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ABSTRACT

The purposes of this study are to investigate the levels of particulate matter
no larger than 10 micron (PM;o) and total suspended particles (TSP) in the workplace
and to study the relationship between mass concentrations of TSP and PMy, So as to
estimate PMyo from TSP in the workplace of Blending and Cutting Sub-Division
Factory No.5 of the Thailand Tobacco Monopoly. Data were collected at 5 sampling
sites (T1 - Ts), 12 samples per site. Hence, there were 60 samples of TSP and 60
samples of PMy. All data were collected between January 3, 2008 and February 28,
2008. The sampling procedure was referring to NIOSH recommendation (personal
air sampling system), however the maximum volume drawn into the personal
sampling pump on each sample did not follow the NIOSH method, but the particulate
matter concentration in the air was in the range recommended by the method.

The results revealed that the levels of TSP at the sampling sites were varied
and displayed no pattern while PMjo concentrations showed similarity at all sites.
TSP concentrations were 0.48727 - 13.65115 mg/m® and the average was 4.238
mg/m?®. Concentrations of PM;o were 0.03183 - 2.69031 mg/m® and the average was
0.374 mg/m®. Variations of TSP and PMy, concentrations did not depend on the
amount of batches of tobacco leaf. The level of TSP showed accumulation
continuously through to the end of the week. But PMyo did not show the same trend.
It appeared that TSP and PMyq levels were highest on the day that raw materials were
very parched. The ANOVA p - values show significant relationship (p<0.05)
between TSP and PMyq at all sites. However the relationships based on a linear
regression equations or non - linear regression equations were poor. Coefficient of
Determinant (r’) at Ty - Ts sites were 0.361, 0.0029, 0.1524, 0.2452 and 0.6261
respectively and r? from all sites was 0.2119. Thus, PMy, at factory No.5 cannot be
estimated from TSP by using linear relationship, because there might be some other
factors influencing the variation of particles. However, regarding employees’ health,
TTM should conduct the measurement of PMy, instead of TSP concentrations.

KEY WORDS : PM;o/ TSP/ TOTAL DUST / INDOOR AIR QUALITY /
THAILAND TOBACCO MONOPOLY
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CHAPTER I
INTRODUCTION

1.1 Background and rational

Nowadays, Thailand has many industries, which rapidly expand and
distribute in every regions of Thailand. Although Thailand has faced with economic
crisis, however, the expansion is still continuous. Both of the establishment of new
manufactories and expansion of old manufactories, are ones of the main sources of air
pollution. At this moment, air pollution problem in Thailand is rapidly increased and
one of the main air pollutants is particulate matter from transportation and especially
from industrial processes, because many factories still has low efficiency for air
pollution treatment. Moreover many factories are located in Bangkok, the capital of
Thailand. Unfortunately Bangkok, which is lack of good urban planning, consists of
many inhabitors.

The degree of air pollution emitted from factories will normally depend on
raw material or production process in the factory. Furthermore, if process output
contains a lot of waste, it will be a risk to the occupational health of employee during
the working period and the surrounding. It is necessary to have good quality
management for waste treatment due to all of waste affect health and mind of
employees in factory. For air pollution problem from industrial process, PMyg is one of
most important air pollutant. PMyg or respirable dust is particular matter or dust that its
shape is no larger than 10 micron. Most of dust from combustion and industrial
process are no larger than 10 micron. Nowadays, PMy is important problem of health
and environment. It causes a lot of health problems for example; respiratory diseases,
decreased lung function, aggravated asthma, development of chronic bronchitis,
irregular heartbeat, nonfatal heart attacks and premature death in people with heart or

lung disease (1).
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The industry in Thailand must abide the law (Announcement of Ministry of Interior of
safety in the workplace (chemicals), 1977), which prohibit an employees' exposure to
any substance listed in Tables No.4 shall be limited in accordance with the
requirements of Inert or Nuisance Dust as follows, total dust shall not exceed
15 mg/m? for the 8 - hour time weighted average in the workplace. Respirable dust
shall not exceed 5 mg/m? for the 8 - hour time weighted average in the workplace. The
majority industry so far monitor total dust or another name as total suspended
particulate (TSP) in the workplace, which still cannot represent PMj, that can
penetrate into the lower part of respiratory system and accumulating onto lung tissue.
Commonly most of the factories have not conducted PM;o measurement because they
still believe that measurement of TSP can represent the efficiency of air pollution
treatment, so there is no need to measure PM;o because it will increase more cost.
Therefore, there are have not the data of PMjg in the workplace to analysis for health
impact assessment and air pollution treatment system.

This research aims to study the processes in The Thailand Tobacco
Monopoly, Ministry of Finance, due to the tobacco factory is the industry which has
produced pillar cigarette in Thailand since 1939. It’s area is surrounding by Klongtoey
District, Praram 4 Road and Sukumwit Road which are dense crowded community

zone, homestead, and school as Figure 1-1.
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D Thailand Tobacco Monopoly 'LJ Commercial building |:|Crowed community zone

B Hospital ¥ school " Hotel [l Embassy Il Market

Figure 1 - 1: Location of The Thailand Tobacco Monopoly (2)

The Thailand Tobacco Monopoly (TTM) has 3 factories and 1,446
employees. There are 351, 394 and 691 employees working in Factory No.3, Factory
No.4 and Factory No.5 respectively. Each factory produces different amount of
products. The raw materials for product are leaf and stalk of tobacco, which shall be
cured and baked by the agriculturist at Den chai Redrying Plant, Pare Province. Until
they are very dry and lightly, they are sent to the production factory at Klongtoey,
where a lot of the particular matter occurred, which caused the major problem of air
pollution in The TTM workplace. The TTM has measured TSP in the workplace once
a year by occupational health and environmental sub - division. However, the
measurements are not conducted in the same day for each year, but normally in June,
July and August depend on the convenience. However, The TTM has never conduct
PMjo measurement yet. When TSP concentration are compared amount 3 factories.
The results show that Factory No.5 had the highest TSP concentration because Factory
No.5 had the highest production, which produced about 17,000 Million of rolls/year.
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The Factory No.5 has working area about 30,000 square meters and there are a lot of
employees. The report of TSP concentration, which were measured since 2003 - 2007
at Factory No.5 found that some years TSP had exceeded the standard in some
processes. Moreover the trend of TSP concentration in some processes might exceed
the standard (see in Figure 1 - 2). However the measurement of TSP only can not give
the result of PM;, concentration because the measurement of TSP covers the extent of
PMjo as shown in Figure 1 - 2. Therefore, it is necessary to measure PMjo due to it’s
adverse effect on human health especially the worker in the places that the level of

PMyo always violates the standard.

Concentration TSP Concentration in Factory No.5
(mg/nt)
18
16 - [ ]
14 ? *
¢ 2003
12 *
m 2004
10 e
* X 2005
8 X 2006
6
) X X 2007
41 X 7
. 2 * X
21— — /2 2 X X —
X & B [} % % X
0 a T T T T T T T T
TY T2 T3 T4 T T6 T7 T8 T9
Site =0 Standard of TSP
< Standard of PMy

Figure 1- 2 The result of TSP concentration in the workplace at Factory No.5 (3)

Due to PMy, causes respiratory system disease. Therefore, Ministry of
Interior regulated standard of respirable dust in general industry which is average
working hours not exceed 5 mg/m*® and American Conference of Governmental
Industrial Hygienists (ACGIH) regulated standard of respirable dust is 3 mg/m® that is
much lower than standard of air contaminants for TSP. Thus, it is necessary to
measure concentration of Respirable dust (PMj) to compare with concentration of
TSP. For above reasons it proper to research at The Thailand Tobacco Monopoly

Factory No.5.
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1.2 Objectives

1.2.1 To investigate and compare PMj, and TSP in a factory of The
Thailand Tobacco Monopoly.

1.2.2 To study the relationship between mass concentrations of TSP and
PMj in a factory of The Thailand Tobacco Monopoly.

1.3 Scope of research

1.3.1 Study area
Blending and cutting sub - division, Factory No.5, The Thailand Tobacco
Monopoly.
1.3.2 Period
TSP and PM;o are measured in two months, from January to February
2008.
1.3.3 Parameter
1.3.3.1 Total Suspended Particulate Matter (TSP) (in term of mass
concentration).
1.3.3.2 Particulate matter no larger than 10 micron (PMjp) (in term

of mass concentration).
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1.4 Conceptual framework

Tobacco Factory: Thailand Tobacco Monopoly Respiratory system disease
(Bangkok)
v v v
Factory No.3 Factory No. 4 Factory No.5
Air Pollution

Open Tobacco bags process

Respiratory system disease: Tobacco
Process: TSP, PMyo, PM; 5

\ 4

Cutting Tobacco process

\ 4

Moisturizing Tobacco process

l ,,

Cure Tobacco process Measurement Measurement

!

