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Abstract
Introduction: This study stresses upon the importance of protecting the eyes from chemicals and particulate matter in the
atmosphere of our cities and the possible harmful effects this can have on adults and the future generations. Objective:
This study endeavors to point out the harmful chemicals and the presence of dangerous particulate matters in the air and
the possibility of its effects on the ocular functioning. Study Design: This was a cross sectional study. Setting: This study
was carried out in specific areas in Lahore, Pakistan. Time Duration: As it was a cross sectional study so the data was
collected in a 12 hour period in various specific areas of Lahore. Method: A purpose built monitoring device was used to
take pollutant readings at various sites in Lahore. Result: The levels of PM2.5, PM1 and PM10 were all above the WHO
recommended standards in all areas in Lahore. The heaviest concentration was at Data Darbar which is incidentally most
crowded area as well. Conclusion: There is heavy and constant exposure to the eyes of these particulate matters
especially the fine, PM2.5 chemicals which are highly injurious to the eyes in addition to the lungs, heart and the central
nervous system.
Keywords: Air Pollution, Dry Eye Syndromes, Environmental Pollution, Particulate Matter, PM2.5, PM1, PM10,
pediatric conjunctivitis.
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INTRODUCTION
Pollution is a problem in every country of the
world but the developing countries like Pakistan have
more problems due to poor infrastructures and little will
of the governments and the common people to take
responsibility. The particulate matter concentrations in
Pakistan are a serious hazard and a threat to future
generations [1].
The particulate matters are a mixture of solids
and liquid droplets. The PM2.5 is 2.5 micron in
diameter but has lethal effects on the lungs, heart,
Central nervous system and the eyes. The PM2.5
originates from burning of natural fuels such as coal or
wood car exhaust emissions are major culprits and it is
noted that the heavy trucks were the main source of
pollution in Delhi [2].
Although, every human being is vulnerable to
the ill effects of the particulate matters but the most
under threat are the ones at extremes of ages like the

very young and the elderly. People who have
preexisting pulmonary conditions such as asthma and
bronchitis and also cardiac problems are also in danger
if exposed to these particulate matters for a long time.
The W.H.O has issued guidelines regarding the
acceptable levels of PM2.5 in the atmosphere. The
acceptable level is a concentration of 25 µg/m3 in a 24
hours period. The environment protection agency of
Australia has categorized the ‗air quality‘ which
corresponds to different concentrations of PM2.5 in the
air. Anything above 60 µg/m3 in an hour of exposure is
termed ‗very poor‖ and is the last and the worst
category described [3].
Particulate matters which are larger like the
PM10 are also in abundance in the atmosphere. These
are 10 micrometers in size and are described as thec
PM2.5 in terms of their concentration in micrograms
per meter cube [4]. As they are larger in size, they are
called ‗coarse‘ particles as compared to the ‗fine‘
particulates such as the PM2.5. The PM 10 originates
from pollen, and again from un-burnt motor fuel and
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engine exhaust. These are released from industries as
well [5].
In Pakistan, the so-called ‗green belts‘ are a
major source of PM10 as these are not adequately
maintained and have no greenery on them and the only
thing they present is dust, which they contribute to the
surrounds in great numbers and are a big source of
PM10 aprticles. Pm10 can also cause major pulmonary
and cardiac ailments [6]. The recommended acceptable
concentration in the air of these PM10 particles is
50µg/m3 in a 24 hour period. According to the
environmental protection agency‘s air quality
guidelines, anything above 12 µg/m3 in one hour‘s
exposure, warrants to be labeled as ―very poor‖ quality
of air [7].

and mostly within the confines of the dwellings which
leads to a polluted atmosphere within the house and a
severe health hazard to the occupants of the rooms [8].

METHODOLOGY
This was a cross sectional study where the data
was collected at various randomly selected 16 different
sites in Lahore. A new multi item pollution monitoring
device (Life Basis DM 106 A) was used to measure the
pollutant levels. The device was reset and recalibrated
before taking readings from a new area. The device was
left in the atmosphere where the reading measuring was
going for 3 minutes for the pollutants to have a good
chance to enter the device sensors. There was random
selection of the areas to be monitored in Lahore and the
selection of the sites was only convenience dependent.
The readings were then entered into a table.

In our country winters are more troublesome
as indoor wood and kerosene oil are burnt for cooking

Picture-1: Selected areas in Lahore
https://www.google.co.uk/maps/@31.5335261,74.4090143,18482m/data=!3m1!1e3

RESULTS
The concentrations of the two important and
injurious particulate matters (PM2.5 and PM10) were
found to be more than the WHO acceptable levels in all
areas of Lahore included in this study. The average PM
2.5 levels were 79.4 µg/m3. In comparison the WHO
recommends a safe level of 25µg/m3. The measured
level is almost three times the safe level of PM2.5.

