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ABSTRACT

At construction sites, dust emitted during construction has been a serious problem for health and
the environment. Because the impairment of lung function by dust pollution had become an
un-ignorable issue after the 1980s in Japan, the use of powered air-purifying respirators and
regular dust measurements by digital dust indicator (DDI) have been required by law at

construction sites.

On the other hand, there is not enough awareness of health care at construction sites in
developing countries despite a high demand for tunnel construction. To avoid serious health
hazards, such as a case in Japan, the promotion of health awareness among workers and the
prevalence of dust monitoring are fundamental. However dust measuring and monitoring by
traditional techniques are expensive in these countries. Furthermore, the current dust measuring
methods have other problems, such as time consumption for data calibration because of variable

monitoring conditions.

The current status of the environmental specification/guideline in India, one of the
developing countries, is mentioned. The specification/guideline of developed countries,
including Japan, is mentioned for comparison. Actually, the specification/guideline for dust
control is not specified for construction work in India at present. Additionally, the
environmental requirements by government/authority are in confusion. Consequently, the
environmental monitoring and control plan issued by the contractor is not effective for
environmental improvement. The plan does not include the control/target value of dust
concentration. The plan does not show the implementing action regarding dust control. The

actual environmental condition is not improved at the construction site.

The project for dust monitoring using mobile phone was initiated at the Metro
construction site in India by the JICA team. The purpose of the project is to improve the
environmental condition. The actual environmental management was carried out based on dust
monitoring. The environmental training was provided at the construction site. The above
process shows the improvement of environmental management. As a key point, the technical

transfer work is important to the client and contractor and will be continued. The workshop
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regarding environmental management was held for representatives of the client, of the Indian

government, and other Indian Metros.

The most important item is to apply the environmental management system at the site.
After the JICA project, the contractor has applied the dust monitoring as required by the client at
the construction site. The method statement for dust monitoring was issued by the contractor.
Based on the measured dust concentration volume, dust masks are used at the construction site.
The instruction regarding dust measuring and dust mask usage has been carried out by the

contractor since August 2012.

The awareness campaign is effective for environmental management of construction
work. The installation of sign boards, the distribution of pamphlets, and the exposition training
were carried out. The awareness campaign is effect for improvement of environmental

management at the Bangalore Metro Project.

Some real problems were apparent in the case of dust monitoring by mobile phone at
the construction site of the Bangalore Metro Project. A dust monitoring system utilizing [P
cameras was developed to solve such problems. The process of developing the monitoring
system is shown in this study. The dust monitoring utilizing IP cameras will be applied at the
construction site. Application of the IP camera monitoring system makes measuring easy for
construction work. As the monitoring of dust concentration becomes standardized, the
protection of health with dust masks will result in better environmental conditions in developing

countries.

In this study, one process is shown for environmental improvement. For more
improvement of environmental management, this study can support the establishment of a

specification/guideline that is the same as in developed countries.
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Chapter 1
INTRODUCTION

1-1 Scope of study

At the underground construction site, dust emitted by construction has been a serious problem
for health and the environment. Because the impairment of lung function by the accumulation of
floating dust had become an un-ignorable issue after the 1980s in Japan, the use of powered
air-purifying respirators and regular dust measurements by digital dust indicator (DDI) have

been required by law at construction sites in Japan.'

On the other hand, there is not enough awareness of health care at construction sites in
developing countries, despite a high demand for tunnel construction. To avoid serious health
hazards, such as a case in Japan, the promotion of health awareness among workers and the
prevalence of dust monitoring are fundamental. However, dust measuring and monitoring by
traditional techniques is expensive in these countries. Furthermore, the current dust measuring
methods present other problems, such as the time consumption for data calibration because of

variable monitoring conditions (Photo 1-1).

Photo 1-1 Construction site of the Indian Metro Project



2 Chapter 1

For improvement of environmental conditions, Shinji suggested a new dust monitoring
method that utilized digital cameras to measure the dust concentration at construction sites’.
This method is improved by introducing innovative techniques such as smart-phone cameras,
because the performance of mobile phone cameras has improved extra significantly. In 2012,
this dust monitoring system using mobile phone was implemented at the Indian Metro
construction site’. Because the construction site was not underground, but an open cut tunnel
construction under sunshine, the dust monitoring chassis box was developed to get flash

pictures that are used for the internal processing to quantify the dust density.

The result of dust monitoring system using mobile phone shows that this method
needs some improvement of sustained accuracy for long-term monitoring and a flexible
calibration system for changing environmental conditions. The dust monitoring system usinig
mobile phone is explained briefly, and then its problems are clarified. Dust monitoring by video
image processing system and dust monitoring by IP camera® are presented as solutions to the

problems mentioned above.

In this paper, the basic mechanism for dust monitoring is shown first. Secondly, the
dust monitoring system using mobile phone is applied at the Indian Metro construction site. The
results and problems are shown in the paper. Thirdly, the improved monitoring systems that
employ video image processing and IP cameras are shown. As another point, the application and
management for environment preservation are most important in the developing countries. The
management system is also studied based on the environmental comparison of specifications

between developing and developed countries (See Photo 1-2).

Photo 1-2  Drilling work at the Indian Metro construction site



1-2 Organization of chapters

This paper shows the structure of this study as below.
Chapter1 INTRODUCTION

The scope and the purpose of the study are shown. It based on the previous study and current

status for dust management.

Chapter2 CURRENT STATUS OF ENVIRONMENTAL CONDITIONS AT THE
CONSTRUCTION SITE

The specification/guideline for dust management in developed countries is described first.
Secondly, the current status of environmental conditions in developing countries is described.

Finally, the comparison between developed and developing countries is shown.

Chapter3 CONSTRUCTION DUST MEASURING AND MONITORING BY USING
MOBILE PHONE CAMERAS

The mechanism of dust monitoring system using mobile phone is explained first. It was applied
at the construction site of the Metro Project. The question survey was carried out before and
after the project regarding dust monitoring. The results are described in this chapter.

Additionally, the problems are discussed, based on these results.

Chapter4 DUST MONITORING BY IP CAMERA SYSTEM BASED ON VIDEO
PROCESSING

The dust monitoring system using mobile phone is improved based on consideration of Chapter
3. The dust monitoring system the utilizes video processing is described first. Secondly, the dust

monitoring by use of IP camera, based on video processing, is described.

Chapter5 IMPROVEMENT AND SUGGESTIONS FOR ENVIRONMENTAL
MANAGEMENT

The improvement and dust control are mentioned in this chapter. The suggestions for effective

environmental management are based on the study of dust monitoring in Chapters 3 and 4.
Chapter 6 CONCLUSION
Total conclusions are mentioned, based on applied dust monitoring systems.

The organization chart of this study is shown in Figure 1-1.
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| [Chapter 1] Introduction |

v
[Chapter 2]
Current Status of Environmental Condition at Construction Site
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4
[Chapter 3]
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---------------- .
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Figure 1-1  Organization chart of this study

In this introduction chapter, the actual problem in the case of the Indian Metro project

and the scope of this study are highlighted as below.

Actual problem in the case of the Indian Metro Project

e No monitoring of dust concentration because of expense of dust detectors
¢  No site management for dust monitoring
e No specification regarding environmental condition, including dust monitoring for

construction work

Scope of this study

e Applied dust monitoring at construction site by use of dust detectors with low cost and
ease of handling

e Suitable site management to improve the environmental conditions based on dust
monitoring

o Suggested specification/guideline regarding environmental conditions for construction

work
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Chapter 2
CURRENT STATUS OF ENVIRONMENTAL
CONDITIONS AT THE CONSTRUCTION SITE

2-1 Why is dust monitoring necessary?

There are many types of dust particles existing in air, such as the exhaust from vehicles,
gyrating dust on roads, wind-borne dust particles, volcanic ash, fume from factories, ash, and
soot'. The long-term inhalation of these dust particles produces dysfunction pneumoconiosis,
which is defined as “diseases consisting mainly of fibrotic changes in the lungs due to inhalation

of dust” by the Pneumoconiosis Act in Japan, as shown in Figure 2-1a.

Figure 2-1b shows the parts of the respiratory system. Inhaled air moves to alveoli
through the trachea, bronchus, and bronchiole, and the oxygen is absorbed into capillary vessels.

In reverse, carbon dioxide is discharged into alveoli from capillary vessels.

Sprayed Conarete Dust

Nose

Trachea

Bronchus

Capillary vessel

Alveoli

Real lungs by the Pneumoconiosis
(a) The pneumoconiosis (b) The series of branching air tubes

Figure 2-1 The risk of the dust
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A dust particle that is inhaled with air is attached to different places, depending on its
size. Figure 2-2 shows the dust deposit rate for different parts of the body. Particles having a
diameter of greater than 10 pm are deposited within the cavity of nose and throat and brought
up with sputum. Most particles of approximately 5 um are deposited in the upper respiratory
airway passage and get into the throat by villous movement. Some particles are eliminated from
the body by sputum, and others remain in
the digestive system. However when the

100
inhalation volume is excessive or there is a

Total

functional deterioration in villous, dust 2
depositrate

particles can reach the alveoli.”> Dust

particles that range in size from 1 to 2 pm
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Figure 2-3 shows the route of o
. Digestive

dust entry into the body. The hardly (sonbie) organ
soluble dust particles in the alveoli enter Egestion | Airway Exhalation
the pulmonary interstitium by phagocyte (pouck)
and are deposited in the lymphatic gland.
It creates fibrous nodules more than Bloodstream Lung

0.5-1.0 mm size." In addition, hardly l L (insouble)

soluble particles are not excreted easily Target organ Retention

from the body and accumulate within v o
Pneumoconiosis

Intoxication &

long-term effect. On the other hand, v New formation
New formation

alveoli, which could result in a deleterious

fusible dust particles are dissolved in X
capillary vessels and eliminated gradually Figure2-3  The route of dust entry

after depositing in organs.

In Japanese regulations, the following materials are defined as dust that can cause
pneumoconiosis: soil, rock, minerals, abrasive, materials for glass and enamel, ceramic,
cobbling, diatom earth, talc, clay, carbon, cement, aluminium, sand, dried sand, slag cement, ash,

metallic spraying, arc welding, fly ash, and asbestos. The types of work that create mineral dust,



such as pulverization, mesh control, input to roasters embarkation, packing, and scraping, are
listed. Table 2-1 summarize types of pneumoconiosis caused by different inducing material. The
amount of dust that enters the alveoli and can become a trigger of pneumoconiosis, which is
called “inhalant dust”, is used to measure the influence of dust on health. The type of inhalant
dust and the relation to concentration are clarified by the Japan Society for Occupational Health.
Table 2-2 shows tolerable dust concentrations. In the case of the dust containing more than 10%
free silicon, the tolerable dust concentration is low, because free silicon has considerable

harmful effects on health.°

Table 2-1 Type of pneumoconiosis’

Causative agent

Type of prewmoconiosis

Clcoutrences

Free silicic acid

The wotkplace creates free silicic
acid more than 0%, metal tmine,
masor, firebrick, glass factony ete.

The workplace creates free silicic
acid more than 20%, casting, etc.

Typical

Stoneman’s
disease Atypical
Radizal

Sandblast, silica stone smash, dust
emigsion wotkplace ete.

Bilicate compound

Lung ashestosis

&shestos open, spitning, fabrication
of asbestos cement sheets ete.

Tale prewmoconiosis

Tale simash factory, tubber factory
ete.

Pyrophyllite preumocoriosis

Crucible factoty, ete.

Diatomite priewnoconiosis

Diatomite factory and mining

Aluminium &
Aluminium
cotnpoad

Aluminnam lung

Alumitmam powder factory, ete.

Alumina lung

Alumirnam rematufacture and
&lumitnam production

Compounds of iron

Welding prieumoc oo sis

Weldihg operation

Sintered sulfide lung

Calecination hauling

Pryrite prieumoconiosis

Aulfide mindng, ammonivm  sulfate
factory

Catbon

Graphite factory, electrode factory,

Graphitosis araphite mining

Cathon lung Ink factory atud carbon black factony
Activated coal lung Activated coal factory
Coal-minet’s lung Coal mine
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Table 2-2 Tolerable dust concentration®

Tolerable concentration (mg/m?)
Inhalation dust* Total dust™*

Dust type

Type 1 dust Talc, mellite, aluminium, alumina,
diatomite, mineral  sulphide,
bentonite, kaolinite, activated
carbon, black smoke

0.5 2

Type 2 dust Free silica acid, mineral dust,
ferric oxide, carbon black. coal,
zinc oxide, titanium dioxide,
Portland cement, marble, 1 4
absorption of dust, farina, cotton
dust, wood powder, hide powder,
cork powder, Bakelite

Type 3 dust Lime stone *, other anorganic and
organic substance

2
@0

At a tunnel construction site in Japan, the pneumoconiosis is more serious than other
industries, so that the dust measurement is particularly important. The dust measuring and
monitoring have been reviewed in Japan because of the pneumoconiosis matter. However, the
pneumoconiosis matter receives poor attention in developing countries in regard to the present

status of construction sites (See Photo 2-1).

In this chapter, the current status regarding dust measuring and monitoring at
construction sites is shown, with comparison of specifications between developed and

developing countries.

Photo 2-1 Drilling and blasting work at the Indian Metro station site
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2-2 Current status regarding dust measuring and monitoring at
construction sites

2-2-1 The case of Japan

The disadvantage of tunnel work is that dust is emitted during almost the entire construction
process. It caused serious problems for health and the environment, and then the impairment of
lung function by dust pollution became an un-ignorable issue. As shown in Figure 2-4, the
number of cases of impairment of lung function has been dramatically decreased by the
installation of dust measuring devices and the improvement of excavation technique and
ventilation systems. The risk of impairment of lung function, however, still remains at a

considerable level because of the increasing dust emission from excavation sites.

7000
6018

w6000 - m Total
O
§ 5000 - ® Construction industry
G .
o Tunnel construction
~ 4000 -
15}
e 4
£ 3000 -

2000 -

871
10007 433305 5420 25235 g
0

1981 1993 2005

Figure 2-4  The industry-classified number of pneumoconiosis’

To improve this situation, the Ministry of Health, Labour and Welfare revised
Ordinance on Prevention of Hazards Due to Dust Ministry of Labour Ordinance in 2007 and the
use of proper ventilation equipment and powered air-purifying respirators and regular dust
measurement by digital dust indicators are required at construction sites.'” Also “the guide for
the dust measurement at the construction work of tunnels” (2002), called just the “guideline,”
was amended and the target level of dust concentration was set below 3 mg/m’ at the point 50 m

from the tunnel face, measured by a digital dust indicator."

Several measures are taken at tunnel construction sites to achieve this target level. For
reduction or elimination of the amount of dust, the attention to dust sources, such as the
consideration of material selection and the introduction of ventilation and dust collection
equipment, have been encouraged. For example, the use of a dust reduction agent or coal ash for

shotcrete mix is suggested and implemented at tunnel excavation sites. In addition, an electronic
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dust collection machine'? and air curtain"® are provided to prevent diffusion of dust, and the
local ventilation system is installed to segregate and collect dust for treatment.'* Furthermore,
remote controlled concrete spraying machines and powered air-purifying respirators are

introduced for the protection of workers.

2-2-2 The case of India

Dust is a generic term used to describe fine particles that are suspended in the atmosphere.
Sources of dust emitted directly into the air are vegetation, burning of biomass, industrial and
construction of activities, and windblown particles (Photo 2-2a and b). Dust can be defined in
practical terms as anything, ranging in size from a few nanometer (nm) to a few micrometers
(um) in diameter, which can become suspended in the atmosphere. According to the British

Standard Code, dust is defined as a solid particulate matter (PM) 1 to 75 um in diameter".

. _ . B |
(a) An Indian city (b) Bangalore

Photo 2-2 Heavy traffic conditions in Indian cities

Dust can be particles that are emitted directly and secondary particles that are formed
by chemical processes in atmosphere Particle size is an important factor influencing the
dispersion and transport of dust in the atmosphere and its effects on human health. Particles less
than 10 pm in diameter, known as PM, are often inhalable, whereas particles less than 2.5 pm,
known as PM, s, are considered irrespirable. Particle size less than 10 um can cause concern
about health effects, whereas particles greater than 10 um are associated with public perception
and nuisance.'® PM,, is of more concern to human health because the particle can enter the
lungs, causing breathing and respiratory problems, with long-term health effects dominated by
cardiovascular disease and mortality. These particles also carry adhered carcinogenic

compounds into the lungs'” (See Photo 2-3).
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Photo 2-3 Bangalore city on dust condition

Construction dust is direct particulate matter that is emitted because of construction
work on the ground and is a big problem for health and the environment. In India, there is a
regulation that dust concentration during construction must be less than 2.5 mg/m’. '® However,
dust measuring, monitoring, and countermeasures have not been properly implemented so far,
because dust measurement is expensive. In India, the construction segment is the second largest
employer next to agriculture, and it employs approximately 10 million people. The annual
turnover of the construction industry is more than 6% of the national GDP. The construction
segment is one of the most vulnerable segments in terms of safety and health-related incidents
in comparison with the other sectors. Several research and engineering techniques have been

developed to provide dust monitoring measures at construction sites.

Where particulate matter is considered to be the main ambient air pollutant, two dust
fractions are commonly used in monitoring programs, the PMj, and the PM,s;. The PMy
includes particles with an aerodynamic diameter up to 10 um and PM, s represents particles with
an aerodynamic diameter up to 2.5 um. Aerodynamic diameter is defined as the diameter of a
hypothetical sphere of density 1 g/cm’ having the same terminal velocity in calm air as the

particle in question, regardless of its geometric size, shape, and true density.

The four main categories of dust are generated dust, total suspended dust, nuisance
dust, and fugitive dust nuisance.'® The scope of this study is measuring and monitoring of
construction dust that is generated by various activities at construction sites. To evaluate the

impact of dust on human health because of exposure to the dust or to investigate the
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effectiveness of dust control measures, one must have a method or methods for the evaluation of
dustiness. In this section, various dust measuring and monitoring methods have been reviewed.
Many methods to measure the dustiness at construction sites have been reported in the literature,
mainly particle mass based methods, particle count methods, particle light scattering methods,
and particle light absorption methods, utilizing measurements of mobility, chemical components,
and precursor gases. Particle count methods were developed to test air as it enters and exits
filters. Filter efficiency is the ratio of particles trapped by the filter to the total number of
particles found in the air upstream of the filter. Mass concentration methods, the simplest of the
dust measuring methods, determine the total weight of dust collected in a given volume of air.
In gravimetric methods, air passes through the instrument at a desirable rate of 2.5 litter/min
under the action of a diaphragm pump. Modern photometric (light-scattering) methods have the
major advantage of the addition of electronic circuitry that permits a combination of immediate
readout and integration over any chosen time interval. Hence, they can be employed for both

short-term and long-term sampling.
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2-3 Specification regarding dust measuring and monitoring in
developed countries

2-3-1 Japanese and Europe specification

Firstly, the specification applied by Japan for dust measuring and monitoring is mentioned. The
specification applied by Norway is mentioned as another comparison. The trend and basic

requirement in developed countries are shown in this section.

Guideline — Dust monitoring specification in Japan'’

(1) Abstract

The Japan Construction Occupational Safety and Health Association conducted survey
research on the dust the measurement methods at tunnel construction sites, the state of the
implementation of measures such as ventilation and sprinklers, and the tunnel construction
condition, as well as collecting the information about dust measurement methods in tunnel
construction sites and the basis of effective dust abatement measures at tunnel construction
sites. Furthermore, the educational materials for the ventilation concept in tunnel construction
sites and proper usage of mask were introduced by the Research Committee for Effective

Ventilation Techniques in Tunnel Construction Sites during 1998—1999.

(2) Introduction

The purpose of this Japanese guideline is to secure the safety and health of workers in tunnel
construction sites, as well as to dilute and to remove such hazards as gas dust, and exhaust
fumes from excavations, dispose of piles of debris, and apply shotcrete to facilitate the
establishment of comfortable working environments, by the establishment of standards for

dust concentration.

This guideline also shows the standard method to measure the dust concentration for
confirmation of the efficacy of provisions such as ventilation to implement in an effective and
efficient manner. In this section, the dust measuring and monitoring is abstracted from this
guide as shown below. Additionally, the suitable selection, use, and storage of respiratory
protective equipment are presented specifically to secure the operators health as well as to

prevent disaster in Japan.

(3) Guideline for dust measuring and monitoring

This guideline revises “the technical guide for ventilation at the construction work of
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tunnels-design and dust measurement” (2002) and is called “the guide for the dust
measurement at the construction work of tunnels” (2002), with the latest ventilation

techniques.

Because dust amount differs for the size and type of tunnel, the excavation conditions,
and the kind of the work, uniform measurement shall not be applied to all the cases. Further,
the new measures are required for the maintenance of the working environment in the tunnels
because of the introduction of large machines with diesel engines, which create more

hazardous gas and dust.

In “the guideline for the dust measurement at the construction work of tunnels” (2002),
the formulation of a dust measurement plan is defined as a determination of standardized limit
of dust concentration in advance, and the measures are required when dust concentration is
above the limit at the point of 50 m from the tunnel face to improve the work environment.
The standardized limit of dust concentration is determined as 3 mg/m’ (inhalable dust) based
on the site condition and the technical potential for improvement of the work environment
(Photo 2-4a) It also mentions that “In the case of the small face tunnel, where the criteria 3
mg/m’ is hard to accomplish, the standardized limit should be set as low as possible.” On
March 1, 2008, the guideline was revised as “In the case of the small face tunnel, where the
appropriate diameter and the number of ventilation tubing and the dust collection equipment
are not be able to be installed to achieve the criteria 3 mg/m’, the standardized limit should be

set as low as possible, and the data must be recorded.”

As “The measurement of — .
a) Ventilation condition
dust concentration to confirm the
efficacy of the countermeasures
such as ventilation,” the specific
procedures, such as measurement
plan that includes timing,
position, and duration, as well as
the measurement and evaluation
method for dust concentration, (b) Dust monitoring]

wind velocity, and air volume are

presented (See Photo 2-4b). Photo 2-4 Tunnel site in Japan
As “The use of respiratory protective equipment,” the appropriate method of selection,

use, maintenance, and check for the contact is presented specifically. As “Health and Safety

Education,” the specific content and method of special education for the workplace, dealing
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with dust and the appropriate use of masks, are presented.

(4) Formulation of a dust accident prevention plan

Before the tunnel construction work, a dust accident prevention plan, including dust control
machines, ventilation system, dust measurement to
ascertain the efficiency of ventilation, respiratory
protective devices, and industrial health education,

should be formulated.

Because dust generation status varies, depending
on the size of the tunnel, excavation method, the ground
condition, the operation process, the condition of
operation, and the dust generation situation, the

appropriate, comprehensive, and reliable measurement

should be taken.Therefore, this guideline suggests

-

Photo 2-5 With fan mask in

formulating a dust accident prevention plan in advance.

In addition, “target level of dust concentration”
is set to ascertain the efficiency of the measurement utilizing the dust control machines and
ventilation system. A dust accident prevention plan should be formulated to achieve the target

level of dust concentration, which is decided in advance (See Photo 2-5 and Figure 2-5).

Breath-Synchronized Air Flow System (BSFS) System Diagram

Figure 2-5 Fan mask mechanism"’

Guideline — Health and safety in Norwegian tunnelling”'

(1) Abstract

The general tendency in Norwegian tunnelling and other underground construction work

during the past 10—15 years is improved safety, whereas improved health could not be
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observed. The health aspect is a challenge that must be given increased attention. All types of
rock blasting work, including tunnelling and mining, have a high injury rate with a high
severity factor (See Figure 2-6). Demand for reduced construction times increases the
production intensity. The amount of air pollutants produced per time unit is increasing as well.
Countermeasures put into effect have positively influenced the exposure and safety situation
for the worker. Examples are new ventilation methods, better blasting agents and technology,
cleaner diesel engines and fuels, and general acceptance of the importance of systematic
health and safety work. There are still challenges concerning the work environment, especially
the chemical and physical factors, such as mineral dust, gases, noise, vibrations, and lighting.
Today, much attention is given to
health damage caused by diesel
waste gas (exhaust), but the
exposure to mineral dust is also

in focus.