Preserve Tobacco process

\4

Hand-rolled cigarette
process

v
Relationship between TSP and PMy,

\ 4

Mathematical Equation deliveried from relationship between
TSP and PMyq

\ 4

Estimate PMy, in tobacco process by using Mathematical Equation

l

Assessment of Model performance
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It can be seen from the schematic diagram that The Thailand Tobacco
Monopoly has three factories comprising, Factory No.3, Factory No.4 and Factory
No.5. Factory No.5 has the highest of production capacity. Therefore, this factory is
the most appropriate for this research. In this research, particular matter (TSP and
PMjo) were sampled at 5 sites; (1) The tip of slitting cigarettes machine (2) Vibratory
conveyor before entry drying cylinder (3) Cutting machine (4) Conveyor before entry
Proctor and (5) Lifting tipper of Expansion tobacco. The reason for selection of above
5 sites is that it has TSP measuring data retroactive 5 years. Finally as from
concentration of TSP and PMyo collected, it mathematical equation can be delivered
by mean of linear regression. This allows an estimation of concentration of PMjo by
TSP concentration measured in the workplace of Factory No.5.

1.5 Expected results

1.5.1 The levels of PMgand TSP in the workplace of Tobacco process.

1.5.2 The relationship between mass concentration of TSP and PMyg in the
workplace of The Thailand Tobacco Monaopoly.

1.5.3 Correlation equation can be used to estimate PMjo from TSP in the

factory.

1.6 Definitions

TTM is Thailand Tobacco Monopoly.

Total suspended particle (TSP) is total dust.

PMyy is particulate matter no larger than 10 micron.

PMcoarse 1S the particulate matter which is bigger than 10 micron.

Aerodynamic diameter is diameter of sphere of unit density (1g/cm®) that
has the same gravitational setting velocity.

Tobacco leaf is an agricultural product processed from the fresh leaves of
plants.

Tobacco stems is stem of tobacco leaves which pass cutting process.
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Tobacco is cut tobacco.
Expanded tobacco is tobacco expanded by carbon dioxide (CO,) and heat
suddenly by steam, therefore it is expansion.

Copyright by Mahidol University
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CHAPTER I
LITERATURES REVIEW

This chapter presents the literatures review related to this research. The

presentation is divided into three sections as the following:
2.1 Thailand Tobacco Monopoly, Ministry of Finance
2.1.1 General information

In 1939, Thai Government launched the policy in the establishment of
a monopoly tobacco industry. The Government then purchased Thai Tobacco Factory,
located at Yellow Bridge, Rama IV Road, from Burapa Tobacco Co., Ltd. The factory
was run by Excise Department, Ministry of Finance since 19 April 1939 under the
name “Yellow Bridge Thai Tobacco Factory”. Later on the name was changed to
“Tobacco Factory Excise 2”. The tobacco business started to expand in 1941 when the
Government purchased cigarette factories from Kwang Hok Company and Hoffmann
Company as well as a cigarette factory at Tambol Baanmai, Chareonkrung Road,
along with tobacco farming business from British-American (Thai) Tobacco Co., Ltd.
(BAT). The latest purchase came with condition that BAT agents would cooperate
with Division Chiefs, overseen by Excise Department, till the end of that year. At
tobacco factories purchased by the Government were named “Thailand Tobacco
Monopoly”. It has been running under the BAT system since then. At that time, The
Thailand Tobacco Monopoly comprised of 4 divisions; Factory, Sale, Account, and
Farm. During 1942 — 1945, the Thailand Tobacco Monopoly was transformed from
Excise Department, Ministry of Finance to the Department of Industrial Works,
Ministry of Industry affected since the 2" June 1942 implementation of the Royal
Decree for setting governing ordinance for Ministry of Industry. However, in October

1943, the Thailand Tobacco Monopoly returned to Excise Department, Ministry of
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Finance. In 1943, the Thai Government implemented the 1943 Tobacco Royal Act
declaring cigarette industry solely belonged to the Government. But during that time,
the Thailand Tobacco Monopoly suffered the shortage of producing equipments and
poor ingredients, especially the tobacco leaves, due to trouble in transporting caused
by thieves and ill weather. The shortage of tobacco leaves was a major factor reducing
the Thailand Tobacco Monopoly’s ability in meeting the cigarette market demand. In
1944, the Hoa Haung warehouse on Wireless Road was modified to be another
cigarette factory but unfortunately it was ended by fire. In 1945, the Thailand Tobacco
Monopoly suffered seriously from the shortage of tobacco leaves and cigarette papers
leading to the closure of factories at Yellow Bridge and Wireless Road, left only the
factory at Bannmai on operation. In 1947, the tobacco business thrived. Only the
operation from factory at Baanmai could produce cigarettes three times higher than the
production in 1946. In 1948, the factory at Yellow Bridge was reopened, increasing
the production from two factories to five times higher than production in 1946. This
was because there were plenty of producing equipments and ingredients and the staff
had gained experiences. In 1950, the Command Center of Thailand Tobacco
Monopoly moved from Yellow Bridge to Rajdumri Road in order to gather all non-
production units in one place and leave more space for the factory at Yellow Bridge to
expand and increase production. It was, in this year, that the Thailand Tobacco
Monopoly purchased 641 rais of land in Tambol Klongteuy from the Crown Property
Bureau and paid for the demolition and compensation to 750 households of former
renters whom, for the most part, raised cattle or farmed. In 1953, the Command Center
moved to these 641 rais of land on Rama IV Road, Klongteuy. In 1954, the Thailand
Tobacco Monopoly moved from Excise Department to be directly under the Ministry
of Finance (4).

Thailand Tobacco Monopoly has 3 tobacco production factories; the
Factory No.3, the Factory No.4 and the Factory No.5. All factories are under the
responsibility of Production Division. It has total of 1,446 employees; 361 in Factory
No.3, 394 in factory No.4, and 691 in Factory No.5 (5). Each factory is divided into 3

major sub - divisions:
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1) Blending and cutting sub - Division is responsible for blending and
cutting leaves, then storage and send then to cigarette making and
packing

2) Cigarette making and packing sub - Division is responsible for
making cigarettes and packing them into packages, cartons, and
boxes.

3) Maintenance sub - Division is responsible for taking care of the
machines and utilities

All factories have similar production line, different only at production
capacity and type of cigarette made.

Main ingredients in cigarette production are tobacco leaves and tobacco
stems. Tobacco leaves can be categorized in four types (6).

1) Virginia tobacco leaves are the ones that give out subtle aroma after
being baked. This type of tobacco leaves is used as main ingredient
for British and American cigarettes.

2) Burley tobacco leaves are the ones that give out strong aroma and
dark color once it dries.

3) Turkish or Oriental tobacco leaves are required by factories that need
small leaves. The small leaves give out great aroma due to high resin
and aromatic oil content. Sometimes they are called “Aromatic
tobacco”. The bigger leaves have subtle aroma.

4) Local tobacco leaves are the ones that give out very strong aroma
and taste after processed dry

As for the tobacco stems, only the stems of Virginia and Burley tobacco
are used.

Raw material of Thailand Tobacco Monopoly which input into the process
as fllowing;
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Figure 2 - 1 Baked tobacco leaf (7)

Figure 2 — 3 Cut tobacco (9)
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Figure 2 — 4 Expanded tobacco (10)

Thailand Tobacco Monopoly produces cigarette 19 labels of pre - packed
cigarettes, totally 34,000 million of cigarettes per year (not including experimental
ones) with both filter and without filter (11). Those comprise;

14 labels of cigarette with filter; Krongtip 90, Krongtip American,
Krongtop Light, Krongtip 90 deluxe, Kledthong 90, Saifon 90,
Krungthong 90, Samit 90, TTM 90, Royal 90 deluxe, Wonder
American, Wonder Mental, Blue Wave, and Chopper

5 labels of cigarette without filter; Ruangtip 33, Prachan 33,
Kledthong 33, Samit 33, and Krungthong 33

Factory No.5 produces cigarettes 2 brands of Klongtip (see Figure 2 - 5)
and WONDER (See Figure 2 - 6). They are produced by two line processes and the
daily production of each type is count of as the number of batch. “Batch” means
10,000 kilogram of tobacco leaves. Batch can be divided by 2 brands of cigarettes;

(1) Klongtip cigarette
(1.1) Verginia tobacco line; Verginia (Thai) tobacco, Verginia
(foreign) tobacco and Tergist tobacco.

