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ABSTRACT

Workplace air pollutants are more significant despite the fact that they are emitted in small volumes. As
they cannot escape easily due to lack of proper ventilation, their concentration often reaches higher levels
as compared to outdoor pollutants. Indoor air pollution is more harmful and poses greater health hazards
because on an average, a person spends nearly 8 to 12 hours at his/her workplace. Sugar industry is the
second largest agro-based industry in India. There are more than 550 sugar mills in the country and it is a
major source of livelihood for people living in rural areas. There are many processes in sugar industry
which emit fugitive emissions of particulate matter at various locations such as packing house, mill section,
bagasse yard, ash handling unit, boiler section etc. In the present study, the work place air was sampled
from sugar mill area & sugar godown from four sugar mills in Maharashtra for comparative study of with
and without control measures taken industry. It was observed that PM2.5 can be controlled in mill section
and sugar packaging house with devices like dust collectors and hoppers. Simple solutions like using
barriers can also help to reduce PM2.5 in older mills.
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Introduction

The indoor air pollutants are usually the same as the
outdoor ones. However, they are more important in
spite of the fact that they are emitted in small vol-
umes, as they cannot escape easily due to a lack of
adequate ventilation. As a result, their concentra-
tions are often higher than outdoor pollutants. Air
pollution in the workplace is more harmful and
poses greater health risks because, on average, an
individual spends almost 8 to 12 hours at workplace
(Waseem, 2013). There is consistent evidence that
indoor air pollution increases the risk of chronic ob-
structive pulmonary disease and of acute respira-
tory infections in people. Indoor air pollution is a

major global public health threat requiring greatly
increased efforts in the areas of research and policy-
making.  Currently humans are facing severe health
problems due to air pollutants prevalent in cities. It
can be caused by several pollutants such as SO2,
NOx, particulate matter and heavy metals (Suganthi
et al., 2013).

Chronic respiratory illnesses occur when fine par-
ticulate matter increase susceptibility in industrial
areas. The effect of PM10 has a strong association
with respiratory effect and the risk increases with
PM10 than PM2.5. The people around sugar mill and
the local inhabitants are constantly exposed to high
concentration of air pollutants during sugar crush-
ing period. Air pollution can cause and worsen heart
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and lungs diseases such as cancer. That is why
people exposed to the pollutants are predisposed to
severe respiratory illness (Tasnuva et al., 2014).

The sugar industry is the second largest agro
based industry in India. The country is the second
largest producer of sugar in the world with 534
sugar mills producing around 261.10 lac million tons
of sugar annually during the 2024-2025 sugar season
(NFCSFL, 2025). Emissions from sugar discharged
into the environment pose a health hazard to the
rural and semi-urban populations. Air emissions
from sugar production are primarily related to par-
ticulate matter generated from bagasse-fired, steam
boilers and sugar drying or packaging activities
(Hove et al., 1999). Particulate matters that enter the
lungs may lodge there and result in chronic respira-
tory problems including emphysema, pneumonia,
bronchitis, asthma and respiratory tuberculosis, etc.
Particulate matter associated with sugar mill opera-
tion may cause a mutation in the species by altering
food chains and affecting the ecosystem (Efe, 2008).
When they combined with other gases and particu-
late matter they are may become toxic and harmful
to human health. The emissions from a sugar mill
can be categorized into particulate matter and gases
including SOx, NOx and CO2.

Many of the substances in biomass smoke can
damage human health. The most important are par-
ticles, carbon monoxide, nitrous oxides, sulphur di-
oxides, formaldehyde etc. Particles with diameter
below 10 microns and particularly those less than
2.5 microns can penetrate deeply into the lungs and
appear to have the great potential for damaging
health (Pope et al.,  2002). One of the main reasons of
lack of indoor air quality data in India is the lack of
awareness and the impression that air pollution ex-
ists only outdoors leading to the thinking that inhab-
itants are safe when they are indoors. It should be
noted that there are no guidelines or standards with
respect to indoor air quality in India due to an exu-
berant amount of ignorance displayed towards pol-
lution indoors (Goyal et al., 2012).

