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Abstract: As broiler farming facilities have become larger and more concentrated in response to external
environmental changes, there is a possibility of increased concentrations of fine dust and aerosols inside these
facilities due to enclosure. In particular, workers are exposed to high concentrations of organic particulate
matter and harmful gases while performing their tasks, and as they age, they become more vulnerable to
respiratory diseases. It is essential to directly monitor the concentrations to which workers are exposed, along
with the spatial distribution of aerosols inside broiler house. In this study, we analyzed the regional aerosol
concentrations using passive samplers in commercial tunnel-ventilated broiler farms. Simultaneously, we
employed active samplers at the height of the workers' breathing zones to monitor real-time aerosol
concentrations by particle size along their work routes. Spatial aerosol concentrations generally increased from
the inlet to the exhaust in the breathing zone. The average aerosol concentrations were TSP -1,042 ug/m3, PM-
10 718 pg/m?, and PM-2.5 137 pg/m?. To analyze the workers' exposure environments, we categorized the tasks
in the barn into Static work period (SWP) and Moving work period (MWP) based on video analysis. The results
showed that during MWP, fine dust concentrations exceeded the standards by up to 214%. Particularly, during
MWP, the concentrations were 1.74 times higher for TSP, 1.40 times higher for PM-10, and 1.22 times higher
for PM-2.5 compared to SWP. It was observed that during the movement of workers, physical generation of
particles around 10 pum, such as feces, feed, and bedding, occurred due to the movement of chicken, which
influenced the aerosol concentration.

Keywords: aerosol spectrometer; personal exposure; real-time monitoring; working environment;
particulate matter reduction

1. Introduction

Korea has distinct seasons, with cold and dry winters, hot and humid summers, and significant
seasonal variations in external environmental conditions. As the scale of livestock farming increases,
enclosed forced ventilation systems are used to adapt to external environmental changes and create
suitable breeding conditions [1-3] In enclosed facilities with high livestock stocking density, workers
are exposed to higher concentrations of organic dust and harmful gases while engaging in
agricultural activities. Especially, broiler houses are intensively used for raising chicken in enclosed
spaces, and workers are consistently exposed to aerosols, including particulate matter and harmful
gases, due to a higher frequency of barn management and harvesting operations compared to other
livestock species [4,5]. The aerosols inside livestock facilities contain various bacteria, molds, and
harmful gases, including ammonia, hydrogen sulfide, methane, acetaldehyde, formaldehyde,
methylamine, and carbon monoxide [6-8]. The aging of agricultural workers raises serious concerns
about health issues resulting from the inhalation of aerosols. Elderly workers are consistently
exposed to high levels of aerosols within the farm, which can lead to respiratory and immune system
disorders, as well as conditions such as asthma [6-11] . Endotoxin-containing particulate matter (PM)
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with a diameter of 10 um or less is prevalent in enclosed barns and housing facilities, and it can have
a significant impact not only on livestock activity and productivity but also on the health of
workers[12-20] . The American Conference of Governmental Industrial Hygienists (ACGIH)
categorizes particulate matter into inhalable, thoracic, and respirable fractions. Inhalable particulate
matter consists of particles that can reach the respiratory system and potentially contain harmful
substances. These particles have a penetration rate of 50% and an average aerodynamic diameter of
around 100 pm. Thoracic particulate matter includes particles that can reach the bronchial and gas-
exchange regions of the lungs. These particles have an average aerodynamic diameter of 10 pum.
Respirable particulate matter comprises particles that can deposit in the gas-exchange regions of the
lungs and may pose health risks. These particles have an average aerodynamic diameter of 4 um. In
addition, the Special Act on Fine Dust Reduction and Management (Korea Ministry of Government
Legislation, 2019) defines PM10 as fine dust with an aerodynamic diameter of 10 um or less and
PM2.5 as fine particulate matter with a diameter less than 2.5 um.