(1.2) Burley tobacco line; Burley (Thai) tobacco, Burley (foreign)
tobacco.
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(2) WONDER cigarette

(2.1) Verginia tobacco line; Verginia (Thai) tobacco, and Tergist

tobacco.
(2.2) Burley tobacco line including; Burley (Thai) tobacco.

THAF LRI NSRS TSR
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Figure 2 — 6 Wonder cigarette (13)

2.1.2 Tobacco Production Procedures

The tobacco production has main procedures as tobacco leave blending

and cutting and cigarette making and packing, as shown in Figure 2 - 7.
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v v
Tobacco warming Controlling for blending
L 2
Tobacco drying
|
¥

v
Tobacco cooling

-
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Fragrance spraying
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Boxing (50 cartons/box)

Cartoning (10 packs/carton)

Figure 2 — 7 Tobacco Production Procedure (14)
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This study focuses on sources of particulate matters created during
cigarette production, which is the blending and cutting process. The blending and
cutting process are the primary process of Thailand Tobacco Monopoly. They have
many sub - processes that are potentially creating large amount of PMy,. Moreover,
these processes involve several employees which pose higher risk for respiratory
disorder than other procedures. Furthermore, currently there is no PMio measurement
causing lack of data on the health impact necessary for the planning for reduction of
air pollution caused by PMy,. This plan could reduce health problems that may occur
to employees who work in tobacco production factory. To study PMj, from tobacco
production, according to the procedure layout shown in Figure 2 - 8 starting from
feeding till packing, sub - procedures that potentially create large amount of dust are:

- Tobacco leaves bag opening is a preparation procedure before entering
the production line. Employees open the bags and use forklift to convey them.

- Tobacco stems bag opening is a procedure preparing stems prior
entering production line. The bag is lifted by crane. Employees open the bag letting
stems fall down onto receiving bin below.

- Tobacco leaves cutting and chopping is a procedure taking prepared
tobacco leaves through cutting machine making them smaller prior sending to next
procedure.

- Tobacco leaves baking is a procedure taking cut leaves through hot
vapor drying up the leaves.

- Tobacco leaves blending and marinating is a procedure blending dried
cut leaves with taste additives.

- Cigarette making and packing is a procedure taking marinated cut
leaves to cigarette making machine preparing for packing cigarettes into packs,
cartons, and boxes. Before the end of the day, the dropped tobacco dust around the
machine is cleaned by blowing with air stream.

- Leaves conveyor is an important procedure as several sub - procedures
need leave conveying from one procedure to another. Leaves are conveyed on open-
face vibrating conveying belts.

Procedures mentioned above have potential in creating dust and involve

employees whom, mostly, lack of awareness in using dust preventive equipments that
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the factories have provided. Therefore, there is a need to study the concentration and

dispersion of PM3, to make data available for further studies.

2.1.3 Records of particulate matter measured in the workplace

The results of TSP concentration measured in the production processes in

Factory No.3, No.4 and No.5 at Thailand Tobacco Monopoly during 2003 — 2007 are

displayed in Figure 2 — 8, Figure 2 — 9 and Figure 2 - 10 (see detail in Appendix A):

T1

T2
T3

T4
TS5

T6
T7

Concentration TSP Concentrations in Factory No.3
(mg/n®)
12
10
m 2003
8 m 2004
O 2005
6 O 2006
4 m 2007
2
04

T1 T2 T3 T4 TS T6 T7
Site

Figure 2 - 8 Total dust measurement in Factory No.3
Tobacco leaves cutting machine

Tobacco leaves conveying belt to Drying cylinder

Tobacco leaves conveyor from Cooling cylinder (03 Cigarette
cutting machine, 04 Blending machine, 05 Receiving store)
Between stem vibrating conveyors

Tobacco leaves vibrating feeder to cutting machine (03 & *04
Stems vibrating screening machine, 06 Storage silo)

Expanded leaves silo

Expanded leaves packing machine
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T1

T2

T3

T4
15

T6

Concentration TSP Concentrations in Factory No.4
(mg/m®)

16

14 4

12 1 O 2003

10 | m 2004
g O 2005

0 2006
61 m 2007
4 a
> | :| I:I ~
0 44
T1 T2 T3 T4 T5 T6
Site

Figure 2 - 9 Total dust measurement in Factory No.4

Stems blending machine

Employees desks (Expanded leave feeding machine, 05 in front of
Blending control room)

Stems bag opening spot (’06 behind Tobacco leaves cutting
machine)

Burley leaves silo prior to entering Proctor

Tobacco leaves bag opening spot

End of machine between Leave silo No.3 and No.4

TSP Concentrations in Factory No.5
Concentration
(mgn®) g
16
14
@ 2003
12 @ 2004
10 Tl O 2005
8 | 0 2006
6 m 2007
41
2 4
0 4
T1 T2 T3 T4 T5 T6 T7 T8 T9
Site

Figure 2 - 10 Total dust measurement in Factory No.5
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T1  Tobacco leaves cutting machine

T2 Middle of cigarette cutting machine (’05 Leave bag opening spot)

T3  Next to conveying belt from Cooling cylinder

T4  Tobacco leaves silo

T5  End of cigarette cutting machine

T6 Expanded leave feeding machine

T7  Vibratory conveyor prior to entering Drying cylinder (05 Blending room)
T8  Conveyor prior to entering Proctor (’05 Employee resting area)

T9 Moisturizing conveyor (Expanded stems section)

Measurements were taken by the Department of Environmental Engineering,
Faculty of Engineering, Chulalongkorn University. Samples were collected start
feeding the leaf till stop in each day. Samples were collected using filter cassette and

filter paper connected to Personal Sampling Pump.

2.2 Air Pollution and particulate matter

2.2.1 Air Pollution

Air pollution means the state when air has contaminants at sufficient level
and duration harmful to the human health, animals, plants and materials. Such
contaminants can be either natural or man - made elements or compounds. They may
be presented in state of gas, droplet, liquid or solid. Major contaminants are particulate
matter (PM), Lead, Carbon monoxide (CO), Sulfur dioxide (SO), Nitrogen dioxide
(NO,), and Ozone (Os) (15).

2.2.1.1 Sources of air pollutions
(1) Natural Sources
This is a source that causes air pollution from the natural

process, no human action is involved.
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(2) Man - Made Sources

This is a source from human activities that release air
pollutants. It could be categorized into two types:

Mobile Sources, such as cars, motorboats, and airplanes

Stationary Sources are the source that can not move, such as
industrial factories which air pollutants are made from consumption of fuel and from

production processes.

2.2.1.2 Types of air pollutants

Air pollutants can be classified into 2 types according to their
origins:

(1) Primary air pollutants are air pollutants that are made and
released directly from the sources, such as Sulfur dioxide (SO,), Carbon monoxide
(CO), Nitrogen dioxide (NOy), ashes and smoke from fuel combustion in vehicles and
furnaces in industrial factories.

(2) Secondary air pollutants are air pollutants that are not made and
released from any sources, but are created in normal atmosphere from chemical
reaction between primary air pollutants or chemical reaction between primary air
pollutants and other compounds in the air, such as Ozone.

Thailand has announced the maximum allowance of air pollutants
releasable into ambient air as seven criteria air pollutants. Six of them are primary air
pollutants; Sulfur dioxide (SO,), Carbon monoxide (CO), Nitrogen dioxide (NO,),
Total Suspended Particulate (TSP), Lead, and particulate matterno lager than 10

micron (PMyg) and another one pollutant is secondary air pollutant; Ozone (15)

2.2.2 Particulate matter characteristic

Particulate matters (PM) are solid matters dispersed in the air. They are
made from crushing, beating, breaking, or cracking by heat from organic or inorganic
substances. Particulate matters range from 0.1 - 100 microns in size. Conventionally,
PM are classified into 3 ranges; Total Suspended Particulate (TSP) is PM which has

aerodynamic diameter smaller than 100 microns in size, Respirable dust is PM which
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has aerodynamic diameter smaller than 10 microns (PMjg), and size smaller than 2.5
(PM25). Particulate matters that are small enough to enter human lungs (Respirable -
sized particles) and cause health problems are particulate matters that smaller than 10
microns (PMyp). Health problems depend on 4 factors, each of which is related to
others (16)

1) Type of particulate received

2) Duration of particulate received (year)

3) Concentration of particulate in working atmosphere

4) Size of particulate received

Each factor has significant effect in creating respiratory illnesses and
causing different degree of illness. Therefore, there is a need to study relationship
between these factors in details.