It is noted that air pollutants cause an adverse
effect on the human health particularly on the respi-
ratory system. Sugar mill workers continuously get
in contact with these pollutants related with air. The
health impacts of air pollutants are often not dis-
closed to the people. They are not aware about the
health impact of air pollutants. Monitoring of pollut-
ant levels in stack emissions and ambient air quality
is routinely carried out due to stringent enforcement

by authorities however, indoor/workplace air pol-
lutants are currently not monitored. There is hardly
any literature/information available regarding the
workplace air quality in sugar mill particularly in
India. This may be because this area has not been
studied much in the country and hence the need for
this study. In this study, it is proposed to monitor air
pollution at workplace in various units of sugar in-
dustry which is further distinguish as pollution con-
trol measure taken industry and non-pollution con-
trol measure taken industry. The null hypothesis
will be there is no significant difference between
with and without control measures taken industry
and the alternative hypothesis is there is significant
difference between the with and without control
measures taken industry. For the measurement of
Particulate matter many researchers use Laser scat-
tering technique. One of the scattering photometer is
the Dust Trak. This equipment was employed by
Prado et al. (2012) and Chowdhury et al. (2013)
stated that this equipment is a portable light disper-
sion photometer by laser. In DustTrak the measure-
ment of particle mass is obtained in real time. The
aerosol is isolated in the optical chamber. In this
way, the chamber is kept clean, which guarantees
greater reliability in the measurements and low
equipment maintenance. In a scattering photometer,
the scattering light is measured by employing a pho-
tometer detector. Giechaskiel et al. (2014) described
that the light scattering photometers measure the
scattered light from a combination of all the particles
present in the optical detection volume. The authors
emphasized that most commercial light scattering
instruments use visible light (~600 nm) and measur-
ing angles of 90°, 45°, or less than 30° (Hinds, 1999).
Particulate matter 2.5 micron: Particulate matter
less than 2.5 µm in size has been directly linked with
respiratory illness and infections such as asthma,
respiratory diseases including lung cancer as well as
cardiovascular diseases (WHO, 2013).

Materials and Methods

Justification of sample site selection

Nearly 70 % of the Indian population depends on
agriculture for their livelihood (Sahu, 2015). Sugar-
cane is the world’s largest crop grown in the tropical
and sub-tropical belt. In the recent past, India has
become the world’s second largest producer of sug-
arcane with approximately 350 million tons in 2014
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(ISMA, 2015). Due to lack of proper management of
ventilation in sugar factory amount of particulate
matter cannot escape from manufacturing unit area
and is often visible to the naked eye. Main source of
pollutant emission at sugar manufacturing work
place is crushing of sugarcane, bagasse fired boiler,
ash handling, sugar-packaging house etc.

Study area – This study is carried out in sugar
factories located in the state of Maharashtra. Four
factories were selected for the research work. Selec-
tion of the site is based on the pollution sources and
suitable measures taken for the control of dust/in-
door air pollution in existing infrastructure of sugar
units. As a baseline, one sugar factory was selected
with no measures for dust control. Other than this,
three sugar factories were selected as part of the
dust control measures undertaken by the industries.
Monitoring data from these factories were compiled
and used as baseline data for comparison of pollut-
ing and non-polluting industries. The factories
names are coded to maintain confidentiality due to
the sensitive nature of the matter. The present pro-
duction capacity of first mill is 3000 TCD sugar unit
and 15 MW cogeneration unit (Factory 1) taken as
control. The capacity of second mill is 4900 TCD
sugar unit (Factory 2), third mill has a crushing ca-
pacity of 7500 TCD (Factory 3) and last mill having
capacity of 5000 TCD sugar unit with 19.5 MW co-
generation unit (Factory 4).  However, this experi-
mental study is carried out in crushing season of the
sugar unit in 2022-23 and 2023-24. Pre-identified
sample location was taken for the study; these loca-
tions are identified based on pollutant sources,
source of emission and pollution control measures
installed. Sampling location consist of sugar cane
milling area, sugar packaging house/sugar house.

