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ABSTRACT

The objective of this study is Granite quarry dust predominantly present at quarry sites. Exposure to quarry dusts is a major concern to the quarry
workers and human beings. Lethal dust particles are detrimental to human’s health. Hence, it may be accountable for hematological alterations in
exposed community. This paper is a first to investigate the alterations of hematological parameters and to mimic silica dust implications in exposed and
control workers. A total 200 subjects were selected randomly and grouped as experimental (N = 100) and control (N = 100). Blood samples were
collected and used for hematological analysis. The study indicates that 84% of the quarry workers have 12-17 years of exposure to the quarry dust.
Significant alteration was observed among selected hematological profile of exposed workers when compared with their control groups. The levels of
total leukocytes (TLC) increased significantly (P < 0.0001) in both the groups exposed to quarry dust. Results of this study indicate that the quarry dust
particles insist inflammation in humans. A significant depletion was observed in red blood cells (RBC) in both exposed groups. Declined levels of red
blood cells could be due to inflammation. Increased levels of eosinophils were observed in exposed group. Analysis of hematopoietic system alterations
in quarry dust exposed workers are crucial to mimic the health effects of quarry dust, as biomarkers of quarry dust exposure, inventing a better and easy
diagnosis develop preventive standards and to measure epidemiological surveillance. Granite quarry management should take initiative steps to frequent

monitoring of their quarry workers.
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INTRODUCTION

The global burden of quarry industries is substantial; especially,
occupational hazards and illnesses in developing countries. In
most of the countries, the construction industry contributes
significantly to gross domestic product. It plays a vital role in
terms of socioeconomical development of the country. In the 19
century, crushed stone dust was reported as potential material of
choice for building durable roads and constructions. In due course
of time, trap rock, metamorphic rock and limestone, granite,
sandstone and shale were used for laying roads and other
construction sectors. These potential uses and high demand posed
to grew the industry'. The majority of local communities depend
on small scale quarrying to lead their livelihood?. Despite their
significant contribution, it has negative impacts on the health and
safety of the quarry workers are highly concerned®. Occupational
injury fatality rates are rise approximately two to five times in the
developing regions of the world, when compared to North
America and Western regions of Europe®. Mixing, disaggregation
and ambient nature, exposure to atmospheric surface and
segregation due to reduced particle size may induce physical and
chemical transformation with devastating environmental effects.
Silica constitute with 12% of earth’s crust, abundant in nature and
causes silicosis. Silicosis is one of the dreaded occupational
diseases®. Operators front end loaders, rotary drills, crusher and
truck drivers are prone to expose to stone dust®. During these
operations majority of the dust particles generated, visible,
invasive and potential to cause irritation among the workers and
neighbourhood’.

The quarry dust is a powder like adhesive substance, which
contains 76% of silicon oxide (SiO»), 10.4% of aluminium
trioxide (AL,O3), ferric oxide (Fe;O;3), calcium oxide (CaO),
magnesium oxide. As well as sodium oxide Na,O, potassium
oxide KO, titanium dioxide TiO,, lithium oxide LOI, clay, other
impurities®, asbestos lead, and airborne solids’. Mineral
composition as follows silicon oxide (SiO;), 76%, 10.4% of
aluminium trioxide (ALO3), and the rest 13.3 % share the
remaining minerals such as KO, Na,O, FeO, CaO, Fe,03, TiO,,
P,0s and MnO respectively'’.

Quarry workers are exposed to dust, due to their wide range of
activities at quarrying sites. Quarry dust generates mainly during
the quarrying activities, handling of raw materials, grinding the
clinker, blending and transportation!!. Dust particle sizes ranged
from 1 — 100 micro-meters in diameter and they may be airborne
depending on the size, origin and ambient conditions'?.
Respiratory system and gastrointestinal tracts are the possible
ways to enter the quarry dust particles into body. Quarry dust
particles are classified as inhalable or respirable based on the size
of the particles. If the particle size is PM10, categorised as
inhalable, which is deposited mainly in the airways and PM 2.5
then respirable, deposits in the respiratory tract especially in the
gas exchange area. Whenever these particles accumulated into
head and or lungs, they have the potential to cause detrimental
hazards either locally; consequently elsewhere in the body?. The
accumulated quarry dust particles could have an impact on the
physical and chemical properties of dust particles, as well as on
host. The physical properties of dust particles are such as particle
size, shape, density, surface area, penetrability, hygroscopic
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activity, electrostatic charge, and acidity or alkalinity of the
inhaled agent. Quarry dust particles could cause adverse effects
in host. The inflated concentration and duration of exposure to
quarry dust initiates a potential root of occupational disease
among quarry workers. According the environmental protection
agency recommended safe levels for PM10 and PM2.5 are 180
mg/m3 and 35 mg/m?® respectively. Similarly, it has been found
and reported that cement dust particles could be found in wide
range of body organs such as blood, liver, spleen, and bone. Thus,
cement particles could induce wide variety lesions'>!4,