Previous research on aerosols within livestock facilities has primarily focused on concentration
measurements at various locations and source tracking studies. To reduce the generation of fine dust
and improve the working environment inside broiler houses, it is crucial to assess the status and
characteristics of fine dust within the facility through field monitoring. There are methods for
monitoring fine dust concentrations among workers in livestock facilities, including passive
sampling using filters and gravimetric methods, as well as active sampling using optical scattering.
Among passive sampling methods, gravimetric methods involve capturing airborne fine dust on
filters to determine the mass concentration of fine dust. In active sampling, the optical scattering
method involves shining light on suspended particulate matter in the air. When the light scatters, the
amount of scattered light is measured to determine the concentration of particulate matter in real-
time [21,22]. Previous research on field monitoring of aerosols in livestock facilities has
predominantly utilized passive sampling to measure aerosol concentrations in representative areas
inside the barn [13,14,18,23-25]. As the age of chicken increases, their activity level rises, resulting in
higher indoor dust concentrations. Furthermore, extended use of litter material leads to the
accumulation and drying of excrement, further elevating dust levels [23,26,27]. Fine dust production
varies with the season and the age of the chicken, with higher concentrations observed during the
winter when maintaining minimal ventilation rates [28]. Analysis of fine dust generated within the
broiler house using Scanning Electron Microscope (SEM) revealed that feathers, feces, bedding
material, and feed particles were the primary sources of dust [18].

However, research on occupational environment, specifically analyzing aerosol concentrations
through worker-centered monitoring has been quite rare. In recent times, although broiler farming
has become larger in scale and more automated, workers continue to perform a significant portion of
the tasks. Workers engage in various activities within broiler houses, including movement within the
facility, feeding, and harvesting, culling of sick or unproductive chicken, management of feeding and
watering systems, facility maintenance, and more. Depending on the type of task, workers may be
exposed to different types and concentrations of aerosols. Therefore, for real-time analysis based on
the type of task and workflow, it is crucial to utilize real-time active samplers to analyze the
concentration and characteristics of fine dust exposure in the worker's occupational environment.

The aim of this study is to analyze the concentration and exposure characteristics of aerosols to
which workers are exposed during management operations inside a tunnel-ventilated broiler house.
To examine the structural characteristics of ventilation, regional concentration characteristics within
the broiler house were measured using passive sampling methods with air samplers and filters.
Furthermore, real-time aerosol concentrations according to particle size were measured along the
workers' movement paths by utilizing an aerosol spectrometer installed at the workers' breathing
height. Through video analysis, we aimed at distinguishing working characteristics and gain insights
into the characteristics of worker-exposed aerosols within the broiler house.
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2. Materials and Methods

2.1. Experimental farm

The target farms involved in the experiment consisted of five commercial broiler f houses
commonly used in South Korea, utilizing forced ventilation systems for commercial broiler
production. These experimental farms were needed t for access to the interior for equipment
installation and regional aerosol concentration measurement.. To conduct real-time monitoring of the
working environment during workers’ movement, workers were required to wear specially designed
backpack-type equipment while performing tasks. Therefore, it was of utmost importance to engage
cooperative commercial broiler farms. The farms selected for the experiment had an average capacity
of 25,000 chickens each, with a similar stocking density of approximately 0.053 m’/head (Table 1).
These farms utilized wood shavings as bedding material and operated automatic feeding and
watering systems. The farms utilized nearly identical tunnel and negative-pressure forced ventilation
systems for air exchange. The ventilation systems regulated the ventilation rate by adjusting the
output of ventilation fans installed on one end wall based on the environmental temperature. Open
inlets were installed on the opposite side to allow fresh external air to enter in a negative-pressure
manner. All farms operated under an All-in / All-out system, which facilitated disease control and
production management. To ensure as consistent environmental conditions as possible, monitoring
was conducted when the broilers were approximately four weeks old across all farms.

Table 1. Ventilation system and breeding information for the experimental broiler houses.

