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ABSTRACT

Introduction:

concentration to lung physiology status. Method: This study adopted cross sectional design. The sample consisted of 24 

Result: 

status. Conclusion: Factors that related to pulmonary function status are age, tenure, degree of smokers, respirable dust, 

concentration.
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ABSTRAK

Pendahuluan: Debu dan mikroorganisme yang terkandung di udara lingkungan kerja jika terhidup masuk ke saluran 
respirasi pekerja dapat terakumulasi dan menyebabkan gangguan fungsi paru. Penelitian bertujuan untuk menganalisis 
korelasi antara konsentrasi debu dengan konsentrasi mikroorganisme dan hubungan karakteristik pekerja, konsentrasi 
debu, dan mikroorganisme dengan status faal paru. Metode: Penelitian ini menggunakan desain cross sectional. Sampel 
terdiri atas 24 pekerja yang secara acak disampling dari area pabrik, serta 10 pekerja yang disampling secara total dari 
area administrasi untuk dilakukan mengukuran kadar debu respirabel dan mikroorganisme udara serta pengumpulan data 
karakteristik pekerja. Hasil: Terdapat korelasi kuat antara konsentrasi debu dengan konsentrasi bakteri (rs = 0,704) dan 

status faal paru antara lain usia (p=0,000), masa kerja (p=0,008), derajat perokok (p=0,000) konsentrasi debu (p=0,000), 
konsentrasi bakteri (p=0,000), dan konsentrasi jamur (p=0,000, sedangkan pemakaian masker (p=0,890) memiliki 

Simpulan: Faktor yang berhubungan dengan status faal patu 
antara lain usia, masa kerja, derajat perokok, konsentrasi debu, bakteri, dan jamur. Konsentrasi debu memiliki korelasi 
positif dengan konsentrasi bakteri dan jamur.

Kata kunci: konsentrasi debu, konsentrasi mikroorganisme, status faal paru
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INTRODUCTION

The feed factory is a business unit processing 

material consists of organic materials such as grains 

and pollution for environment. The dust resulted 
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from feed production activities generate grain dust 

exposed to a large number of dust during their 

to reduced-oxygen to the forces of lung tissue 

According to the Regulation of the Ministry of 

pulmonary function disorders caused by an exposure 
to organic dust is an occupational disease.

respiratory are respiratory tract symptom and 
functional changes symptom. The disease that is 
caused by exposure to dust has resulted rhinitis, 
asthma, COPD, chronic bronchitis, extrinsic allergic 

exposure to grain dust contributes a decline in 

The impaired pulmonary function can be an 

disorder. It is characterized by a decrease in 

The impaired pulmonary function is a barrier 
and restrictive lung development characterized 

due to a fusion mix of obstruction and restriction 

been done. A research project by Mohammadien 

study on pulmonary function as a result of exposure 

exposure to dust environment have a risk of 10 times 

respiratory tract can also cause impaired pulmonary 

to grain dust is a result of the inhalation of various 
components of microorganisms. The exposure to 
high concentrations of dust and contamination 
of microorganisms have been reported in 
various industries that manage and process grain 

from inhalation of grain dust are more strongly 

Conduct ing a  measurement  against 
concentration of microorganisms in the air is needed 
even the concentration number of grain dust in 

microorganisms already exceeds the standards and 
it potentially endangers health. The exposure of dust 

of bacteria and fungi. It can be considered that the 
greater the level of air pollution by grain dust, the 
higher the concentration of microorganisms exposed 

The animal feed industry in Margorejo Surabaya 
produces various types of poultry through various 
production processes such as mixing and grinding. 
The activities in the industry generate dust. After 

is feared as a sign of pulmonary function disorder 

microorganisms during the production processes.
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status. 

METHOD

questionnaires for respondents. The equipment for 

measure the levels of respirable dust in accordance 

for measuring personal respirable dust level in 

12.00 pm. 
The measurement  concentra t ion of 

Nutrient Agar Plate for culturing bacteria and 
Sabaroud Agar for culturing fungi during 24 hours 

The measurement of pulmonary function status 

Examination on this study used portable digital 
spirometer/spirometer contec SP10. The parameters 

Table 1. The Result of Dust Measurement in Animal 
Feed Industry Surabaya, 2019

Group N Mean SD Min Max p-value

Prod 24 2.22 1.47 0.37 6.45
0.000

Adm 10 0.09 0. 12 0.01 0.35

Table 2.
Concentration in Animal Feed Industry 
Surabaya, 2019

Group N Mean SD Min Max p-value

Prod 24 1479.1 871.5 197 2628
0.004

Adm 10 549.2 612.8 197 1895

test, Fisher exact, Mann Whitney, and Spearman 
correlation test.