Respirable - sized particulates can be in form of air - suspended particles,
such as dust, fume, fiber mist, etc. They are different in size depending on the
characteristic and type of particles.

The classification of pollutants by their physical characteristics (16)

Aerosol is substance that is either solid or liquid suspended in air. It can be
classified as:

Dust is a solid particulate dispersed in air. Dust is made from crushing,
hitting, smashing, cracking, or breaking by heat from organic or inorganic substances,
such as rock, mineral, metal, coal, wood, and seed. Dust is a pollutant of 0.1 - 100
microns in size (1 micron = 1/10,000 cm).

Fume is formed when substance changed from melting solid to gas and
condensed back into solid state again. Fume has diameter smaller than 1 micron.

Smoke comprises of Carbon particles or soot smaller than 0.1 micron.
Smoke is made from incomplete combustion of Carbon compounds, such as coal or
gasoline (automobile’s exhausting pipe)

Mist is a liquid particulate smaller than 10 micron dispersed in air.
Usually, mist is made from gas condensing into liquid or the breaking of liquid to
dispersible state, such as mist from color-spraying.
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Fiber is a small particulate with long length, like a string, such as asbestos
fiber.

Particulate matter (PM) is a mixture of solid particles and liquid droplets
found in the air. Some particles, such as dust, dirt, soot, or smoke, are large or dark
enough to be seen with the naked eyes. Others are so small, they can only be detected
using an electron microscope (17)

Particle pollution (also called particulate matter or PM) is the term for a
mixture of solid particles and liquid droplets found in the air. Some particles, such as
dust, dirt, soot, or smoke, are large or dark enough to be seen with the naked eye.
Others are so small, they can only be detected using an electron microscope. Particle
pollution includes “inhalable coarse particles” with diameters larger than 2.5
micrometers and smaller than 10 micrometers and "fine particles” with diameters that
are 2.5 micrometers and smaller, when compared about a single hair, the average
human hair is about 70 micrometers in diameter — making it 30 times larger than the
largest fine particle (18)

€ PM,

<2.5 pm in diarmeter
Human Hair

~70 pm average diametar

© vy

<10 pm in diameter

90 um in diameter
Fine Beach Sand
Image courtesy of EPA, Office of Research and Development

Figure 2 - 11 Comparison of size particles (18)

Classification by size is quite common because size governs the transport
and removal of particles from the air and their deposition within the respiratory

system, and is at least partly associated with the chemical composition and sources of
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particles. Based on size, urban PM tends to be divided into three principal groups:
coarse, fine and ultrafine particles. The border between the coarse and fine particles
usually lies between 1 um and 2.5 um, but is usually fixed by convention at 2.5 pm in
aerodynamic diameter (PM,s) for measurement purposes. The border between fine
and ultrafine particles lies at about 0.1 pum. PM, is used to describe particles with an
aerodynamic diameter smaller than 10 um. The particles contained in the PMy, size
fraction may reach the upper part of the airways and lung. Figure 2 - 12 shows
schematically where particles are deposited in the respiratory tract, depending on their
size. Smaller particles (in particular PM;s) penetrate more deeply into the lung and
may reach the alveolar region. Ultrafine particles contribute only slightly to PMjg
mass but may be important from a health point of view because of the large numbers
and high surface area. They are produced in large numbers by combustion (especially

internal combustion) engines (19).

Mormal adultmouth breather 1.2 m#/h

Deposition

S T T 1
0.001 0.01 0.1 1 10
Criarmetar (pum)

Source: WG, Krayling, adapted frem Intemational Commissicn on Radidogical Protection.

Figure 2 - 12 Schematically where particles are deposited in the respiratory tract (19)
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2.2.3 Standard of particulate matter

2.2.3.1 Ministry of Labour refer to the 1977 Declaration of Ministry
of Interior on safety in the workplace regarding environment (chemical) prohibits
employers from making employees work in area with average concentration of dust

during normal working hour higher than standard shown in Table 2 - 1.

Table 2 - 1 Standard for controlling concentration of dust released into working

atmosphere
Concentration of dust, averaged for whole duration
of normal working hours (8 hr.)
Chemical name Million particles per 1 | Million gram per 1 cubic
cubic foot or air meter of air (mg/m°)
(Mppcf)

Inert or Nuisance dust

- Respirable dust 15 5

- Total dust 50 15

Source: The 1977 Declaration of Ministry of Interior on safety in the workplace
regarding environment (chemical) (20)

2.2.3.2 U.S. Department of Labor Occupational Safety & Health
Administration (OSHA)

The limitation for air contamination for regular industries includes
particles not otherwise regulated (PNOR), such as all inert particles or nuisance dust.
Inorganic or organic dusts not specifically classified by type of substance are also
included in PNOR, which is under the same standard as all inert particulates or
nuisance dust (21)

Total suspended particulate (TSP) must not exceed 15 mg/m?®

Respirable dust must not exceed 5 mg/m°
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2.2.3.3 American Conference of Governmental Industrial hygienists
(ACGIH)

ACGIH suggested standard values of receiving particulates not
otherwise regulated (PNOR) as:

- Total suspended particulate (TSP) must not exceed 10 mg/m*(22)

- Respirable dust must not exceed 3 mg/m* (23)

2.2.3.4 The 27™ (2004) Declaration of National Environmental
Board on standard of ambient air quality (24)

- The average of PMso concentration in 24 hours must not exceed
0.12 milligram per cubic meter and the arithmetic mean in 1 year must not exceed 0.05
milligram per cubic meter.

- The average of TSP concentration in 24 hours must not exceed
0.33 milligram per cubic meter and the arithmetic mean in 1 year must not exceed 0.10

milligram per cubic meter.

2.2.3.5 U.S. Environmental Protection Agency standard for dust

released into ambient air

Table 2 - 2 Standard for dust released into ambient air

National Ambient Air Quality Standards for Particle Pollution

Pollutant Primary Stds. Averaging Times Secondary Stds.
Particulate Matter . Annual & (Arith.

Revoked @
(PMyo) Mean)

150 pg/m? 24-hour ©
Particulate Matter ; Annual ¥ (Arith. _

15.0 pg/m Same as Primary
(PMzs) Mean)

35 pg/m? 24-hour ©

Source : U. S. Environmental Protection Agency, 2006 (25)
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Note: Not to be exceeded more than once per year

® Not to be exceeded more than once per year on average over 3 years

™ To attain this standard, the 3 - year average of the weighted annual mean PM, 5
concentrations from single or multiple community-oriented monitors must not exceed 15.0
Hg/m®

® To attain this standard, the 3 - year average of the 98th percentile of 24-hour concentrations
at each population-oriented monitor within an area must not exceed 35 pg/m?® (effective
December 17, 2006)

2.2.4 Health impact

Suspended particulate matters are a complex mixture of solid particles and
aerosols (liquid particles) suspended in the air. We see these particles as dust, smoke
and haze. Particulate may carry any all of the other pollutions dissolved in or adsorbed
to their surfaces. The particles impair many respiratory functions, especially in
individuals with chronic respiratory problems. In 1987 the EPA added a new standard
for particulates, PMy, based on information that smaller particulate matter (less than
10 micrometer) has the greatest effect on health because of its capacity to be inhaled.

Small particulate matters greatly affect human health. When inhaled into
lung, they will enter into lower respiratory system. In United States of America, it is
found that those who received PMyq at some extent would develop asthma. It is also
found that PMy5 in ambient air has correlationship with increasing rate of patient
admitted to emergency room with heart disease and lung disease, increasing symptom
of respiratory disease, reducing efficiency of lung function, and untimely death,
especially in older patients, heart disease patients, asthma patients, and poses higher-
than - average risk on children (See Figure 2 - 13).

Particle pollution - especially fine particles - contains microscopic solids
or liquid droplets that are so small that they can get deep into the lungs and cause
serious health problems. Numerous scientific studies have linked particle pollution

exposure to a variety of problems, including:

e increased respiratory symptoms, such as irritation of the airways, coughing, or

difficulty breathing, for example;
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e decreased lung function;

e aggravated asthma;

e development of chronic bronchitis;
e irregular heartbeat;

o nonfatal heart attacks; and

e premature death in people with heart or lung disease.