Location Animals Floor area Stock density Ventilation system configuration
(Farm) (heads) (m2) (m2/head) (activated / overall fans)
Jinan 9,000 450 0.05 Outlet exhaust fans (4/6)
(JA-1)
Y
conggwans 30,000 1,500 0.05 Outlet exhaust fans (14/14)
(YG-1)
Yeonggwang 34,500 1,880 0.054 Outlet exhaust fans (16/16)
(YG-2)
I
(II(SST)‘ 24,000 1,600 0.067 Outlet exhaust fans (2/16)
ggazr)‘ 26,000 1,200 0.046 Outlet exhaust fans (2/13)

2.2. Aerosol collection and measurement

Spatial aerosol concentration distribution within the broiler houses was measured using passive
samplers, while real-time active samplers were employed to measure the working environment along
the workers' routes (Figure 1a). For spatial concentration analysis, TSP (Total Suspended Particulate),
PM-10 (particulate matter under 10pum), and PM-2.5 (particulate matter under 2.5um) were measured
through passive sampling. TSP was measured by fixing a PTFE (Polytetrafluoroethylene) filter (SKC
Inc., USA, 2.0 um, 37 mm) into a three-stage cassette, which was connected to a compact air sampler
(AirChek TOUCH, SKC. Inc., USA) with an airflow rate of 2 L/min. PM-10 and PM-2.5 were measured
by connecting PTFE filters to PEM impactors (Personal Environmental Monitor, SKC. Inc., USA),
capable of capturing aerosols below 2.5 um and 10 pm, respectively, and using a compact air sampler
with an airflow rate of 4 L/min. For analyzing aerosol concentrations exposed to workers, an active
sampling method was employed, which allowed real-time monitoring along the workers' routes,
including size-segregated monitoring. To understand real-time aerosol concentration and size
distribution, an Aerosol spectrometer (11-D, Grimm Inc., Germany) was utilized, measuring aerosol
concentrations divided into 31 size bins ranging from 0.253 um to 35.15 um at 6-seconds intervals
(Figure 1b).
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(a) Spatial distribution monitoring equipment (b) Working environment monitoring
(Air sampler, PEM monitor) equipment (Aerosol spectrometer)

Figure 1. Particulate matter spatial distribution and working environment monitoring equipment for
broiler farms.

The filters used for capturing particulate matter were adequately dried for over 48 hours in a
constant temperature and humidity chamber (KA33-73, Korea Ace Science Inc., Korea) before and
after sampling. The dried filters were then weighed three times each using a microbalance (BM-22,
AND weighing Inc., Japan) with a sensitivity of 0.001 mg, and the average value of these
measurements was determined as the aerosol's weight. Blank filters, which were filters not used for
any air sampling, were also prepared to correct the results. To calculate the aerosol concentration,
Equation (1) was used, taking into account the weight difference of the filters before and after
monitoring, as well as the error in filter weight due to sample collection, transportation, and pre-
processing steps, while considering the weight of the blank filters.
[(WSp —WS;) — WBp — WB))]

Va

PM =

€y

Xt (2)

293 x P
293+T 760mmHg

Va=0Q X%

Here, in the provided equations: WS, represents the weight of the filter after sampling (ug).
WS; represents the weight of the filter before sampling (ug). WB, represents the weight of the blank
filter after sampling (ug). WB; represents the weight of the blank filter before sampling (ug). V,
signifies the total volume of the sample collection (m?). The flow rate (Q) is corrected to standard
temperature and pressure (0 °C, 1 atm) and is calculated as shown in Equation (2). In this equation:
Q represents the flow rate measured by the standard flow meterT and P represent the temperature (

°C) and pressure (atm), respectively. t denotes the total sampling time (s). These equations were used
to calculate and adjust the aerosol concentration based on various measurements and corrections.

