms and an increased incidence of pneumonia between the periods 2007-2013 [6] and in the 

period 2014-2016 [39]. As goat farms emit less particulate matter and endotoxins compared to poultry 

and pig farms, it is unclear whether the additional pneumonia cases are caused by particulate matter 

and endotoxins or other unknown zoonotic pathogens [21,23,24].  

COPD exacerbations have also been reported in residents living in regions with a high density 

of livestock farms in the Netherlands [27,28]. It is hypothesised that this could lead to respiratory 

dysbiosis: “disorder and dysregulation of the microbial ecosystem of the respiratory tract, coupled 

with a dysregulated host immune response” [27]. On the other hand, in the same regions, there is less 

asthma (although a positive association was found with asthma and allergic rhinitis among people 

living within 500 m of a mink farm), allergic rhinitis (nasal allergies, COPD and a lower prevalence of 

atopy [27,32,33]. It is hypothesised that exposure to diverse microbial component contribute to this 

inverse association. Yet, the mechanism how microbial diversity may protect against allergies remains 

to be elucidated.   

In addition, temporal associations have been found. An increased concentration of ammonia in 

the atmosphere originating from livestock farms is correlated with a decrease in lung function. 

Ammonia is most likely not the primary cause of the effects on the airways but due its conversion into 

secondary particulate matter [6].   

 

 



Antimicrobial resistant bacteria carrier/infections 

Multiple studies have investigated the prevalence of livestock-associated MRSA among 

persons not in direct contact with livestock [40-42]. However, due to different research methodologies, 

the prevalences differ ranging between 0,2% and 0,8%. In the most recent study, the researchers 

conclude that overall MRSA prevalence among persons without professional contact with livestock 

living livestock farms is low (0,6%), yet is slightly higher compared to the general population (0,1-

0,2%). They conclude that living near farms increases the risk for MRSA carriage. Similarly, 

according to Casey et al [11], there is sufficient evidence of an association whereas according to 

O’Connor et al [12] there remains inconsistent evidence. Nonetheless, the exact transmission routes 

are unknown [42]. No association was found between living near livestock farms and ESBL and 

Clostridium Difficile carriage [11,43,44].  

Zoonotic pathogen carrier/infections 

No association was found between Hepatitis E infection/carriage and living in the vicinity of 

pig farms, despite it being highly prevalent in the pig population in the Netherlands [45]. A recent 

American study showed that high density poultry farms is associated with campylobacteriosis and 

infectious diarrhoea in nearby communities [46]. No studies were found examining the relationship 

between living near livestock farms and the risk for Salmonella infection/carriage. In contrast, 

Chlamydia psittaci, commonly found in parrots and pigeons, have been reported in poultry farms in 

Belgium and France with occupational risks for human psittacosis infections [47-50]. However, in the 

Netherlands, C.gallinaceae and not C. psittaci has been reported in poultry farms [51] and currently 

there is no clear evidence that there is a risk for people living near poultry farms [52].  

Furthermore, little is known about the exposure of inhabitants to avian influenza viruses, 

which may cause pneumonia [6]. It is expected that the risk for residents to become infected by a 

LPAI or HPAI avian influenza virus is small as they do not have direct contact with (infected) poultry. 

A small proportion of the sample neighbouring residents in the South of the Netherlands appear to 

have antibodies to an avian influenza virus, implying that these people have been exposed to the avian 

influenza virus. However, a clear relationship with proximity to poultry has not been found [6]. Since 

the Q fever outbreak in the Netherlands 2007-2010, more is known on the zoonotic pathogenicity of 

Coxiella burnetii for neighbouring residents with strong evidence of a positive association [11,12]. An 

association with community acquired pneumonia (symptom of Q fever) and living in the vicinity of 

goat farms has also been found [21] and has been confirmed in a more recent study [53].  
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