People with heart or lung diseases, children and older adults are the most
likely to be affected by particle pollution exposure. However, even if you are healthy,
you may experience temporary symptoms from exposure to elevated levels of particle

pollution. For more information about asthma (26).

| RESPIRATORY EFFECTS | | CARDIOVASCULAR EFFECTS |

| Effects on Lung Function | | Effects on Cardiovascular Function |
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Figure 2 — 13 People with heart and lung diseases.

Source : U. S. Environmental Protection Agency, 2008 (26)

A study found particulate matters in Bangkok affect health with similar
degrees to those found in studies from cities all over the world. The particulate matters

could cause untimely death to 4,000 — 5,000 Bangkok residents in a year. Moreover, it
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was found that accessing treatment at hospitals was related to concentration of small
particulate matters (15)

Particulate matters in industrial factories usually enter employees’ bodies
by being breathed in. Therefore, possible danger usually occurs in respiratory system
more then in other parts of the body. Another reason is that the lung tissue has good
absorbing quality. Human lung has area of approximately 55 - 75 square meters while
human skin has area of approximately 2 square meters. When particulate matters enter
lung, they could also enter blood stream or are suspended in lung causing danger in the
area. Besides entering the body by being breathed in, particulate matters could also

enter the body by being eaten in and absorbed through skin (27).

2.2.5 Methods for measurement of total suspended particulate (TSP)
and PMy, (28)

2.2.5.1 Cyclone

Cyclone is an equipment that uses circulating air in the part of
cyclone that is in tube and cone shape. The air that is sucked in moves in direction
with the tangent to the circumference of the tube. The air inlet at the top of the cyclone
causes double circulation of air. The air circulates close to the inner surface of the
cyclone, moving down, and then circulates back upward, circulating at the core of the
cyclone up to the outlet with filter paper. While moving with air, bigger particulate
matters may collide into the inner surface of the cyclone and are trapped there or fall
down to the bottom due to their heavy mass and inability to change direction along
with the flow of the air. Therefore, only small particulate matters can still move along

with the air current to be trapped at the filter paper.
2.2.5.2 Cascade impactor
Cascade impactor is a device used for separating particulate matters

by their aerodynamic size classes. The air with particulate matters is forced through

orders of jet that is narrower and narrower. In each jet that air goes through, there is a



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Technology of Environmental Management) /29

smooth metal plate called “Impaction Surface” barring in perpendicular direction to
the air stream. The jet can be either square or circular in shape. The jet and its
impaction surface are called “stage”. The air moves through one jet hitting the
impaction surface and then moves around the surface to another jet, so on and on, until
it reaches the final stage where the air is filtered by filter paper prior to being released
from cascade impactor. While air moves around the impaction surface, heavy and
highly inert particulate matters can not change their direction along with the air. They
hit the impaction surface and are trapped there. These are called “collectors”. The
smaller particulate matters keeps on moving with air that increases its speed until they
can not change direction along with the air and then are trapped by the next collectors.
The National Institute for Occupational Safety and Health (NIOSH)
suggested methods for measurement of TSP and PMjg in The workplace follow the
standard was NIOSH Manual of Analytical Methods (NMAM) as follow;
- Particulates Not Otherwise Regulated, Total method 0500 (22)

Issue 2: 15 August 1994

Filter Type: Filter (tared 37-mm, 5 - um PVC filter)

Flow rate: 1 to 2 L/min

Vol - min: 7L @ 15 mg/m® Vol - max: 133 L @ 15 mg/m®

- Particulates Not Otherwise Regulated, Respirable method 0600 (23)

Issue 3:15 January 1998

Filter Type and Cyclone Type: CYCLONE + FILTER (10 -mm nylon cyclone,

Higgins - Dewell [HD] cyclone, or Aluminum cyclone + tared 5um PVC

membrane)

Flow rate: Nylon cyclone: 1.7 L/min

HD cyclone: 2.2 L/min
Al cyclone: 2.5 L/min
Vol - min: 20 L @ 5 mg/m® Vol - max: 400 L
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2.3 Related research

Arubon, 1998 (29) to study of quanlity of particulate, PM;o and TSP was
conducted in four stations in Bangkok. The station that was affected by traffic such as
of The Public Reletion Department, Vibhavadeerungsit Road. It was found that the
quantities of PMjo and TSP in this aera were higher than the others in both monsoon
periods. For quantities of both types of particulates which were observeed in all
stations, It was found that dispersion rate of PMjo in TSP was not varied in the same
rate in all stations. But it would have its own characteristic in accordance with the
activity in each aera. It could be concluded that the ratio of quantities of PM1, would

be larger than 50% when compare to the quantities of TSP in all stations. Regression

values or coefficient of determination of TSP and PMy, were higher than 0.97.

Rajani A. Bhisey et al., (30) 1999. Ambient and biological monitoring of
bidi tobacco industry was undertaken among tobacco processors who are chronically
exposed to tobacco particulates via nasopharyngeal and cutaneous routes. Ambient
monitoring revealed that the inspirable dust concentration was 150-fold higher in the
tobacco factory than in the control environment, and was associated with chronic
bronchitis in workers. Increased systemic exposure to tobacco constituents was
evident from the high levels of cotinine, thioethers, promutagens and direct acting
mutagens in workers’ urine. The mean glutathione level and glutathione S-transferase
activity were significantly lower in the peripheral blood lymphocytes of workers;
however, the frequency of the Glutathione S - transferase Mu 1 (gene name GSTM1)
null allele was similar to that in controls. A significant increase in chromosomal
damagewas noted in target and non-target cells of tobacco processors. In view of the
association between tobacco use and several non-communicable diseases, the findings
of the present study indicate an urgent need to minimize tobacco exposure among the
processors.

Ahmet Tevfik Sunter et al., 2000 (31).Workers in the tobacco industry in
Turkey are exposed to tobacco dust, which has allergenic and irritative effects on
airways. In this study, their aim was to determine whether tobacco dust has any effect
on lung functions and volumes. A questionnaire about working conditions was applied

to 448 workers, some of which had been exposed to tobacco dust while others had not,
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and all workers underwent measurements of spirometric flow and volume. Of the
study group, 126 workers were exposed to tobacco dust for more than 10 years and 55
were not. All of these 181 workers were also nonsmokers. There were statistically
significant differences between exposed and unexposed workers in FEV1(force
expiratory volume in 1 second) = p < 0.05, PEFR (peak expiratory flow rate) = p <
0.01 and MMEF (maximum mid expiratory flow) = p < 0.01 percentages. In
conclusion, it is thought that exposure to tobacco dust for long periods affects the lung
functions and some measurements should be taken in the working area to reduce the
amount of tobacco dust and prevent its inhalation.

Umadevi B. et al., 2002 (32) to study cytogenetic effect in workers
occupationally exposed to tobacco dust. Tobacco dust mainly contains nitrosamines,
which are readily by the body tissues like skin, respiratory epithelium, and mucous
membrane of month, nose and intestines. Exposure to tobacco dust is known to affect
the respiratory tracts in humans. In the present study, cytogenetic effects of exposure
to tobacco dust are evaluated in 154 male tobacco factory worker and 138 age and sex
matched controls by analyzing chromosomal aberrations in their peripheral blood
lymphocytes. The workers were in the age group of 20 - 55 years and were employed
in the tobacco processing factory for 1 - 32 years. Heparinised blood samples were
collected from workers and control subjects and lymphocyte cultures were carried out
by and numerical types of abnormalities. A statistically significant increase was
observed in the frequencies of chromosomal aberration in non-smoking and smoking
exposure groups when compared to the respective controls. An increase in the
frequencies of chromosomal aberrations was increase in years of service in the
exposed subjects.

Jankowska et al, 2003 (33), To study dust concentrations (mass: PM;o and
PM;5) and particles size (number concentration and size distribution: > 0.3 - 20um) at
industrial and office workplace, using personal air sampling system GilAir - 5 (Gilian)
measured in industrial room (dry grinding process) and offices which located close to
the industrial room in Warsaw, Poland reveal that mass concentration: PM; average
concentrations in Industrial workplace were 0.347 mg/m® in office workplace were

0.222 mg/m®. Number concentration : > 0.3 - 3 pm accounted more than 99.9% and >
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0.3-10 pum, before and during work concentration of particles from the > 0.3-3 um
and 3.0 — 10 um range at an office workplace less than industrail workplace.