2.3. Experimental procedure

2.4.1. Spatial aerosol distribution in broiler house

To analyze the spatial aerosol concentration within the tunnel-type forced ventilation broiler
house, Total Suspended Particulate (TSP), PM-10, and PM-2.5 were measured (Figure 2). The rearing
area of the broiler house was divided into three sections: the inlet area near the air inlets, the middle
area, and the outlet area near the exhaust fans. Monitoring devices were installed in these areas.
During the experiment conducted in the summer season, the sidewall inlets were completely closed.
Negative pressure was created by operating exhaust fans on one end wall, allowing fresh air to enter
through the opposite side inlets. In all experimental farms, aerosol sampling was conducted for a
total of 6 hours, primarily from 10 AM to 4 PM, covering the main working hours. The duration of
fine dust measurements was set at 6 hours, considering the Time-Weighted Average Exposure Limit
specified in the Occupational Safety and Health Act.

The direction of aerosol capture, physical characteristics of particles, and the flow rate near the
sampling site can significantly impact concentration results. When dealing with fine dust particles,
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their size and weight can influence whether they settle due to gravity and humidity or continue to
move primarily along the airflow. To selectively capture aerosols of the desired size and prevent the
influence of dust deposition, the sampling direction was oriented downward, as depicted in Figure
3. To analyze aerosol concentrations that affect workers, the sampling inlet was positioned at a height
of 1.5 meters above the floor, which is the typical breathing height for workers. The air intake was
placed at least 30 cm away from the structure that holds the equipment. This design was implemented
to prevent any interference caused by the proximity of the intake to the structure holding the fine
dust sampling equipment, as close proximity can lead to an underestimation of concentrations
compared to real-time analysis results. To ensure stability during the 6-hour sampling period and to
prevent equipment damage or tipping over, the monitoring devices were securely fastened and
installed while avoiding the worker's path. Additionally, thorough disinfection and sanitation
measures were conducted before installation to facilitate monitoring in commercial broiler farms.

To analyze the physical characteristics related to the generation and dispersion of aerosols, the
filters used for aerosol collection were subjected to scanning electron microscopy (SEM) to examine
the size and shape of the aerosols. The filters containing trapped fine dust were coated with a 10 nm-
thick layer of platinum-palladium. An SEM-EDX (Supra 40VP, ZEISS Inc., Germany) was employed
to analyze images of the fine dust at various resolutions.

e Side inlets Ventilation fans

Entrance

Inlet area Middle area .
X <

L]
\ \
/ /
- f, - /’ L

Video d@llection

7

‘\_) Spatial aerosol distribution monitoring mmm) Personal aerosol concentration by working route

Figure 2. Schematic diagram for spatial distribution monitoring and working environment

monitoring in broiler farms.

PEM monitor (2.5 um)
(SKC Inc., USA)

HOBO Sensor (Temp./R.H.) i ’ PEM monitor (10 pm)
(Onset Inc., USA) (SKC Inc., USA)

Airchek pump
(SKC Inc., USA)

Figure 3. Configuration of local dust concentration monitoring equipment installed in the
experimental broiler house.
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2.4.2. Personal aerosol exposure by working conditions

To analyze the concentration and characteristics of fine dust to which workers are exposed inside
commercial broiler houses, real-time measurement using an Aerosol spectrometer was conducted
through active sampling along the work paths. Aerosol measurement points were strategically
located within 30 cm from the workers' noses and mouths, at a height of 1.2 to 1.5 meters above the
floor, using Tygon tubes. Aerosol measurements were taken during periods when general and
frequent tasks were typically performed by workers, between 10:00 AM and 4:00 PM, when tasks
such as broiler house management and maintenance are commonly carried out. For comparative
analysis with real-time measurement data based on work types and work routes, video recording
equipment (Hero 9 Black, GoPro Inc, USA) was installed near the entrance, allowing for
comprehensive video documentation of the entire broiler house (Figure 4). Work types were
categorized into "Moving work," which involves tasks while moving for management purposes, and
"Static work," which involves tasks performed in a stationary position for maintenance purposes.

(a) Moving work period (MWP)

(c) Measurement device configuration

. (d) Video collection
with aerosol spectrometer

Figure 4. Real-time monitoring of working environment through working route analysis and aerosol
spectrometer measurements.