A customize portable air sampler (Model- AQM
900)  made by Instrumex India was used to deter-
mine particulate matter of size 2.5 micron (PM2.5)
which is sensor-based and lightweight using 900laser
scattering to detect particulate matter present in the
air. The AQM 900 air quality monitor is an inte-
grated environmental monitoring station with a set
of air quality sensors along with temperature & hu-
midity. The instruments of light scattering by an
ensemble of particles include dispersion photom-
eters, which measure the intensity of scattered light
in one or more angles. The portable sampler is in-
stalled at the breathing height of the workers in the
sampling area. Sampler having particulate matter
(size 10 micron and 2.5 micron) detection range from

zero to 1000 µg/m3.
At logging interval of 5 minutes, data is stored in

Fig. 1. Portable Air Sampler

the MicroSD card. Expressive samples were col-
lected for particulate matter 2.5 micron (PM2.5) over
a Period of eight hours in each of Sugar cane milling
area, and sugar packaging house.

The sugar mills selected for comparison have
adopted the following systems/ measures-

Factory 2 has installed dust collectors in the
sugar-packaging house and at the milling section,
covered conveyor belt and spraying nozzles have
been mounted as pollution control measures. 0.5
mm wide opening mouth with 7 kg pressure and
0.35 to 0.5 mm screening 60 nozzles were installed at
final mill that sprays 2 ton/hr hot water on bagasse.

For dust control, Factory 3 has added closed
sugar packaging room, separate cabinet for packag-
ing, as well as dust collection assembly in
sugarhouse area. The sugarhouse’s hoppers are cov-

Fig. 2. Illustration of components for a dust collection
system (Andrew et al., 2012)
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ered with stainless steel sheets. At the mill section,
Factory 3 has put up shade net for the bagasse con-
veyer.

Factory 4 used shade net for controlling air emis-

tions. Data collected from sugar industries is graphi-
cally represented in following figures. It is very clear
that there is a significant difference between the
PM2.5 values in mills with control measures as com-
pared to those without them.

sions from on sugar hopper. 50% of the hopper area
is covered by this shade net.

Fig. 3. Sugar hopper with hood and dust collector

Fig. 4. Shade net installed at factory 4

Table 1. Details of control measures installed at factories

Control measures

Unit Milling house Sugar packaging house

Factory 1 None None
Factory 2 Spray nozzles Dust collector

and covered
conveyor belt

Factory 3 Shade net Closed hopper system,
closed packing room &
dust collection assembly

Factory 4 - Shade net

Figures show that, factory 1 has PM2.5 ranging
between 125.64 µg/m3 to 269.75 µg/m3 without con-
trol measures while in factory 2, it ranges between
from 60.17 µg/m3 to 100.55 µg/m3 at mill section
with spray nozzle and  covered conveyor belt and in
factory 3 the range is between 90 µg/m3 to
127.45µg/m3 (shade net).

Fig. 5. Comparative study of mills with and without
control measures at Factory 1 & Factory 2 in mill
section

Results and Discussion

Four factories were selected for comparative study
of PM2.5 concentrations in locations with and with-
out dust control measure.