Yangsheng Liu et al., 2004 (34). From 26 October 2002 to 8 March 2003,
particulate matter (PM) concentrations (total suspended particles (TSP), PMyo, PM;5
and PM; were measured at 49 public places representing different environments in the
urban area of Beijing. The objectives of this study were to characterize the indoor PM
concentrations in public places, to evaluate the potential indoor sources and to
investigate the contribution of PMy, to TSP and the contributions of PM, s and PM; to
PMyo. Additionally, the indoor and outdoor particle concentrations in the same type of
indoor environment were employed to investigate the I/O level, and comparison was
made between 1/0O levels in different types of indoor environment. Construction
activities and traffic condition were the major outdoor sources to influence the indoor
particle levels. The contribution of PM;y to TSP was even up to 68.8%, while the
contributions of PM3s and PM; to PM3o were not as much as that of PMj, to TSP.
Moreover the levels of TSP and PM;o measured in offices which were public places
representing different environments in the urban area of Beijing., China were shown
that the TSP levels ranged from 0.0347 to 0.2218 mg/m® with an average of 0.1047
mg/m? and the levels of PMyg ranged from 0.014 to 0.1663 mg/m® with an average of
0.063 mg/m”.

Charoenphol, 2005 (35) to study relationship on quantitative and
measurement of TSP and PMyg in the Bangkok Metropolitan and suburban area by the
Pollution Control Department — Ministry of Natural and Resource and Environmental.
The results showed that there is a relationship between TSP and PM;o with 1% level of
significance and the mean PM1o/TSP ratio of all monitoring station was approximately
0.52 with coefficient of determination (r?) = 0.48. Therefore, it is possible to use this
correction factor to predict PM;o from TSP. As with TSP and coarse particle (CP), the
correlation coefficient is significant at a = 0.01 and mean CP/ TSP ratio of all stations
was approximately 0.49 with coefficient of determination (r?) = 0.73. However, the
correlation coefficient between CP and PMyy is not significant at a = 0.01

Intoon, 2006 (36) assessment of non — exhaust PMjo level and its
composition at the roadside locations in Bangkok revealed that PMip and PM;s had a
relationship with 1% level of significance and PM,s/PMyg ratio was 0.622 (r* = 0.903).
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PM 10 and PMoarse With 1% level of significance and PMcoarse/PM1g ratio was 0.378 (r?
= 0.539). The ratio of PMcoarse and PM,5 was 0.568 (r> = 0.374). It is found that the
mass concentration of PM;o and PM, s were higher in dry season and the wet season

had no effect on variation of PM concentration.
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CHAPTER I
RESEARCH METHODOLOGY

This study is an analytical research undertaken by collecting data of TSP
and PM 1 concentration from Factory No.5 of Thailand Tobacco Monopoly, Ministry

of Finance.
3.1 Data collection
3.1.1 The study area

The research was conducted in the area of the Production Department,
Factory No.5 (Blending and Cutting Sub - Division), The Thailand Tobacco
Monopoly, Ministry of Finance, Klongtoey, Bangkok. The Factory No.5 was selected
due to the highest concentration of air pollution, especially particulate matter, found in
the workplace among all three factories (No. 3, 4, and 5). In addition, this area has

only annual monitoring for TSP.

Five particulate sampling points were selected as follow:

T1: The tip of cigarette-slitting machine as, in 2007, it was found having
the highest concentration of TSP (9.014 mg/m®).

T,: The vibratory conveyor before entering the drying cylinder as, in
2007, it was found having the second highest concentration of TSP (5.039 mg/m?®).

T3: The leaf - cutting machine as it is the area suspected for high
concentration of TSP due to the chopping of the leaves into very small portion.

T4 The conveyor before entering proctor as, in 2004, it was found

having TSP concentration (16.047 mg/m®) higher than standard.
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Ts: The expanded tobacco - feeding machine as it is another area
suspected for high concentration of TSP due to the feeding of the small - size

expanded leaves which might cause dispersion of particles.
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Figure 3 - 1 Sampling sites
3.1.2 Equipment and tool

3.1.2.1 Equipment assembling and sampling procedure for TSP
(28)

Respiratory accessible particular matter was collected on Glass fiber
filter (1.2 micron pore size) and put in a 37 -mm cassette attached to a high - flow
personal sampling pump. The sampling procedures are as follow:
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1) Calibrating the personal sampling pump with Glass fiber filter and
diameter 37 -mm by using an electronic calibrator. Use the forceps to lay the support
pad in the bottom of filter cassette and then overlay with the PVC filter as depicted in
Figure 3 - 2. Firmly attach all three layers together by plastic or paper tape. If analyzed
mass concentration by weight measurement, the cassette must be dehumidified and
pre-weighted. Write the identify number on the cassette and then connect to personal
sampling pump (NIOSH Manual of Analytical Methods (NMAM), Fourth Edition;
METHOD: 0600 Issue 3).

2) Remove the end plug at the bottom out of cassette holder and
connect the filter side to the sampling hose as shown in Figure 3 - 3. The air should
not pass any other hose before being trapped in the cassette.

3) Prepare a blank device in the same manner as sampling device.
Remove the top cap and put the blank device unattached to the pump in the sampling
point.

4) Collect the sample with the set flow rate. Acquire the air volume
as recommended by the standard of NIOSH Manual of Analytical Methods. Record
the time, the flow reading, and other pertinent information on the sampling data sheet.

5) Periodically monitor the rotameter and the sample to assure the
steady flow rate and no clogging of particles on the filter.

6) When finish sampling, stop the pump and detach the cassette from
the hose. Quickly put it’s end plugs back in place. Record all necessary data such as
time spent for sampling, temperature, air pressure, humidity, and serial number of the
pump.

7) Place the cassette in the box with appropriate holding slot. Deliver

the sample to the laboratory along with delivering document.
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Figure 3 - 2 Assembling of cassette, support pad, and filter (37)

Figure 3 - 3 Assembling of cassette to personal sampling pump (38)

3.1.2.2 Equipment assembling and sampling procedure for PMjg
(16)

Use the indoor particle sampling equipment with option to filter or
select the size of particle needed for analyze, such as cyclone. The contaminated air is
pumped into orifice and then centrifuged separating large particles settled at the center
of cyclone and small particles trapped at filter. The sampling procedures are as follow:

1) Calibrate the flow rate of the pump to 1.7 liter/minute for 10 mm.
Nylon cyclone or to 2.2 liter/minute for Higgins-Dewell cyclone or to 2.5 liter/minute
for aluminum cyclone.

2) Place the support pad and pre - weighted Glass fiber filter in the
cassette. Tightly close the top cap of the cassette. Secure the cassette with plastic or

paper tape.



Anuttara Poonkaew Research Methodology / 38

3) Check inside of the cyclone for any defection or contamination. If
found contaminated, clean the cyclone to prevent re - entrainment of existing large
particles. If found defected, replace the cyclone to avoid the impact on particle

filtering (Dsp).

4) Attach the cassette to the cyclone. Connect the hose to the
cassette as shown in Figure 3 - 4.

5) Place this sampling equipment on the stand by hanging down the
cyclone vertically (area sampling).

6) Prepare blank ield blank) with filter from the same set as the

sampling equipment. Set the blank in the same manner as the sampling equipment
except pumping the air in.

7) Turn on the pump at the target flow rate. If the flow rate
fluctuates, reset it as suggested by the manufacturer. The flow rate should not fluctuate
more than +5 %. If so, stop the operation.

8) When finished sampling, slowly detach the cyclone from the
cassette by keeping it hanging down preventing large particles in the cyclone entering
the cassette. After the cyclone was detached, flip the cassette over and put in the end
plug. Clearly label the cassette.

9) Record necessary information and deliver the sample and blank

along with delivery document.
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Figure 3 - 4 assembling of cassette and cyclone to personal sampling pump (37)

3.1.2.3 Calibrating the high - flow personal sampling pump with
filter (28)

1) Ensure that the pump has enough battery for the operation. Fill the
Soap-bubble meter with water or soap water to create frictionless tube.

2) Assemble the pump, filter, and Soap - bubble meter (electronic
calibrator). Start the pump and introduce a soap film into the automate calibrator
upwardly until the end of the other side.

3) Adjust the flow rate of the pump for the desired rate. Check water
manometer. The pressure should not drop lower than 2.5 cm - mercury or 13 inch-
water.