(2) Introduction Figure 2-6 Exposure to pollutants21

Tunnelling, mining, and other underground work have always been seen as a tough trade. Dust,
gases from diesel engines and blasting, soot, oil mist, noise and vibration, radon and radon
daughters, different chemicals, rock falls, temperature and air humidity, uncomfortable
working positions, reduced light and visibility, danger of explosion, and traffic accidents are
typical, and put a heavy burden on the workers. Increased mechanization and automation have

reduced the physical loads but have increased the psychological stress.

The environmental precondition and requirements for tunnelling, mining, and other
work are continuously made stricter. Regulation issued during recent years increasingly set
stricter tangents for the general environment, as well as the external environment, stricter
administrative norms for allowable concentrations of pollutants in the air, and more rigorous
rules and regulations linked to procedures, methods, and equipment. Simultaneously the mass
media, environmentalists, action groups, and others continually focus on factors that may

influence the neighbourhood and the environment.

Transfer of knowledge and the understanding of new information are crucial factors
for the development of a before work environment aimed at improving the health situation.
This need applies to environmental loads linked to blasting/explosive, fuel/diesel oil, rock
types/mineralogy, dust, gas, chemicals, noise, water, temperature, radiation, and others.
Effects resulting from combinations of materials that affect people and the environment must

be put into focus, and relevant criteria and procedures for controlling/monitoring releases into
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air, soil, and water must be established. This requirement also includes grouting materials.
These materials must be safe to handle and use under the prevailing conditions that include

possible contamination.

(3) Experience with the work environment

The work environment is usually described as physical and chemical environmental factors on
one side and psychical and social factors on the other. There can be considerable differences
as to how individual employees experience their own work situation and work environment.

The experienced risk is often different from the actual risk.

The general development in tunnelling over the past decades has, in many ways,
positively affected health, safety, and environment (HSE). This positive change includes
increased interest and improved attitude and motivation for HSE work. The understanding of
the relation between production work and HSE has improved. Further, the legal responsibility

of top-level management has been made clearer and more transparent.

Improved explosives, blasting agents, and blasting techniques, more effective watering
of the muck-pile, increased use of electric energy, cleaner engines and fuel, more systematic
service and maintenance of equipment and roadways, and more effective ventilation methods
are all useful factors in improving the air quality underground. These efforts also affect
productivity and the economy in a positive way. Training and control functions are improved.

A motivated and determined management is necessary for this development.

Analyses of sick leave and rehabilitation efforts have, in recent years, improved the
understanding of health problems and methods to reduce the problems. Measurements of work
hygiene and product development in relation to protective equipment are important key

factors in preventing illness and personal injuries at work.

(4) Work environment and measures

The stimulation to a greater degree of technical and medical cooperation aimed at more
purposeful and cost-saving supervision and inspection procedures, both regarding prevention
technique and health services, will contribute to an improvement of the work environment in

line with the society’s general expectations.
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Because of the demand for reducing construction
time for tunnel projects, dealt with by increased
mechanization and productivity , the amount of air
pollutants produced per time unit is increasing. If the right
measures are not taken, the air quality underground may be
dramatically worsened and the workers highly exposed to a

variety of airborne substances (See Photo 2-6).

With reference to the work environment generally,

the chemical and physical factors such as dust, gas, noise,

vibrations, and lighting are very similar in the construction

Photo 2-6 Placement of

and mining industries. On the other hand, conditions f -
) sampling equipment on

related to psychological pressure or stress can be rather operator”'

more dominating in construction activities (tunnelling) than

is usually the case in mining. This difference has been confirmed in discussions with

employees with experience from both the construction and the mining industries.

Tight construction schedules cause an increasing amount of work to be executed
simultaneously behind the tunnel face. This condition may significantly worsen the air quality
and the work environment related to residual materials. When bolt hole drilling for permanent
rock support, concrete and carpentry work, cleaning of footings, infilling of roadway sub-base,
trench digging, piping works, and drainage take place concurrently with excavation activities,
it is obvious that reduced air quality and worsened general safety may easily result.
Particularly, activity in the completion phase can cause a “pile-up” of site clearance work,

including the removal of rubbish, literally giving a “messy” work situation.

The work environment and air quality at the tunnel face is only slightly affected by
increased activity behind the face. To obtain an acceptable work environment for the tunnel as
a whole, the working patterns in the tunnel should therefore attempt to eliminate or even out
the environmentally harmful activities over the building period as a whole, and also over the

shifts during the day.

(5) Chemical and physical parameters — particle pollution

Despite the introduction of dust-damping efforts and ventilation, particle pollution (mineral
dust, organic particles such as soot and oil mist) is a dominating air polluting environmental
factor in rock-blasting work. Investigations show occurrences of illness from dust in the lungs

(reduced lung function and lung diseases, among others silicosis). Since the early 1970s,
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testing and documentation of dust and other air pollutant have been carried out. This effort
includes sampling of dust, with measurements of quartz content and types of particles. The
objectives have been both a documentation of the level of exposure to dust for individual

workers and determination of the background level in different work situations and areas.

Investigations show that the threshold limit values (TLV) are reached more frequently
in tunnelling than in mining. This development is especially linked to differences in the quartz
content in the dust, but it is also linked to the fact that the work intensity in tunnelling

operations often is higher than in mining.

The content of alpha-quartz
in the dust from the tunnels varies
from 0% to more than 50%.
Investigations indicate that the
danger of silicosis must still be
regarded as real in a number of

tunnelling situations. Therefore, it is

necessary to  use  available
knowledge and information to check Figure 2-7 The relation between TLV and the
and apply preventative efforts, quarts content in dust”'
together with regular and proper health supervision of the employees. The TLV for rock dust

depends on the quartz content as shown in Figure 2-7.

Based on the above principal, the “administrative norms,” which represents limits for
acceptable concentrations of gas, dust, and fumes are determined by the Directorate of Labour
Inspection. The norms are set from medical, technical, and economical evaluations. An

overview is given in Table 2-3.

Table 2-3 Norwegian administrative norms for acceptable concentrations*
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The limits are normally given as the highest acceptable average concentration over an
8-hour work shift. Higher concentrations are allowed as short-time peak values (aggregate
time with high concentration less than 15 minutes per shift), if compensated by lower

concentrations during the rest of the shift.

(6) Developments and possible future problem areas

In the following, a summary is given of a number of other relations that are important, or will

become of importance, for HSE work:

e HSE work must be become an activity with equal priority as planning, progress,
and economy.

e HSE “Safety Delegates” are an important and positive resource. They must be
better utilized.

e More information on the use service value and limitations for various types of
protective equipment, e.g., personal protective equipment against gases, dust,
noise.

e  Methods for control, monitoring, and sampling vary greatly in frequency, content,
and quality relating to both medical and exposure research studies. Gas and dust
monitoring instruments give different results with parallel measurements. Different
types of spirometers/lung function meters may give different volumes with poor
quality assurance and lack of meaningful calibration. Different procedures for
spirometry, standing or sitting, will give different results, as may different software
for the calculation of results from lung function measurement. Equipment and
procedures must be homogenous and harmonized, including calibration routines for
both medical and technical monitoring.

e Concrete spraying and grouting work are very demanding work operations
underground. Use of protective equipment and optimization of operations must be

improved.

The industry is confronted with many difficult and challenging HSE tasks linked to
underground work. However, the industry has competent workers and leaders who will ensure
that the laws and regulations required for conforming to the environmental standard will be

complied with through a collective and responsible effort.
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2-4 Specification regarding dust measuring and monitoring in
developing countries

“The Air Prevention and Control of Pollution Act” was established on 1981 as the first

environment guide in India. However, there is no specification regarding dust control for

construction work at present. The Indian government has paid attention regarding the

environment because of air pollution in India’s large cities. The Specification National Ambient

Air Quality Standards (NAAQS) regarding air pollution was issued on 2009. The NAAQS is

shown at Table 2-4.

Table 2-4 Environmental specification in India (NAAQS 2009)

Pollution Size Indian Standard WHO Standard
PM 10 Average per year 60pg/m’ 20pg/m’
Average per day 100pg/m’ 50pg/m’
Average per year 40pg/m’ 10ug/m’
PM 2.5 2 per y Heg : ug :
Average per day 60pg/m 25ug/m

The limitation value of the Indian specification shows two to three times that of the

World Health Organization. The current status and limitation value are shown in Figure 2-8.

Dust CGoncentration (PM10) in Indian Urban Gity (Average per year)

(Average per year)

Indian Standard

WHO Standard

Reference : Central Pollution Control Board (CPCB) (2011-2012)

Figure 2-8  Concentration of PM10 in Indian cities per year'®
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2-5 Comparison of specification and application for construction
work between developed and developing countries

The comparison of administrative norms between developed and developing countries is shown
in Table 2-5. In Table 2-5, Japanese and Norwegian specifications are mentioned as developed

countries and the Indian specification is mentioned as a developing county.

Table 2-5 Comparison of administrative norms between developed and developing

countries
Atr pollution Construction Remarks
PM2.5 PMI10 site
Developed Country 300 3wy 3
(Japan) 35ug/m 10pg/m less than 3 mg/m
Developed Country 2pgim’ | d0pgim’ 10 mg/m’ total dust (all dust < 10pm)
(Norway) Hem e 5 mg/m’ respirable dust (75% of all dust < 5pm)
WHO 25pg/m’ "V | sopg/m® ") —
Developping Country . X T
I(and.i : 3 60pg/m® "V | 100pg/m® Y | No specification

*1) Average per day
*2) Average per year
*3) Standard value by EU
As shown in Table 2-5, the administrative norms for construction work are not specified

in India.

The actual applicable condition is completely different between developed and
developing countries. A high risk exists in developing countries because of a lack of

appreciation regarding pneumoconiosis.

Air control is required for construction works in India. The requirement by the client

of Indian Metro Project is shown below.”
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Client Requirements except from “Conditions of Contract on Safety, Health and Environment”
Chapter - AIR MONITORING

[ )

Construction activities that will generate dust impacts include excavation (including
related activities), material handling and stockpiling, vehicular movement, and wind

erosion of unpaved work areas.

The impact of fugitive dust on ambient air pollution depends on the quantity generated,
as well as the drift potential of the dust particles injected into the atmosphere. Large
dust particles will settle out near the source and smaller particles are likely to undergo
dispersal over greater distance from the sources and impeded settling. SPM levels will be

monitored to evaluate the dust impact during the construction phase of the Project.

The Air Quality Monitoring and Control Plan (AMCP) in contract-specific Site
Environmental Plan prepared by the Contractor shall establish procedures to monitor
impact air quality and measures to control air pollution including dust suppression due to
construction activities at work sites. This plan shall contain description of activities that
will cause degradation in air quality, environmental procedures to manage pollutants to

minimize the air pollution, monitoring program, record keeping and reporting.

“Environmental Monitoring and Control Plan,” including the Air Quality Monitoring and

Control

Plan has been issued by the contractor as environmental manager before

commencement of construction work. The plan shows dust control and air emission as an actual

action plan by the contractor as below.” For reference, the plan is attached in Appendix-1.

Control of Dust & Air Emission except from “Environmental Monitoring and Control Plan — Air
Quality”

Using proper equipment shall control air emissions & machines equipment maintenance

should be carried out at regular interval.
Every day morning before the site operation starts sprinkle water to the entire site.

While transferring the fine aggregate/metal in dumpers make it sure that it is covered

with tarpaulins in order to control the dust and maintain free board at least 300 mm.

The point where the cement is transferred or mixer shall be covered with Gunny bags or

plastic sheet in order to prevent the accumulation of cement dust particles.

While sprinkling the water, the quantity of water used should not exceed that what is
required to control the dust and the concerned person should make it sure that the water

used should not affect the Housekeeping of site.

The Engineers working at site & Safety personnel should make it sure that the sprinkling

is done in a proper manner.
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e Every two hours this cycle should be continued so that dust can be under control.

e If possible landscaping should be carried out with minimum cost since grass can prevent

dust. This can be practiced looking into the soil conditions of the site.

e Sprinkle water on top of the metal/coarse aggregated which will also help in settling the

dust while transferring metal for concreting/ batching Site/Plant/crusher.

e The approach road to the site can also be watered using sprinkler system to reduce the
dust.

e The top of the fine aggregate/sand can be sprinkled with water in a mild way to ring

down the dust under control.

The monitoring method/procedure with the trigger value of dust concentration and the
countermeasure items for protection against pneumoconiosis are not specified for construction

work at present in India (Photo 2-7).

Photo 2-7 Environmental condition at a construction site in India
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2-6 The application to improve the environmental condition in
developing countries

Dust monitoring is required based on the specification/guideline for preventive action regarding
health protection at the construction site. However, it is not adequate to use the monitoring
method and apply the specification from developed countries. At first, the suitable monitoring
method, including monitoring equipment, shall be selected for easy control and low-cost
performance to adjust the site condition. Secondly, the site environmental management shall be
established to instruct engineers and train the workers. The most important point is to adjust the
site condition. In addition, explanation and demonstration on the client side are required to
expand the use of environmental control. As the effective action regarding environmental

improvement, the awareness campaign is shown in this paper.

The principal procedure for environmental improvement is shown in Figure 2-9. The
dust monitoring and site management is suggested as a partial example for environmental

improvement.

Technology
(Monitoring Technology, Monitoring Method)

‘ ‘ < Application, Modification, Improverment

Management
(Ste Monitoring, Ste Management)

‘ ‘ ¢ (Ost performance, Training application

Awareness Gampaign
(Wide saope, Project saope)

¢ COnsideration, Future suggestion

Suitable and applicable spedfiction in developing country

Figure 2-9  Principal procedure for environmental improvement



28 Chapter 2

Reference

1) T. Nagoya: Omoshiroi kona no hanashi, (Nikkan Kogyo Shinbunsha), p.9, 1991, (in
Japanese).

2) C. Yoshii, Y. Morimoto and M. Kido: Welder's Pneumoconiosis -Pulmonary Disease
Caused by Inhalation of Welding Fumes-,Earozoru Kenkyu, Vol.20, No.3, pp.238-242, 2005,
(in Japanese).

3) T. Nagoya: Influence on health of dust and the trend recently, SAFETY DIGEST, Vol.55,
No.4, p.12-19, 2009, (in Japanese).

4) Japan Association for Working Environment Measurement: Shintei sagyou kankyou
sokutei no tame no roudou eisei no chisiki, p.25, 2005, (in Japanese).

5) T. Sano: Funjin niyoru syougai, Proc. of the 22th Annual Meeting of the Pharmaceutical
Society of Japan, Vol.12, No.3, p. 173, 1966, (in Japanese).

6) T. Nagoya: Omoshiroi kona no hanashi, (Nikkan Kogyo Shinbunsha), pp.199-203, 1993, (in
Japanese).

7) Japan Association for Working Environment Measurement: Shintei sagyou kankyou
sokutei no tame no roudou eisei no chisiki, p.47, 2005, (in Japanese).

8) Japan Society for Occupational Health: Kyoyou noudo tou no kankoku, Sangyo Eiseigaku
Zasshi, Vol.51, pp.98-123, 2009, (in Japanese).

9) Ministry of Health, Labour and Welfare: Zuidotou kensetsukouji ni okeru funjin taisaku ni
kansuru guideline, p.2, 2008, (in Japanese).

10) K. Kimura, H. Yamada and R. Enjoji: Dendou fan tsuki kokyuuyou bougogu no seinou ni
kansuru jikkenteki kenkyu (dai 2hou), Sangyo Eiseigaku Zasshi, Vol.44, p.422, 2002, (in
Japanese).

11) Ministry of Health, Labour and Welfare: Zuidotou kensetsukouji ni okeru funjin taisaku ni
kansuru guideline, p.8, 2008, (in Japanese).

12) N. Suzuki, T. Higashi and M. Komata: Performance evaluation of the side installation type
air recycle system in a road tunnel, Proc. of Annual conference of 2004" the Japan society
of mechanical engineers, pp.421-422, 2004, (in Japanese).

13) T. Hagiwara , K. Yamada, Y. Sorime, N. Kenmotu and K. Naitou: Atarashii tunnel kussaku
houhou no torikumi (sono2) Kiriha syuujin kanki housiki niyoru funjin guideline no tassei
jisseki, Proc. of 57" Annual Conference of the Japan society of civil engineers, Section VI,
Vol.57, pp.371-372, 2002, (in Japanese).

14) The Japanese Geotechnical Society: Sangaku tunnel kouhou no cyousa-sekkei kara sekou
made, (The Japanese geotechnical society), p.116, 2007, (in Japanese).

15) British Standard: Characterization of air quality glossary, BS6069-2, 1994.

16) Environmental Protection Department in India: Environmental Performance Report, 2007.



29

17)

18)

19)
20)

21)

22)

23)

Ministry of Environment and Forests Government of India: Dust and Emission Report,
2006.

Ministry of Environment and Forests Government of India: Central Pollution Control
Board (CPCB), 2012.
HTTP:/WWW.KOKEN-LTD.CO.JP/ENGLISH/KTECH_BRPAPR.HTM

Japan Society for Occupational Health: Zuidotou kensetsukouji ni okeru kanki gijutu
shishin, Japan Society for Occupational Health, 1991, (in Japanese).

Norwegian Tunneling Society: Health and Safety in Norwegian Tunneling, (Norwegian
tunneling Society), Publication No.13, 2004.

Bangalore Metro Railway Corporation: Conditions of Contract on Safety, Health and
Environment, 2007.

CEC - SOMA - CICI JV FOR Bangalore metro project: Environmental Management Plan
— Environmental Monitoring and Control Plan Air Quality, 2012.



31

Chapter 3
DUST MEASURING AND MONITORING
BY USING MOBILE PHONE CAMERAS

3-1 Background

Dust is a generic term used to describe fine particles that are suspended in the atmosphere.
Sources of dust emitted directly into the air are vegetation, burning of biomass, industrial and
construction of activities, and windblown particles. Dust can be defined in practical terms as
anything, ranging in size from a few nanometres (nm) to a few micrometres (um) in diameter,
which can become suspended in the atmosphere. According to the British Standard Code, dust is
defined as a solid particulate matter (PM) 1 to 75 pm in diameter (BS 6069-2). Dust can be
particles that are emitted directly and secondary particles that are formed by chemical processes
in the atmosphere. Particle size is an important factor influencing the dispersion and transport of
dust in the atmosphere and its effects on human health. Particles less than 10 um in diameter,
known as PMy,, are often inhalable, whereas particles less than 2.5 pum, known as PM, s, are
considered respirable. Particle size less than 10 pum can cause concern about health effects,
whereas particles greater than 10 pm are associated with public perception and nuisance.' PM,,
is of more concern to human health because the particles can enter the lungs, causing breathing
and respiratory problems, with long-term health effects dominated by cardiovascular disease
and mortality. These particles also carry adhered carcinogenic compounds into the lungs.> A

comparison between particle sizes is shown in Figure 3-1.

Ccomparison between Dust size and Human hair

Human hair: Average 70pum PM2.5: Particle size less than 2.5pum
(1pm=0.001mm)

PM10: Particle size less than 10pum

Reference: USEPA

Figure 3-1 The comparison between particle sizes (PM10, PM2.5)"
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Construction dust is direct particulate matter that is emitted because of construction
work on the ground and is a considerable problem for health and the environment. In India,
there is a regulation that dust concentration during construction must be less than 2.5 mg/m’.
However, dust measuring, monitoring, and countermeasures have not been properly
implemented so far, because dust measurement is expensive. In India, the construction segment
is the second largest employer next to agriculture, and it employs approximately 10 million
people. The annual turnover of the construction industry is more than 6% of the national GDP.
The construction segment is one of the most vulnerable segments in terms of safety and
health-related incidents in comparison with the other sectors. Disease and fatality rates are
significantly increasing because of improper monitoring at construction sites. Therefore, safety

and health consciousness should be comprehensively addressed.

Several research and engineering techniques have been developed to provide dust
monitoring measures at construction sites. Recently, at construction sites in Japan, digital
camera-based methods for dust measuring were introduced. These methods have been further
improved by introducing innovative techniques that utilise mobile phone cameras, because the
performance of mobile phone cameras has improved significantly. Shinji® initially developed a
handy and quick dust monitoring method by using mobile phone camera techniques to measure
the dust concentration at construction sites. In this method, a mobile phone camera, instead of a
digital camera, is used to take a flash picture and calculate dust concentration immediately. This
new method is more economical, easy to perform, and has a high correlation with digital dust
indicators (DDI).
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3-2 Introduction

The objective of this study is to investigate the implementation of a mobile phone camera-based
dust measuring technique to plan and execute the dust management system at a construction site.
This case study was carried out at the Bangalore Metro Project and funded by the Japan
International Cooperation Agency (JICA) as Special Assistance for Project Implementation
(SAPI).” The developed methodology was implemented for monitoring at the Bangalore Metro
Station (Photo 3-1). This method was found to be quite useful to the workers at the construction
site, who took precautions based on the levels of dust concentrations. The mobile monitoring
system was calibrated and validated against the traditional DDI method to assure statistical
validity. The result of this measurement was also displayed on a colour panel at the construction

site, so that workers could take required precautions accordingly.

In this chapter, the mechanism and site application and management regarding dust

monitoring system using mobile phone is shown.

(a) Site view

(b) Drilling work

Photo 3-1 Construction site with dust at the Bangalore Metro Project
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3-3 Dust measuring mechanism
3-3-1 Use of flash photography

Smartphone

For dust measurement, an Android smartphone with camera and flash is used for taking flash
photos, and the Android OS is used for image processing and calculating dust concentration. In
this study, the HTC Desire HD phone by HTC Corporation was selected. It has dual LED flash
near the camera lens, which is able to capture scattering light from the dust particles. Figure 3-2

shows the HTC Desire HD, and Table 3-1 lists its specification.

Figure 3-2 HTC Desire HD phone

Table 3-1 HTC Desire HD specification

HTC Desire HD
Camera resolution 8-megapixel
Flash Dual LED flash

White balance Fixed
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Black panel

A matt black sprayed panel is used as a background for the flash photographs to pick up the dust
particles, as shown in Photo 3-2. The size of the panel is wider than the photo area, and the
panel is sprayed with the matt black colour to reduce reflected light. Considering the reflected
light influence, the distance between the black panel and the smartphone is set at 1.5 m. Table

3-2 shows the specifications of the panel.

Photo 3-2 Black panel installation

Table 3-2 Black panel specification

Size 0.6x 1.2m
Material Polystyrene foam

Coating material Water-based emulsion black (matt)




36 Chapter 3

Flash photographs

Figure 3-3 reveals the comparison of flash photographs and the measurement data by DDI. The

photographs become brighter with increasing dust concentration.

Dust concentration 0.8mg/m’ Dust concentration 2.8mg/m’
Dust concentration 5.0mg/m’ Dust concentration 6.2mg/m’
Dust concentration 8.4mg/m’ Dust concentration 9.4mg/m’

Figure 3-3  Flash photographs of dust concentrations

The DDI was installed 1.3 m above the floor and 50 m away from the tunnel face, as
described in the guidelines. The photographs were taken near the indicator and were
synchronised with the data obtained by the indicator every minute. The accuracy of the indicator

is shown in Table 3-3.
Table 3-3 Specification of digital dust indicator

Digital Dust Indicator SIBATA, LD-3K2

Dust concentration conversion factor 0.002mg/m’/cpm
Measurement accuracy +10% of constituent particle
Measurement sensitivity 1CPM = 0.001mg/m’
Measurement range 0.001 ~10.00mg/m3
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3-3-2 Dust concentration measuring system using ANN techniques

Dust concentration can be measured by use of artificial neural network (ANN)* techniques.
Figure 3-4 presents a dust concentration measuring system that utilises an ANN. This process
mainly consists of flash photographs as input, and these photographs are used for estimating the
average and variance of feature values. These values are considered as input parameters for the

input layer in the ANN. The detailed processes are described below.

Figure 3-4 Dust concentration measuring system using ANN techniques

Prepossessing

In the photographs taken by the smartphone, each pixel is represented by three values: Red, ry;
Green, g;; and Blue, b; (RGB). To simplify further processing, each RGB value is transformed
into greyscale and scaled from 0 to 255 (256 levels in total) by application of Equation (3-1).”
The resulting values comprise a matrix a;; with # rows and m columns, where » and m represent

the matrix size. Thus,
ay.=0.2989><r,j+0.5870><gy.+0.]140><b,j 3-D

Feature extraction

In the dust monitoring system (DMS) process, the average and variance of luminance values are

calculated by Equations (3-2) and (3-3), respectively:
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_ ] n m
a= a, (3-2)
nxmZ; o
PENNEE N Zm:(a—a.‘)z (3-3)
nxmi= !