RESULT

Respirable Dust Levels

production and administration group. Measurement 

grinding, mixing, palleting, and sacking off. At 

Table 3. The Measurement Result of the 
Concentration of fungi in Animal Feed 
Industry Surabaya, 2019

Group N Mean SD Min Max p-value

Prod 24 734.8 291.27 205 1118
0.017

Adm 10 394 314.87 205 992

Table 4.
Characteristics in Animal Feed Industry 
Surabaya, 2019

Characteristics of 
Workers

Group

Production Administration

n % n %

Age

<31 years 9 37.5 8 80

15 62.5 2 20

Years of service

<7 years 10 41.7 7 70

14 58.3 3 30

Degrees of Smoker

Non smoker 12 50 10 100

Light smokers 6 25 0 0

Moderate smokers 4 16.7 0 0

Heavy smokers 2 8.3 0 0

PPE use Frequency

No 6 25 10 100

Sometimes 12 50 0 0

6 25 0 0
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The different result of dust concentration 

respirable dust concentration mean in the production 

administration. 

The Concentration of Bacteria and Fungi

The bacterial concentration measurement 

grinding, mixing, palleting, and sacking off. At 

measurement on concentration of bacteria and fungi 

for 10 minutes on each point. Furthermore, the 

Result of measurement on the concentration of 

administration group. 
Result of measurement on the concentration of 

Table 5.

in Animal Feed Industry Surabaya, 2019

The concentration of bacteria

Dust 
concentration

r 0.704

p 0.000

n 34

Table 6.
Concentration and Fungi Concentration in 
Animal Feed Industry Surabaya, 2019

The concentration of Fungi

Dust 
concentration

r 0.662

p 0.000

n 34

The different result of concentration 

fungal concentration mean in production and 

group. 

The Characteristics of Respondents

The respondents of research consisted of 

people. The characteristics of respondent included 
age, years of smoking, habit of using Personal 

production and administration groups, the majority 

production administration group.

production group. The majority of light smoker 

group. 

Table 7. Pulmonary Function Status of Workers in 
Animal Feed Industry Surabaya, 2019

Group

Pulmonary Function status

p-valueNormal Abnormal

n % n %

Production 15 44.1 9 26.5 0.215

Administration 9 26.5 1 2.9

Table 8.
Feed Industry Surabaya, 2019

Group
% FEV % FVC

Mean SD p Mean SD p

Prod 85.49 8.93 0.000 86.06 8.48 0.000

Adm 106.29 13.84 106.18 12.51
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The Correlation of Respirable Dust with the 
Concentration of Microorganisms

The results of correlation analysis on 
respirable dust concentration to the concentration 
of bacteria had a value of p = 0.000. It means that 
the concentration of respirable dust and bacteria 

concentration and the concentration of bacteria had 

means that the larger the concentration of respirable 
dust, the greater is the concentration of bacteria. 

Furthermore, the results of correlation 
analysis on the concentration of respirable dust at 
a concentration of fungi had a value of p = 0.000 

that concentration of respirable dust and fungi had 

means that the larger the concentration of dust, the 

The Status of Pulmonary Function

The measurement of pulmonary function status 

conducted by a team from HSE Unit at Surabaya and 
assisted by researchers by using Spirometry test. 

pulmonary function status of the production group 

pulmonary function. In the administration group, 

on production group and administration group had a 

production group and administration group.
The impaired pulmonary function occurred 

in the production group and administration group 

to the administration group.