3. Results

3.1. Spatial aerosol distribution

To understand the regional distribution of aerosol concentrations in the experimental broiler
houses across the five selected farms, measurements of TSP, PM-10, and PM-2.5 were conducted at
three locations along the length from the inlet to the exhaust. Measurements were taken from 10:00
AM to 4:00 PM. Temperature and humidity were monitored both inside and outside the livestock
facilities (Table 2). During the summer season, when external temperatures exceeded 30 degrees
Celsius, full ventilation was achieved. In contrast, during the transitional season of autumn when
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external temperatures were around 20 degrees Celsius, approximately 5.2°C lower than the internal
temperature, ventilation rates were reduced to less than 15% of the maximum capacity.

The average aerosol concentrations across all five farms were as follow: TSP 1,042 ug/m3, PM-10
718 pg/ms, and PM-2.5 137 ug/m3 (Figure 5). Analyzing the data relative to particle size for each farm
revealed that PM-10 accounted for 68.9% of the total aerosol concentration, while PM-2.5 accounted
for 13.1%. This indicates a higher proportion of particles around 10 um in size. This observation is
attributed to mechanically generated particles from materials such as bedding (wheat straw) and feed
particles, which tend to be around 10 um in size [29]. To confirm this, aerosol particles captured on
filters were analyzed using SEM, showing that the captured fine particles were roughly 10 pm in size
and exhibited a rounded shape, likely originating from sources like bedding material and feed. This
finding aligns with previous research suggesting that particles generated from sources like feed and
bedding exhibit similar size and shape characteristics [18,30,31].

Seasonal analysis revealed that during the summer, maximum ventilation led to effective aerosol
removal, resulting in average concentrations of TSP 244.4 ug/m3, PM-10 141.3 ug/m3, and PM-2.5 35.1
pg/m3. In contrast, during the autumn when ventilation was reduced to 15%, the average
concentrations rose significantly to TSP 2,240 ug/m?3, PM-10 1,583 ug/m3, and PM-2.5 289 ug/m?. This
represents an 11.2-fold increase in PM-10 concentrations. There were variations in absolute
concentrations measured between farms, primarily due to differences in farm management practices.
These differences in fine dust concentrations among farms are influenced by various environmental
factors, including ventilation systems, ventilation rates, management practices, stocking density, and
other farm-specific conditions. In farms that employ closed-system housing for broiler, higher
ventilation rates during the summer months led to lower fine dust concentrations, while lower
ventilation rates in the autumn resulted in higher concentrations. Evaluating the measured aerosol
concentrations in relation to occupational exposure limits for inhalable dust (with an average particle
size of 100 um) and respirable dust (with an average particle size of 4 um), as suggested by Donham
et al. (2000), revealed that during the summer, none of the farms exceeded the exposure limits for
inhalable or respirable dust. However, during the autumn, IS-1 farm exceeded the inhalable dust
limit by an average of 7.7% and up to 16.3%, while both IS-1 and IS-2 farms exceeded the respirable
dust limits by an average of 127%, 35%, and up to 214%, 61.5%, respectively. Considering that field
measurements captured PM-2.5, whereas respirable dust has a size of 4 um or smaller, it is reasonable
to assume that the actual exposure of farm workers to respirable dust may be higher than indicated
by the measurements. This suggests a potential health risk for farm workers in terms of respiratory
diseases related to exposure to respirable dust.

Table 2. Internal and external air temperature and humidity by experimental broiler houses.

Internal External
Farms Season Temp. RH. (%) Temp. RH. (%) Ventilation
Q) (WY
JA-1 26.0 85.0 244 90.2 66%
YG-1 summer 28.7 84.0 30.8 74.8 100%
YG-2 29.9 77.3 32.8 69.1 100%
IS-1 25.8 46.8 18.5 43.2 13%

1S-2 autumn 24.9 50.2 21.8 167 15%
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Figure 5. Image of the Aerosol in experimental broiler house taken from SEM analysis.
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Figure 6. Aerosol concentration monitored by the passive air-sampler with the filters in the
experimental broiler houses.

