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Indonesia is one of the third largest grain producers globally; therefore, grain dust-

related lung diseases will be more significant. Grain dust is easily exposed to humans, 

triggers lung damage, and decline the lung function. Grain dust exposure is associated 

with occupational lung diseases, for instance, acute reversible airflow obstruction, 

chronic obstructive pulmonary disease, grain fever, organic dust syndrome, and 

hypersensitivity pneumonitis. Smoking and the environment might aggravate grain dust-

related respiratory problems. The average tolerated dose of grain dust is about less than 

3 mg/m3. Avoiding exposure to grain dust is primer prevention. 
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INTRODUCTION 

 

Indonesia is one of the thirs largest grain 

producers globally that harvested by around 25,9 million 

farmers (77% of total farmers), so grain is the 

Indonesian staple food. Grain mill dust exposure among 

farmers is one of the occupational lung diseases. 

International labor organizations (ILO) describe 

occupational disorder is diseases caused by work, work 

tools, materials, processes, and work environment. 

Furthermore, it divides based on agents, target organs, 

and malignancy.1,2 It was estimated that around 2.78 

million workers die every year due to work accidents 

and occupational diseases.3,4 

 

Characteristics of grain dust 

Grain dust is the product of various processes 

(seeding, drying, storing, and grinding) widely spread 

and easily exposed to humans.5 It is biologically 

composed of plant material, fungi, parts of insects, 

bacteria, endotoxin, and soil.6 
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Microorganisms in grain dust 

Fungi is the most predominant microorganism of 

grain dust; therefore, grain dust exposure will be 

followed by inhalation of fungi. The binding of fungus 

and grain dust is determined by factors abiotic (climate 

and geographic) and biotic (agricultural system).6 A 

study assessed the association between exposure to grain 

dust and fungal diseases during harvest in Switzerland 

showed an increase in respiratory disorders caused by 

allergenic fungi such as the genus Epicocum and 

Cladosporium, and toxic genus Fusarium.7 In line with 

the previous study, Ewa K et al. conducted a study of 

fungal concentration in grain dust and found an increase 

in the concentration of species Fusarium Poae, source of 

harmful mycotoxins, in grain dust samples.8  
 

Dust mites in grain 

More than 250 species of mites are known to 

cause human health problems; for instance, dust mites-

associated  allergy  in a gricultural areas. Two groups   

of  dust  mites,  house  dust  mites   (Dermathophagoides  
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Figure 1: Grain dust is one of the causes of lung disease due to work2 

 

 

pteronyssinus) and storage mites (Acarus siro), bind to 

grain dust because of high humidity and multiplies faster 

to induce allergic reactions (house-dust allergy) and 

domestic mite dermatitis, respectively.9 Both of them 

can cause airway inflammation through the activation of 

innate and adaptive immunity, lead to an asthma 

attack.9,10 

 

Animal materials bound to grain dust 

Fragments of animal bodies (cats, dogs, 

horses, cows, and sheep) mixed heterogeneously 

with grain dust often interfere with the respiratory 

tract. By focusing on the relationship between cat 

and dog exposure to asthma attacks, Lodge Cj et al. 

found that asthma attacks significantly increase in 

groups with and without asthma history.11 

Recently, various studies demonstrated grain dust 

bound to animal materials-related asthma attack in 

grain farmers.12 

 

Pathogenesis mechanism of acute bronchocons-

triction due to exposure to grain dust 

The grain dust enters the human airway and 

triggers the defense processes of the human body.12 

As an extrinsic antigen, it will stimulate plasma 

cells and lymphoid tissue to produce IgE. IgE's 

binding to mast cells leads to asthma attacks 

characterized by the release of histamine and 

 

 

 

bradykinin, narrowing of the respiratory tract, 

thickening of the mucosa, and increase of mucous 

production.13 

An elevation of serum IgE levels will induce the 

respiratory tract's obstruction to result in a decrease of 

the FEV1 value. An extensive mucosal obstruction in 

the segmental, subsegmental, and peripheral bronchial 

airways leads to lung hyperinflation; however, the 

pulmonary parenchyma's anatomy is relatively normal.14 

Bronchoconstriction occurs in someone who has 

atopy allergen. After allergen inhalation, macrophages 

will capture and present its specific antigenic 

characteristics to the activated T lymphocytes (Th2). 