Artificial Neural Network

The relation between dust concentration and scattering light is complicated because of the
variability of the amount of scattering light captured by the camera. Therefore, an ANN was
adopted in this study to measure the dust concentration. An ANN is a computational system
inspired by the structure, processing method, and learning ability of a biological brain. Such
systems are used to address problems that are intractable or cumbersome with traditional
methods. ANNSs have two primary features: machine learning and pattern recognition. They can
learn from the data and deal with unseen data based on experience (generalisation).’ The details
of ANNs are described below.

(a) Multilayer perceptron (b) Interconnecting network

Figure 3-5 ANN model
(1) Multilayer perceptron

An ANN consists of a number of interconnected processing units, commonly referred to as
neurons or neurodes. Each of these neurodes receives input signals from other neurodes to
which it is connected, and each of these connections has a numerical weight associated with it.
ANNSs have two main types of models: multilayer perceptron and interconnecting network
(See Figure 3-5).

A multilayer perceptron is composed of multiple layers that are connected to each
other. Its leaning function enables it to place input data into appropriate output. However, it

was proved to be limited by the fixed increment rule, which is the principle that the leaning
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function cannot ‘learn’ all cases,” and the use of the multilayer perceptron has decreased. It is
still used in areas related to brain science, such as biology, and a supervised learning system
known as back propagation was devised.® Nowadays, it is used in the fields of economics,

speech recognition, and image recognition.’

In this study, a dust measuring system utilising a multilayer, perceptron-type ANN
with a back-propagation learning algorithm was considered. The principle of the system and

back propagation are explained below. Figure 3-6 illustrates the concept of neuron movement.

Figure 3-6  Unit model

Equation (3-4) shows that the neuron input is equal to the summation of input data x;times the

interpreted weight w; minus a threshold value (/4):

z =f(2w,x, —h) (3-4)
i=1
The function value is the output, which is 0 or 1. For the post processing, the dust

concentration is 0.0 mg/m’ when the output value is 0 and 10.0 mg/m’ for an output value of
L.

(2) Back-propagation algorithm

The ANN is composed of the expansion of these neuron movement concepts, and the
multilayer perceptron is formed in an input and output layer plus intermediate layers called
hidden layers (Figure 3-7). In the multilayer perceptron, the input pattern is weighted and
transformed by certain rules into the output result. Because it creates only particular results,
some adjustment methods are used to produce the desired output. Back propagation, which is
the one of the representative methods, is a supervisory signal method. Through the learning
signal, which can be obtained by the discrepancy between obtained and desired output
combined with modification by weight and threshold value, it can deliver a satisfactory output

value.
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Input layer Hidden layer Output layer

Figure 3-7 Multilayer perception

Nt/

o e e o o -

"
I
1
| R

Layer n-1 Layer n (output)

Figure 3-8  Supervisory signal and learning signal

As shown in Figure 3-8, each output layer sends a different learning signal to the
layer before. The learning signal from unit 7 in the output layer is expressed as Equation (3-5)

by use of the output value and the supervisory signal:
o =(d-X")f"(u") (3-5)

The learning signal ;" from unit 7 in layer # to layer n-1 is obtained by the following Equation
(3-6):

5;’1 — fl(u;1)251:1+1Wv1::—1,n (3'6)
k
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Therefore, learning signals from layer »+/ to unit i in layer n» are summed and
multiplied by weight. By multiplying the differentiation of the network function, the learning

signal is calculated. The change in weight is
n,n—1 _ NG n—1 nn—1
AW ) =nol X7 +aAW (1 =1) (3-7)

W'"'(t) represents the change in weight between unit j in layer n-/ and unit i in layer » and
AW"'(t—1) for the previous calculation. The value 7 is the learning rate and is related to
the speed of convergence. However, this relation does not mean that a larger # makes the
learning speed faster. The value a is a stability constant defined by the previous change in
weight and has an effect on control of the vibration of convergence. Both # and a are given as

positive real numbers. The weight is modified as shown below:
AW (D) =W () + AW (1) (3-8)

As described above, each unit constantly receives a signal that is weighted by the
corresponding threshold value from the unit output 1.0. Therefore, the changes in threshold

values are obtained from Equation (3-9):
AR (t) =no] +adh](t—1) (3-9)

with the learning signals from Equations (3-5) and (3-6) and from Equation (3-8).

Thus, the equation for the modification is
AR (t+1)=h"(t)+4h'(t) (3-10)

By repeating these processes, the error becomes smaller. The method to find a local minimum

of the sum of squares of the errors is called the steepest descent method.
Determination of the ANN structure

The multilayer perceptron obtained by the back-propagation method is selected for the ANN
in the DMS-S. The details of the ANN structure and the parameters must be determined.
However, an underestimated value causes inadequate learning, and the generalisation
capability would be stopped by an overestimation.'’ Because there is no established design
theory, these values need to be selected based on the situation.' In back propagation, the
global minimum of the error function is explored by the steepest decent method. The steepest
decent method is essentially designed to find the local minimum, and there is no guarantee for

the global minimum.
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More layer numbers and more unit numbers create more local minimum numbers.
However, the global minimums become increasingly likely to fall into the local minimum of
the error function as layer number increases. Generally, the pattern identification ability
increases with increasing numbers of layers and units. If the local minimums are similar to the
global minimum, it is not a big deal in terms of pattern identification. In actual calculations,

these numbers are determined by trial and error.

(3) The unit number of input layer and output layer

In the case of pattern identification of words, figures, and images, the number of input layers
is determined by the dimension number of the feature vector required for each unit. The
pattern identification ability increases with increasing dimension number; however, such
increases increase the possibility of falling into the local minimum. In the DMS-S, the unit
number is defined as 2 because two different feature values are input from the flash
photograph. The number of units in the output layer is set to 1, which is equal to the output

pattern number.

(4) Interlayer number and interlayer unit number

An ANN that does not have an interlayer can only solve linearly separable problems in the
hyperplane, the same as the simple perceptron. Pattern separation ability increases with the
number of interlayers. Pattern classification in arbitrary feature vector space becomes
available when 2 interlayers are used.'> The learning convergence improves but there is less

flexibility to infer data reversely.

“h‘/ ‘ \\\\ v ‘!-
OE——=0)

Figure 3-9 ANN model with 2 hidden layers
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In the DMS-S, with 1 to 2 interlayers and 1 to 10 units in the interlayers, the
optimised structure is considered. As shown in Figure 3-9, the interlayer is denoted as H1, H2
from the input layer side. When there are 2 interlayers, the unit numbers in H1 and H2 are
considered the same because, in many cases, these numbers are the same and can be

distinguished only by the pattern identification."

Learning by ANN and the evaluation

Flash photographs connected with the digital dust indicator data are used as the measurement
data. They are divided into learning data and test data. Test data are converted to the dust
concentration by an ANN established by learning data and the correlation function of the
converted data. The data from the digital indicator shown in Equation (3-11) are calculated to
evaluate the DMS-S:

> (-, - )
p="— (
Z(xi_f) %

i=1

Os

), (3-11)

where x is the sample average of dust concentration by the DDI,
y is the sample average of the converted dust concentration,
o is the standard variation of dust concentration x by DDI, and

o, is the standard variation of the converted dust concentration y.

The correlation function p is expressed between 0 and 1.0, where higher values mean higher

accuracy.
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3-4 Case study of mobile phone-based dust measurement systems

Bangalore City is the capital city of Karnataka State in India and occupies an important position,
not only in the state but also in the country. It is considered as one of the major industrial,
commercial, and educational centres in southern India. Urbanisation in India is most rapid
around the national capital and state headquarters. The city of Bangalore is no exception. The
city has the dubious distinction of being the fastest growing metropolis in the country. Similarly,
the vehicular population has been increasing tremendously, leading to traffic congestion and
uncertainties in travel time for the commuter. To mitigate these problems, mass transit for
Bangalore has been started under the responsibility of the Bangalore Metro Rail Corporation
Ltd (BMRCL). Figure 3-10 shows the route map of the east-west corridor of the Bangalore
Metro Rail Alignment Phase 1. The red colour alignment shows the underground corridor and

the blue alignment shows the elevated corridor.

(a) Overview
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Underground section
East-West corridor

(b) Detail view and photo

Figure 3-10 Bangalore Metro map

3-4-1 Characteristics of the study area

For the present study, the Vishveshwaraya Station (Figure 3-10), also called the Central College
Station (Km 8.78), of the east—west corridor of the Bangalore Metro Project Phase | has been
considered. Figure 3-11 presents the station plan for construction of the Central College Station.
In this study, four locations were identified to measure the dust concentration and are

represented in Figure 3-11.
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Location 1 Office Location 2 Location 3

Figure 3-11 Dust monitoring site at the Central College Metro Station

3-4-2 Calibration and validation of the dust measuring system

A traditional digital dust measuring instrument, the SIBATA Digital Dust Indicator LD-3K2
model (Photo 3-3) dust monitor, was equipped with a laser that measures the relative
concentration of respirable particles through the intensity of scattered light.'"* Before monitoring
each day, background and span checks were conducted to remove filled air in the detector, to
compare the measured value accuracy of the light scattering plate. The relative concentration of
SPM with size less than 10 um in diameter was measured every minute and expressed as count
per minute (CPM). A dust measuring system developed from a mobile camera requires
calibration before collection of real data. For this purpose, the photos taken in a dust box
(Figure 3-12) were synchronised with the DDI, the calibration process was conducted for
calibration and validation of DMS values, and correlation analysis was performed. This process

is discussed in subsequent sections.

Photo 3-3 Dust concentration measurements by DDI
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a) Calibration of the dust measuring system

Correlation analysis was carried out between dust concentration measured by mobile phone
camera and dust measured by DDI to show the degree of correlation among values obtained
by both these techniques. For this analysis, 108 samples were collected simultaneously by
using both techniques. The sample collection of dust concentration data is spread over
various time periods, such as morning, afternoon, and evening hours, at four different
locations within the study area represented in Figure 3-11. The correlation between the dust
concentration by mobile phone (mg/m’) and dust concentration by DDI is presented in
Figure 3-12. A highly positive correlation (R = 0.94) exists between the dust concentrations

measured by the two techniques.

Figure 3-12 Correlation of dust values obtained by mobile phone camera and DDI

Further, regression analysis was carried out to understand the relation among the
dust concentrations measured by these methods. The estimated regression model coefficients
for the collected sample are presented in Table 3-4. The sign of the estimated coefficients of
the variable is positive, which indicates that the dust concentration measured by mobile phone
showed a positive contribution to the DDI value. Based on #-statistic values (greater than 1.95),
there is a significant relation among these values. The estimated R values were as high as
0.88, which indicates that the uncertainty explained by these values is very high (88%). Also,
the observed F-value is high (799.284), and significance of the P-value is less than 0.005. This
result emphasises that the dust concentration values observed by mobile phone camera are
significant. Further, these values were validated on statistical grounds by using the standard

t-test and F-test. These tests are discussed in the following section.
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Table 3-4 Coefficients estimated by linear regression analysis
Coefficients Standard Error t-State P-value
Intercept 0.118 0.148 0.797 0.427
DMS (mg/m’) 0.945 0.033 28.272 0.000

b)

Validation of the dust measuring system

Further validation of dust concentration data obtained by the mobile camera method was
validated against the DDI dust concentration values. Mainly, these values are statistically
validated by considering the Student’s #-test for significance of difference between the means
of observed DDI values and DMS values. The F-test is also considered for validating the
significant difference in variance of observed dust values obtained by both instruments. The

method of estimation of these two statistical tests is discussed below.

The t-statistic value is estimated using Equation (3-12) to assess the statistical
validity of the mean relationship between the dust measured by mobile phone (DMS) and
DDI:

= KT X (3-12)
s, S,
+7
Na Nm

where x, and x,, the mean values of dust concentration, are measured by mobile phone
and DDI, s, and s, are the variances of DMS and DDI dust concentration measured
values, and N, and N,, are the sample sizes of DMS and DDI values. It can be observed from
Table 3-4 that the 7-value obtained by Equation (3-12) is less than the #-critical value for the
5% level of significance, which is obtained from the standard ¢ table. This emphasises that
the dust values measured by mobile phone have no significant difference from dust values

measured by DDI.

Similarly, the F-test value has been estimated using Equation (3-13) to assess the

statistical validity of variance between the dust measured by mobile phone and DDI:

F= (3-13)

|2
3 '\:|th

where s’ and s’ are the standard deviations of observed and modelled PSR values,
respectively. As observed in Table 3-5, F-values obtained by Equation (3-13) are less than
the F-critical value for the 5% level of significance, which is obtained from the standard

F-table. This observation suggests that the dust concentration values obtained by the mobile
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phone camera are statistically significant.

Table 3-5 Statistical summary of validation results of dust measuring

Dust values
Measured by Mobile
Phone

Dust Measured by

DDI Student t-test F-test

Average | Variance | Average | Variance | t-Value | t-Critical | F-Value | F-Critical

3.370 8.418 3.304 8.530 0.168 1.990 0.993 1.410

3-4-3 Data collection

After validation of the DMS, it was used in the present cut and cover Metro construction site.
The developed DMS was difficult to use
directly under the sunshine. To overcome this
difficulty, a new dust monitoring chassis box
was developed to measure the dust
concentration, as shown in Photo 3-4. The
dust monitoring box was kept open to unify
the dust concentration before taking the
measurement. Then, the box was closed and a

flash photograph was taken in the dark box.

Photo 3-4 Dust monitoring system
For the present study, data were consisting of chassis box with

collected in the four locations represented in mobile phone camera

Figure 3-11. A total of 48 days of dust data were measured in the months of September, October,
and November in 2011. Dust was measured in four different time periods of each day: 9:00 AM,
11:00 AM, 2:00 PM, and 5:00 PM. At each time, 4 dust samples were collected. The average
concentration for each time period was estimated for each sample for each location, and the
average of the concentrations was considered in the analysis and decision making for an action

plan. The sample sizes collected for the various locations are presented in Table 3-6.

Table 3-6 Dust measuring location and sample size collected

SI.No Name of the Location Sample Size
1 At Location 1 120
2 At Location 2 83
3 At Location 3 118
4 Near Site Office 124

Total Sample 445
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3-4-4 Results and discussion

The dust concentration data measured at all three locations were analysed and a summary of
statistical parameters (such as mean, median, kurtosis, and skewness) for all locations were
estimated and are presented in Table 3-7. This statistical information regarding the dust
concentration is very useful for showing the central tendency and variability of the dust
concentration at the measured locations of the study area during working hours. The table shows
that the mean dust concentration at Location 3 is marginally higher than that at the other
locations. Similarly, the standard deviation for this section is higher, with a value of 1.78 mg/m’.
The kurtosis value provides a measure of the ‘peakedness of dust concentration. Location 1 has
a higher kurtosis value and indicates high peak values and less variability than at other locations.
The particle size distribution of Location 3 is a little wider than the dust influence at Locations 1
and 2. Dust collected over the entire sampling interval was low; however, when the dust
concentration included that for the interim drilling time, dust exposure increased. Further, to
discuss this scenario in detail, additional and repeated measurements of dust concentrations is
necessary. Based on the observations, it is recommended that the workers should wear masks

with watering filters during drilling at the locations.

Table 3-7 Statistical summary of the dust concentration measures at the study area

Statistical Parameter Location 1  Location2  Location 3 Combined
Mean 1.84 1.91 2.05 1.97
Median 1.33 1.36 1.56 1.36
Standard Deviation 1.63 1.62 1.78 1.75
Kutosis 7.83 7.08 5.55 5.60
Skewness 2.14 2.09 2.03 2.01
90™ % Dust Concentration 3.40 4.0 4.20 4.20

The probability distribution of the particle size of the dust concentrations at individual
locations and the combined data are presented in Figure 3-13 and Figure 3-14. The figures show
that all the distributions are skewed to the right. The cumulative distribution shows that the
median value (at 50%) is almost the same in all the locations and is approximately 1.4 mg/m’,
except at Location 3, where it is approximately 1.60 mg/m’. The 90th percentile of dust
concentration levels are crossed at a lower safe limit of 3.0 mg/m’. This observation can be
simply explained by the fact that, out of 20 measured samples, two samples of dust
concentration levels exceed the lower concentration level at all three locations. Therefore, the
observed results strongly suggest that the workers should at least use simple dust masks while

working at any location.
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Figure 3-13 Average particle size distribution of samples collected in each
location at Central College Station
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Location 1 Location 2 Location 3

(d) Location map with monitoring results

Figure 3-13 Average particle size distribution of samples collected in each
location at Central College Station

Average DustConcentration (mg/m3) at Central College Station

Frequency Cumulati

Figure 3-14 Combined average particle size distribution of samples collected
at Location 1, Location 2, and Location 3
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3-5 Environmental assessment and dust monitoring allocation

The BMRCL’s Safety Health Environment (SHE) manual®® stipulates that the contractor shall
take all necessary precautions to minimise fugitive dust emissions from operations involving
excavation, grading, and cleaning of land and disposal of waste. The contractor already
submitted and obtained approval for an air quality monitoring programme at the beginning of
the project. According to the manual, the summary of the contractor’s monitoring programme

for air is shown in Table 3-8.

Table 3-8 Summary of contractor’s monitoring programme for air

Parameter Air
Samplin RSPM, SPM 24-ours of the day CO:12hrs
ping from 8:00 to 20:00hrs

Two 24-hour Samples every fifteen days at

Frequency at Each location uniform intervals

To be determined by the Contractor based on

Location . ..
air sensitive receptors

Number of Locations

2 locations

Duration of Monitoring by Contractor

During Civil Construction

Additional Requirements

Ad hoc monitoring as required

Based on the above summary of the contractor’s monitoring programme for air, the

dust monitoring team made a specific environmental assessment with allocation for a DMS for

the Central College Metro Station construction site, as shown in Table 3-9.

Table 3-9 Specific environmental assessment with allocation for a dust monitoring
system for the Central College Metro Station construction site

Parameter

Dust Monitoring System

Sampling

Floating Dust

Frequency at Each location

Four times. 9:00, 11:00, 14:00 and 17:00 in
each location

Location

Soil excavation place, Rock excavation place
and near the office

Number of Locations

4 locations

Duation of Monitoring by Contractor

During Civil Construction

Additional Requirements

Ad hoc monitoring as required

3-5-1 Contractor’s environmental management system

According to the contract requirement, the contractor shall establish an environmental plan,
including dust monitoring, after the awarding of the contract. The objectives of the dust

monitoring can be summarised as follows.
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e Measure the dust concentration at the site.

e Inform the workers on the site about the concentration.

e  Take action, depending on the dust concentration.

e  Provide dust monitoring system practice to carry out normal operations at the work
site.

e Create awareness that dust management is prevention of workers’ future health
problems.

e  Strive to continuously improve dust management skills.

(1) Environmental work practices/procedures

All work items at the site shall be performed with proper working procedures in terms of SEH.
The objective of the safe work practices/procedures is to eliminate, or reduce to a minimum,
the risk of death or injury to persons and damage to properties and assets during the execution

of the work. Major items of safe work practices/procedures are listed below.

Permit to work
Excavation works
Transportation
Working at height
Electrical work
Crane operators
Welding and cutting

Fire prevention

A R BRI

Handling of chemicals

_
e

Noise control

—_—
—_—

Dust control

._
N

Waste management

(2) Site environmental performance

Despite the above mention of dust control, there is no mention of monitoring and the JICA
team did not find any indication of inspections for dust monitoring or actions for dust control.
Environmental dust monitoring should be conducted to protect workers’ health and, in
high-dust-concentration situations, actions for dust should be immediately taken. The major

items of site environmental dust performance are listed below.
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Daily dust monitoring by SHE engineer

Education on actions regarding the dust concentration
Environmental dust induction talk for newcomers
The accuracy check of DMS by JICA team

Site inspection by SHE engineer

AR e

(3) Environmental awareness training and programmes

The objective of environmental training and programmes is to equip personnel with the
knowledge, skill, and attitude that will enable them to perform their duties of dust monitoring.

Major activities of environmental dust awareness training and programmes are listed below.

1. Training for site SHE engineers
Training on DMD

Wearing dust mask training programme
Dust monitoring drill

Lifting equipment and tool tackles inspection and awareness

ISANERANE

Environmental dust awareness programme

3-5-2 Environmental management activities with dust monitoring

The environmental management activities with the DMS at the Central College Metro Station

are evaluated and selected in terms of the following aspects.

e Inclusion of dust monitoring effectively as part of environmental activity

e Improvement of environmental awareness, both for contractors and for workers, to
build an advanced working environment

e Improvement of environmental control techniques through the execution of dust

monitoring

Based on the above evaluation items, the following activities are selected for the
execution of environmental management activities with the DMS at the Central College Metro

Station:

1. Environmental DMS induction talks to BMRC, contractor, and worker
2. Daily dust monitoring and inspection with DMS

3. Environmental training by medical doctor regarding the risk of dust

In the method statement for the excavation at the Central College Metro Station, the

above activities were specified with detailed required procedures.



56

Chapter 3

3-5-3 Execution of safety management activities with dust monitoring

(1) Environmental DMS induction talks to the contractor

a) Approach

Dust monitoring and its environmental activities are new to the contractor. The presentation

and discussion on environmental DMS induction were conducted for the BMRC and the

contractor’s engineers to provide an understanding of the DMS. (Photo 3-5). The following

items were explained and discussed.

Target of the DMS

The risk of dust

Contents of the DMS

Site arrangement of dust monitoring
Trigger values of dust monitoring

Action plan for colour changes

Photo 3-5 Presentation of environmental DMS induction

An environmental DMS induction talk to all workers at the site was given by the

JICA team using the sign boards shown in Figure 3-15. The explanation was in the Hindi

language (Photo 3-6).

The risk of dust

The colours show the dust concentration at each place

‘Yellow colour’ means ‘wear a simple dust mask’

‘Red colour’ means ‘wear a filter dust mask’

Drilling workers face high-dust-concentration situations, so they should always

wear an electric fan dust mask



57

Dust Concentration
Color
0~3.0mg/m3

6.0~mg/m?

- Filter Dust
Mask

Figure 3-13 Actual action plan

Photo 3-6  Environmental DMS induction talk to workers

b)  Results

Usually, no information is given to site workers about site monitoring issues, the role of the
report for colour changes, or detailed action for dust. Therefore, these activities had
considerable effects in raising environmental consciousness and improvement of dust

monitoring techniques for the BMRCL, the contractor, and the workers.

(2) Daily dust monitoring and inspection with DMS
a) Approach

Daily dust monitoring and inspection with the DMS was conducted with the BMRC, the
JICA team, and the contractor during the excavation stage at the Central College Metro
Station (Photos 3-7 and 3-8).
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Photo 3-7 Daily dust concentration check sheet at the Central College Metro Station

Photo 3-8 Daily site walk with the BMRC, the contractor, and the JICA team
b)  Results
Through these activities, the following effects were observed.

e Improvement of environmental awareness was achieved
e  Technical discussion and advice were given

e  Environmental team spirit between the BMRC and the contractor was developed
(3) Environmental training by medical doctor regarding the risk of dust

a) Approach

The contractor and the workers did not recognise the risk of dust. To enhance the awareness
of dust risk, a medical doctor was invited by the dust monitoring team to provide

environmental training (Photo 3-9).
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Photo 3-9 Environmental training with a medical doctor at the Central
College Metro Station

b) Results

All drilling workers (4 people) began to wear electric fan masks everyday. The following

observations were made during the evacuation drilling, as show in Photo 3-10.

e  Workers understood the risk of dust and the meaning of dust monitoring
e The medical doctor’s talk was very effective in raising environmental awareness

about dust and improving environmental attitudes

Before training After training

Photo 3-10 The workers’ condition before training and after training

3-5-4 Environmental information for the site

A website was created at http://cistup.iisc.ernet.in/~osvbng/, where the data from the dust
monitoring programme have been uploaded and are available with a password at

http://cistup.iisc.ernet.in/~osvbng/osv.html. Dust monitoring has been done using two systems.
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A backup of all the dust monitoring data from .... to Jan 2012 has been uploaded at the
Center for Infrastructure, Sustainable Transportation and Urban Planning (CiSTUP) website in
the Indian Institute of Science (IISc), Bangalore, India. This website was continuously accessed
on a daily basis by all the stakeholders: 1ISc, BMRCL, Oriental Consultants, Kobe University,
and Yamaguchi University. Details of the project, the site map, and the location of dust
monitoring have been uploaded to the site, along with analysed data about the dust density.
Further, photographs of the site as the excavation progressed (every day) have also been
uploaded (Figure 3-16).