Due to variations in aerosol concentrations between experimental farms, a relative ratio analysis
was conducted to effectively assess seasonal and location-based differences (Figure 7). During the
summer, when ventilation rates were high, aerosols with particle sizes around 10 um were effectively
expelled from the broiler house, representing 57.8% of TSP. In contrast, during the autumn, when
ventilation rates significantly decreased, internally generated aerosols could not be expelled, and
accumulated resulting in a higher relative ratio of 70.7%. Analyzing results based on measurement
locations, PM-10 concentrations were relatively consistent, while PM-2.5 showed a slight increase in
relative ratio of approximately 5.1%. The broiler farms where measurements were taken employed
tunnel ventilation systems commonly used in Korea, where air flows longitudinally along the tunnel.
As a result, the concentration of fine dust increased as it moved closer to the exhaust end due to the
fine dust generated at the floor level.
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Figure 7. Relative ratio of measured aerosol concentration between PM-10 and PM-2.5 compared to
TSP in inlet, middle and outlet areas in the experimental broiler house.

3.2. Personal aerosol exposure by working conditions

To measure the exposure levels of workers to fine dust, we conducted real-time aerosol exposure
analysis at five broiler farms with tunnel ventilation systems of similar scale and operation. Workers
were tracked along their routes, and aerosol exposure levels at the height where workers were
breathing were monitored. Real-time measurements of aerosol concentrations were taken at 6-
seconds interval, and based on the results of particle size analysis and video analysis, we
differentiated between the Moving work period, when workers were moving, and the Static work
period, when they remained stationary. To reduce data errors, we calculated the concentration of the
remaining data, excluding the front and back 10% of data for each of the two periods, as the
concentration for that work period (Figure 8). During the Static work period, workers were exposed
to average concentrations of TSP 1,733 ug/m?, PM-10 942 pg/m3, and PM-2.5 106 pg/m? of aerosols.
In the Moving work period, the concentrations were higher, with TSP at 3,012 ug/m3, PM-10 at 1,318
pg/m?, and PM-2.5 at 129.2 ug/m? showing 1.74 times, 1.40 times, and 1.22 times higher
concentrations respectively, compared to the static work period. The higher concentration of fine dust
during the Moving work period was attributed to an increase in chicken activity within the broiler
house, leading to the significant generation of fine dust particles around 10 um in size, such as feces,
litter, and floor materials. Dust primarily caused by chemical sources, such as PM-1.0, showed
relatively minor variations in concentration. When compared to the continuous monitoring standards
for indoor dust in broiler workers' facilities, inhalable dust was found to increase by an average of
1.25 times and up to 3.5 times during movement, while respirable dust increased by an average of 1.2
times and up to 1.89 times. This indicates that workers are exposed to higher dust concentrations
during periods of movement.
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Figure 8. Real time dust concentration according to working route by particle size (Black line: broiler
farmer inhalable exposure standards, Red line: broiler farmer respirable exposure standards).

The analysis of aerosol concentrations by particle size to which broiler farm workers are exposed
revealed a significant increase in aerosol concentrations around 10 um during the Moving work
period, confirming exposure to high aerosol levels during workers’ movement (Figure 9). During the
summer months with high ventilation rates, TSP increased by a substantial 2.46 times, and PM-10
increased by 2.13 times during the Moving work period. In contrast, during the relatively low-
ventilation period in the autumn, TSP exhibited a relatively lower increase of 1.38 times, and PM-10
increased by 1.24 times. This indicates that, relative to the Static work period, autumn has a
significantly lower increase in TSP by 3.0 times and PM-10 by 6.9 times, highlighting the substantial
influence of ventilation rates on indoor fine dust concentrations. Therefore, when working within the
broiler house, it is necessary to take measures to reduce indoor aerosol concentrations based on
personal protective equipment and adequate ventilation, especially during entry or chronic exposure
periods, even under normal circumstances.
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Figure 9. Real time aerosol concentration according to working route according to particle size