In the recent past most frequently reported adverse symptoms are
cough, impaired lung function, phlegm production, alterations in
respiratory muscles'’, emphysema, bronchitis, bronchial asthma,
restrictive lung disease, chest tightness, skin irritation, stomach-
ache, inflammation and conjunctivitis'®. Moreover, dust of quarry
and related industries like cement also imposes atrophic
alterations in nasal and pharyngeal mucosa, itching burning,
tissue fibrosis, watery eyes, prostration, headache, lung cancer,
and stomach and colon cancers in extreme cases'”"'°.

However, few studies have been reported on devastating effects
of urban dust on cellular functions, impaired proliferation,
phagocytic activity and defence mechanisms®®, wooddust?!,
asbestosis??, dust storms?3. Quarry based industries are one of the
largest sectors and predominantly abundant with global
development. Quarry industries providing millions of job
opportunities globally. The point of worth to discuss is that
millions of workers have been waged on daily basis in quarry
industries. However, there is a lacuna in literature based on
haematological alterations as biomarker indicators to elucidate

RESULTS AND DISCUSSION

the adverse effects of quarry dust exposure in human beings. As
we know the haematological parameters play a vital role in the
basic immune system. Therefore, this study was aimed to
determine the detrimental effects of quarry dust on selected blood
parameters to mimic the potential effects in quarry workers.

MATERIAL AND METHODS

Haematological and biochemical parameters were analysed by
using commercially available kits. Measured variables included
red blood cell (RBC) count, white blood cell (WBC) count,
haemoglobin (Hb). All the procedures are approved by the St
Theresa international college, institutional animal ethics
committee (STIC/TH/PH/01/2019).

Primary data was collected by the author with the help of Thai-
native speaker through personal interactions with the subjects. To
acquire accurate and reliable data, author took all the
precautionary measures, apart from that caution and care were
taken while data collection. The author took all possible effort to
establish a friendly relationship with the quarry respondents. So
that the respondents do not feel hesitation to provide samples,
personal information and data. Prior to interview, the author
described the prime objectives of the study to each and every
quarry worker. Consequently, they were convinced that the
purpose of the study was purely a research and was not likely to
have any adverse effects or diminish their livelihood.

The experimental data was tabulated and statistically evaluated
by ANOVA with the help of SPSS version 22.0 package

Table 1: Distribution of male quarry workers based on the years of exposure to dust

Male Frequency Percent

Valid 0-2 4 4
3-5 5 5
6-8 5 5
9-11 10 10
12-14 24 24
15-17 40 40
17 and above 12 12

Total 100 100.0

Source: Field survey

In this study based on the primary data of quarry workers categorized into different groups based on their exposure to the quarry dust.
From the Table 1 demonstrates the years of exposure of workers. The study indicates that 84% of the quarry workers have 12-17 years

of exposure to the quarry dust.

Table 2: Distribution of female workers based on the years of exposure to dust

Female Frequency Percent

Valid 0-2 11 11
3-5 15 15
6-8 12 12
9-11 8 8
12-14 18 18
15-17 30 30
17 and above 6 6

Total 100 100.0

Source: Field survey

Table 2 demonstrates the years of exposure of female workers. The study indicates that 48% of the female quarry workers have 12-17

years of exposure to the quarry dust.
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Table 3: Hematological alterations due to silica dust exposure in both female and male groups

Parameter Control Exposed workers ANOVA

Hemoglobin 12.76 £ 0.35 11.71 £0.54 p <0.0001"
t=16.53

Hematocrit 37.54 +0.266 35.01 £0.75 p <0.0001"
t=31.90

Total leukocytes 6907.86 £ 46.40 8257.10 £ 99.86 p <0.0001"
t=123.03

Polymorphs 59.20+£0.51 62.97 £0.69 p <0.0001"
t=44.19

Lymphocytes 35.68 £ 0.68 33.41+1.37 p <0.0001"
t=14.80

Eosinophils 2.02+0.40 3.20+0.18 p <0.0001"
t=26.49

Monocytes 1.25+£0.17 1.65+0.24 p <0.0001"
t=13.43
Basophils 0.48 +£2.98 0.13+0.02 p=0.24
t=1.17