Figure 3-14 Display on PC screen (dust monitoring)
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3-6 Question survey regarding dust monitoring

3-6-1 Objective and scope of the survey study
(1) Objective of the survey study

The main objective in this chapter is to evaluate the use of dust monitoring methods at
construction sites of the Bangalore Metro Rail Construction (BMRC) by considering the

following evaluating criteria.

e Safety awareness and consciousness among various stakeholders during
construction

e Recognition of dust monitoring and safety issues

e  Effectiveness of dust monitoring techniques

e  Contribution of dust monitoring in environmental activities/management

e Improvement of health consciousness through dust monitoring techniques and

activities
(2) Scope of the survey study

Data collection and coding

The data were collected in the designated formats for various groups. During the surveys,
discussions were also held with various officials and site engineers of the client (BMRC) and
the General Consultants team. The data formats have been designed separately for dust
monitoring for three groups, namely site engineers, workers, and residents/road users. The key
parameters considered in the opinion survey on dust monitoring are briefly discussed in the
following sections. The schedule of the opinion survey for dust monitoring is presented in
Table 3-10.

Table 3-10 Schedule of opinion survey for dust monitoring

SL.No Name of The Opinion Survey Date of Survey Location of Survey Sample Size
1 Workers - Before Training 22/8/2011 Central College Station 43
3 Workers - After Training 5/1/2012 Central College Station 46
5 Workers - No — Dust Monitoring 5/1/2012 Vidhan Soudha 31
7 Engineers/Officers - Before Training 22/8/2011 Central College Station 11
8 Engineers/Officers - After Training 6/9/2011 Central College Station 14
10 gneieersOfficers - No - OSVg15012 Vidhan Soudha 8
11 Engineers/Officers — at Site Offices 6/1/2012 UG 2 Office 8

12 Road Users 6/1/2012 In front of Central College 29
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(3) Opinion survey on dust monitoring method

Site engineers and officers

The survey team gave demonstrations and trained the site engineers of the contractor, officials
of General Consultants (GC), and other BMRC officials associated with the Central College
Metro Station. A separate format has been devised (Set A) for this group and is presented in
Appendix 3. The information collected includes personal details, working experience, dust
monitor and control experience, and dust monitoring experience by the mobile phone camera

method.
Site workers

An opinion survey on dust monitoring for day-shift worker groups was carried out at the
Central College Metro Station. Parameters such as personal details, working experience, dust
awareness, and dust monitoring experience by mobile phone camera were collected. The data
collection for this group (Set B) has been used and is given in Appendix 3. Before conducting
the survey, the team organised dust awareness programmes for site workers and engineers at
this site. For a view of the confirmation and countermeasures appropriate to all dust
concentrations for workers during construction, the dust concentrations were reported on
display boards provided at the study area. The action plan display boards can be easily
distinguished and are useful to site personnel in applying appropriate countermeasures. By
changing the panel colour according to the results of measuring, workers can easily know the

level of dust concentration and implement the countermeasures.
Road users

Road users in front of the Central College Metro Station were also surveyed. The survey team
organised a brief demo for the road users by showing the pamphlets on dust-related safety
awareness. After that, an opinion survey for this group was conducted as per the designed
parameters. The performa that was used for this group is provided in Appendix 3 (Set C). This
format has been specially designed for this group and also for the randomly selected public,
who move closely around the construction site near the Central College Metro Station; this
group includes students and faculty of Central College, lawyers of the Bangalore judicial court,

and the general public (road users).

Workers at the Vidhan Soudha Station

To make a comparative evaluation of health awareness with and without dust monitoring,

sufficient samples of workers and site engineers were taken and data were collected at the
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Vidhan Soudha Metro Station. The same formats have been used for this purpose. The
knowledge on dust was already provided to the site engineers at the Vidhan Soudha Metro site
office. For this group, Set C (Appendix 3), limited information has been used for data

collection.

Data coding for dust monitoring

The data collected through the opinion survey for dust monitoring from the three groups were
coded and transferred appropriately to the Microsoft Excel software to carry out detailed
category analyses. The collected data for various groups are presented in annexure 14 (Site
Engineers/Officers at Central College Station), annexure 15 (Workers at Central College
Station), annexure 16 (Workers at Vidhan Soudha Station), annexure 17 (Road Users in front
of Central College Station), and annexure 18 (Participants of training at [ISc Bangalore) of the
JICA SAPI final report.

3-6-2 Data anlysis for dust monitoring

Data analysis has been carried out for dust monitoring on various issues, such as understanding
the level safety knowledge and the safety and health experience of workers, engineers, and road
users. Some important parameters for various groups are considered and analysed. The results
of the analysis are discussed groupwise in the following subsections. The analysis has been
carried out in two ways: (1) grading the opinion on a four/three grade-point scale and (2)

categorisation of the choice of the opinion expressed (pie chart).

(1) Site workers

Randomly, 46 site workers at the Central College Metro Station (CCL) before and after
training were interviewed, and 31 site workers at the Vidhan Soudha Metro Station (VS)
(without monitoring method) have been interviewed. Table 3-11 shows that the level of dust
consciousness was good before training at the Central College Metro Station (CCL), but
consciousness has become very good after training. The percentage of dust-related safety
awareness among workers at the Central College Metro Station (CCL) has increased from
54% to 83%, whereas awareness among workers at the Vidhan Soudha Metro Station (VS) is
at 63%. After training, workers at the Central College Metro Station (CCL) are fully aware of
the colour code of the dust monitoring techniques, fully aware of health consciousness, and
fully informed for future Metro construction projects. The workers at the Vidhan Soudha
Metro Station (VS) also fully agreed that this monitoring method changed their attitude and

health consciousness after learning from the pamphlets on dust monitoring. All the workers at
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the Central College Metro Station (CCL) understand the purpose of the monitoring method

after training. In the case of the Vidhan Soudha Metro Station (VS), approximately 94% of the

workers understand the purpose of the dust monitoring method at construction sites.

Table 3-11 Opinion of site workers about dust monitoring

SL.No

Parameters of Opinion Survey

Workers Before
Training at CCL

(Samples Size 41)

Workers After
Training at CCL
(Sample Size 46 )

Workers No Dust
Monitoring at VS
( Sample Size 31)

How much conscious on dust do
you have during working at site?

Do you think current dust related
safety measures are enough?

(Blue: Yes; Red: No; Green: Can’
Say)

(98]

Do you understand the purpose of
Dust Monitoring method?

(Blue: Yes Red: No)

Have you understand the meaning
of dust colour panel colour provided
at the work?

(Blue: Yes Red: No)

Do you agree this dust monitoring
method will change your attitude
and health conscious?

If agree, how much rate of
improvement health conscious by
introducing Dust Monitoring
Method?
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Workers Before Workers After Workers No Dust
SLNo | Parameters of Opinion Survey Training at CCL Training at CCL Monitoring at VS
(Samples Size 41) | (Sample Size 46 ) (Sample Size 31)
How would you rate use of dust
7 | monitoring method in construction
monitoring?
Will you recommend dust
8 | monitoring method for other /Future
Metro constructions?
(2) Site engineers and officers

A total of 31 officials comprising site engineers of the contractor (CEC-SOMA-CICI JV) and

officers of the BMRC have been interviewed before and after evacuation training. Their

experiences with dust monitoring and their opinions on the present dust monitoring are

presented in Table 3-12. Results from Table 3-12 show that most of the engineers/officials

have awareness of dust effects. Also, this group has attended dust monitoring and control

programmes. Almost all the engineers understood the purpose of the mobile phone

camera-based dust monitoring programme. Approximately 90% of the engineers rated this

method as good for construction monitoring, and 90% of the engineers before training

recommended this method for future Metro monitoring. After training, all the engineers

recommended this method for future Metro construction.
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Table 3-12 Opinions of site engineers/officers about dust monitoring

SI. No

Parameters of Opinion Survey

Before Training
(Sample Size 11)

After Training
(Sample Size 20)

Do you aware about the effect
of dust?

How often have you attended
dust Monitoring and Control
programming?

Do you think current dust
control measures are enough?

Do you understand the purpose
of Dust Monitoring method?

Will you recommend dust
monitoring method for other
/Future Metro constructions?

How would you rate use of dust
monitoring method in
construction monitoring?
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(3) Road users

The safety knowledge and opinions of 29 road users regarding the dust control method have
been analysed randomly in front of the Central College Metro Station and are presented in
Table 3-13. The table shows that 50% of the road users were conscious about their health and
50% of the subjects were aware of the dust monitoring at the BMRC construction site. The
survey team explained through pamphlets about the mobile phone dust monitoring method,
and 80% of the road users said the survey team significantly increased their health
consciousness by introducing the dust monitoring method to them. Seventy-five percent of the
responders rated the use of the dust monitoring method as good in construction monitoring,

and most of this group recommend the dust monitoring method for other/future Metro

construction.
Table 3-13 Opinion of road users about dust monitoring
a4 Road Users at Central
SI.No Parameters of Opinion Survey College Station (Sample 29)

1 How much health consciousness do you

have?
’ Are you aware of the dust monitoring at

the BMRC construction site?

How much rate of improvement health
3 conscious by introducing Dust Monitoring

Method?

How would you rate use of dust
4 monitoring method in construction
monitoring?

Will you recommend dust monitoring
5 method for other /Future Metro
constructions?
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3-7 Observation and conclusions for improvement of dust monitoring
systems

3-7-1 Observations for improvement of dust monitoring methods

The following recommendations were determined based on the collected samples to further

improve dust monitoring methods.

Dust monitoring method

Dust monitoring by the mobile phone camera method is dynamic and an ideal alternative to

traditional methods, such as the DDI.

e Awareness Programmes: Further, frequent awareness programmes incorporating
cautions for health related to the impact of dust are required to enhance awareness
of workers. These programmes will motivate the workers to use proper masks

during work at Metro construction sites.

e  Real-Time Dust Data Collection: Real-time dust data collection and information
will be very useful in encouraging site workers and engineers to take proper

precautions during work.

e Dashboard Display: Online measurements and information through electronic
display messages during construction are very useful in alerting engineers as well

as workers to take proper protective measures immediately.

e Meteorological Information: Weather information, in particular seasonal and daily
wind patterns, will give additional information to the site engineers and workers

regarding the need to take additional precautions during blasting or drilling.

e Development of Guideline Dust Levels: Development of proper guidelines and a set
of procedures for these innovative monitoring techniques in Metro construction
sites are essential. They will be useful in establishing a baseline for dust levels at

Metro construction sites in India

3-7-2 Concluding remarks and recommendations

The following key findings of the study have been discussed, and recommendations have been

proposed for further improvement of dust monitoring methods.
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3-7-3 Recommendations

e  Dust monitoring by the mobile phone camera method is dynamic and an ideal

alternative to traditional methods, such as the DDI.
e  Further, this method compares well with the standard DDIA.

e Online measurements and information transmitted through electronic display
messages during construction are very useful in alerting engineers as well as

workers to take proper protective measures immediately.

e Frequent training for workers is required to help them understand the impact of
dust on health. This training will change attitudes towards the use of proper masks

during blasting and drilling.
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Chapter 4
DUST MONITORING SYSTEM BY IP
CAMERA BASED ON VIDEO PROCESSING

4-1 Introduction

At tunnel construction sites, dust emitted from construction has been a serious problem for
health and the environment. Since the impairment of lung function by dust pollution became an
un-ignorable issue after the 1980s in Japan, the use of powered air-purifying respirators and
regular dust measurements by digital dust indicators (DDIs) has been required by law at

construction sites."

On the other hand, there is not enough awareness of health care at construction sites in
developing countries, despite high demand for tunnel construction. To avoid serious health
hazards, such as in the case of Japan, the promotion of health awareness among workers and the
prevalence of dust monitoring are fundamental. However, dust measuring and monitoring by
traditional techniques is expensive in these countries. Furthermore, current dust measuring
methods present other problems, such as the time required for data calibration because of

variable monitoring conditions.

In Chapter 3, a new dust monitoring system using mobile phone was applied to
measure the dust concentration at an Indian Metro construction site. This method is improved
by introducing innovative techniques that can make use of smartphone cameras because the
performance of mobile phone cameras has improved significantly. This mobile monitoring
system was implemented at the Bangalore Metro construction site. Because the construction site
was not underground, but was an open cut tunnel under sunshine, a dust monitoring chassis box
was developed to get flash pictures, which are used for internal processing to quantify the dust
density. The result shows that this method needs some improvement in sustained accuracy for

long-time monitoring and a flexible calibration system for changing conditions.

In this chapter, the dust measurement system utilising smartphones is explained briefly,
and then its problems are clarified. A simple dust monitoring system using video image
processing and dust monitoring with IP (Internet Protocol) cameras are presented as a solution

to the problems mentioned above.
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4-2 Addressing real problems regarding construction dust monitoring
by use of mobile phone cameras

(1) Problems caused by the dust monitoring box

There were two main problems with the installation of the DMS-S and the dust monitoring

box at the open excavation site (Photo 4-1): occasional outlier data and recording constant

values from a certain point. Both problems impair accuracy in the measurements and are

related to the dust monitoring box. Furthermore, when dust monitoring using one smartphone

faces the latter issue, re-calibration is required, which causes time consumption and delay in

the monitoring schedule. The details and possible causes are described below.

Photo 4-1 Dust monitoring box at the open excavation site

a) Outlier data

Figure 4-1 shows the measurement results
by both the DDI and the DMS-S.
Although the data have a similar trend
from the first to the third measurements,
the fourth measurement indicates that the
data trend obtained by DMS-S is much
higher than that obtained by DDI. For the
fourth measurement, the flash photograph

by the smartphone showed a large white

100

80

6.0

4.0

20

Masuring dust concentration (mg/m3)

0.0

7777777 —— Digtal dustindiGator .-/ . |
- DMS

Measurment frequency (number)

Figure 4-1 Measurement results by DDI

and the DMS-S

spot in the upper left corner (Figure 4-2). This is a large and bright scattering light that
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occurred because the dust particle was too close to the
lens of the camera. This enlarged particle increased the
total luminance of the photograph despite the low dust
concentration, leading the DMS-S to make an incorrect
assessment. As a solution to this problem, the flash

photograph was taken twice.

a

Figure 4-2  An example of the

b) Invariant data large white spot

Figure 4-3 shows the measurement result
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obtained by the DMS-S. After the 126th £ gl o . hat
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measurement, data display a constant value 2% ¢ AR
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of 1.2 mg/m”. The smartphone and the DDI 35 ! RERL
SE | .
worked normally, which means that the dust § 5 A . *
c | *
properties were not changed dynamically. - ‘3 ’:’ s #
: : : 0 50 100 150 200
One possible factor in this phenomenon M (urrten)

was change in the blackness of the Figure 4-3  The dust concentration

background panel that was used in the box. measured by the DMS-S

¢) Background influence

To determine the influence of the background changes, the measurement tests are conducted

by use of three different types of black panel.

Figure 4-4 represents the correlation diagrams between the average and variance
values of the luminance of the scattering light photograph and the data obtained by DDI.
Black panel 1 is a panel immediately after spraying, black panel 2 is black panel 1 with dust
applied, and black panel 3 is black panel 2 with dust wiped off. These diagrams indicate that
the average value and variance value of the scattering light photograph do not depend on the
dust concentration, but rather on the background conditions. Thus, the conventional DMS-S
with the dust monitoring box is not suitable for long-term use because the distance between
the smartphone” and the black panel is too short to have an influence on the monitoring

data.’

In addition, the parameters that are used in an ANN are decided based on empirical
values, depending on the feature value obtained by the flash photographs. Figure 4-5
represents the pattern diagram of the ANN used with the DMS-S. To avoid a misleading
result in long-term monitoring, such as that shown in Figure 4-3, flexible calibration is

required towards the variable background condition. Therefore, the feature values are
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required to be re-examined when an ANN is applied to the DMS-S with the dust monitoring
box.
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Figure 4-4 Measured dust values in relation to average values and
the variance of the luminance
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Figure 4-5 The pattern diagram of the ANN
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4-3 Dust monitoring by video processing system

4-3-1 Video image

A video image consists of a three-dimensional group of data expressed in the special
perpendicular coordinates x and y, and the time coordinate 7. A black and white picture contains

only luminance (darkness) information and is expressed as below*:
Video image = f (x, y,t) (4-1)

In the case of a colour picture, the information amount becomes tripled through simple
arithmetic, that is, by adding R (Red), G (Green), and B (Blue). Usually, a frame rate of 30 fps

is used.

One of the advantages of a video image in a simple dust monitoring system is that it
can deal with the time dimension ¢. It enables installation of difference processing between the
flames, which are expected to reduce the influence of the change of background for long-term

monitoring.

4-3-2 Scattering light image acquisition from a video image

The resolution of the video image depends on various factors, such as the quality of the
equipment, the distance between the dust and the black background panel, the precision of the
optical lens, the resolution of the image, and the luminance and setting of the flash of the
camera. According to previous research,” an LED light can be used to obtain the scattering
photo of the dust by use of the video function of the smartphone. In this research, the video
image taken by the smartphone is combined with the IP camera image and the LED light to

establish the image processing method.

4-3-3 Difference processing between flames of video

Difference processing between flames of video is a method that focuses on the luminance
difference, as shown in Figure 4-6. When the image is expressed as f{x,y,f), the time difference

image Ad(x,y.r) is given by Equation (4-2):
Ad(x, y.0) =/ (x.y.t)=f (x, y. 1= 1) 4-2)

where x is the horizontal pixel, y is the vertical pixel, and ¢ is the number of the flame.
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As seen in Figure 4-6, when

Equation (4-2) is applied to a series of L

dust images, a difference in luminance is ~ Video

observed; that is, only the difference of N
the scattering light is captured.
. {
Figure 4-7(b) represents an Qigral )]
example of the difference processing
between flames of video. The time fGxy,t) fy,t=1)
difference is set to 0.1 seconds between PY
Defference
flames. In this case, the DDI indicated the  hage o ..
concentration value to be 8.9 mg/m’.
d(x,y,t)

Although the background influence is
Figure 4-6  Difference processing between

eliminated in Figure 4-7(b), the entire flames of video

image became underexposed and unclear.
Also, the original image contained noise from sources such as the optical transformer, the
amplifier, strain, and non-linearity of the sensor, which made monitoring more complicated.

Thus, image compensation was performed.

(a-1) 0 sec (a-2) 0.1 sec (b) Difference

Figure 4-7 Example of difference processing

4-3-4 Image compensation

In Figure 4-7(b), each pixel is represented by three values: Red, r;; Green, g;; and Blue, b;
(RGB). To simplify further processing, each RGB value is transformed to greyscale and scaled
from 0 to 255 (256 levels in total). This produces a matrix a; with » rows and m columns, where

n and m represent the matrix size:
a, =0.2989xr, +0.5870x g, +0.1140x b, 4-3)

Figures 4-8 indicate the greyscale image of Figure 4-7(b).
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(b) Greyscale on dust photo

Figure 4-8  Greyscale image

a) Binarisation

Figure 4-9 shows the luminance histogram of .
Figure 4-8, with the number of pixels on the
abscissa and the luminance on the ordinate. It

represents luminance under 25, which appears

Pixel

quite dark on the photo image. To avoid this

issue, binarisation is applied for acquisition of

the proper feature value. 0 25
Gradation

Binarisation is a thresholding  Figure 4-9 The luminance histogram
method in which the greyscale sample is of ﬂ,le dlfferen-ce processed
image of Figure 4-8
clustered into two parts, black and white, by
the threshold value. The benefit of this method is the simplicity of distinguishing between
the object and the background. In this case, dust is the object and the black panel is the
background. A threshold value to reveal the feature value is chosen by discrimination

analysis.® In this method, the threshold value is selected when the separation between two
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distributions, which is the ratio of the variance between the classes to the variance within the
class, reaches a maximum. Suppose class 1 as luminance 0~th-1, pixel n,, average
luminance f, , variance pE 12 and class 2 as luminance, pixel #»,, average luminance f,,

variance pFE 22 for the binarisation of an 8-bit greyscale picture, the variances are given as

2 er:o (f - 71)2

o] = =——— (4-4)
1
255 —V¥
ol = Z“f"h(n;fz) (4-5)
2

where 7, is the number of the flame in which the luminance is f .

If the overall mean pixel is?, the variance between the classes pE é, and within

the class pE; is expressed as below:

O'é _ n/(f—?)g +n2(72_?)2

n,+n,

(4-6)

2 2
2 _ N0, +n,0,

ol (4-7)

n, +n,

2
Op . . . .
When —f is at a maximum, / is the optimum threshold value.

Oy
In this case, ¢ = 6 is derived from Figure 4-9. The scattering light from the dust is
extracted clearly. The optimum threshold value (f) shows a narrow scope, because the
gradation range is a maximum of 25, as shown in Figure 4-9. The scattering light becomes

dark when ¢ shows a small value. The next processing for pre-analysis is executed at = 6.

b) Noise reduction

Figure 4-10 shows the video images taken at dust concentration 0.0 mg/m’ and processed by
binarisation. Because there was no dust in front of the camera, all the white spots represent
noise. To filter them out, a morphological operation was applied. A morphological operation
is a technique to metamorphose the shape of the object, as shown in Figure 4-12.” In this
case, the white spots are contracted to the small spots, eliminating minute spots, and then
enlarged to the original size. Figure 4-13 shows the result of the morphological operation of
Figure 4-10 and Figure 4-11. Comparing Figure 4-10 with Figure 4-13(a) and Figure 4-11

with Figure 4-13(b) reveals that noise was removed successfully.
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Figure 4-10 The result of binarisation Figure 4-11 The processing result at

0.0 mg/m’
(a) Original image (b) Enlarged process (c) Deflation process

Figure 4-12 An example of the morphological operation

(a) Applied to Figure 4-10 (b) Applied to Figure 4-11

Figure 4-13 Noise reduction process

4-3-5 Calculation of number of dust

As previously mentioned, dust particles near the camera lens caused an outlier data problem in
the DMS-S. Because it is not easy to exclude this problem completely, the procedure for
scattered light area division and calculating the number of dust is proposed, and the details are

described below.

The scattered light area division is conducted after image compensation. In Figure
4-14, the pixel value is either 0 or 1, so the distance transformation is executed to generate a
gradient. The distance transformation contains the distance between the pixel and the

background.® The Euclidean distance shown below is used:
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d, =\i-p) +-qy (4-8)
where d, represents the distance between two arbitrary points (i, J )

Then, the image is divided into areas,
depending on the gradient. For the area division
method, the watershed algorithm is applied in this
case. The watershed algorithm is a technique that
interprets the greyscale pixels as a topography chart
and creates a boundary along a local maximum.’

Whereas other area division methods may produce

different outcomes for the same image, depending . L
Figure 4-14 The area division image
on the arbitrary selection of the starting point and of Figure 4-13 (a)
work process, the watershed algorithm deals with
unique input data. Figure 4-14 represents the result
of the calculation of the number of dust in Figure
4-13(a). The dust number in Figure 4-13(a) is 90;
overlapped dust particles were shown separately.
Figure 4-15 shows the result of the calculation for

Figure 4-4, in which a dust particle near the camera

lens becomes a white spot. The dust concentration is
Figure 4-15 The area division image

0.4 mg/m’. The number of the area is 1, which of Figure 4-4

means the dust concentration is lower than in Figure
4-14.

4-3-6 Consideration of feature values

Two feature values are obtained through the process from (4-3-2) to (4-3-5): the area (pixel) and
the number of the dust scattering light. Because these values are not affected by the existence of
dust near the camera lens, they are identified as suitable for long-term monitoring. The two

values are multiplied and defined as a new feature value.
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4-3-7 Discussion

A low new feature value means that the dust concentration is low, whereas a high value
represents high concentration. Therefore, the relation between the feature value and the dust
concentration can be expressed linearly when the background condition is constant. The details
are presented in 4-4-2. The flowchart of a simple dust monitoring system using video images is

shown in Figure 4-16.