The highest level of PM2.5 was found in the
Data Darbar area (90µg/m3) and the second highest was
at Gawal Mandi area (85.5 µg/m3). The average of the
PM10 comes out to be 244µg/m3, whereas the WHO
recommendation is 50µg/m3 [8, 1]. The measured
amount being almost 5 times the safe limit described.
Again the levels at Data Darbar and Lakshmi areas
were found to be the highest at 330 and 340 µg/m3
respectively- 6 time the safe levels.
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Table-1: Measured various particulate matter concentrations in the atmosphere in Lahore
S/No Areas of Lahore
PM 2.5 µg/m3 PM 1 µg/m3 PM 10 µg/m3
1
Jail Road
73
199
265
2
Ferozepur Road
81
190
164
3
Lytton Road
80
164
196
4
MAO College
77
170
223
5
Kacheri
77
160
200
6
G.C.U
77
198
253
7
Data Darbar
90
259
330
8
Bhati Gate
80
200
268
9
Shahalami
84
203
247
10
Bansanwala Bazar 80
185
256
11
Gawalmandi
85.5
175
232
12
Lakshmi
80.3
263
340
13
Montgomery Road 79
200
256
14
Shimla Pahari
82
189
245
15
Davis Road
84
182
223
16
G.O.R 1
61
155
207

DISCUSSION
Particulate matters are present in a variable
concentration in almost all countries of the world. They
are more in the developing country where there are poor
infrastructure and the need for daily basic sustenance of
the family is the priority rather than regard for a clean
environment [9, 10]. In the developing world, the
governments have little will or awareness and desire to
endeavor to provide a clean and healthy environment to
its citizens. If they do have the intention to do so it is
usually obstructed by economic reasons or a lack of
infrastructure [11, 12].
Particulate matter are normally categorized as
‗coarse‘ particles which usually of 10 µm in diameter
and the other ‗fine‘ particles which are 2.5 µm in
diameter and smaller. For visualization of the size
involved, it is helpful to remember that the human hair
is from 70 to 100 µm in diameter whereas the dust
particle that you can see against the light is about 10 µm
in diameter [7].
An extensive Chinese study has reviewed 29
different research articles originating from China
between 2009 and 2016 into the sources of PM2.5. It is
evident from other international studies as well that the
main sources of PM 2.5 inside and outside of the house
are in the form of urban dust, coal dust, automobile
exhaust emissions, secondary organic carbon and
nitrates, smoke from biomass burning construction dust
[5].
An interesting fact that these researchers
highlighted was the fact that even inside the house the
concentration of the Pm2.5 was not too different from
what it was outside at that particular moment of time.
Therefore, the indoor/outdoor ratio (I/O) was up to
0.867. This they found in a dwelling of ‗normal
airtightness and without HVAC- filters (Heating,
Ventilating, and Air Conditioning) installed‖. The

pollution would rise inside the dwelling as the ambient
particulate matter concentration rose. Hence, the
recommendation, for properly fitted windows and doors
in buildings [12].
There are certain groups of people who are
particularly vulnerable to the adverse effects of these
particles. These are in the extremes of ages like the
elderly and the very young. However, people who have
respiratory, cardiovascular problems and diabetes are
also vulnerable. This is not to say that ordinary adults
are not are exposed to unusually large concentrations of
these particles as seen in the readings at The Data
Darbar in the present study. The W.H.O. has issued
guidelines regarding the allowable concentrations of
these particles in the atmosphere. If their concentration
rises, the incidence of serious health affects rise as well.
The level which is recommended is 25µg/m3 in the 24hour mean for the PM2.5 particulates and is 50µg/m3 in
the 24-hour mean for the Pm 10 particulates [13, 7].
Glancing down the measurement readings in
the table in this study, it is clear how polluted our
environment is especially in the Data Darbar area
(PM2.5 90 µg/m3).No area in Lahore at the particular
time of measurement was within the WHO allowable
limits. Although the GOR-1 area (61µg/m3) is
relatively better by 32% as compared to the Data
Darbar area, it is still below the WHO recommendation
of the PM2.5 concentration of 25µg/m3.
People who are constantly exposed to such
particulate matters such as the policemen on duty, who
have to stay put at a spot for hours amongst heavy
traffic, dust, fumes, and smoke will understandably be
liable to more eye infections. In addition to this
uniformed
personnel,
ordinary vendors,
and
shopkeepers without protective doors to their shops will
be exposed as well. Unfortunately, school children‘s
eyes will be exposed to all the smoke and fumes daily
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basis especially when they have to tread to and from
school. Corneal wound healing might be impaired by
PM2.5 effects in terms of inhibiting cell migration.
Infections may set in under these circumstances and
damage the eye further [9].

ones and also dioxides of sulfur and nitrogen with the
dry eye disease [11]. Researchers in Spain have found
out that climate does affect the integrity of the ocular
surface and tear stability as well. This could be due to
the warm climes in certain parts of Spain [13, 18].

The damage occurring to the ocular epithelium
may be due to the ‗autophagy‘ triggered by the PM2.5
particulate matters resulting in corneal cytotoxicity
[11]. Dry eye syndrome is a major problem in Asia
probably due to greater pollution problems. So that the
Asia Dry Eye Society (ADES) has issued a clear
definition of what constitutes dry eyes-―Dry eye is a
multifactorial disease characterized by unstable tear
film causing a variety of symptoms and/or visual
impairment, potentially accompanied by ocular surface
damage [14].”