Platelets 2.05+0.15 2.46+0.12 p <0.0001"
t=22.01

Red blood cells 421+031 3.38+0.16 p <0.0001"
t=25.94

Table 4: Hematological alterations due to silica dust exposure in males

Parameter Control Exposed workers ANOVA
Hemoglobin 12.75+£0.35 12.18£0.25 p <0.0001"
t=8.94
Hematocrit 37.54+£0.29 35.58+£0.75 p <0.0001
t=20.30
Total 6907.86 + 46.40 8167.81 +£32.93 p <0.0001"
leukocytes t=165.94
Polymorphs 59.20+£0.51 63.40 £ 0.69 p <0.0001"
t=44.06
Lymphocytes 35.94 +0.68 32.19+0.29 p <0.0001"
t=29.19
Eosinophils 2.23+0.43 3.10+0.08 p <0.0001"
t=13.73
Monocytes 1.19+0.14 1.43 £0.07 p <0.0001"
t=10.56
Basophils 0.16 +£0.12 0.14+0.01 p=0.34
t=0.95
Platelets 2.02+0.15 2.47+0.12 p <0.0001"
t=13.42
Red blood cells 4.18+£0.44 3.46 +0.08 p <0.0001"
t=11.72

Table 5: Hematological alterations due to silica dust exposure in female

Parameter Control Exposed workers ANOVA
Hemoglobin 12.81£0.35 11.39+£0.36 p <0.0001"
t=19.80
Hematocrit 37.55+0.266 34.44 +£0.30 p <0.0001"
t=58.80
Total leukocytes 6908.92 £ 46.40 8346.39 £ 52.87 p <0.0001"
t=139.23
Polymorphs 59.20+0.43 62.55+0.67 p <0.0001"
t=29.43
Lymphocytes 35.41+0.22 34.64 +0.81 p <0.0001"
t=6.51
Eosinophils 1.81+0.22 3.30+0.19 p <0.0001"
t=35.30
Monocytes 1.31+£0.18 1.86 £0.11 p <0.0001"
t=17.79
Basophils 0.21+0.21 0.12+0.01 p <0.004
t=2.97
Platelets 2.08 £0.05 2.47+0.10 p <0.0001"
t=22.22
Red blood cells 4.23+0.04 3.16 £0.06 p <0.0001"
t=91.91
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Haematological parameters of this study were tabulated in Table
3, 4, and 5. Table 3 deals with pooled data of both male and
female, Table 4 represents the data of males in exposed and
control groups and Table 5 represents the data of female groups.
Table one represents haematological parameters of both male and
female groups. The levels of total leukocytes (TLC) increased
significantly (P < 0.0001) in both the groups exposed to quarry
dust. Results of this study indicate that the quarry dust particles
insist inflammation in humans. A significant depletion was
observed in red blood cells (RBC) in both exposed groups.

Declined levels of red blood cells could be due to inflammation
and theses conditions found in anaemia. Quarry dust may cause
anaemic conditions in the quarry workers. Haemoglobin,
haematocrit, lymphocytes were depleted significantly among
exposed quarry workers. This could be due to inhalation of quarry
dust which has silica and evidenced that our body intensifies the
immunological response against to silica dust; whereas total
leukocytes were increased significantly among the occupationally
exposed group when compared with their respective control
groups. The elevated levels of WBC in this study suggest our
immune system response against quarry dust allergy in our body.

Furthermore, reduced levels of RBCs were observed in
occupationally exposed workers to quarry dust. This in
aggregation with results of Mandal and Suva?*; found and
reported decreased Haemoglobin and elevated levels of
eosinophils in construction workers exposed to cement dust.
Decreased levels of haemoglobin could be due to stress response
of immune system to keep the normal range of RBCs, it leads to
significant increase in immature erythrocytes in blood. The
increased WBCs count suggests enhanced allergic response after
exposure to silica dust. Elevated levels of platelet count were
observed in workers exposed to quarry dust. Findings of this
study in agreement with Mojiminiyi>® and similarly reported
among the cement dust exposed workers in Nigeria. These
significant depletions and elevated levels of haematological
parameters clearly evidenced and revealed that the granite quarry
dust could alter the cell walls of blood cells. Alterations in
haematology could be due damaged RBC membranes, leads to
stress in haemolysis production, RBC from the spleen and
hypoxic conditions?*?’. Haematocrit plays an important role in
diagnosis of anaemia in mammals. The assessments of
haematological parameters play an inevitable role in
determination the devastating effects of quarry dust generated
occupational implications in quarry workers. It helps in
surveillance activities and establishes the consequences of the
quarry dust induced hazardous alterations in humans. Continuous
flow of exogenous and endogenous reactive oxygen species, leads
oxidative damage to cellular compounds and consequently alters
the cellular functions?®?°.