Noise redudtion Binarization

Andlysiswith timelag

Figure 4-16 Dust concentration measuring system using video images
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4-4 Dust monitoring with IP camera

4-4-1 Overview

An IP camera is a type of digital camera that can send
and receive data through the network and share the
information. The use of IP cameras in tunnel excavation
sites became considerably popular because they enable
monitoring of progress from outside of the site. In this
study, an IP camera with an additional function for
monitoring dust concentration was used; that is, the
combination of [P camera, LED light, and

aforementioned video processing programme was

utilised at the site. This system is called Dust Monitoring
System by IP Camera, or DMS-IPC for short (Photo 4-2).

Photo 4-2 Typical IP camera

4-4-2 Usefulness of DMS-IPC

The laboratory test shown in Figure 4-17 was
carried out to examine the usefulness of a
DMS-IPC based on the data obtained at the

site. »\E

The DMS-IPC was used to obtain
the dust concentration data the same as the 13am
DDI. To synchronise the data, the DDI was

installed near the IP camera and the data

were recorded per second. The data of the LEDlight 6am Network camera

DDI are presented in Figure 4-18. ‘
The new data values, which are m
associated with the data from the DDI, are

1 4an

defined as measurement data. Measurement

data are divided into two groups: the learning

dat f th tablishment f th
ata or ¢ cstablishment 0 © Figure 4-17 The view of the laboratory

discriminator (276 data), and the test data for testing set

the assessment of the discriminator (84 data).

The data of DMS-IPC are evaluated based on the test data.
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Measuring dust
concentration (mg/m°)

(a) Imput data

Measuring dust
concentration (mg/ms)

(b) Output data

Figure 4-18 The dust concentration data obtained by DDI

The correlation diagram between the new feature value obtained by learning data and

the measurement data is show in Figure 4-19, and the linear approximate equation is expressed

as below:

(Converted dust concentration) = 2.311In(The new feature value)—21.902

(4-9)
10 : .
| | @, |
i i RN
- T e S S
E EYRN A
5 ®g A SN S NP SR
SEO o s. Tl « A
w S * ." ., " d * |
€SS4 AR A
58 PAC : !
§ £ W 3
= e 2 - 4 :P-’---’ ----- :+ ------------ }+ ------------
8 {“ ! : :
0 1 | |
0 10 20 30 40

The newfeature value (x 10Ppix- nurmber)

Figure 4-19 Dust values in relation to the new feature value obtained by leaning data
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Figure 4-20 indicates the correlation diagram between the dust concentration value
converted from the test data by Equation (4-9) and the measurement data. Then, the correlation
factor is derived by Equation (4-10), which represents the relation between the converted data

and the measurement data:

(4-10)

3 (x, - x), - ) .
T

where

x isthe sample mean of the dust concentration value measured by the DDI,
y is the sample mean of the dust concentration value converted by Equation (4-9),
o, isthe standard variation of the dust concentration value measured by the DDI, and

o, is the standard variation of the dust concentration value converted by Equation (4-9).

10 i i i i
! ! : : .
| | : - e
: | : :
8 T S A% e
= | . : :
53 1
S-S I S A P
oo
£e S O S DA
—
S e 1 q & 1
B 4 e
= R DR A
5 L e o :
S o5 ARSI L]
 F T
= | |
1 1 I I
0 | | | |

0 2 4 6 8 10
Converted dust concentration (mg/nv)

Figure 4-20 The correlation of dust values by DDI and Equation (9)

A correlation factor p of approximately 1.0 indicates high accuracy, whereas that over
0.8 is regarded as a good value in general. The correlation value obtained from Figure 4-20 is

0.85, which represents good agreement.

Figure 4-21 shows the results of extraction of the dust scattering light area. The images

match the measurement data, and the utility of the DMS-IPC is confirmed.
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Area of the dust: 112 pix Number of dust: 1 Area of the dust: 5697 pix Number of dust: 23
Dust concentration value 0.1 mg/m® Dust concentration value 0.8 mg/m’

K3
Area of the dust: 30427 pix Number of dust: 95 Area of the dust: 89602 pix Number of dust: 155
Dust concentration value 4.0 mg/m’ Dust concentration value 5.1 mg/m®

Area of the dust: 140460 pix Number of dust: 160 Area of'the dust: 145651 pix Number of dust: 201
Dust concentration value 7.7 mg/m® Dust concentration value 9.4 mg/m’

Figure 4-21 The results of extraction of the dust scattering light area
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4-5 Future suggestions for dust monitoring with IP cameras

Some real problems are apparent in the case of dust monitoring management by use of mobile
phones. The dust monitoring system that utilises IP cameras was developed to solve these
problems. As another suggestion, dust monitoring by use of IP camera will be applied at

construction sites. The image of future dust monitoring is shown in Figure 4-22.

Figure 4-22 The image of future dust monitoring

Applying a monitoring system that makes use of IP cameras is simple for construction
work. As the monitoring of dust concentration becomes standardised, the protection of health

with dust masks will result in better environmental conditions in developing countries.
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Chapter 5
IMPROVEMENT AND SUGGESTION
FOR ENVIRONMENT MANAGEMENT

5-1 Demonstrating the effectiveness and impact of awareness campaigns

The monitoring procedure, management system, training, and observation regrading
environmental management in the case of dust monitoring were carried out at the construction
site, as shown in Chapter 3. To become widely used for environmental management in
developing countries, the effectiveness and impact of the awareness campaign must be
demonstrated. As the awareness campaign, it is keypoint to share vision with the client,
academic association, and government. In this section, the executing actions regarding the
awareness campaign are shown and the effectiveness verified to improve environmental

management.

Presentation and information activity are required for the awareness campain. As one

example, a pamphlet regarding dust control in India has been issued, as shown in Figure 5-1.

More than 5,000 pamphlets have been distributed since 2011.

P

(a) Front page (b) Back page

Figure 5-1 Pamphlet regarding safety and environmental management for
awareness campaign at Bangalore Metro
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Some presentations regarding dust monitoring were conducted for the client before the
project began, as shown in Photo 5-1. Additionally, the workshop was held after the JICA
Project, with representatives from other Metro clients in India (Delhi Metro, Mumbai Metro,
Chennai Metro, and Korkata Metro.), from Metro clients in other countries (Bankok Metro,
Jakarta Metro, and Dakka Metro), and from the Urban Development Ministry in India, as shown
in Photo 5-2.

& 9:: s ‘- L f —=
(a) Workshop for presentation

(b) Workshop site visit

Photo 5-2 'Workshop for presentation and site visit
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The above process shows the effectiveness and impact of the awareness campaign
regarding environmental improvement. As another key point, the transfer work is important to
the client and contractor and will be continued. The workshop regarding environmental
management was held for representatives of the client, the Indian Government, and other Indian
Metros. Additionally, the DVD-ROM that shows the process of dust monitoring and
management was issued to improve the environmental management of future projects (See
Photo 5-3).

r_nustbe

p LIUSL

Photo 5-3 Procedure of dust monitoring and management on DVD-ROM
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5-2 Improvement for environmental management

The environmental condition is poor at the actual construction site in India, as shown in Photo
5-4. The process regarding improvement of environmental management is demonstrated based

on the application of by dust monitoring.

Photo 5-4 Poor environmental condition at the Indian construction site

Preliminary condition

As shown in Chapter 2, the current status is mentioned regarding the environmental
specification/guideline in India. The specification/guideline for dust control is not applied to
construction work in India at present, as shown in Table 5-1. Additionally, the environmental
requirements by government/authority are in confusion. Consequently, the environmental
monitoring and control plan issued by the contractor is not effective for environmental
improvement. Some of the environment actions regarding air quality by the contractor are
shown in Figure 5-2. The plan does not include the control/target value of dust concentration.
Actually, the plan does not show the implementing action regarding dust control. The actual

environmental condition is not improved at the construction site.



93

Table 5-1 Comparison of administrative norms between developed and developing
countries for construction work

C .
onst.ructlon Remarks
site
Developed Country less th 3
(Japan) less than 3 mg/m
Developed Country 10 mg/m’ total dust (all dust < 10pm)
(Norway) 5 mg/m’ respirable dust (75% of all dust < 5pm)
Developping Count
eve Ol(oﬁi[fa) oty No specification

(excerpt from “Environmental Monitoring and Control Plan ” issued by the contractor)

Figure 5-2  Some of the environment actions regarding air quality issued by
the Contractor”

First step of environmental management

Chapter 3 shows that dust monitoring by use of mobile phone is effective in improving the
environmental condition at the construction site in India. The actual environment management
was carried out based on dust monitoring. The environmental training was carried out at the
construction site. Additionally, the guide note was applied according to the instruction of the
JICA team (Photo 5-5 and Figure 5-3).
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Dust concentration

Figure 5-3  Guide note issued by the JICA team

Second step of environment management

The most important item is to apply the environmental management system at the site. After the
JICA project, the contractor has applied the dust monitoring procedure at the construction site,
as required by the BMRCL.

The method statement for dust monitoring was issued by the contractor (Appendix-2).
The main purpose of the method statement is mentioned below. For reference, the issued letter
by the contractor, with attention to the client (BMRCL), is shown in Figure 5-4, and the

checklist for site management was issued, as shown in Figure 5-5.
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‘Purpose and over view” expert from method statement for dust monitoring
(issued by Contractor in Aug. 2012)

The Bangalore Metro UG-2 Project consists of construction of 4.8 km of underground
railway system including twin bored tunnels and four stations from Magadi Road to
Cricket Stadium Station. The tunnels will be bored in the heart of Banagalore by
Tunnel Boring Machines. |

v"* The purpose of this document is to outline the methodology for the monitoring of
dust level in and around the Area of construction works of the underground Metro
Railway Stations and the tunnels or within the zone of influence of either the
eastbound or the westbound tunnels of Metro Corridor Contract UG-2..

v To protect the workplace and public and provide a safe working condition.

[ ] ~ B

|
| CONTRACT UG-02: DESIGN AND CONSTRUCTION OF UNDERGROUNDSTATIONs | | |~ %= s A
AND TUNNELS - FROM CITY RAILWAY STATION TO CRICKET STADIUM CEC:S0MA-CIETJoint 9 oniract UG-2
|
Our Ref: CEC-SOMA-CICIUGZIOU-GCAI2IS434 14tk Awgust 2012

Bangalore Metra Rai) Corporation Lid.,

Bangalore Metro Rail Projecs,

BMTC Con loor, K.H Road
A 560 027,

we Metro Rail Frojoct

b
! FROM CITY RAILWAY STATION TO CRICKET STADIUM
| CLIENT: BANGALORE METRO RAIL CORPORATION LIMITED f sl
N p |
mei”m,jlr-) | AV Rel: - CECSOMA-CICVUG! CMSY6Y  Dated [3th Aug2012
| GENERAL CONSULTATNS: RITES - OC — PBI— SYSTRA l With refercace i the shove méntioned 1V letter, we: herewith sttach the Mefhod Statement for Thist
I CONTRACTOR: CEC-SOMA-CICI JV | Meniitetag fot-yolir sevlew ded gppomal
= 2 Youss Faithfully
| ez=m QNS mwes -
| | O %pu.i?r{n.w
i
—— { a0
METH; TEME NITORING ] | e 5
Projify a.é
C. NO: C: v 51011, g
o BMRCI Mr. NP Sharma
Reision 1 GC : Mr, Micheal Barcham,Mr Stephen,Mr Nigel Butterfiled
— NAME_ — | DATE | SIGNATURE | w 3 Mr.Ken Wong Mr MMRaje:, Mr Andrew M. Ananth
2 CEC Mr.Russell BrownmMr. Anup
. ponf ek
PREPARED BY Ms Priyanka Shah | selaber] f B SOMA i MY, Balchinneppo,Ms, Avinash
CHECKED BY : Wr Anant Baggolli dgfast>-
REVIEWED BY : Mr M M Raju Al part
PPROVED BY : St |
;i s Mir Kon Worg e |
s 8. Cromarmiamy S, WG Road, Pt 0160 064480
Loty Gaie o 20, Bargere, S0 01 gt F 491 mjsD a0s4EE

Figure 5-4  Letter regarding dust monitoring issued by the contractor’
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APPENDIX—-1

DUST MONITORING CHECK SHEET
I Mob No: Box:

Dust Concentration, mg/m®
Date | Time Location | 1st | 2nd | 3rd | 4th | 5th | Average Work Item Remarks

Figure 5-5 Check sheet for dust monitoring’

Based on the measured dust concentration volume, the dust mask is applied at the
construction site. The instruction regarding dust measuring and dust masks has been carried out

by the contractor since August 2012, as shown in Photo 5-6.

Photo 5-6 Promotional photo regarding dust measuring and mask
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Environmental training has carried out by the contractor at the site, as shown in Photo

5-7.

Photo 5-7 Environmental training by the contractor at the Bangalore Metro site

To issue the letter means that the contractor has responsibility of dust control. After
issue of the method statement, the contractor is applying the check sheet to measure the dust
concentration daily, as shown in Figure 5-4. The management system for dust control was
transferred from supervisor (JICA Team) to the implementing agency (BMRCL) and the
contractor for the developing country. The management system has been executed by the
BMRCL and the contractor. The environmental improvement is shown at the actual project site

of the Bangalore Metro.
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5-3 In the case of safety improvement in India

Previously, the safety condition was quite poor at Indian construction sites, as shown in Photo
5-8 and Photo 5-9.

Photo 5-9 Poor safety condition at a construction site in India

Much safety instruction and application by supervisors in developed countries,
including Japan, have been carried out at the Indian Metro Project.' Safety management is
greatly improved at the Metro construction site, as shown in Photo 5-10. Additionally, a new
technology called On Site Visualization (OSV) monitoring, developed by a Japanese university
for safety management at the Delhi Metro Project, was applied. The displacement of the ground,
the inclination of existing buildings, and the pressure of struts are measured at the construction
site during excavation work. The measurement data are indicated by coloured lights of red,
yellow, and blue, as shown in Photo 5-11. The safety management, including OSV monitoring,

is effective.
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Photo 5-11 OSV monitoring at the construction site of the Delhi Metro Project’'

As the result of demonstrating the
effectiveness and impact of the awareness
campaign regarding safety management, the
specification of the next phase of the project was
issued, including OSV monitoring and developed
safety management, as shown in Figure 5-6 and

Figure 5-7.

E.'Ig."‘:
L

DELHI METRO RAIL CORPORATION LIMITED

Dosign and Genstruction of Tunnel by Shield TEM and Janpath & Mandi Hause
Stations by Cut and Cover method betwoen Cantral Secretariat and Mandl House
for underground works under Dalhl MRTS Project

CONTRACT NO: BC-45

TENDER DOCUMENTS

MOLUME 4

'OUTLINE DESIGN SPECIFICATIONS

DELHI METRO RAIL CORPORATION LTD,
Sth Floor, AWing, Metro Bhawan, Firs Brigade Lane,
Barakhamba Road, New Dethi ~110 001

Figure 5-6 Construction specification

of Delhi Metro Project —

Phase-III in 2011
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FREQUENCY OF MONITORING

a) Sufficient time shall be allowed between instaliation of instruments and commencement of -
relevant site activities to enable a reliable set of base readings to be established. These
time scales are to be agreed with the Employers’ Representative,

b) All instruments shall be connected to data logging equipment where possible so that
measurements can be taken on a continuous 24 hours basis. Data shall be accessible via
computers in the Employers’ Representative site offices. An alarm system shall be
incorporated into the computer network, with the alarm being activated if
emwmw&gﬂes In addition to that, the excavation
works for Mandi House Station shall be monitored by applying On Site Visualization (OSV)
monitoring.
¢) Reports of monitoring results shall be submitted to the Engineer within 24 hours. A .
detailed graphical presentation of historical values of monitoring shall be submitted on a

e

DMRC/BCA4SNolume 4/0utline Design Specification/Geotechnical, Foundations and Tunnel Works/Section -2 55

Figure 5-7  Construction specification with description of OSV monitoring
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5-4 Suggestion of monitoring and management for environmental
improvement

The safety protection is standardized, such as helmet, safety jacket, and safety shoes in Indian
Metro projects. There is poor attention regarding the environmental management for
construction work, including dust protection, at present. The matter of air pollution was reported
by mass media in India recently. Based on the mass opinion against environmental condition,
especially in urban areas, the protection mask against dust pollution will be standardized by the

Bangalore Metro Railway Corporation Limited (BMRCL) as a leading company in India.

The awareness campaign is effective for environmental management for construction
work. The installation of sign boards, the distribution of pamphlets, and the exposition training
were carried out. The awareness campaign is effect for improvement of environmental

management at the Bangalore Metro Project.

This environmental effort against dust pollution, including measuring, documentation,
and training, first applied for to construction work in India is an example that can be followed.
The application of dust monitoring has been considering by Indian Authority after the JICA
Project. The guideline for dust control has been studied for road construction work by the
Central Road Research Institute in India since March 2013.

However, not only dust management items but also other management items shall be

in attention as below. It is recommended that the other items also be standardized.

e Handling of chemicals
e  Noise control
e  Dust control

e  Waste management

In this study, one process is
shown for environmental improvement.
For more improvement of environmental
management, this study can support the
establishment of a specification/guideline
that is the same as in developed countries,
as shown in Photo 5-12.75

Photo 5-12 Specification/guideline in
developed countries®
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The findings of improvement and suggestion for environmental management are

shown below.

e The awareness campaign is as important to improving the environmental condition
as technology and management.

e  One example of the process to establish the specification/guideline was shown.

e The environmental specification/guideline shall be established in India based on

our suggestion.

Reference
1) Japan International Cooperation Agency(JICA): Special Assistance for Project

Implementation (SAPI) applying the Monitoring Method by On Site Visualization at Delhi
Metro Construction Sites, (Japan International Cooperation Agency), 2010.

2) CEC - SOMA - CICI JV FOR BANGALORE METRO PROIJECT: Environmental
Management Plan — Environmental Monitoring and Control Plan Air Quality, 2012.

3) CEC-SOMA - CICI JV FOR BANGALORE METRO PROJECT: Method Statement for
Dust Monitoring for Bangalore Metro Project, 2012.

4) Japan Construction Occupational Safety and Health Association: Zuidotou kensetsukouji ni
okeru kanki gijutu shishin, (Japan Construction Occupational Safety and Health
Association), 1991, (in Japanese).

5) Norway Tunneling Society: Health and Safety in Norwegian Tunneling, (Norway
Tunneling Society Publication No.13), 2004.
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Chapter 6
CONCLUSION

There is not enough awareness of health care at construction sites in developing countries,
despite a high demand for construction work. To avoid serious health hazards, the promotion of

health awareness among workers and the prevalence of dust monitoring are fundamental.
The problem and scope of this study are shown below.

Actual problem in the case of India

e  No monitoring of dust concentration because of expense of dust detectors
¢ No site management for dust monitoring
e No specification regarding environmental conditions, including dust monitoring for

construction work

Based on these actual problems, this study was executed as shown below.

Scope of this study

o  Applied dust monitoring at construction site by use of the dust detector with low cost
and ease of handling

e Suitable site management to improve the environmental conditions based on dust
monitoring

o Suggested specification/guideline regarding environmental conditions for construction

work
For clear understanding, the major points are discussed below.
Current status in India

As for the current status regarding environmental conditions in India, the
specifications/guidelines for dust control are not specified for construction work. Additionally,
the environmental requirements of government/authorities are subject to confusion. The actual

environmental conditions have not been improved at construction sites to date.
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Execution of environmental management in the case of dust monitoring at the site

For improvement of environmental conditions, a new dust monitoring method utilising digital
cameras to measure the dust concentration at construction sites was introduced by the JICA
team. Further, these methods have been improved by application of innovative techniques
utilising smartphone cameras, because the performance of mobile phone cameras has improved
significantly. In particular, actual environmental management was carried out based on dust
monitoring. The presentation for site managers and the environmental training of workers were
carried out at the site. Additionally, installation of sign boards at the site and distribution of
pamphlets were carried out as part of the awareness campaign. The site demonstrations
(including dust monitoring), site management, and awareness campaign are effective in

improving environmental management at the Indian Metro site.

Transfer to client and contractor

As a key point, the transfer work is important to the client and the contractor and will be
continued. A workshop regarding environmental management was held for representatives of

the client, the Indian Government, and other Metro Project stakeholders.

Actual application after transfer

The most important item is the application of the environmental management system at the site.
The contractor has implemented dust monitoring at the site. Based on the measured dust
concentrations, dust masks are now in use at the construction site. The instruction regarding dust
measurement and the use of dust masks has been carried out by the contractor since August
2012. Deserving special mention, the environmental training has been carried out by the

contractor at the site.

Improved dust monitoring method

Some real problems are apparent in the case of dust monitoring management by use of mobile
phones. The dust monitoring system utilising [P cameras was developed to solve these problems.

Applying the method for dust monitoring is easy at construction sites.

Suggestion of monitoring and management for environmental improvement

Applying the IP camera monitoring system makes measuring easy to implement for construction
work. As monitoring of dust concentrations becomes standardised, the protection of health with

dust masks will result in better environmental conditions in developing countries.
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Dust management, including measurement, documentation, training, and the awareness
campaign, was applied to construction work in India. Its advantageous effects are shown in this
study in terms of environmental improvement. This example shall be applied for environmental

improvement in other developing countries.
Conclusions

The conclusions of this study, regarding improvements in environmental management efficiency

in developing countries, are shown below.

1. The actual considerations appeared to be no specification and site management
regarding dust monitoring for construction work based on current status studies.

2. The case study, including dust monitoring and site management, was carried out at an
Indian construction site by use of mobile phone. The results show that application of
these methods can improve environmental conditions.

3. The technology for dust monitoring was improved by use of IP cameras, which offer
increases in convenience and availability compared to traditional methods.

4. The awareness campaign is one of the key items designed to improve environmental
conditions.

5. A process to establish suitable environmental specifications/guidelines has been

shown in this study.

It is very important not only to use new technology but also to find new applications
for existing technology. Finalised Indian guidelines will be issued based on this study after

many discussions and other applications in future.

In this study, one process in particular has been investigated for its environmental
improvement potential. For more extensive improvements in environmental management,
including not only dust management but also noise, vibration, and waste management, the
results and processes of this study can contribute to the establishment of
specifications/guidelines for developing countries, similar to those issued by developed

countries.
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ENVIRONMENTAL MANAGEMENT PLAN Doc. No.

CEC-SOMA-CICI JV

ENVIRONMENTAL MONITORING AND CONTROL PLAN

EMCP

AIR QUALITY
1 | PURPOSE Purpose of this procedure is to monitor and control the Air emission from
equipment, machines and operations.
2 | SCOPE The scope includes the site where the environmental management system

is implemented. Air emissions are to be measured Once twenty four

hours sample monthly.

3 | RESPONSIBILITY

Engineer-In- Charge

4 | PROCEDURE

» Identity the probable air emission equipment, machines and

operations. The site should maintain their own list of equipments and
machines.

Carry out the measuring/sampling at the sources at different levels
and take one 24 hrs. samples monthly.

If the dust level is observed above the prescribed values by the

legislative requirements or by the site initiate the controlling action.

Control of Dust & Air Emission

» Using proper equipments shall control air emissions & machines

equipments maintenance should be carried out at regular interval.
Every day morning before the site operation starts sprinkle water to
the entire site.

While transferring the fine aggregate/metal in dumpers make it sure
that it is covered with tarpaulins in order to control the dust and
maintain free board at least 300 mm.

The point where the cement is transferred or mixer shall be covered
with Gunny bags or plastic sheet in order to prevent the accumulation
of cement dust particles.

While sprinkling the water, the quantity of water used should not
exceed that what is required to control the dust and the concerned
person should make it sure that the water used should not affect the
Housekeeping of site.

The Engineers working at site & Safety personnel should make it sure

that the sprinkling is done in a proper manner.

» Every two hours this cycle should be continued so that dust can be

REVISION DATE Sheet No.
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ENVIRONMENTAL MANAGEMENT PLAN Doc. No.

CEC-SOMA-CICI JV

ENVIRONMENTAL MONITORING AND CONTROL PLAN

AIR QUALITY EMCP

under control.

» If possible landscaping should be carried out with minimum cost
since grass can prevent dust. This can be practiced looking into the
soil conditions of the site.

» Sprinkle water on top of the metal/coarse aggregated which will also
help in settling the dust while transferring metal for concreting/
batching Site/Plant/crusher.

» The approach road to the site can also be watered using sprinkler
system to reduce the dust.

» The top of the fine aggregate/sand can be sprinkled with water in a

mild way to ring down the dust under control.