Experiments in mice have revealed how the
particulate matters can damage the delicate structure
and functioning of the eye. The researchers were able to
show that a direct allergic conjunctivitis reaction was
induced by exposure of the eye to the pollution. This
resulted in an eosinophil Infiltration the upper and
lower palpebral conjunctivas and meibomian glands. It
was also noted that there were changes in the goblet cell
concentrations in the upper and the lower conjunctivas
[19]. Exposure to the air pollutants will lead to
immediate irritation to the mucous membranes of the
nose and also has the potential to cause allergic
conjunctivitis. Experimental exposure to these
particulate matters to mice resulted in an allergic
reaction which included eosinophil infiltration in the
conjunctivas of the upper and the lower palpebra and
the meibomian glands of both the palpebra as well [20].

Anyone who has dry eye syndrome will have
dry itchy eyes with a possible burning sensation and
this may give slight impairment in vision or
photosensitivity as well. The major problem with dry
eyes is due to the interruption or absence of the tear
meniscus at the lower lid margin giving dryness and a
scratchy feeling in the eyes. Tear osmolarity is changed
as well [15]. People living in Asia and also the elderly
seem to be more affected by dry eye syndrome [16].
Particulate matters such as the PM2.5 and
PM10 can cause irritation not only in the nose and
throat but in the eyes as well when it comes into direct
contact with the ocular surface epithelium. A person
who suffers from dry eyes already will be more
susceptible to their effects. It was reported by
researchers that ocular exposure to these particulate
matters in the mice produced an increased level of
TNF-α, NF-κB p65 (phospho S536), and NF-κB in the
cornea. These surface changes are the same as seen in
the dry eyes syndrome [17, 7].
Researcher have attempted to answer the
reason why there is an increase in IL-5 and IL-10 levels
when the eye surface is exposed to high concentrations
of the particulate matters (PM2.5) in the air. It is
suggested that this could be due to the fact that the eye
epithelium is responding immunologically to the
particulate onslaught resulting in the release of
cytokines or just that the ocular surface was adjusting to
the persistently high levels of pollutants in the air [16,
2]. Some other researchers have stressed also that the
corneal epithelium is damaged due to the fact that the
pollution interacts with the exposed surface and elicits
an immune response resulting in the release of
interleukin 8 with higher oxidative stress created due to
an imbalance of free radicals and antioxidants in the
body, which can lead to cell and tissue damage [10].
The Chinese researchers have reported a strong
association between the concentrations of air pollutants
like the particulate matters both the fine and the coarse

A distinct entity called the ―unspecific
conjunctivitis of unknown origin‖ (UCUO) may be due
to exposure to these pollutants. It is suggested that
children suffer from this in greater numbers and there is
a further association between this (UCUO) and heavily
polluted areas [21, 22]. In other experiments on mice,
the eyes were seen to be affected directly and resulted
in thinning of the epithelial layer of the central area of
the cornea and a decrease in the density of the goblet
cells. This was seen as a result of exposure to a heavy
concentration of particulate matter in the air [17].
PM2.5 causing DNA damage in the corneal epithelial
cells was suggested by another study from China but
the question, if this was due to long or short term
exposure, was left unanswered [9]. Particulate matters
are known to cause serious health problems leading to
slight irritation to the nose, eyes, and throat to more
threatening ailments like asthma, bronchitis, and heart
problems from arrhythmias to cardiac arrest. These
pollutants are more deadly to children. It is estimated
that there was a ―statistically significant 14% increase
in all-cause mortality for a 10-µg/m3 annual increase
in PM2.5‖ [19]. The impact of exposure to particulate
matter of 2.5 microns in diameter is serious enough to
lead to human premature mortality and is reported to be
the sixth largest risk factor for worldwide premature
deaths attributable to PM2.5 exposure [23]. Thus, major
causes of death (cardiac, pulmonary, or cardiovascular)
have been associated with prolonged exposure to
particulate matters [24].
International Agency for Research on Cancer
(IARC) has labeled particulate matters (PM) in the
atmosphere which cause pollution as ‗Group I
carcinogen’ which is done when there is ‘sufficient
evidence of carcinogenicity’ related to the chemical or
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material under question. Consequently, an increased
risk for lung cancer-related deaths (15%) was found to
be attributable to these particulate matter exposures
[12].

RECOMMENDATIONS
Tree Plantation can play a vital role in
combating climate change, which affects our city,
Improve air quality in Lahore, especially in thick
polluted areas, it has worsened in the last few years and
the sources of air pollution ranged from thermal power
plants, brick kilns, vehicles exhaust, several industrial
plants, cutting the trees, diesel generator sets, and waste
burning. No single source or sector alone can reduce the
current levels of PM10 and PM2.5 concentrations. The
US AQI deems a PM2.5 concentration of 60
micrograms per cubic meter in the air as ―unhealthy.‖
For the current levels of PM pollution in the city, the
health impacts analysis estimates 200,00 premature
deaths and 135,000 asthma attacks per year. The local
government of Lahore needs to develop an action plan
on urgent bases encompassing multiple sources and
include technological, institutional, and behavioral
interventions
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