To understand the correlation of aerosol concentrations between SWP and MWP, the
combination of average concentrations to which workers are exposed during SWP and MWP was
presented for all experimental periods based on video analysis (Figure 10). As particle size increases,
the graph's slope becomes steeper, indicating a larger increase in concentration during MWP. Based
on the experimental results, the aerosol concentrations to which workers were exposed during MWP
were found to be 1.76 times higher for particles larger than 10 um, 1.29 times higher for particles
ranging from 2.5 to 10 um, and 1.11 times higher for particles smaller than 2.5 um. Figure 10 analyzes
the increase in concentration between MWP and SWP for each particle size using an active sampler,
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the aerosol spectrometer. It can be observed that as particle size increases, the increase in
concentration during MWP becomes more pronounced. These results can be utilized to apply weights
when making standards for fine dust exposure for workers in broiler farms in the future. Instead of
applying a uniform standard for fine dust exposure, factors such as the work environment and the
type of work can be considered.

To assess the statistical significance of the particle size-specific fine dust concentrations between
SWP and MWP for workers based on the aerosol concentration distribution along the broiler farm
work routes, an independent sample t-test was conducted (Table 3). The workers showed statistically
significant differences between the work and movement periods. Specifically, during MWP when
broiler activities increased, TSP and PM-10 exhibited extremely high significance levels with p-values
below 0.001 each. However, for PM-1.0, the p-value was 0.098, indicating that there was no significant

difference.
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Figure 10. Correlation analysis of dust concentrations by particle sizes according to working route
and trend curve of PM by working route.

Table 3. Comparison of dust concentration according to each size of particulate matter (Unit :

pg/m?).
Categories TSP PM-10
8 Mean SD. P-value Mean SD. P-value
Work 2,957 1,603 1,179 1,064
Move 1,772 1,167 0.000 839 854 0.001
Cat . PM-2.5 PM-1.0
ategories mean SD. P-value mean SD. P-value

Work 110.9 104.4 0.017 26.1 29.8 0.098
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Move 87.3 95.7 23.4 26.4

4. Conclusions

This research focused on analyzing the exposure concentrations of fine dust and aerosols in the
air to workers in broiler farms. In particular, it improves upon previous studies by considering the
characteristics of the working environment where workers continuously move inside broiler houses.
It divides the analysis into spatial aerosol distribution and personal aerosol exposure, utilizing both
passive and active samplers to measure aerosol concentrations.

The average aerosol concentrations were found to be within acceptable limits, with TSP at 1,042
pg/m?, PM-10 at 718 ug/m?, and PM-2.5 at 137 ug/m?3. These values did not exceed the recommended
exposure limits for inhalable dust (under 100 pm) at 2,400 pg/m? and respirable dust (under 4 pm) at
160 pg/m? in livestock facilities. However, when the analysis categorized the work into Static work
period (SWP) and Moving work period (MWP) based on video analysis, it was revealed that aerosol
concentrations during MWP exceeded the standards by up to 214%. Particularly, during MWP, the
concentration was 1.74 times higher for TSP, 1.40 times higher for PM-10, and 1.22 times higher for
PM-2.5 compared to SWP. This underscores the importance of paying attention to the working
environment.

Aerosol concentrations varied depending on the nature of the work and ventilation rates. To
mitigate the impact of aerosols with particle sizes around 10 um that workers are exposed to during
tasks, the use of personal protective equipment, proper operation of ventilation systems that can
reduce physical fine dust, and the application of mist spraying devices are expected to play a
significant role in promoting worker health and improving the working environment. The results of
this study can be utilized to establish evaluation criteria for the effectiveness of personal respiratory
protective equipment in reducing fine dust exposure. Additionally, they can be applied to develop
and refine exposure standards for fine dust for different types of work and ventilation rates by
applying them as weighting factors.
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