Real time sensor based monitoring completed for
08 hours at each location. Sampling reading were
saved in logging interval of 5 minutes. Average
reading of 08 hours shift taken for comparison of
PM2.5 value. Completely Randomized Design (CRD)
is the basic single factor design. In this design the
treatments are assigned completely at random so
that each experimental unit has the same chance of
receiving any one treatment. The data were ana-
lyzed by considering individual sugar mill’s data as
treatment and number of observations as replica-

In the sugar packaging house PM 2.5 values ob-
served 188.07 µg/m3 to 310.28 µg/m3 without con-
trol measures in factory 1 and 60.40 µg/m3 to 100
µg/m3 in factory 2 with dust collector system. Fac-
tory 3 shows PM2.5 values between 55.68 µg/m3 to
91.5 µg/m3 with Closed hopper system, closed pack-
ing room amd dust collection assembly while in fac-
tory 4 range is between 94.60 µg/m3 to 122.45 µg/m3

with shade net as control measure.
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Factory 4 respectively. Treatment means for sugar
packaging house for Factory 1, Factory 2, Factory 3
and Factory 4 are 252.57, 74.64, 72.96 and 108.50 re-
spectively. By using CRD calculated value of F and
Table value of F is estimated.

At the milling section calculated value of F is
26.4198 and table value of F is 3.52 estimated. It
gives calculated value of F is greater than table value
of F. There is significance difference between the
treatment means and it will show that there is sig-
nificant difference between PM2.5 values in with and
without control measures taken industry. Also
60.8435 is a calculated value F and 3.01 is a Table
value of F at sugar packaging house. It also shows
calculated value of F is greater than table value of F.
It means there is significance difference between the
treatment means and it shows that there is signifi-
cant difference between PM2.5 values in with and
without control measures taken industry at sugar
packaging house. Factory 1 is not having any air
pollution control and Factory 2 & Factory 3 is having
air pollution control units. As per calculation, Criti-
cal difference at milling section is 33.6675. The dif-
ference between Factory 1 & Factory 2 treatment
mean is 112.48 and Factory 1 & Factory 3 is 82.47. It
gives that, treatment means difference between
these factories is greater than critical difference and
pollution control measure at Factory 2 is more effi-
cient than factory 2 i.e. Spray nozzles and  covered
conveyor belt treatment is better than shade net for
controlling air pollution at mill section. Calculations
gives 31.8792 critical difference at sugar packaging
house. The difference between Factory 1 & Factory
2 treatment means is 177.93, Factory 1 & Factory 3 is
179.61 and Factory 1 & Factory 4 is 144.07. It shows
pollution control measure at Factory 2 & 3 is better
than Factory 4 at sugar packaging house.

Fig. 6. Comparative study of mills with and without
control measures at Factory 1 & Factory 3 in mill
section

Fig. 8. Comparative study of mills with and without
control measures at Factory 1 & Factory 3 in sugar
packaging house

Fig. 9. Comparative study of mills with and without
control measures at Factory 1 & Factory 4 in sugar
packaging house

Discussion

As per data calculation by Completely Randomized
Design analysis, treatment total for mill section is
1323.83 and treatment mean is 189.12 for Factory 1,
treatment total of Factory 2 is 536.50 & treatment
mean is 76.64 and Factory 3 is having 746.52 treat-
ment total & 106.65 treatment mean. For sugar pack-
aging house treatment totals are 1767.98, 522.47,
510.70 & 759.47 at Factory 1, Factory 2, Factory 3 and

Fig. 7. Comparative study of mills with and without
control measures at Factory 1 & Factory 2 in sugar
packaging house
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Conclusion

The PM2.5 value in Factory 1 at sampling location
where mitigation measures are not taken exceeds
the standard prescribed by NAAQS. Pollution con-
trol measures taken at Factory 2, 3 & 4 are effective
to control particulate matter 2.5 micron. Above re-
sults shows that spray nozzles and covered con-
veyor belt treatment at mill is most effective mea-
sure for controlling particulate matter. In addition,
installation of shade net is another method of con-
trolling particles at mill section but less effective
than spray nozzles and covered conveyor belt.
Closed hopper system and installation of dust col-
lector on sugar hopper are effective measures to
sugar dust in sugar packaging house. Use of shade
net is less effective as compared to these. This data
throws light on the particulate matter in indoor air
in sugar mills and also shows the comparison be-
tween different measures used for its control. It is
essential to control and maintain good indoor air
quality at the workplace in the interest of the work-
ers’ health.
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