The allergen-specific Th2 will induce B lymphocytes to 

produce IgG and IgM to allergen-specific 

immunoglobulin (IgE).13 IgE will be bound by a cell 

with surface receptors for IgE, eosinophil cells, and 

macrophages such as mastocytes in the tissue and 

basophils in the circulation.13,14 This bond will cause ca 

++ influx and a change in the cell, which decreases 

cAMP levels.14 

A decrease of cAMP levels will cause histamine-

mediated degranulation of cells to stimulate the 

respiratory tract's obstruction.15 Physiologically, the 

respiratory tract's epithelial cells, from the upper airway 

(nose, nasopharynx, and larynx) to the lower airway 

(tracheobronchial branches), contribute to keep the 

airway open continuously and defend actively against 

infection  in  the  early  stage.  Mechanical  or   chemical  
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Figure 2: Mechanisms of respiratory tract obstruction.14 

 

 

irritation will trigger receptors in the airways and result 

in bronchoconstriction, reducing the penetration of toxic 

substances or dust particles in the airways.14,15 

 

Grain Dust-related lung diseases 

a. Acute reversible obstruction 

Individuals with the risk of allergies and asthma 

often experience asthma attacks as they visit dusty 

places and exposure to irritants, such as grain dust.15 

Many grain farmers with a history of asthma no longer 

work in the paddy fields. Exposure to grain dust can also 

cause asthma reactions in healthy individuals. Some 

researchers have shown evidence of specific bronchial 

reactions to inhalation with grain dust or grain dust 

extracts in grain workers.15 Bronchial reactions usually 

occur immediately after exposure and are followed by 

spontaneous recovery.16 Some workers' direct reactions 

are followed by slow reactions of several hours after 

exposure, usually lasting less than 24 hours. 15,16 

Manfeda et al. conducted a study in southern 

Manitoba, Canada, by measuring skin patch tests, total 

IgE, hematology, and spirometry in permanent residents 

between the ages of 20 and 65 in agricultural areas. 

Grain dust is more irritating, especially respiratory 

obstruction in the upper respiratory tract, than other 

agricultural crop products.15 Furthermore, Max et al. 

conducted a study in 154 farmers at four grain milling 

factories in Cape Town, South Africa. The spirometry 

data were collected three times, start from Monday 

morning after two days without exposure to grain dust, 

before beginning work, 

 

 

 

 

 

and Thursday evening. There was an increase in the 

prevalence of acute airway obstruction, marked by a 

decrease in FEV1 of workers who performed spirometry 

examinations on Thursday.16 

Gorge et al. conducted a hypothesis test by 

exposing endotoxin-sensitive (C3H / HeBFeJ) and 

endotoxin (C3H/ HeJ) grain dust extracts to rats eight 

weeks. The mice were evaluated before exposure to 

grain dust extract  (GDE), four weeks  after exposure, 

and eight weeks after exposure. The  physiological 

response    to  exposure  to  grain dust  was assessed  

with a    body-weight  chart  to    estimate   airway  

resistance. C3H/ HeBFeJ mice showed significantly 

lower airway inflammation eight weeks after exposure 

to grain dust. This inflammatory response is entirely 

resolved after the recovery period.17 

Symptoms of acute reversible airflow obstruction 

appear when in the work environment and manifest such 

as fever, fatigue, cough accompanied by sputum 

production. Symptoms usually improve when 

individuals are far from the work environment, and 

sometimes it takes several days for the symptoms to 

disappear.15 

Several studies have found that grain farmers 

show a decrease in lung function during one work shift. 

The occurrence of acute reversible airflow obstruction 

depends on dust concentration (the higher the 

concentration of dust exposed to the respiratory tract 

causes more remarkable changes in lung function), 

environmental, and individual factors.15,16 
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b. Chronic obstructive pulmonary disease  

Chronic obstructive pulmonary disease (COPD) 

is characterized by progressive obstruction of the 

respiratory tract when a patient breathes in harmful 

gases or particles like grain dust.18,19 The most critical 

risk factor for developing COPD is smoking; however, 

occupational exposure, air pollution, and infection can 

also be associated with COPD.18 

According to two experimental animal models, 

exposure to several kinds of dust, metals, and 

endotoxins might result in chronic bronchitis with air 

obstruction.18 In human models, only alpha 1 anti-

triptisin deficiency and an emphysema model confirmed 

this findings.18 Centrilobular emphysema causes COPD 

related to dust eksposure.19 Centrilobular emphysema 

due to occupationally hazardous materials might result 

from alveolar macrophages that can clear material from 

alveolars and bronchioles. Several experimental studies 

have suggested that lack of macrophage metalloelastase 

might play a protective role against emphysema 

development.18,19 

Angeles et al. reported that subjects exposed to 

dust or smoke for more than 15 years were likely to have 

lower lung function than those exposed to less than 15 

years with an average difference in FEV1 / FVC ratio 

was -1.7% (- 3,3–0,2). The FEV1 value is -0.6 mL (-2.1- 

0.8) in individuals exposed to less than 15 years and 

those who have never been exposed.20 

 

c. Grain fever organic dust syndrome  

Grain fever organic dust syndrome caused 

by inhaling dust containing fungi from damaged 

plant material is a common respiratory disease for 

farmers, especially those who work with seeds, 

straw, silage, and animals. Symptoms are fever and 

flu-like symptoms that occur four to 12 hours after 

exposure to contaminated dust.21  

DoPico et al. explained the symptoms of 

grain fever characterized by heartburn, headaches, 

weakness, myalgia, fever, chills, chills, burning 

sensation in the throat and trachea, and tightness in 

the chest, shortness of breath, and coughing. 