4) Start to release the soap bubbles upwardly along the glass tube of
the Soap-bubble meter. Record the time spent for bubbles to move 300 — 500 cm?®.
Repeat at least 3 times. Average the air flow rate from all records.

5) Record

- measured volume
- time bubbles spent to reach the measured volume

- dropped pressure
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- air temperature

- air pressure

- pump serial number

- pump model

- date and name of calibrator

6) If using the pump in the place with different air temperature and
pressure from the calibrating site, adjustment for flow rate must be calculated using
the following formula:
V (@djusted volume - lite= Q t (PcTu / PuTc)2

read air flow rate (liter/minute)
sampling time (minute)

air temperature

air temperature (K)

indicator at time of calibrating
indicator at time of sampling

when

co 47T ~.0

3.1.2.4 Calibrating the sampling pump with cyclone

Calibrating the sampling pump with cyclone to assess the respirable
dust concentration has the same procedure as calibrating the sampling pump for TSP.
However, as the air can directly enter the cyclone, equipment is needed to traffic the
air entering and leaving the cyclone. The equipment is the stained glass bottle with
dual air holes (28).

3.1.3 Equipment installation

- Area sampling at the breathing zone (1.5 meter above ground) to
represent the actual quantity and concentration of particles received by personals (28).
- Place the TSP and PM;o sampling equipment side by side. Use the same

time period and site for sampling.
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3.2 Sampling period

Collect sample once a week from 8.30 — 15.00 hrs. or from start feeding
the leaf till stop in each day. Time period of leaf feeding varies. However sampling
period may be changed, in order that it has to reflect the working time (period of time
for exposure). National Institute for Occupational Safety and Health (NIOSH)
reccommended that sampling period should not less than 70% of working time (28).
Collect sample by rotating the day from Monday to Friday in each sampling week.

The total sampling week is 9 weeks as shown in Table 3 - 1.

Table 3 - 1 Sampling plan

Day
Mon Tue Wed Thurs Fri
Month

January,
2008

February,
2008

- Sampling day

Collected samples are TSP (5 points x 12 samples/point = 60 samples) and
PMy (5 points x 12 samples/point = 60 samples). The total sample is 120 samples.
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3.3 Data analysis

3.3.1 Calculate of mass concentration

Volume of air sample (I) = Flow rate (I/min) x Time (min)
Note: Maximum volume draw into personal sampling pump on each

sample did not follow NIOSH method (as show in Appendix 1D and 2D) but the
particulate matter concentration in the air was in rang as recommend in the method.

- Volume of air sample (m®) = Flow rate (I/min) x Time (min)
1,000

- Mass concentration (mg/m?®) = Dust weight (g) x 1,000
Volume of air sample (m?)

3.3.2 Analyzing for TSP and PMy, relationship

One — way ANOVA (single factor) was used for analyze the variation of
TSP and PMy, concentration with the F- test at 95% confidence interval on p — value.

Analyze the relationship using statistical method base on the Linear Regression

formula as shown below:

y = @ + b

When y = concentration of PMso (mg/m®)
X = concentration of TSP (mg/m®)
a = slope of the linear graph
b = intercept

After that, analyzed the relationship by statistical method to predict

occurring TSP and PMj, quantity by using the other regression formula.
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CHAPTER IV
RESULTS AND DISCUSSIONS

Chapter IV presents the results and discussion of comparisons between
mass concentrations of TSP and PMy, and the relationships between mass concentrations
of TSP and PMo.

4.1 Comparisons between mass concentrations of TSP and PMy,

4.1.1 Environmental conditions

The Factory No.5 of TTM has two types ventilation. General ventilation
utilizes roof ventilation and industrial fan to extract heat from an area for thermal
comfort of manufacturing workers. Local exhaust ventilation is used to evacuate
particulate matters, which occured from machine; such as Drying cylinder machine.

Table 4 — 1 indicates that the environmental conditions during the
sampling period. It was found that Batch of tobacco leaf input process were not the
same quantity in each day and most of weather were clearly except the indoor air in
the sampling sites on February 7, 2008 and February 11, 2008 were cloudy. Normally,
the workers bite and sweep dust everyday but they had the big cleaning day on every
Friday. It should be noted that on February 20, 2008 the tobacco leaves were very
parched. It was known by observation and conversation to the worker in the workplace

area by researcher.
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Table 4 - 1 The environmental conditions during the sampling period

Tobacco
leaf
Date Day Input Note
(Batch)
Environmental condition was normal (clear weather) and
Th 7
8 Jan 08 ursday employee worked at 7:30am - 4:30pm.
Environmental condition was normal (clear weather) and
9 Jan 08 Wednesggy y employee worked at 7:30am - 4:30pm.
Environmental condition was normal (clear weather) and
14 Jan 08 Panizg y employee worked at 7:30am - 4:30pm.
22 Jan 08 Fies 4 Environmental condition was normal (clear weather) and

employee worked at 7:30am - 4:30pm.

Environmental condition was normal (clear weather),
25 Jan 08 Friday 8 employee worked at 7:30am - 4:30pm and they had the big
cleaning day (Bite the dust) because it’s Friday.
Environmental condition was normal (clear weather) and
employee worked at 7:30am - 4:30pm.

The weather was cloudy and employee worked at 7:30am -
4:30pm.

The weather was cloudy and employee worked at 7:30am -
4:30pm.

Environmental condition was normal (clear weather),
15 Feb 08 Friday 6 employee worked at 7:30am- 4:30pm and they had the big
cleaning day (Bite the dust) because it’s Friday.
Environmental condition was normal (clear weather),
20 Feb 08 | Wednesday 6 employee worked at 7:30am - 4:30pm and tobacco leaf very
parched.

Environmental condition was normal (clear weather),
22 Feb 08 Friday 5 employee worked at 7:30am - 4:30pm and they had the big
cleaning day (Bite the dust) because it’s Friday.
Environmental condition was normal (clear weather) but
26 Feb 08 Tuesday 3 employee worked at 12:00am - 4:30pm because machine was
repaired.

30 Jan 08 Wednesday 7

7 Feb 08 Thursday 5

11 Feb 08 Monday 7

Note: - The workers bite dust everyday but they had the big cleaning day on Friday
- One batch = 10,000 km. of tobacco leaf

4.1.2 Concentrations of TSP and PMjg

The results of mass concentrations of TSP and PMj, measured from five
sites for the period of two months in Factory No.5 were shown in Table 4 - 2. The

comparison of TSP and PMyg levels is illustrated in Figure 4 — 1
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Table 4 - 2 Concentrations of particles (TSP and PMj) at the sampling sites

Site T T, Ts T, Ts

TSP PMy | TSP PMy | TSP PMy | TSP PMy | TSP PMyo

Date (mg/m® | (mg/m® | (mg/m®) | (mg/m®) | (mg/m®) | (mg/m®) | (mg/m®) | (mg/m®) | (mg/m®) | (mg/m®)

3Jan 08 10.44726 | 0.26691 | 1.01953 | 0.16310 | 1.97466 1.83318 | 3.61526 | 0.32545 | 3.61526 | 0.28061

9 Jan 08 12.82499 | 0.53660 | 1.17165 | 0.64983 | 7.98173 0.48773 | 1.08152 | 0.22826 | 2.12585 | 0.21046

14 Jan 08 | 1.85815 0.20064 | 1.19913 | 0.11362 | 1.19913 0.11362 | 0.82139 | 0.11662 | 2.04886 | 0.35357

22 Jan 08 | 4.53294 0.26998 | 2.52414 | 0.89134 | 2.52414 0.58203 | 1.32072 | 0.23144 | 2.49055 | 0.27685

25Jan 08 | 5.49509 0.32029 | 7.08509 | 0.25302 | 10.95072 | 0.69084 | 0.99060 | 0.11756 | 9.03639 | 0.43259

30Jan 08 | 4.22179 0.37349 | 1.78540 | 0.24755 | 2.70691 0.54798 | 8.12648 | 0.29888 | 2.04533 | 0.17215

7Feb 08 | 5.79857 0.30498 | 0.94804 | 0.04717 | 10.96491 | 0.43626 | 0.85149 [ 0.03183 | 1.34559 | 0.09771

11Feb08 | 4.70728 0.24002 | 0.69540 | 0.25705 | 5.27123 0.65341 | 0.59847 | 0.34460 | 1.63221 | 0.25312

15Feb08 | 10.07862 | 0.26793 | 1.61662 | 0.40804 | 13.48436 | 0.72559 | 1.18805 | 0.11988 | 5.40293 | 0.33428