The Correlation Characteristics between Workers 
Status and Pulmonary Function Status

The analysis on the relationship characteristics 

characteristics included age, length of employment, 
degree of smokers, the habit of using PPE, and 

Table 9. The Cross Tabulation of Worker 
Characteristics and Pulmonary Function 
Status in Livestock Feed Industry 
Surabaya, 2019

Characteristic

Pulmonary Function Status

p-valueNormal Abnormal

n % n %

Age

0.008
< 31 years 16 47.1 1 2.9

8 23.5 9 26.5

Total 24 70.6 10 29.4

Tenure

0.008
< 7 years 16 47.1 1 2.9

8 23.5 9 26.5

Total 24 70.6 10 29.4

Degree of 
Smokers

0.000

Non smoker 21 61.8 1 2.9

Light smoker 1 2.9 5 14.7

Moderate 
smoker

1 2.9 3 8.8

Heavy smoker 1 2.9 1 2.9

Total 24 70.6 10 29.4

PPE Use 
Frequency

0.890
Never 12 35.3 4 11.8

Seldom 8 23.5 4 11.8

4 11.8 2 5.9

Total 24 70.6 29.4 29.4
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by many factors such as gender, nutritional status, 

factor that naturally decreases pulmonary capacity.

Table 10. Correlation Pulmonary Function Status 
and Respirable Dust Concentration in 
Livestock Feed Industry Surabaya, 2019

Pulmonary 
f u n c t i o n  

Status

Dust Concentration
p-value

Mean SD Min Max

Normal 0.911 0.92 0.013 3.92 0.000

Abnormal 3.24 1.65 0.013 6.45

Table 11. Correlation Status of Pulmonary Function 

Feed Industry Surabaya, 2019

Pulmonary 
f u n c t i o n  

Status
Mean SD Min Max p-value

Normal 808 571 197 1895
0.000

Abnormal 2159 854 197 2628

risk of impaired pulmonary function. 

of smokers against pulmonary function status, it 

function status. 

tabulation, the habit of using PPE to the status of 

The Correlation of Respirable Dust Concentration 
and Pulmonary Function Status

limited environmental monitoring that normally 
should be conducted by company. 

status and concentration of respirable dust. The 
concentration of respirable dust in the production 

abnormal lung status as 3.24 mg/m3. According 

for respirable dust is less than 3 mg/m3. On the 

mg/m3. 

The Correlation between Microorganisms 
Concentration (Bacteria and Fungi) and 
Pulmonary Function Status

respirable dust concentration and the concentration 

Table 12. Correlation Pulmonary Function Status 
and Concentration of Fungi in Animal 
Feed Industry Surabaya, 2019

P u l m o n a r y 
f u n c t i o n  

Status
Mean SD Min Max p-value

Normal 561 344 205 1118
0.000

Abnormal 811 234 205 1118
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normal result. 
The results on analysis of bacterial concentration 

of bacteria in pulmonary function status. The 

of its measurement. The maximum value of bacteria 

higher than normal pulmonary function. The result 

TWA. 
The results on analysis of fungal concentration 

status.

points of its measurement. The maximum value 

fungi concentration measurement that exceeded 

normal pulmonary function had a concentration 

DISCUSSION

Respirable Dust Levels

The production area had higher respirable 

administration areas.

The Concentration of Bacteria and Fungi

bacterial and fungal concentrations in both areas 

the concentration of dust in the production area 

research also proved that the concentration of dust 

and fungi.

The Characteristics of Respondents

service of the production group and administration 

due to the higher turnover rate of administrative 

smoking than the administration. Smoking habits can 

group.

The Correlation between the Respirable Dust and 
the Concentration of Microorganisms

Dust concentration and microorganism 

The higher the concentration of dust, the higher the 
concentration of bacteria and fungi. Microorganisms 
such as bacteria and fungi need organic material 
contained in grains as a food source. Microorganisms 
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The Status of Pulmonary Function

The Correlation between Workers’ Characteristic 
Factors and Pulmonary Function Status

had higher risk than administration group. From 

pulmonary function aged > 31 years. This study is 

experienced in pulmonary function disturbance. 