Physiological changes in the lungs are 

characterized by obstruction of airflow without 

restrictive changes.21 

 

 

 

 

 

 

d. Hypersensitivity pneumonitis  

Hypersensitivity pneumonitis (HP) or extrinsic 

allergic alveolitis is a pulmonary disorder syndrome 

characterized by diffuse inflammation of the interstitial 

lung, terminal bronchioli, and alveoli. Inflammatory 

reactions are caused by prolonged and repeated exposure 

to inhaled antigens (grain dust, poultry dust, mold, straw 

dust, rat urine, (gerbils) tobacco and wheat dust), with 

particles generally measuring less than five μm.22 This 

syndrome varies significantly in terms of the severity of 

symptoms, clinical features, prognosis, and depends on 

the nature of the causative agent, duration of exposure, 

host factors and characteristics of antigens.23 

Many substances can be linked to conditions 

such as poultry dust, mold, straw dust, rat urine, 

(gerbils) tobacco, and wheat dust.23 After antigen 

exposure, most individuals do not experience the other 

inflammatory response needed to diagnose 

hypersensitivity pneumonitis.4 The inflammatory 

response that arises is the formation of mild lymphocytic 

alveolitis even though it will not show symptoms. In 

hypersensitivity pneumonitis, regulatory T cells will 

suppress the Th1 and Th2 cells' immune response. The 

proliferation of T cells that cannot suppress the immune 

response can be associated with pneumonitis 

development. 22,23 

Symptoms of HP are acute, subacute, and 

chronic. Acute HP usually appears between four to six 

hours after exposure to grain dust. Symptoms are 

usually accompanied by fever, chills, malaise, dry 

cough, and tightness that gradually subside in the next 

18 hours. Subacute symptoms are characterized by 

productive cough, dyspnea, fatigue, anorexia, weight 

loss, and pleurisy. At the chronic stage, the symptoms 

usually exist are productive cough, progressive 

tightness, fatigue, weight loss, and clubbed fingers.24 

 

Host predisposing factors 

The environment and smoking habits are the 

most predisposing factors for the emergence of 

respiratory disorders due to grain dust that lead to 

lung function decline. Kayaba et al. demonstrated 

an increase of IgE of the population living around 

grain farming areas, comparing those living in 

cities. They concluded that grain husk dust and 

smoke from burning straw had a significant role in 

exacerbating airway disease in agricultural areas.25 

Another  
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study by Manfreda revealed that smoking could 

increase an individual's susceptibility to grain dust 

exposure-related respiratory problems.16 

 

Grain dust threshold value in humans 

The occupational diseases due to grain dust 

exposure depend on the constitution, concentration of 

dust, and exposure duration. Grain dust exposure among 

workers in agricultural industries has been studied 

extensively in different countries. Enerson et al. found 

that exposure to grain dust at concentrations greater than 

5 mg / m3 reduces FEV1 in grain farmers; 

approximately 10% of workers significantly decreased 

FEV1 during the workweek than before work. Indeed, 

there was increased respiratory distress in the third 

week.26 

In 1978 the Ministry of Labor determined the 

value of 10 mg/m3 as the maximum permissible grain 

dust concentration in the workplace.27 Corey et al. 

showed changes in lung function and respiratory 

symptoms in grain workers when the dust concentration 

was less than 10 mg/m3.28 DoPico et al. demonstrated 

the effects of acute respiratory disturbances due to 

exposure to grain dust for an eight-hour shift on 248 

workers.22 Others researchers revealed a decrease in lung 

function at the concentration of 10 mg/m3.  

All of the studies and research have concluded 

that average grain dust can be tolerated in humans 3 

mg/m3. However, the duration of exposure grain dust 

must also be assessed. 

 

Prevention  

The primary prevention related to lung disease 

due to grain dust is to avoid exposure to grain dust. 

Workers who work in an environment full of grain dust 

are always expected to wear protective equipment such 

as masks, always carry out regular health checks, wash 

their hands before eating and always change clothes 

exposed to grain dust. 

 

SUMMARY 

 

Grain dust exposure is associated with occupational lung 

diseases, for instance, acute reversible airflow 

obstruction, chronic obstructive pulmonary disease, 

grain fever, and pneumonia hypersensitivity. Smoking 

and the environment might aggravate grain dust-related 

respiratory problems. The primary prevention is to avoid 

exposure to allergens. 
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