Source of Air Pollution:

The main pollutants, which will come out from different activities, would

be suspended particulate matter (SPM) and repairable suspended

particulate matter (RSPM). The main sources of Air Pollution are:

e The dust coming out from site activities i.e. Excavation / movement
of vehicle/equipments.

e Dust generated due to material transportation.

Mitigation Measures:

Control Requirement during Transport of Material.

Transport of material from one place to another generates air pollution,
which degrades the quality of the area. To minimize visible particulate
matter from being deposited upon roadways. It includes removal of
particulate matter from equipment. Before in operation, all equipment
should be well maintained Vehicle cleaning facility/wheel washing will
be provided. Wherever required the vehicles carrying dust generated

material will be covered to avoid fly over of the dust.

REVISION DATE Sheet No.
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ENVIRONMENTAL MANAGEMENT PLAN Doc. No.

CEC-SOMA-CICI JV

ENVIRONMENTAL MONITORING AND CONTROL PLAN

AIR QUALITY EMCP

Control Requirements at Dumping Sites:
We shall place material in a manner that will minimize dust production.
Material shall be stabilized by watering or other accepted dust

suppression techniques.

The heights from which materials are dropped shall be the minimum

practical height to limit fugitive dust generation.

We shall stockpile the material in the properly designed suitable location,
with suitable slopes. The speed of the vehicles moving in this area will

be controlled through strict speed limits to avoid dust generation

During dry weather, dust control methods must be used daily especially
on windy, dry days to prevent any dust from blowing. Provide water
sprinklers that are required for dust control use. Dust control activities

shall continue during work stoppages if required.

Control of Dust on Haul Roads:

To reduce the dust generation during the Hauling operation on the Roads,
Water Sprinkling Tankers shall be hired by the company. The tankers are
contracted to 3prinklc water at defined intervals or all the Haul Roads in
which the activities are going on. The no. of trips, frequency and areas
are clearly defined and communicated to the Contractor and also to
respective departments.

The driver of the tanker as per defined schedule reports to the concerned
departmental supervisor of an area and the no. of trips made in a
particular area is supervised by the respective departmental supervisors.
Records of total no. of trips made by the tankers are maintained in the
"Dust Suppression Register".

In the month each concerned department to personnel and
Administration Department in the "Monthly Report" report the total
number of trips made by Water Sprinkler. Effective of the Water
Sprinkling tanker for suppressing the dust may also be commented by the

respective department to Personnel and Administration Department,

REVISION DATE Sheet No.
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ENVIRONMENTAL MANAGEMENT PLAN Doc. No.

CEC-SOMA-CICI JV

ENVIRONMENTAL MONITORING AND CONTROL PLAN

AIR QUALITY EMCP

which will useful to evaluate the performance of the Sprinkling Tankers.

Control of Dust during the Construction Operations / Activities:

a) The Dust Concentration during the any Operations/Activities shall be
kept to a lowest possible extent and the concerned Supervisors shall
take the required action as per the requirement.

b) During such activities the PPEs (Dust mask) shall be provided to the

workers.

Control of Dust in the Material storage Area:

The Material like Aggregates, Fine material etc. when stored shall be
done in such a manner that during the High wind the Dust will not fly in
the air. This can be done by making low height of the heaps and also
making temporary barrier against the wind direction around the storage
area. The Sprinkling of water around such storage area, on the Material
itself (if feasible) etc. shall be carried out with the help of flexible pipe
and the concerned Supervisor of such operations shall see that Sprinkling
is carried out properly and regularly. A list of areas where personnel
working shall wear PPEs during operation/activities is prepared for each

site.

REVISION DATE Sheet No.
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CEC-SOMA-CICI Joint Venture Bangalore Metro East-West Corridor Contract UG-2

Our Ref: CEC-SOMA-CICLUG2/0U-GC/12/ $7344 06™ August 2012

RITES — OC — PBI - SYSTRA

General Consultants to BMRCL,
Underground Site Office,

Opp. Gate No.20 Chinnaswamy Stadium,
MG Road,

Bangalore 5600010

Attn: Reiko Abe (Oriental Consultant)

Dear Sir,

Design and Construction of Underground Stations and Tunnels for Bangalore Metro Rail
Project (UG-2)

Subject: Method statement for Dust Monitoring

We thank you for previously providing us an opportunity to carry out dust monitoring using
Android phone at our project. The JV would like to share the same equipment with other contractor
to carry out the Dust Monitoring. We attach herewith the Method Statement and Checklist to be
followed during the Dust monitoring. Therefore we request you to issue equipment to JV’s Safety
manager/Environment Engineer for our monitoring Purpose. We look forward to have your positive
reply on this matter. '

Yours Faithfully
CEC-50:

Mr. NP Sharma
Mr. Micheal Barcham, Mr. Nigel Butterfield, Mr Stephen Pollock

: Mr. Ken Wong, Mr.MM Raju, Mr.Anant, Ms. Priyanka Shah
CEC: Mr.Russell Brown

SOMA: - Mr.Y. Balachinnappa
Beside M. Chinnaswamy Stadium, M.G. Road, P + 91 (0)80.30648888
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1. PURPOSE AND OVERVIEW

The Bangalore Metro UG-2 Project consists of construction of 4.8 km of underground -

railway system including twin bored tunnels and four stations from Magadi Road to
Cricket Stadium Station. The tunnels will be bored in the heart of Banagalore by

Tunnel Boring Machines.

. v The purpose of this document is to outline the methodology for the monitoring of
dust level in and around the Area of construction works of the underground Metro
Railway Stations and the tunnels or within the zone of influence of either the
eastbound or the westbound tunnels of Metro Corridor Contract UG-2..

v' To protect the workplace and public and provide a safe working condition.

2. SCOPE OF WORK

This work procedure covers the procedure for monitoring dust concentration at working
sites of CEC-SOMA-CICI JV /UG-2 Project which covers four stations sites viz. Cricket
Stadium, Vidhana Soudha, Central College and City Railway Station and Tunnel Shaft
area of Majestic East, Central College west and east shaft area, East Ramp and West

Ramp area.
3. LIST OF EQUIPMENTS / MATERIALS:

Android Phone with Funjin Software, Dust Monitoring Box

_ 4. METHODOLOGY
The operations include:

Bring the dust Box to the Monitoring Point

Set the HTC Android Mobile phone to the Dust box
Open the box and keep it open for one minute
Close the box

Start the program “Funjin” on mobile

Touch Camera and take Picture

Write the dust density to check sheet

NI N N N N N NN

Clean dust box and Black Board (Be care not to use water)

Confirm the Dust Concentration and touch “save” to save results.

Repeat this procedure 3 — 4 times at same monitoring point
If strange monitoring Results comes, recalibration of phone required
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Procedure for Re-Calibration

v

<

N S

Take 10 Photographs by using “Funjin” in situation that the dust concentration

is 0 mg/m® (Confirm with Digital Dust Indicator) _

Send This photographs to Sasaki (Sasaki do the Re-calibration, make a new

program “Funjin” and send it to mobile phong)

Uninstall the old “Funjin” by “"Apk Manager”

Install the new one from G-mail ' :
Confirm the program works well or not

If not, do the procedure again

5. FREQUENCY OF MONITORING

As per the contract requirement, clause 47.1.7, Dust Monitoring will be carried out at
“every fifteen days at regular Intervals.

6. RESPONSIBILITIES

The responsible persons and the responsibiliies are listed as follows: Overall
responsible for whole operations.

Project Leader:

¥v" Overall responsible for Project

JV Safety Manager:

v"  Ensure works are carried out as per planning.

Site Safety Officer/ JV Environment Engineer

v Regular Monitoring of Dust level at Site

7. SAFETY PROVISION

The execution of works will strictly follow the requirements of Safety plan.

The following measures are to be strictly complied with during Dust Monitoring:

>

Use appropriate PPE including Safety Helmet, Safety Shoes, High Visibility

Jackets.
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APPENDIX -1

DUST MONITORING CHECK SHEET '

I Mob No:

Box:

Dust Concentration, mg/m®

Date | Time Location | 1st | 2nd | 3rd | 4th | 5th | Average

Work Item

Remarks
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. Dust Monitoring and Controel Experience

i) Do you aware about effect of dust {a) yes (b) no ; If yes do vou know the impact of dust on health
yes/ 110

ii) How often have you attended dust Monitoring and Control programme? : (a) Never (b)Some times (c)
Often (d)Very often

iif) How often have you faced/seen any dust related incident/ problem during safety monitoring and control

at site?: (a)Never(b) Some time {¢) Often d) Very often

If so, pl. specify how many times: ---

A} If Dust related Problems were faced ( provide the following information)
% Have you met any dust related health problem in your working Site (a) Yes {b) No

If yes, provide the following Information

%+ What Type problem (2) Breathing difficulties (b) Nose/Throat Irritation (¢) Eye Irritation {(d) any other
specify
If Yes, provide the following Information

-

% How many times;-----— - When the last problem occurred (a) one week (b) Fortnight (¢) month
(d) one year

% Details about last health problem due to dust : (i) Minor (i) Major, Specify

% How many times you have responded about the incident:
(a)Never (b) Sometimes {c) Often (d) Very Cften
¢ Have you done any improvement plans for the situation?:
(a)Never (b) Sometimes (¢} Often (d) Very Often
Have you ever been taken dust control measurements at your limits:

(a)Never (b) Sometime (c} Often (d} Very Often

3

*

B) If Dust Related Problem were not faced (provide the following information)
** Do you think current dust control measures are enough?  (a) Yes {b) No
“ If Yes, (a) Following safety code of Central Pollution Control Board (CPCB) (b) DM RC Dust

Control Manual (c) Water Spraying and Soil Compaction (d) Dust Guard (e) any other specify-----
Page 2 of 4



4.

% If No, Have you prepared any improvement plan or method: (a)Never(b) Sometimes
(c)Often{d)Very Ofien

% If so pl. specify the method; --- L

Dust Monitoring Experience

i) Do you understand the purpose of Dust Monitoring method?: (a) Yes {(b)No
i1} Have you observed the dust concentration color panels during the work?:  {a) Yes {b) No
® If Yes, how often did you check in a day: (a) Rarely (b} Some times (c) Often (d} Very often

iii) Have you understand the meaning of dust color panel color provided at the work?: (a) Yes (b} No

If yes, provided meaning of each color panel and counter measures/ actions are required

(2) Blue color:  Meaning Actions
(b} Yellow Color: Meaning -------- Actions -
{¢) Red color: Meaning Actions
iv) Do you think that the dust monitoring method is sufficient for this site? (a) Yes {b)

Ne
If No, suggest which kind method should be considered: -

v) Have you seen any dust problem facing during working site?: (a) Yes (b) No

vi} Do you think that problem occurred in the past could have been avoided if the site was monitored by

present dust measurement method ?: (a) Yes (b) No

7

% If so, pl. specify how many times can be avoided-----------m--eememmeen

vii) Would you like to share the Dust Monitoring information with the public (a) Yes (b)No
vii1) By using dust monitoring method how much amount of severity of incident/problem (interims men
and material) can be controlled?: (a)Negligible (b) Marginal (¢) Significant {d) High (e) Very High
If Negligible, suggest any improvements in the present dust mobile photo monitoring method: —---—-
ix) Will you recormmend dust monitoring method for other /Future Metro constructions?: {a) Yes (b)No
x) Willingness to spend budget for dust monitoring and control for other /Future Metro constructions:

(a) Nominal (b) Moderate budget (c) Sufficient Budget

Page 3 of 4



xi) Do you have any Ideas on “Dust Measurement and Monitoring™ except present mobile phone camera
method? (a) Yes (b) No

-

K If Yes, Suggest any method: - —

xii) Do you agree this dust monitoring method will change your attitude and health conscious?
(a) yes (b} No; If yes, how much dust related conscious you have improved by introducing
mobile camera method? (a) No Improvement (b) Fair (¢) better {d) Good

xiii)  How would you rate use of dust monitoring method in construction monitoring?

(a) Fair (b) Good (c) Very Good {d) Great

xiv)  Will you recommend Dust monitoring method for other /Future Metro constructions?: {a) Yes

(b)No

Page 4 of 4
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iii} How much conscious on dust do you have during working at site: {a} Poor (b} Fair (¢) Good (d) Very Good

iv) Have You faced any dust allergy/ problems during working (a) yes (b) no ; If yes how often have you faced dust
related problem during working at construction site?:

If so, pl. specify how many times: -- - m————

A) If you have faced any Dust related Problems (provide the following information)

Have you met any health related problems at your working site due to dust (a) Yes {b) No

If yes, provide the following Information

¢ What type problem {a) Breathing difficulties (b) Nose/Throat Irritation {¢) Eye Irritation (d) any other specify

How many times: ---=-----—-- When was the last incident/problem occurred (a) one week (b) Fortnight (¢) month

(d) one year (e) beyond one year ------------------—-

+* How you responded about the problem: (a) informed to team/officers(b) Taken your own precautions
*# Have you planed to avoid to work during high dust situation due to reduction in visibility {(a)Never(b) some times
{c) Often (d) Very Often

+ Have you ever suggested to your co-worker to take precautions during working in Dust?: (a)Never (b)
Sometimes{c)} Often (d) Very Often

B) If you were not faced/seen any problem, provide the following Information

%+ Do you think current dust related safety measures are enough?:  (a) Yes (b} No

50

¥ If Yes, How you satisfied with current dust related measures (no Dust Monitoring)?:

(a) Fair {b) Good (¢} Very Good

».
'’

% If No, Have you prepared any precautionary method to work during construction?;
(a)Never (b) Sometimes(c) Often {d) Very Often

>
L

If so, pl. specify the method: ———

4. Dust Monitoring Experience (by Mobile Phone camera)
i} Do you understand the purpose of dust monitoring method?: (a) Yes {b) No

i} Have you observed the dust concentration color panels?: (a) Yes (b) No
® [fYes, how often did you check in a day: (a) Rarely (b} Some times (¢) Often (d) Very often
iii) Have you understand the meaning of dust color panet color provided at the work?: (a) Yes {b) No

If yes, provided meaning of each color panel and counter measures/ actions are required

{a} Blue color:  Meaning --- ACHONS— e mmemm e
(b) Yellow Color: Meaning --------—--—-——-— ACHIONS-mmmmmm e
(¢) Red color: Meaning ----—--- Actions
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iv)Do you think that the present dust monitoring method is sufficient for this site? (a) Yes {b) No

If No, suggest which kind method should be considered: -
V) Have you seen any dust problem facing during working site?: (a) Yes (b) No
vi} Do you think that problem occurred in the past could have been avoided if the site was monitored and controlled
by dust measurement method 7: (a) Yes {b) No
“ If so, pl. specify how many times can be avoided-emresmemmammmmmmees

vii) Do you agree this dust monitoring method will change your attitude and health conscious? {a) ¥es (b) No

If agree , how much rate of improvement in health conscious by introducing Dust Monitoring Method?

(a) No Improvement (b} Fair (¢) better {d} Good

viii) How would you rate use of Dust Momnitoring in construction safety monitoring?

(a) Fair (b) Good {c) Very Good {(d) Great

ix)Will you recommend dust monitoring method for other /Future Metro or Road constructions?: {a) Yes (b)No

Page 3 of 3
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iil) Have you ever seen the dust related health problems due to metro construction?: (a) Yes (b)No
iv) Have you ever worried about your health and safety while passing near Metro Construction: (a) Rarely
(b} Some times {c) Often (d} Very Often

v) How much health conscious do you have: (a) Poor (b) Fair (¢) Good (d) Very Good

3. Dust Monitoring (by Mobile Phone Camera)

i} Are Youaware of the dust moenitoring at the construction site?:  (a) Yes (b) No

* IfYes, have you enquired about it?: (a) Yes (b} No

= If Yes, have understand the meaning of color panel?: (a) Rarely (b) Some times (c) Often(d) Very
Often

i) Have you understand the meaning of each color panel {(a) Yes (b) No
iii) Have you understand the meaning of dust color panel color provided at the work?: (a) Yes (b)No

If yes, provided meaning of each color panel and counter measures/ actions are required

(a) Blue color:  Meaning -------------------- ACtIONSmemmmmemmm e
(b) Yellow Color: Meaning =-ssswswssssmms cumms Actiong-—-——-rrmemnn
{c) Red color: Meaning ~---r==-=reremenmmmn- Actiong-ee-easmmnmmmmee-
iv) Do You think the dust monitoring by mobile phone camera is beneficial?: (a) Yes {b) No

If No, suggest any improvement method: ----rmsmvmmemmmmsesseo

v) Do you have any further ideas to know the dust measurement condition except using mobile phone?
(a)No Idea(b) Celor Panel at entrance (c) Dash Boar Messages (a) Audio messages (b) other Specify:--

vi) Do you want to know any other information related to : {a} construction (b) Dust control measures
(c)Others

vii} Do you agree this dust monitoring method will change your attitude and health conscious?
(a) yes (b) No; If yes, how much dust related conscious you have improved by introducing mobile
camera method? (a) No Improvement (b) Fair (¢} better (d) Good

viii) How would you rate use of dust monitoring method in construction monitoring?

(a) Fair (b) Good (c) Very Good (d) Great

Page 2 0f 3



ix) Will you recommend Dust monitoring method for other /Future Metro constructions?: (a) Yes (b)No
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Measuring and monitoring construction dust using mobile phone

cameras

Dust is a generic term used to describe
fine particles that are suspended in the
atmosphere. Sources of dust emitted
directly into the air are due to vegetation,
burning of biomass, industrial and con-
struction of activities, wind-blown, etc.
Dust can be defined in practical terms as
any particle from a few nanometres (nm)
to a few micrometres (um) in diameter
that can become suspended in the atmos-
phere. According to the British Standard
code (BS 6069-2)" dust is defined as a
solid particulate matter (PM) 1-75 um in
diameter. Dust can be formed due to par-
ticles which are emitted directly and sec-
ondary particles which are formed by
chemical processes in atmosphere. Parti-
cle size is an important factor influencing
the dispersion and transport of dust in the
atmosphere and its effects on human
health. Particles less than 10 pm in dia-
meter (known as PM,) are often inhal-
able, while particles less than 2.5 pm are
considered respirable (known as PM; s).
Particle size less than 10 um can cause
health hazards, whereas those greater
than 10 pm are associated with public per-
ception and nuisance’. PMI10 is of more
concern to human health as the particles
can enter the lungs, causing breathing
and respiratory problems, with long-term
health effects. These particles also carry
adhered carcinogenic compounds into the
lungs®.

Construction dust consists of direct
particulate matter which is emitted due to
construction work on ground, and poses
a great problem for health and environ-
ment. In India, there is a regulation that
dust concentration during construction
must be less than 2.5 mg/m’® (Central
Pollution Control Board (CPCB)). How-
ever, dust measuring, monitoring and
counter measures have not been properly
implemented so far because dust meas-
urements are expensive. In India, the con-
struction industry is the second largest
employer next to agriculture; it employs
around 10 million people. The annual
turnover of the construction industry is
more than 6% of the national GDP. It is
one of the most vulnerable segments in
terms of safety and health-related inci-
dents in comparison with the other sec-
tors. Several research and engineering
techniques have been developed to pro-

vide dust-monitoring measures at con-
struction sites. Recently, in construction
sites in Japan, digital camera-based
methods for measuring dust were intro-
duced. Further, these methods are impro-
ved by introducing innovative techniques
using mobile phone cameras, because the
performance of these cameras has im-
proved significantly. Shinji* initially
developed an innovative, handy and
quick dust-monitoring method using a
mobile phone camera to measure the dust
concentration at a construction site. This
new method is more economical, easy to
perform and also has a high correlation
with digital dust indicator (DDI).

The objective of this study is to inves-
tigate the implementation of mobile phone
camera-based dust-measuring technique
to plan and execute the dust-management
system at a construction site. The deve-
loped methodology is implemented for
monitoring at Central College metro sta-
tion in Bangalore. This method is quite
useful to the workers at the construction
site to take precautions based on the
level of dust concentration. The mobile
monitoring system was calibrated and
validated against the traditional DDI
method to assure statistical validity. The
result of this measurement was also dis-
played on a colour panel at the construc-
tion site so that workers could take
required precautions accordingly.

Where particulate matter is considered
to be the main ambient air pollutant, two
dust fractions are commonly used in moni-
toring programmes, PM,q and PM; 5. The
PM), includes particles with an aerody-
namic diameter up to 10 um and PM;;
represents particles with an aerodynamic
diameter up to 2.5 um. Aerodynamic
diameter is defined as the diameter of a
hypothetical sphere of density 1 g/cm’
having the same terminal velocity in
calm air as the particle in question, re-
gardless of its geometric size, shape and
true density’.

Dust can be divided into four catego-
ries: generated dust, total suspended
dust, nuisance dust and fugitive dust nui-
sance”. The scope of this study is meas-
uring and monitoring of construction
dust which is mainly due to generation at
construction sites. To evaluate the impact
of dust on human health due to exposure
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to dust or to investigate the effectiveness
of dust control measures, one must have
a method for the evaluation of dustiness.
Many methods have been used in the
literature to measure the dustiness at con-
struction  sites — particle =~ mass-based
methods or particle count method, parti-
cle light scattering methods and particle
light absorption methods, mobility mea-
surements and chemical components and
precursor gases equipment. Particle
count method was developed based on
air as it enters and exits the filter. Filter
efficiency is the ratio of particles trapped
by the filter to the total number of parti-
cles found in the air upstream of the
filter. Mass concentration method is the
simplest among the dust-measuring
methods to determine the total weight of
dust collected in a given volume of air.
In gravimetric method air passes through
the instrument at a desirable rate of
2.5 I/min under the action of a diaphragm
pump. The major advantage of modern
light scattering instruments is that the
addition of electronic circuitry permits a
combination of immediate readout and
integration over any chosen time-interval.
Hence, they can be employed for both
short-term and long-term sampling.

In recent years, because of the perfor-
mance improvement of mobile phone
cameras, they were used to measure the
concentration of dust at various construc-
tions sites’. This method is easy to han-
dle and inexpensive in long run. The
flash photograph taken by the camera is
used for the internal processing to quan-
tify the dust density. With the help of
artificial neural network (ANN) tech-
niques, the flash photographs can be
processed and the most probable dust
density can be estimated. For this entire
internal processing in the mobile phone,
Shinji* developed the dust concentration
measuring program on a HTC desire
Android OS 2.2 version and this was
installed in the hand phone. Figure 1
represents the dust measuring mechanism
using the mobile phone camera. ANN
has been adopted in this study to measure
the dust concentration. A neural network
consists of a number of inter-connected
processing units, commonly referred to
as neurons or neurodes. Each of these
neurodes receives input signal from other
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neurodes to which it is connected and
each of these connections has numerical
weights associated with it. These weights
describe the nature and strength of the
influence of the network and are adjusted
iteratively until the error is reduced
within tolerable limit. The validity of dust
concentration measured by this method is
compared with the traditional dust con-
centration measures such as DDI.

Bangalore city, the capital Karnataka,
occupies an important position not only
in the state but also in the country. It is
considered as one of the major industrial,
commercial and educational centres in
southern India. Urbanization in India is
more rapid around national capital and
state headquarters. Bangalore is no
exception to this case. It has the dubious
distinction of being the fastest growing
metropolis in the country. Similarly,
vehicular population has been increasing
tremendously, leading to traffic conges-
tion and uncertainties in travel time. To
mitigate these problems, mass transit for
Bangalore had been started under the
Bangalore Metro Rail Corporation Ltd
(BMRC). Figure 2 shows the route map
of east—west corridor of Bangalore Metro
rail alignment phase 1. The red colour
alignment shows the underground corri-
dor and the blue alignment shows the
elevated corridor.

For the present study, Vishveshwaraya
station (Figure 2), also called the Central
College station (8.78 km), in the east—
west corridor of Bangalore Metro Project
phase-1 has been considered. In this
study four locations were identified to
measure dust concentration (Figure 3).

The methodology for dust measuring
and monitoring at Central College station
is shown in Figure 4. The entire procedure
is as follows: taking flash photographs at
the identified locations in the study area,
calculation of dust concentration, deve-
lopment of database in the server pro-
vided by the Indian Institute of Science
(IISc), Bangalore, and data analysis and
information to the site workers through
colour panel.