that naturally decreases pulmonary capacity. The 

the lungs, respiratory muscle strength vital capacity, 

increased age often becomes a risk factor of Chronic 

than administration group. The analysis of tenure 

tenure and pulmonary function status. According 

of the American Thoracic Society documented the 

Production group had higher degree of 

of the relationship degrees of smokers against 
pulmonary function status, it indicated that there 

pulmonary function disorders. Smoking is one of the 

According to Minister of Health Regulation 

passive smokers. Passive smokers have increased 
risk for Chronic Obstructive Pulmonary Disease 

also happens a case of incomplete combustion and it 
can release more chemicals. Cigarette smoke caused 
lung disruption in the form of damage respiratory 
tract, namely the loss of silia to dispel foreign matter 

enter the lungs. The entry of dust and microorganism 

of bronchus, bronchioles and alveoli. That causes 

status. In cross-tabulations, the habit of using PPE 
to the status of pulmonary function addressed 
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The use of masks can reduce the ingress of dust 

pulmonary disorders. A research project conducted 

to the pulmonary function status. 

entry of hazardous materials through the respiratory 
tract. Respiratory protection equipment itself 
provides protection against sources of danger in the 

The Correlation between Exposure Factors 
(Respirable Dust, Bacteria, and Fungi 
Concentration) and Pulmonary Function Status

mg/m3 greater than the administration group of 0.09 

respirable dust in the production and administration 

dust concentration of production and administration 

grain dust during production process. The activities 
included the production of dumping, grinding, 

the form of grains to the production machine. The 

grinding grain into smaller-sized material. After the 

mixture of other materials that can support the 

formed through the palleting process. Then, the 

The dust concentration amount at the production 

values of dust concentration in the administration 

reduced by the air conditioning. The concentration 

on the administrative process that does not involve 

area. 
Result of measurement on the concentration 

bacteria in the production group 1479.1 CFU/m3 

549.2 CFU/m3. According to the Minister of 

The results of dust concentration and the 
concentration of bacteria had strong correlation 

larger the concentration of dust, the greater the 

by microorganisms such as bacteria and fungi. 

itself, but also microorganisms. The proportion of 
microbial components in the grain dust could vary 

microorganism did not live in the air, because 
air is not a natural habitat for microorganism. 

air such as temperature, humidity uv, and intensity 

The high concentration of bacteria and fungi in the 
production area could be caused by temperature and 
humidity of the production area that tended to be 

might cause the ambient temperature increased. A 
high humidity in the production area could be caused 
by the lack of adequate ventilation.

The presence of bacteria and fungi that 

production group and administration group had no 
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in administration group. Similarly, the value of 

compared to the administration group.

the control group. In contrast, the study conducted 

small number of samples, so it becomes a limitation 

that clarifies there is no significant differences 

concentration of dust. The concentration of dust 
in the production area and the administration area 

mg/m3.

function, the average concentration of exposed 

One cause of pulmonary function status 

area of gas in the respiratory system. Particles that 
settle can cause deterioration in pulmonary function, 
and the static dust particles can cause a damage on 

A continuous exposure of dust could cause 
macrophages undergo continuous destruction, 
causing the onset of collagen connective tissue 
and lead to pulmonary fibrosis. The pulmonary 

also mentioned that an exposure to dust causes 
the decreased pulmonary function values. Dust 

infection by microorganism. 
A similar study conducted by Iyogun et al 

increases, the value of pulmonary function declines. 

an exposure to dust for > 5 years.

pulmonary function. The concentration of bacteria 

The results on analysis of bacterial 

function status. The concentration of bacteria 
varied at different points of its measurement. 
The maximum value of bacteria concentration in 

The results on analysis of fungal concentration 

function status. The concentration of fungi varies at 

fungi concentration measurement that exceeded the 

normal pulmonary function had a concentration 

The inhalation of microorganisms caused 
various respiratory diseases such as allergies 
alvelolitis, asthma, and organic dust toxic syndrome 
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tract that occurs after the exposure to grain dust. 

in the pulmonary tract and experiences obstruction 

Fungi has a role in health because it could be 

Mycotoxins from fungi also can cause negative 

responsible for the acute toxicity of macrophages 
in the alveoli.

Fungi has the ability to produce and disseminate 

air spread through droplet infection mechanism, 

grain dust or through droplets of saliva residue dried 

Exposure to fungi in large numbers coupled 

causes decreased immune response by activated 

CONCLUSION 

Correlation of age, tenure, and degree of 

and degree of smoker and pulmonary function. 
The concentration of dust in a production and 
administration groups are <3 mg/m3 that are still 

The dust concentration has strong correlation 

of dust, bacteria, and fungi in pulmonary function 
status. 
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