In this study the levels of haematocrit were suppressed
significantly in the quarry workers. These could be due to lower
levels of blood cells and evidenced that the haematocrit abundant
to anaemia in quarry workers. Total leukocytes increased
significantly in quarry workers of the all groups, it indicates that
they have infections, inflammations, oxidative and emotional
stress. Moreover, higher levels indicate especially our immune
system combating against to the infections. Continuous flow of
white blood cells may lead to abnormal cell production at last. As
a result, the levels of polymorphs (neutrophils) fluctuate in the
body. Prime role of the neutrophils is to defend the foreign body
which enters in to our body. Similarly, in this study the levels of
polymorphs increased significantly which means the quarry
workers are suffering with inflammatory stress in their body.
Raised levels of polymorphs could be due to bronchitis, tonsillitis,
polymyalgia rheumatica, polyarthritis, stress due to extensive

work and coughing due to percolation of dust particles, silicosis
and lithium. In the light of the above observations it is noticed
that due the inflammations, cellular damage and infections of
silica containing quarry dust particle substances harming the
hematopoietic system of the quarry workers. When our body
senses the trouble in the form of harmful substance or infection
in any part of our body it sends the signal to enhances the yield of
white blood cells. Polymorphs are main elements of white blood
cells, when white blood cells increase polymorphs increases.
Significant decrease in lymphocytes indicates the presence of
infections in the body (Table 3, 4 and 5).

Levels of eosinophils suppressed significantly in the exposed
groups; it could be due to eosinophilia. Elevated levels of the
monocytes and basophils indicate in response to chronic
infections due to quarry dust particles. Elevated levels of platelets
(Table 3, 4 and 5) indicate the ongoing inflammation abnormal
cells in bone marrow of the quarry workers, consequently it may
cause thrombosis. Mammalian haematopoietic system is known
to be susceptible to environmental toxicants because of extensive
synthesis of cell and apoptosis, its immediate repercussions are
increased metabolic demands’. So, mammalian haematopoietic
system can be used as biomarker in toxicological studies. Similar
findings have been reported on protective and preventive role of
haematological parameters in diseases related to oxidative
stress®!:32, Especially, erythropoietin ameliorates oxygen radicals
induced apoptosis®2.

Elevated levels of eosinophils in all the quarry dust exposed
groups when compared with the control groups. The results of the
in accordance with Conroy and Williams*, who demonstrated
that the increased levels of eosinophils are due to exotoxin
induced oxidative stress. Hypobromous acid induced oxidative
and DNA damages elevate the eosinophils®*. Hence the results of
this study suggest that quarry dust could induce inflammatory
mediated DNA damage and may leads to lymphocytosis in quarry
workers. Similar findings have been reported in cement factory
workers*30:36, Occupational exposures to dust containing silica
induce inflammation in specific argons namely dermal,
respiratory, and liver’’. Persistently exposure could progress to
granulomatous, fibrosis and even cancers in specific sites®”.

Health risks posed to quarry workers include particle size,
composition and concentration of the dust, deposition location
within the respiratory tract and the exposure duration3.
Deposition of the heavy metals may cause kidney and brain
damage and lung cancer®. Shortness of breath, chest pain, cough
and wheezing are indicative of the onset of silicosis. Silicosis
predisposes people to pneumonia, lung cancer and tuberculosis*.

CONCLUSION

The observed blood parameter levels of quarry workers suggest
that silica dust may imposes immense flow of exogenous and
endogenous reactive oxygen species, which leads oxidative
damage to cellular compounds and consequently alters the
cellular functions. Elevated levels of eosinophils evidenced that
long term granite dust particles induce exotoxins, consequently
oxidative damage may have taken place in cellular functions. The
findings of the study suggest that the long-term consequences of
quarry dust must be kept on surveillance. Granite quarry
management should take initiative steps to frequent monitoring
of their quarry workers.

Therefore, analysis of hematopoietic system alterations in quarry
dust exposed workers are crucial to mimic the health effects of
quarry dust, as biomarkers of quarry dust exposure, inventing a
better and easy diagnosis develop preventive standards and to
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measure epidemiological surveillance. Further studies need to
investigate the underlying phenomena of quarry dust induced
toxicity.
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