The traditional digital dust measuring
instrument, SIBATA modelled Digital
Dust Indicator LD-3K2 model equipped
with a laser that measures relative con-
centration of respirable particles through
the intensity of scattered light was used.
Prior to monitoring each day, back-
ground and span checks were conducted
to remove filled air in the detector, and
compare the measured value of the light
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Figure 1.

Figure 2.

Figure 3.

Dust measuring system using mobile phone camera.

East—west corridor route map of Bangalore Metro.

Dust-monitoring at Vishveshwaraya metro station.

Figure 4.

scattering plate. The relative concentra-
tion of Suspended Particulate Matter
(SPM) with size less than 10 um in di-
ameter was measured every minute, and

Methodology for dust monitoring in the study area.

expressed as counts per minute (CPM).
Dust measuring system developed by
mobile camera needs calibration before
collection of real data. For this, the pho-
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tographs taken in Dust Box were syn-
chronized with DDI and correlation
analysis was carried out after calibration
and validation of dust monitoring system
(DMS) values.

Correlation analysis was carried out
between dust concentration measured by
mobile phone camera and that measured
by DDI to know the degree of correlation
among values obtained by both these
techniques. For this, 108 samples were
collected simultaneously using both
techniques. The sample collection of dust
concentration data is spread over various
time-periods such as morning, afternoon
and evening hours at four different loca-
tions of the study area represented (Fig-
ure 5). From Figure 5, it can be observed
that highly positive correlation (r = 0.94)
exists between the dust concentrations
measured by both the techniques.

Further, regression analysis was carried
out to understand the relation between
the dust concentrations measured by
these methods. The estimated regression
model coefficients for the collected sam-
ple are presented in Table 1. The sign of
the estimated coefficients of the variable
is positive; this indicates that the dust
concentration measured by the mobile
phone camera showed a positive contri-
bution to DDI value. Based on #-statistics
(greater than 1.95), it can be concluded
that there is significant relation among
these values. The estimated R® values
were very high (0.88), which indicates

that the uncertainty explained (88%) by
these values is very high. Also, observed
F value is high (799.284) and signifi-
cance of P value is less than 0.005. This
emphasizes that the dust concentration
measured using the mobile phone camera
is significant. Further these values are
validated on statistical grounds using
standard ¢-test and F-test.

The dust concentration data obtained
using mobile phone camera were vali-
dated against the DDI dust concentration
values. Mainly these values are statisti-
cally validated by considering Student’s
t-test for significance of difference be-
tween the means of observed DDI values
and DMS values. F-test is also consid-
ered for validating the significant differ-
ence in variance of observed dust values
obtained by both instruments.

The t-statistic value is estimated using
eq. (1) to assess the statistical validity of
mean between the dust measured by
mobile phone (DMS) and DDI.

X, — X,

t=—32—0_, (D
Sa | Sm.
N, N,

a m

where x, and x,, are the mean values of
dust concentration measured by mobile
phone camera and DDI respectively, s,
and s,, are the values of variance of DMS
and DDI dust concentration measured
respectively, and N, and N, are the sam-

5 10
Mobile phone (mg/m?)

Figure 5. Correlation of dust concentration using mobile phone camera and digital dust indica-

tor (DDI).
Table 1. Coefficients estimated by linear regression analysis
Coefficients Standard error t Stat P value
Intercept 0.118 0.148 0.797 0.427
DMS (mg/m?) 0.945 0.033 28272 0.000
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ple size of DMS and DDI values respec-
tively. It can be observed from Table 2
that the #-value obtained by eq. (1) is less
than the r-critical value for 5% level
of significance, which is obtained from
the standard #-table. This emphasizes that
the dust values measured by mobile phone
values have no significant difference
with dust measured values by DDI.

After validation, DMS is used in the
present cut and cover metro construction
site. The developed DMS was difficult to
use directly under sunshine, to overcome
this difficulty, a dust-monitoring chassis
box was developed to measure dust con-
centration. The box is kept open to col-
lect the dust concentration before taking
the measurement. Then the box is closed
and the flash photograph taken in the
dark box.

For the present study, data were col-
lected in three locations (Figure 3). A
total of 48 days dust data have been
measured in September, October and
November 2011. Dust was measured dur-
ing four different time periods on each
day, i.e. at 9.00 a.m., 11.00 a.m., 2.00
p.m. and 5.00 p.m. and four dust samples
were collected each time. The average
concentration for each time-period was
estimated for each sample for each loca-
tion. This was considered in the analysis
and decision-making for an action plan.
The sample size collected for various
locations is presented in Table 3.

The dust concentration data measured
at all the three locations were analysed
and summary of statistical parameters
such as mean, median, kurtosis, skew-
ness for all the locations were estimated
(Table 3). This statistical information of
dust concentration is useful to know
about the central tendency and variability
of dust concentration at the measured
locations of the study area during work.
Table 3 shows that the mean of dust con-
centration at location 3 is marginally
higher than that in the other locations.
The standard deviation for this location
is also higher (1.78 mg/m®). The kurtosis
value provides a measure of the ‘peaked-
ness’ of dust concentration. Location 1 has
a higher kurtosis value indicating high
peak values and less variability than the
other locations. It can be observed from
the results that the width of the particle
size distribution of location 3 is more
than those at locations 1 and 2. Dust col-
lected over the entire sampling interval
was low, but when dust concentration
was expressed in terms of drilling time,
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Table 2.

Statistical summary of validation results of measuring dust

Dust values measured by mobile phone camera

Dust measured by digital dust indicator

Student’s s-test

Average Variance Average Variance t-value t-critical
3.370 8.418 3.304 8.530 0.168 1.990
Table 3. Statistical summary of the dust concentration measured in the study area
Location 1 Location 2 Location 3 Combined

Statistical parameter

(sample size 120) (sample size 83)

(sample size 118)

(sample size 321)

Mean

Median

Standard deviation

Kurtosis

Skewness

90th percentile of dust concentration

1.84 1.91
1.33 1.36
1.63 1.62
7.83 7.08
2.14 2.09
3.40 4.0

2.05 1.97
1.56 1.36
1.78 1.75
5.55 5.60
2.03 2.01
4.20 4.20

Figure 6. Combined average particle size distribution of samples collected at locations 1-3.

dust exposure increased. Further to dis-
cuss this scenario additional and repeated
measure of dust concentration is neces-
sary. Based on the observations, it is
therefore recommended that the workers
should wear filtered dust mask during
drilling at the locations.

The probability of particle size distri-
bution of dust concentration of the com-
bined data is presented in Figure 6. It can
be observed that all the distributions are
skewed to the right. From the cumulative
distribution it was observed that the me-
dian value (at 50%) is almost the same in
all the locations and is about 1.4 mg/m’,
except at location 3 where it is about
1.60 mg/m®. The 90th percentile of dust
concentration levels has crossed the
lower safety limit which is 3.0 mg/m’.
That is out of 20 measured samples two
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samples cross the lower concentration
level in all the three locations. Therefore,
from the observed results it is strongly
suggested that the workers should use at
least a simple dust mask while working
at any location.

In this study a method has been intro-
duced to measure dust concentration
using a mobile phone camera. The
method is dynamic and a good alterna-
tive to traditional methods such as DDI.
This innovative technique has been cali-
brated and validated before implementa-
tion in the study area. For this, the
traditional DDI data were considered.
From the results of calibration it has
been identified that high positive correla-
tion (r=10.940) exists between the dust
concentrations measured by DDI and
mobile phone camera. Further, the data

were validated statistically by using
t-test. The results show that there is 5%
level of significance in the dust concen-
tration measured using mobile phone
camera.

Further this method was implemented
at the construction site of Central Col-
lege station, Bangalore Metro and a total
of 445 samples were collected from four
different locations in the study area. It
was observed from particle size distribu-
tion of dust concentration that the median
value is almost the same in all the meas-
ured locations at Central College metro
station (1.5 mg/m?). The 90th percentile
of dust concentration levels crossed
lower safety limit of 3.0 mg/m’, i.e. out
of 20 measured samples, two samples
crossed the lower concentration level in
all the measured locations. Based on the

CURRENT SCIENCE, VOL. 104, NO. 7, 10 APRIL 2013
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observed results, it is strongly suggested
that simple dust masks need to be used as
a preventive measure in construction
work. If the concentration level crosses
the upper safety limit of 6.0 mg/m’, sim-
ple mask protection might not help
reduce exposure sufficiently. The com-
bined use of dust masks with filters can
reduce exposures to acceptable levels.
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Eastern Ghats’ biodiversity reserves with unexplored lichen wealth

The Eastern Ghats (EG) is a discontinu-
ous range of mountain situated along
eastern coast of India (Figure 1). It
stretches from Mahanadi Basin in the
north to Nilgiri Hills in the south, cover-
ing a distance of 1700 km and spreading
over an area of 75,000 sq. km. The aver-
age elevation of the mountain range
is about 600 m and the highest peak is
Shevaroy Hills that reaches up to a
height of 1700 m. EG supports a rich
array of tropical forests including pock-
ets of moist deciduous, evergreen and
semi-evergreen forests. About 2600 an-
giosperms, gymnosperms, pteridophytes
and 160 cultivated plants are known
from EG!, which also includes over 530
tree species, 1800 medicinal and 450 en-
demic plants®. The biodiversity richness
in the region can be illustrated with an
example from six hill complexes of the
southern EG wherein 143 lianas and 272
tree species are reported®®. The EG is
home to several unique taxa such as Sho-
rea roxburghii G. Don (S. talura Roxb.),
S. tumbaggaia Roxb., Pterocarpus santa-
linus L. f. (red sanders), Cycas beddomei
Dyer and some wild varieties of rice
(Oryza granulata Nees & Arn., O. sativa
Thw. and O. malampuzhaensis Krish. &
Chand.)>®. EG is also a region for dis-
coveries of taxonomic novelties; for
example Corallodiscus Batalin, a new
generic record of plant and Phallus indu-
siatus Vent. & Pers., a new generic
record under fungus are reported from
Odisha”*; Clarkeinda trachodes (Berk.)

Singer, a rare tropical Asian monotypic
mushroom was recorded from Tamil
Nadu (TN)’. Apart from plants, Rao and
Krishna'® recently discovered two spe-
cies of spider and one each species of
scorpion and mantis from the Nallamala
Hills.

EG contributes significantly to both
species richness and endemicity of the
Indian region. However, the forests of
EG are relatively under-studied and have

received less attention for conservation
compared to the relatively better-known
Western Ghats>!!. Ultimately EG is left
with insufficient data for several groups
of organisms. This is one of the reasons
that phytogeographers were forced to
merge EG with the Deccan Plateau and
call it the Deccan peninsular biogeo-
graphic zone'?. The data deficiency is
prominent in the case of cryptogams,
especially lichens. Singh and Sinha®®

PENINSULAR INDIA

Horsley Hills

Guyvalacheruvu Hills
Tirumala Hills

Shivaroy Hills

Map not o scale

Figure 1.
lichen collection in the present study.

CURRENT SCIENCE, VOL. 104, NO. 7, 10 APRIL 2013

Schematic presentation of Eastern Ghats and some important localities surveyed for

821



TARFEFRIEERL (b /L L5, Vol. 70, No. 1, 15-25, 2014

FEGRULEBEICE DRy FTI—O HAS
IZ&k 55 CAEEREX

&R B! - e R HERC2 - R IEAS

TR AV = zvarvn sy GEEEARM WuBRZEH (T1510071 FHERRA X ART3-12-1)
E-mail: aber@oriconsul.com

WAL TARE (T107-8348 B HEX 774 6-5-11)

E-mail: yukis@kajima.com

KEBEE T2 70RE (T755-8611 1110 RF=hiF g 52-16-1)
E-mail: shinji@yamaguchi-u.ac.jp

NESE  FEREBR )

SIERB

A KRR

A~v— b7 EHANE RTINS CARBERNEREZ, A > NOBEIFE CORERE T G A
L72E ZAN O ORBESNE DT, KRS TlE, T84 b2 AUPNEEERHB L L TRAHICE L Lo
DOBHDHXY NT—I HRATERANWT, RO A~— 73 VL 2BEERE CTIIMEE - - RO RE
FENE ORFRZSABIZ L VEBRET S L LB, TEEE, B 730 Y —A0FE X OERE 72 Eo
ERAFRIZ LY, ERERR CARFRIHASER L. 2L C, BHUAREORNE & L CEmNIZBT
D8 U ABELEE S OERE & FBREH- AT 5 2 LT, EREXIVEE LI U ABREE N EVE & ST
L7z, BENEROER, REFEINEREL EITH CAE Y OB T T2, +oRBELED
FTHLTWADZ L 2R L.

Key Words : dust monitoring, video image processing, feature value, smartphone, network camera

1. XIS FIT, FH DI T I b O fiR

I 2 RVEERBI O AT DRl U AIIEZEE DRt
BRERRE A5 [ S T RRMEO O DL SN TERY,
ENTIXI980FARLURE, 252 < O U AMRRRADMBE <41,
EOE LN CE = Z07=8, BEAEFEEE, 2007
FERAITH CARESEHRIZUOEL, Ef7 7 A
MR E DA &, T U2 U AR E A ES
7Ky U AIE 2 R R L et 720,

—7, WM COMSEAR~OEEIEE I TIHIE
ThV, BIHEER FETOBRETR IIEFICRE .
L3S, & EENCRB T b VSRR IE S
I B9 OREEEFRIL A ARICHAREIZEZRLS, 2o
FEMET D & DOPE E RO U A MR TSR
2 ABEMEDRD TEV N, Z D728, FUNERRE) B RS
VRSB OB L0 U AR EREO—i b
Thd. BUE, B CAREAEIAS HANLTHDT
CHENM CAGHE, RZeEHREERR & LG, bsET
XL HVBABETRIANE S TH 503, S Clixb
D CEMARFHRERS TH S, T, FHEERE Y T
B A LTRENTE W EORER S ~7-.

15

W DG INNEELE LT, TULNAATDT T vy
2 Y X B8 CABGELEIR A FIR L7858 U AR
EEEFREZE L. PThAY— N7 4 UL AFEET
UH Ry CAGHIEANZN TG RREFEE LT, B
BIRTA V2 RO a— VT RS TFHITBT D8R
SRR T I T B CERBRE A S nY. EAE
ims b R AHINCIE e < BB THECTH LT, HEEREE
TO CAONEEEREGDT-DDT VI =0 AEE

FEA A ¥ NSRBI T8



Y CAFHARE LT, [FA MRy 7 A LR S.)
EERL, BBEAEITT-. L, FARRy 7
% WD FEIITERE ORISR REEZ A L, &
BRI E DR Xy VT L—rar (5F
H) BDELIBH T bt

ARFETIE, A~v— 74 &AW EE CARE
HEHEDFFZOW TSR~ 9 2T, BIEIEST
Z ORIEEEEA LTZEBEORMBER A SNCT D, 2L
T, ZOfEIFIEE LT, BhEiga A =fiiSk U AR
FEREEARR L, ZOFEER Y NT—7 DA T 58
H U258 O RSOV TR

2. AX— 74 VERAV-ESH CAREREE

(1) FHAKRE

£7, BHEMIE CIRE SN 50 U AREEAIEED
JFERZ DU CE ORE At~ 5.

B-1(a)imd &k O ZREREE T C, By AN FEEL Ty
X L CT VAN D AT TT Ty a2l s17H
&, BHb)TT & 9 BHELEEAE BN D, T,
AT DT 7 adH 0.5um FHEORREIC E—7 %
B, R ORRN RO R & FFRELL oK
EIORIAZEVEZ D I —HELUC L VEL pm FREORE
Wey CADOBENE I A TITEL EZ2 6N TE Y. %
DOBEOBEEREY, KR ERED—ETHIUTH L
AMEE T 5. BEEE T, ZoWEEFIFL,
O LIREAA T L —TREL v BLF, “7Iy
IRV MR S.) I LTHATTT Ty vali
B SNTIlER U A D HIGELIBIHGIE RS O S, 43l
PREMEE LNV ar ECoa—J9 Ry NT—7
(Attificial Neural Network, LA ‘ANN’ CBES.) %M
WZEEEEAT O 2 L O U AR OB IRT B IIE
EERRESL L=, ANN &1, ARORITE & SOSIZ RS2 K
TR A B RS Lo o B a—2 T e Y XA
THd Y. ZOFETHE, GERPIIT OV AZ, B
CAREERIEIL XY 2 v L BN ENOR A A G
TEER L2217 67, RG0S TR o7,
Z T, HRE L TOMREITE D D b OOEERFHRE
LR E B L QDAY — R T+ DT Ty aft
ENAZIZEVERRD T T v ¥ 2 21T, g
T A~— R 74+ EO AndroidOS ECHMTT 5 Z & T,
UTNNEA N CARENGF LD VAT A (Dust
Monitoring System by Smartphone, LA T “DMS-S” & RS, )
ZRFELT-. DMSS X, 7V XU CARHTHA, &b
O CEG LA T - T=128, HNER LT BITS
B ET S U,

TARFEFRIEERL (b /L L5, Vol. 70, No. 1, 15-25, 2014

(2) FABITHERE~DER

SN TCOBATIEE LT, A1 R U n—UiF
BEGEER DT D OBH THESG M EE SN, A KT
1, BERVEEFOTFEN CAEDHBINARFETHD 5
212, B UAMEBNIERICEMThE b, F
HWHIZRE CAREH T TR, 22T, T/
POPBEEIE DFRATRA & L CRAR U A ORI 21T
57299, B3 ISHRE DR FAG DAV U A ORI

(@ 77y afEl

b) 7F7vi=aFY
B1 RN ORI S

= BCABELLER
o HFL—Rr—Lik |
=

1%

# ERAE BRI
i TfE S ElE
ﬁ | Za—=5LFvkT—Y |
g BLARE |

X-2 DMS HIEFIE

U SPUpUpUY SUPUPRY RPN ST PN Sy AN S RSP (SUUPRS SUPUPRY SOUPRY NPT PR B S

AETRO)
ocBRBB8EBB3IBBYSE

o
o

1
ke

B3 M U A ORI A



ARERT. KB nD LI, ) CAX PM2.5
RIRTFHRRE LT, 77 v o2l L0 BlIATRE
72 0.5um~2um Oy U A EIEE DK 40%F2E 5 /T
W5, 2T, ERRHIEO A R, S e— L
TR T vy = 7 D3RO E LT, HBR7R
Sk CAREEREDE A% 6 » ARICHi= Vit 7.
T 3 R O 7= OBIH THHIG Th -
7olo®, EROEETIXT T v ¥ 2 HELEORUHS) S FEE
Toholz. £IT, AIRERIRY OT7 T vy 2 Wl D%
TER7R B & BIHIEEBISN CORFLIEO IR L, =)
ITHERADRER, BE2 BLUR4 [ TRTHA MRy 7 A
BB LIz, XA MRy 7 AOHET L760 X W450 X
H470 (mm), EX1X 6.1 (kg) THD. FARRy 7 A
DOWNERIZ > LB 7 L —T8dE L7z bic, #R%HE
WAZIXANR DT T > 7 )V EEE Uiz, B2 iE A~
— 7 F LY —EY NSV ERS, A~v—F 7+
AN RCHPBREETHZ LT, EHEZFIUR

B CHA~— h 74V EIMUMNOEMETCE D L DIZ L

ZDFZARNRy 7 ALY, PIEEANC ER0ZEHZ D,
AR5 2 & T, bW & RO CAD
NHELEHR OBUGA FTRE & 72 o 7

RS IBE THEB Th 72720, BIHIWEEOT
AR, THBUBNO 5 NGRS EREL, ©
DIHl, ¥A MRy 7 Z%8@H L 7enns, —HIZ 4 B 9
BE, 11EE 1485 1789 FHAILZZ. FHINE, # A RARy
7 A A=— 7+ HEEL, ¥A MRy 7 AL
2B LB OB CARE L [FRISHE, TOEREIC,
FFEEADA— T 4TI T v v a R E T E
L7z FRIE S COREIIE S CENEN S EFER L,
B, WIKOB CABEZFRANZ7EY 3 BIORERRED
S A DERTOR U AR L LT-.

() FHELT-[IRES

BN THEBUG CO BRI AFHANGE, FHAFERIZ OV
TIEBEIGRINTR L2 B THD. TDOH T, DMS-S
OEAOMESIIRE < 3T T2 2H -7 1 2(XDMS-S
DRER Y mIRE A TR T AT TVERETH Y, 5 1
OlX DMS-S 73 D HEE0N D —EED A% 7~ EHEH
BThs. ELOLLERELY T 52HEKTHY, BH
BISOEAT D72 DIC W F A MRy 7 AZBEE LR
ELERETHD. R 2 FRICHET - EEFEICE
9% & FREE— D00 B RUuTe 5,
BHIA< =R 7420 | B ULIMFHE LRV, RO
FHITLBLAADZ &, TOBBTOR CARIEI D
e EOBEENAET D, LITF, TNENOREOFEME
FOMEEIRR AR~ 5.

TARFEFRIEERL (b /L L5, Vol. 70, No. 1, 15-25, 2014

a) | T hiERRE

X5 12, BRHI THBHC I 2 R3S 5,
bD -BOT VAN T/ I DMS-S I2XL 51
ABEFERIE OSSR A4, 1|/, 2[EH, 3EEO
HE CIEREROMEm 7R L TUNDDITH L, 4 [8]H ORIE
TILDMS-S 78 10.0mg/m’ &, 524 )LUF U AR FORIERS
AT AVMEE R LTz, ZOROT7 Z v v afy
FEEIE, B6 1T L O A FICRE BB
BoTUWa., ZHUTIH AT D L BT # U A
DEIEL, ZOMUANLDT T v 2 BEIDMBLOR
CANTHA, FHCRE SHID L BolzbD B b

(@) M (o) 71 A ZRRE
BEH2 FAMRyZRENAT LERERR

[ a7

470
205 60 17530

t®

B4 FARRy 7 AOHEX
100 18

80

60

40

KL AR E (mg/m3)

20

00

H7E B % ()

-5 FUE LA DMS-S HIAERE R

B-6 K& 7Z2HEBEDOE - HiHg4]



5. BEoTH2L0X 1 BOMTATHY, TV L
AFHT X DIER UABREIHEY, UL, ZOHEBO
BERFEI L RN T EIEFICE 28, DMS-S TIXE# A
WELHSTEHHEL CLE Y Z&dbhotz. Znk)
2, B CABRENMEONISAICIIEEEHRL, K
6 O 7eEEARE ST LTS, FHAIES
DETZ SIS K ORI LS, B U AEEED HEIED
DT TRNPVETHD Z EbhoT

b) —E{ERRE

-7 |2 DMS-S |2 & 58 U ARERIEREREO—FlZ R
T ZOFITIE 125 [BElE COREITRE R <AT2 =Dz
L, 126 [EEUFBETIT 1.2mg/m’ &9 —EEOAZ T
L, HIEEREOE S EbNZ. SROMEE, A~—h
74V BIRIZEEIIAONT, TUXMCAR D IER
WZENE L QU T2 OMIE B 23 iRl 22 b L 72 ATRetE &
K. 22T, 77y valpfRoERTHLT T v
RRNVOBEOEORISEELICER L, ENHHERE E
B U7 SENFESERRIY, REREE T E L, EEABKL
T2 ZARNKR 7 AT VA CAEE, TV A
THEFEL, BUGTEILIZUHM CAZ XA MRy 7
A FEN DI > THD £ Z ETEMBER L
ARFERRE A B LT

c) FEAERA

W ROBAEORIFELAY DMS-S ~5-2 5B
REHIIS, 3FHOR 2 AR EFFOT T v 7 )V
L, TN LT T v v a7
7o LT, 79 v aBEMI, ANN THWAFRHSE
T 5 NHELRHGOFEIE & orffE 4z skeoT-. B8 12,
ZOWYINE, AL, TOHK C AR E RV CHRIE
L7 B DRy U AREE & OB 2oRd. X, 75
0 78I | I TESEEBOREE, 7T v 7L 2137
T 73 1 ORENZERNIE U A& S0k
RE, 7T I /RFIN 3T T v 78RV 2 BER LR
RETHD. ZOXNSLND XD, EIgIEE D EHE
RIEIE, DRV TH CAMREE & OMBIEE<,
7T 9 I RRNOE RSO ITTR A Z T T
DL ENbnD. bbb, 7Ty IRy 7 ANTIEA
2= N7 H 2 ET T v 7 R— ROBEEENRIITOT, ek
D DMS-S THW TR, B ROZITHUK T,
EHEEOTEREVE LT 5 OEIEMICILE S e
BB IR T

-9 12, DMS-S THU %D ANN O A 7~d. ANN
DT NAY ZNE, AN LTS EoRg FHgE) (X
BHISE R E LCHBIICEEE L, & eeeTuvb
DR S OHRIFEHTICE LT B 728, DMS-S [2E
FAEniz. BRI T, ANN OB L= 2 —
7 UERITRBICIRE SN TER Y, FORTEFIEITRE
DOFEFHENT—F ZHW T ThIL T\ e, 2oizh, 8

TARFEFRIEERL (b /L L), Vol. 70, No. 1, 15-25, 2014.

FIEIZ ANNZ K DIRFEBHOSE 24 Th 7l s, €
B7ek CAREREN C&E T, B7 0L HIZhs EfE
DIEWIIT D2 L1700 S LT

o, BAHI MRV EBEARIRE LT, ¥ A MRy
7 Z%&FIRT 5858 CAREDSE, DMS-S (2395
ANN OiEFIITEORENI AT TH 0, R L 355
TNTY ALEBERGTHZ LI LD

10

DMSRITE #} LA/ R E (mg/m?3)
*

100
B E % (=)

-7 DMS-S BITERERIC L o —TEERED ]

20
T 0 ITviFILL
=15 x TS993 )L2 X
E o ISvIRIL3
# 10
A8
S s
EN
0
0 50 100
YERE 191
(1) FEEEERE
20
T 0 TSyhixIL1
515 X TSy %2 ke 3
E O0JFS5vI/85%)L3
# 10
4
S s
EN
0
0 500
HERE 5 BRIE
(2) FEEEE
X-8 FrE LKy UABRE X OMEIX
ANE hidE HAE
EGRBETIE —
— BERCARE
EEEES HiE —

3

EBICBITE=a—0OV
-9 DMS-S THIV 7= ANN R[]



3. BEGEIZ & 51 CAEERTEEDRET
R
ETAERO X O BRI, I, BEATTDH 2 )
JED x, y 2R &, 1 ROTORHRIERE  TRBLSAL5 3
WICHIIRIEINY B T T —HEERTEL E 2 O,
2T, AROEEGIIEE (RE) FHROAEEH, R
Kok rickshs .
B = fix, 1,1) Q)

Thuzxt L, 17 —Eifg G, FEFEIIG L TR GR),
G (&), B () @3 AOREERPLELZRY, T
O BN THMUC 3 570D, IRFRICRE LCid 1 O
30 HEDEHETH 5.

fE5k U ABERIEICBImG A 5F]m & LT,
FE (FrILE) (2T EORE 2B RO ZE R TE DA
NEFOND. BRI, @57 L—LARToE
YR (REfRZEAEE) 217V, RHAER TR L oo
1o R LDFEDRFI BT D217 .

™

-
—

(2) BERIZH T SR EL R EREG Ak

BEg ECORMEA GO FREE, BRSO
WRER ISR CTH DB CARB I OO R TH S
T T 7 RF L DIRBECNT L ADMERE,  BIROfE
B, 77 v a4 NOYE N7 LI Lo TEH)
T5H. TNETOMEICLY, ZE LI L Ehmig 4
PG 2720, 77 v 2t RS LTLED 74
FEEEDERE L, Av— 74 OETFHRE TH L
ADEELEENEBE MR T& 5 2 Lidbho Tz Y. %
ZC, BBUEBRTEOMNIC S 725 CE, T A—
TA L DOETAREMREZ V-, £ LT, hrput
WNTOESBHIE LCORUAREEZBE LT R X
NAPUHEOVEERI DTSN DN TN DRy R Y
—J AT L, LED 74 FNathaibhds L& L.

(3) HEIESNLE

IRFRAZE YU & 13, 10 1R 4 9 1257 D e oD
fe L7z 2 MOEg 7 L, EifgHh CEEZEI A L
WAy BT 2R TH 5. bbb, BHlEEE fAxyl)
95 &, BEESTEIE AdxyE, UTOXHTRER
5.

Ad(x, y,t) = |f(x, wh)— fix, yt —1)| ()]
2T, x ITEKE O Y7 v,y X T
DY BN, ITEBEETHS.

RENRT & 912, ¥y CABEL BRI CR)D
ENIREAT o 12356, MEENBET DT A
HELIEER Sy DINIR D 128D, DERRIECH - 715 iy
DEBETRET D, T70bbly CABELED A At
HIEINTED.

TARZFESTRILERL (F /L T4), Vol. 70, No. 1, 15-25, 2014.

FEREK U AR EhEiG A F IR 220 B A4 T
STRERO—FIZR-1(bIN™T. 728, FREEZSUEEC
g A ERIE, EENER B 72WIREEERR S LT 0.1
e L. ZABDRIZBWTT X AR LA TR
SN U AT 89mg/m® TH 5. ZHbDX)HA
SR X DT, FEZESABRC X Y Eifg RO S
DEBERETE WD ZEbnd. Lnl, #EHIC
LV EREEDIIELS 22D, i UABELEES b R
iU 7o o7z, o, AMMETHHIcERIE, JeFE
BEOHRER D ) A AONTFFROOT Hip O (L)
Tohbx AR LigFRT D) 2% TR Y R
RIIEIRE LTHREECH 72, 2T, ISR g
Ex{T-7-.

Video

N/_
= -] [ 4
Images Y

f(x,y,t) f(x,y,t—1)
Defference ®
Irece °* s

d(x,y,t)

B0 BRBESUERO T A=Y R L

B-11 EEZEUERERRE RO

12 7 L—AAr—/LHEi



(4) EfgHEIE

B-1(b)2i, #EiFEDRGB (Ffy, , kg, , ) &
W9 3 ODIETHHDIN TG, DO REENE &
P2 BDEBETZ0, A HiFEO RGB EZ K05 FIMIE 0
R ORKE255 28 & L2 256 R0 7 L—RAr—1
B L, nXm T8 @y ZAFT 5. 22T, nXm
HHEBOY A X Th 5.

a, =02989xr,+05870x g, +01140xb,  (3)
E4u)%7v x&—wﬁ@ TEHA U TRER 212 1
Y
a) Zf{E{canE

BX-12 DIBFE A i, BRI AR U 7 g
DA N T LERAZITTRT. ZORNLDNE K1,
1 FE AL DOBEFEOEEEIL25 LT &%, ZO-HHEfg
ERPIEL 720, BRIOK CAS D OFHSIREZE O H O
HLEEL < 7poTtEZ LS.

2T bR A LT
RSN EA, RO _fEIIEHT DU TH D.
ZORE, LEWMELZERTZEOMEU LORRIZE, bl
TR 5. EE A @A SRR S LT,
XM L A BEICEIVBES Z LN TE 5. AR
BT, B CABKELEIG DG, 7T v 7 7SRV
ERICHT=D720, B D ORHYhMENES L 725 X
IS, LEVMEDORE L L CHBISTEE v 2.
Y, AT RS, 7 T AR E 7 T ANk E
@%f&é”%f#wkk&éwﬁb%wﬁmérwﬁ‘
LFETHS. 8bit (256 BEH) DmigRD _fEfkizks

o L X WMEEZRDDHEE, 77X 1| #EEHE
0~ th—1, WES,, VEWEEENS £, Sie?, 7T A2
BVEREE h ~ 255, WM, PR £, 55#e?,
RS £ 2R DWROME p, & T &,

s Zfo(f f) “)

m

AR ALER & (s

22 _ Zr‘;m(f_fZ) 5)

n,

$7e, REROTHIEE T L35 L2 5 A B X
VU 5 AP, HRATR SR,

ol = n1(7| - ?)2 + ’72(72 _7)2 (6)
? n, + n,

g2 = oL+ 1,03 @
n+n,

02 /o2 DIEDIK & 72 DI F R EOF#E L &0
Eth L7025, A, B2 OB D56 LS\ METh=6
THY, B14 17T 80, B CABEDE A D £<
HHTETWD Z L3 bnD.

TARZEEFHCEFL (b L T2), Vol. 70, No. 1, 15-25, 2014.

b) /4 XERNE

WIZ, FHEER U ADTR ) U ABRE 0.0mg/m’ [Z551) 25
BRI URE ORI A0 W, B4 IE, B kil
AT o7z, ZORRERA5 (7T, B15 28Tl
A TRITIRAEE CANTHFAE L QWRnze, RIHPIZE
STWARUNARIZIET /A XEEZLNS. 2D/ A
REpET D720, BAL7r00—H#OBEH L. T
T A o—B Y, B-16 1 ORT X ) ICEIBN O A
BZDUFOZ L THY, WHEHESE LMD (K
WFZECIEAE) 200E L2 BT, IGHELER & MY T 548
IOIMNZ TN L D ITHEEEER D BE) LB OBEE DR
RONEIE L D DRk AT A L, R L T
n&%ﬁ%%@ﬁE%H%mﬁﬁaéﬁtﬁwﬁLii
PNEE L D HHERA R HEE CH S 0, BRI
ifﬁmaﬁ%mﬁfé5&&&1&%&@%%@L,
ZD%, TOYA Xk CARNEEATT S

255

B-14  “fEfAEoRiR

BH15  0.0mg/m® (2351F 2 A LALBROHE B

::i:%.

(b) IR HE AR

(o) EARALE

(a) TLEIS
E-16 EA7 4 O—AEOF]



K-14 B X OB-15 126 L TRV T 0 O— 32475
T AER AT 17T, B4 L BH17(@) B L OBH5 &
A7) & LT 5 &, WBND ) A X% EFLBRETE T
WD ERTDD.

(5) #MLABELABOES

K6 IZHRLIZ& 91T, RO CAREIHE MET
HBHIZHLEH ST, DMS-S Tl o m o CAERE S
KT EWVITTIERTEN H - 7=, UL, GEHRERE
L RRBEBHAFE LT 1l DR CANZ 7 T o2
B, BoLah, REEBNICKE EBEE L TEST
ZENFERTH D, M CAREIEOHEMLEE X S &,
Z OBIS RN R 5 = LIXREETH D720, B
TR e Uiy CABGEDEEIRZHFIL, BERNOH
C A E RIS 2 IR RET 5.

By U ABELCREI O35S, B IER#IAT Y. BT
OIRBETIE, EHEOMEN 0 & | DHRDOT, F T
BAATV, RS OB X 0 E ERNN 2T 5
B TR A AR D . FREEZSHA & N O (1
F(EEEE 255) (o3t LR (EEEAE 0) 2D ORI
EHETLIT AT ZLTHS V. BRI, A5
TiE=a—27 U v R,

d,=y(i-p)+(i—-q) ®)
ZRAWS. 22T, 43 EofEOHS G j) &k
FRRRCH D BE (p, @) MOHRECTH .

FULC, BB O LR A TV, BT
AR ZE Sy EIT D SEEOYEITFIELE LT, AFIETIE
Watershed 7 /LU X L%#MHT 5. Watershed 7 /L= Y
R I % AT ERES, R 2 H P & A
L, EORRE I OEER AR A YLK T D 2 & THREEE
B S8y CASEIZ EI 2 2. thoofEiE BT
A, MRROEIRE, REOFIREEMENEY, [FUH
GNP L CHEEO R DFERPE LD FIREMER S
LOITKIL, ZOIETIE, EEAAITERIZ I > T—
Bl 2 oh, £z, REOTNEGHIEZIEE LoKg
DR Y ZREEET 5720, Lo -BEMnEuv. K-17()
W% U CREI Y EINUE A T - TG R 2 R-18 1T, 72k
B-18 (2B 2T e B CAOEE CLTF, “B
CAMGELDEHEE SFES) 1290 THY, TRV HHK
CAEREITCETNDZ gD, £z, B8 DL
2L R CADMHEL TS HEEICRIT 51
B EIRER A B9 (T, ERUSREOT X Wy U A
FHTOB UABEEIL 04mgm® THY, R18 OfER LY
LR CARETH LD L e E 5. 7ok, 18, B-19
IZBWTC, SEEOSENRIE LY by og <5
FHENZ, ENSEIZNNEDLHRTERL TN D.

EARFEFREERL (b /L L5, Vol. 70, No. 1, 15-25, 2014.

6) HEEORE

Q@-~G)ETOREZLY, ERLELNLRHEE L
LT, B CARGED RS (i) CUF, B CARK
EDEE A LRSS 3B KU CABGED RO
BhEaBETs2 & e Le. Zhbid, B8 nkoiT
Lo ZREH CADMHE L TODEETHR CAR
EEZIELFHETE 5720, RHIHYeBUEER I LT
W5, 2T, B CARGEDEER R, B CABELLE
B bl 2o kg (LT, “BrksdE”
LIRS & LUTRERT .

(7) FEHELI S CARE~NDOEBROES

FRSEY, A TRIFICTRET D8 U ABELEEER
WX VRS, By CABGEDESED V700, DFE 0k
CAREMEVGES, FRFSE L/ NSVEZ L, 5T
AEGELEEED S, OF 0y CAREREWIEEIZIE
AR E D REVMEZ T, RO EE TR0,
IR OEMEEE LG, Biaeer Iz
FRHEED O CAREAEWT 5 Z L INA[RETH D &
£ BIVG. BARTRET U TIL 4. (2) Tk

%

(a) B-14 DRHRRER (b) B-15 DFRHER
B-17  TEUEBI T D /A IR

BI-18 MGy EIHEE:

R-19 S HIETS(2)



5. Ubas o, ARG TRET LB L5
gy CABREEAIEFIEZ -20 (R

4. v bI—=0HhASERWH CAREREX

(1) #=E

X hT—2 B AZ (Network Camera) &1F, FiLH
KICEEDIP OF RLABREI VRO TEY, £y MY
—JHZBELTCEZNOLTHMGAHEE TE L8740 A
TORHTH Y, N UARNVHINOVEERIN AT T b1
HICHYET 5 Z ENTE 5700, SIS ORIHBEEN
B2 TWD. AT, ZOFRy NT—IHRAXT~D
BIEREE LC, BN CARIEREED BN AT
%. T, Xy RT—7 AT L LED 74 R
BT CAHGEDEEIEH & ik OBy 4 7 m
TT L UTHARANTZ Y a v EflAEE, BiET
TR LB X 58 CARERIESEEZ U 7 v 5
ALTITY, Py NT—T AT EANERFERR T
AAREERIZEYE  (Dust Monitoring System by IP Camera, LAF

‘DMS-IPC” L FESS.) A42EET 5.

(2) DMS-IPC (A FRMEDREE

ANROBRAA b o VR B TR L7234 C A%
FAWZS=NERRZ L W DMS-IPC DA A HEET 5. =
WNIERIZ A28 CAHGELDEES O 2 B-21 (TR
T.ORFRTIE, B CABELENE S C R SR U
WREEED DI, *v NT—7 B ATIHRICT X
W CAREREL, TORX U 7HGEL AV | BMED
MUAREZBISL, ZTNETEEE TS, T V%0
CAGHZ L 28 CA-BERERRAR22 (Trd. L
AARFEIT 0.1~25mg/m’ & B/ 3 OIRFEFEF NS ST
Y, DMS-IPC OF MR 0707 — 2 DB &
TWB I ENPND.

Xy NU—7 J1 X TG A R Cilk T BB AA T
W—R T LIRS EANET S, LT, WET—#
BB OFE T — 2 (2% 276) &, M
SNTHBWGTHHROT A T —4 (T—4%: 84) 1T
DFH. FOET, FEF—ZICBT ORHEE ST Y
Z R U AGHZ & DHIER U AR & OFREAE-23 12
AT KDL RE DT, FRHEE SRS U AR
FE, IS ORISR BID. BHT, BLAR
FEOEHEEAETH S 3mgm’ LLFOREIX V. 22T,
e L LTS Y IV IIERIRRE Y Cidd
HE, TRESE.

(5B U AT RE) = 2311 In CHT AR &) — 21902 (9)

WIZ, TARTF—4%HNT, DMS-IPC OA HMEZ#
FET D, TR NS0 LEREREAREHL, X9k

22

TARFEFRIEERL (b /L L), Vol. 70, No. 1, 15-25, 2014.

BIEBCABE (mg/m3)

REBCARE (mg/m?)

S BLABELBER |
a  |[mmEEsnE|[sL—zxr—1it]
n

B k] [/xpe] [assE |
1

B [ensam | [ asa |
) i

S HEETIL |
g BUARE |

K20 EhE{GIERC X 28 U ARERIETIE

-

15am|
Bam
/V —
LEDF 1+ 6am  [FubT—onx5 |

[ 4am

21 CAMELCBUSETERL

30
25
20
15
10
5
0
0 500 1000 1500
B (se0)
B22 7O U ARNC L B RERIERE R
10 . , -
3 PSR S
8 | g
03“” E * ‘ * 30
6 ot algc
ot ’0"}’ *e
4 e ;I;:’;’r;vf'*; *************************
) *
2 ot sgﬁ,to ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0 ‘ i | 1
0 10 20 30 40
FrFEE (x 10%pix- &)

®-23 FET—Z KT DRGSR



D CAREL AR LAS ORI CARE L, T
20 U AGHT K 2IER U AR OMBEXK A E-24 12
w7 ek, ROEHAWT, B-22 ORI UARE %
BR9 2 EB-25 L7205, RIhHbnd X)L, BMTAR
FEOWERMBERTE TS Z ENbD. ek,
13mg/m’ LU HIZB L CIEFoRa B LT 5.

PR CARE L 7 V4 W CAGHZ L DMER CA
TEEOMHBEMEZ T~ 5 720, & AWT, K24 orERd
Feka R

g (10)
; (x,. - x)z

x o IR U A x DALY
Y - R UAREE )y ORATS)

o+ BIER UAME « OfEERE

o @ K U AR y ORI
75, FARIRAK p 1 1.0 LCHTV ME SRR3R < RIS
MENWZEERLTEY, — A2 0.8 UL L THEEEE L
NWTCWD. B-24 L YOETFERRENL 085 THY, ZD
R DALY U AR & 52 4 U U AGHC & BHlE
¥y CAREE OFIBIMEIX BN Z 23 oh 5.

MLABEL RIS EHE 112p

B26 rv hU—r A

TARFEFRICEFL (R 3/V ), Vol 70, No. 1, 15-25, 2014.

10 : ‘ : —s
: | : L.
! L. ! .,
~ : L e ;
£ 8 N A
ob : *ty : :
£ o et s
X R
I ‘f'o
:_2) 4 - * ’0 * & L
& R .
o o5 P R R SR B
& ¢
0 | | | |
0 2 4 6 8 10

AIEHCAIRE (mg/mP)
(24 JER CABEE S5y U ABREEORERIN

_®

Ex | S ————————
o | |

EZ) ******"”””"i********”””*v”””*"”””( ********
< 1 S
5 o lé : : :

B T N R
Ak N R S
# o 457\_ i 1*&_ :

0 500 1000 1500

B ] (Se0)

B-25 #aGiky U ABRERZ L

TN LDy CABELD R iRE R —fi]

23



F7o, B26 1%, Xy NT—F7 A TINEOMEE
Ly BT T E A NCEIGIERZATV Y, By U ABGELE
A LR O—BITHD. ZOMMLbND X I,
T VN CARHT L DWER UANRE DZIZHRIG L
T, B CABELER s L O CABELEEE S b
I LTNA Z Edbins.

5. #ER

AT, BRI W THRER SN A~— 7
* 2 E RTS8 CAREREEZ A VR - e
—/LA N BREHBEHI T HEBSI B CEA L. 20
B, (EROIFILIIREERE FCoifHE BV L LIz kT
bolzlth, FALRY 7 ZAEERLR Y 7 AN THEL
WEfGDIFEEITATER L. L, TOEE0R
RECIIEHIMEHAC BT, @58 CAREME N T T
E—ElE LOTHRERNE U720, 7T v o300
DREEEORIFNIER L, B brREIREE RO 3

DT T o 7 33V AT - - B ER & B iE LT,

FORER, A~— N7+ ERWS CARIEEC
TSI TO O REROEIRRH SR (BIGIRE I, B
R RdE) T ROZLICBIE TH Y, Rl &
L CRIAMTERICHREN SN Z E Vo T

Z T, BENK CAREZAIT D 729D, B LAWK
SLOtENES A EH L, RfZESEE, 7 L— 2 —U L,
il AT A, PSR Watershed JUEE
LW o Tl 2 OBEGAEL AT S Z & T, BiHuE
OBy U ABEDEE S THAER L O CABGELEERD) 25
FL, BEFEEZIOICRBSE Ry NU—T B AT
2 X DERETRE U AREREEZIRE LT

LU FICARIZE T - L A i< %

1) AEEREIC L DHEEIERE U 7V A MIFEMT
LT EIIY, WEROFETL, 1HTERIRETS
ZENRARETH S.

2)  ATHREIC L DFE AT T, Fric/ehis

(B U ABREL BT TS & O U ARG R
BEUTAT LIoRER.  f/ N3RS < Bl
T, AFECL BRI CARE LT T A
FHZ L BRI UAMREE & ORI E B O$FEE
TIVDMEERTE D,

24

TARFEFRIEERL (b /L L), Vol. 70, No. 1, 15-25, 2014.

Xy MU= 7 A FI X D BASEEG Ik L CEmE
BAEIC X D8y CARERIEIEZEAT 5 2 L T,
TENENC IS D E R CAREEAIE A FBITX 5.

3)

HEE - AR TICH T2~ C, B ReD THIETAN
7= Encardio Rite Electronics Pvt.Ltd ?> Nagaraj % 13 U,
BIRAAITIR G L £, E£72, AFRO—EIL,
MSTATEBIE N FHANIRESE  AFIERCR R B 2t
RRRoEE g7 7 /' & (A-STEP) 74— U T
A = AL T (= AT =PRI A TR DT T
H5.

&3

) ELEAN, FHEH: =2—I 1%y NU—27 ZFH
LT VRN ATIZEDH CAREREDERL,
TARFEEFHE G, Vol.66, No.d, pp.194-200, 2010.
BEAGEE - TVIEEER LEICRBIT 2B CARERIC
B9 254 K742, p3, 2000.

e e RHERE, FERES 1+, K. R. Shivananda, #LIEA :
SNy Aa— NV HUTERBIEI THIC B 2 HEHrEiE 4 A
WSS CARIE, TARYS bRV TEMEE,
%522, pp.115-119, 2012.

(ff) FHUEIE#RES PIV N R T v 2, pp.25-27,
2002.

FOM0f8 :NEUROSIM/L I L B == —F L Xy hU—
7 AN, p.70, BTITZE#EE, 2003.

BRI, fex KRS, EEIEAN 1 > FERHIFSICE
J 28 CADSHT LS CABRE, tARFRPERK
I RESMELE, VI2, 2012.

S, HEAFR W oSy 20 K B B R,
p.7, FRILHIAR, 1993.

Ve Rigfe, FRHER, fEHMER, ELEN  #5HE
FEON A THEE AW N URABIATO/RS ) U
ARERIE ST, AR 66 [EHER AT 2
EMEELE, VI-391, 2011.

Otsu, N. : A Threshold Selection Method from Gray-Level
Histograms, [EEE Transactions on Systems, Man, and
Cybernetics, Vol. 9, No. 1, pp. 62-66, 1979.

Sternberg, S. R. : Biomedical Image Processing, 1EEE
Computer, 1983.

EEFE, Rlmhi—RR - BREEAS R A T TR o RS
M=%, Medical Imaging Technology, Vol. 20, No. 1,
2002.

Meyer, F. : Topographic distance and watershed lines,
Signal Processing, Vol. 38, pp. 113-125, July 1994.

2)

3)

4

5)

6)

7)

8)

9

10)

11)

12)

(2013. 5. 8 =11



TARZFESTRILERL (F /L T4), Vol. 70, No. 1, 15-25, 2014.

DUST MONITORING SYSTEM
BY NETWORK CAMERA ON VIDEO PROCESSING

Reiko ABE, Yuki SASAKI and Masato SHINJI

This paper treats with the practical problems of the use of simple dust monitoring system by using the
smartphone at the open excavation site of the metro station construction site and suggests the new dust
monitoring system by network camera which is widespread use at the tunnel construction site. To
eliminate the noise from the influence of the black panel, image processing algorithm has applied. In
addition, new feature value is introduced to continue the stable dust density measurements. The
laboratory tests show that proposed system has higher accuracy than the current system and satisfying
performance as a simple dust measurement system.
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