20 Feb 08 | 9.88485 0.25109 | 1.61704 | 0.14878 | 13.65115 | 2.69031 | 1.51145 | 0.15447 | 5.29754 | 0.32907

22Feb08 | 10.74483 | 0.28272 | 2.19555 | 0.25251 | 12.70758 | 1.19954 | 1.40781 | 0.21175 | 2.74160 [ 0.23305

26 Feb 08 | 1.31932 0.04898 | 2.88166 | 0.12205 | 3.21933 0.14802 | 0.48727 | 0.04699 | 1.21259 | 0.18920

Note: Sampling site:

T,: The tip of cigarette - slitting machine

T,: The vibratory conveyor before entering the drying cylinder
Ts: The leaf - cutting machine

T4: The conveyor before entering proctor

Ts: The expanded leaf - feeding machine

Table 4 - 2 indicates that the concentrations of TSP from all measurements
were between 0.48727 - 13.65115 mg/m® and average were 4.238 mg/m®. It was found
that the highest level is observed at the leaf - cutting machine (T3) (see figure 1E in
Appendix) and the lowest level is at the conveyor before entering proctor (T,4). This
was measured on February 20, 2008. The concentrations of PMy is between 0.03183 -
2.69031 mg/m®and average were 0.374 mg/m®, the area of the highest level is the leaf
- cutting machine (T3) and the area of the lowest level is the conveyor before entering

proctor (T4). This was measured on February 20, 2008, the same day as of TSP, when

tobacco leaves were vary parched.
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Figure 4 - 1 Comparisons between concentrations of TSP and PMy,

Figure 4 - 1 reveals that the levels of TSP at the sampling sites were varied
and displayed no pattern because most of production line were manual processes by
human and number of batch of tobacco were different in each day and ventilation
system by Industrial fans blows directly to worker, therefore, it can promote particle in
production process to disperse in directions. Moreover, the workers clean their

working sites by biting and sweeping, it causes accumulation of dust on floor
including dust from tobacco leaves which are very light weight, therefore, all dust on

floor are easily spread into the air.

For PMyo concentrations showed the similarity concentrations at all sites as
shown in Figure 4 — 1, this is due to physical structure of tobacco leaves, thus most
particles are larger than PM3, However it was found that PMjg levels at T3 site were
generally higher than that of the other sites. This may originate from its process, i.e.
cutting tobacco leaves, which are fiber type of Lignocellulose (39) had directly
contacted between cutting machine and tobacco leaf. After that the process goes to the
step of dropping tobacco fiber into open vibratory conveyor. The dropping might
cause dust spread to all directions as well.
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In contrast to a previous study (35), the levels of TSP and PM;o measured
in offices which different types of indoor environment. Construction activities and
traffic condition were the major outdoor sources to influence the indoor particle levels.
There were public places representing different environments in the urban area of
Beijing., China were shown that the TSP levels ranged from 0.0347 to 0.2218 mg/m?®
with an average of 0.1047 mg/m® and the levels of PMy, ranged from 0.014 to 0.1663
mg/m? with an average of 0.063 mg/m?

It can be seen that the TSP in Factory No.5 of Thailand Tobacco
Monopoly is greater than that of study conducted in Beijing, China. It shows that the
workers of Thailand Tobacco Monopoly factory receive particulate matter more than
office in Beijing, therefore, the worker are risky for respiratory disorder.

4.1.3 Comparison of TSP and PM, against standards

TSP Concentration
TSP (mg/m)
16
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Figure 4 - 2 Comparisons of TSP concentrations with air quality standards.

Figure 4 - 2 reveals that the levels of TSP are not exceed Thai air quality
standard regulated under the of Declaration of Ministry of Interior on safety in the
workplace regarding environment (chemical) and U.S.Department of Labor
Occupational Safety & Health Administration (OSHA) for threshold limit values
(TLVs) as 15 mg/m®.
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However, when the figure was compared against American of
Governmental Industrial Hygienists (ACGIH), it was found that TSP levels observed
in some places violated the ACGIH standard of 10 mg/m®. Therefore, TSP
concentrations in the workplace of Blending and cutting sub - division of TTM may

cause adverse impact on worker health.
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Figure 4 - 3 Comparisons of PM;, concentrations with air quality standards.

Figure 4 - 3 reveals that the concentrations of PMy, at all sites do not
exceed standard of Declaration of Ministry of Interior on safety in the workplace
regarding environment (chemical) and U.S. Department of Labor Occupational Safety
& Health Administration (OSHA). These two agencies regulated standard of
respirable dust as 5 mg/m®. Moreover all measurements do not violate the standard of
3 mg/m® which is regulated by American Conference of Governmental Industrial
Hygienists (ACGIH). The figure illustrates that the highest level of PMj, were

occurred at the leaf - cutting machine (T3) which is the same place of highest TSP.

In contrast to a previous study (36), the mass concentrations (mg/m?®) of
PMjo and PM,s dust fractions at industrial and office the workplaces, using personal
air sampling system GilAir-5 (Gilian) measured in industrial room (dry grinding

process) and offices which located close to the industrial room in Warsaw, Poland
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reveal that the average PMy, concentrations in Industrial workplace were 0.347 mg/m®
and average PM;, concentrations in office workplace were 0.222 mg/m®.

It can be seen that the PMy, in The Thailand Tobacco Monopoly factory is
greater than that of study conducted in Warsaw, Poland. It shows that the workers of
Thailand Tobacco Monopoly factory receive particulate matter more than worker
working in office industrial room (dry grinding process) and offices in Warsaw,
Poland, therefore, the worker working in The Thailand Tobacco Monopoly are risky

for respiratory disorder.

PMcoarse IN this study is the particulate matter which is bigger than 10
micron. Due to the measurements of TSP and PM, conducted in this study, so we can
acquire the data of PMcoarse from the difference of mass concentrations between TSP
and PM1o. PMcoarse Cannot penetrate into the lower respiratory system. However, this
range of particulate matter can cause the disorder of the upper respiratory system,
which confirm from the study’s results of Ahmet Tevfik Sunter et al., 2000. The study
found that the workers in the tobacco industry in Turkey exposed to tobacco dust,
which caused allergenic and irritative effects on airways. In this study, they aimed to
determine whether tobacco dust had any effect on lung functions and volumes. A
questionnaire about working conditions was applied to 448 workers, some of which
had been exposed to tobacco dust while others had not, and all workers underwent
measurements of Spiro metric flow and volume. Of the study group, 126 workers were
exposed to tobacco dust for more than 10 years and 55 were not. All of these 181
workers were also nonsmokers. There were statistically significant differences
between exposed and unexposed workers in FEV1 (force expiratory volume in 1
second) = p<0.05, PEFR (peak expiratory flow rate) = p<0.01 and MMEF (maximum
mid expiratory flow) = p<0.01 percentages. In conclusion, it was thought that
exposure to tobacco dust for long periods affects the lung functions and some
measurements should be taken in the working area to reduce the amount of tobacco

dust and prevent its inhalation.
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The levels of PMcoarse OCCurred at all sites are shown in Table 4 - 3. The
table indicates that the concentrations of PMcoarse from all measurements were between
0.14148 - 12.75876 mg/m®. It was found that the highest level is observed at the leaf -
cutting machine (T3) which was measured on Friday February 15, 2008 and the
highest average concentrations was the tip of cigarette - slitting machine (T). The
lowest level of PMcoase Was found at the leaf - cutting machine (T3) which was
measured on Friday January 3, 2008 and the lowest average concentrations was the
conveyor before entering proctor (T,). On that day the cigarettes were produced in
a number of 6 and 7 batches of tobacco leaf respectively. It should be noted that even
though the production in the latter day was less than that of the former day, the latter
day was conducted on Friday which was big cleaning day.

Table 4 - 3 Measurement of PMcoarse (TSP - PMyg) at the sampling sites

bate Concentrations (mg/m®)
sites T T T3 T, Ts

3 Jan 08 10.18036 | 0.85642 0.14148 3.28981 3.33465
9 Jan 08 12.28839 | 0.52182 7.49400 0.85326 1.91539
14 Jan 08 1.65751 1.08551 1.08551 0.70477 1.69529
22 Jan 08 4.26297 1.63280 1.94211 1.08927 2.21369
25 Jan 08 5.17480 6.83207 10.25988 | 0.87305 8.60381
30 Jan 08 3.84830 1.53785 2.15892 7.82760 1.87318
7 Feb 08 5.49359 0.90088 10.52865 | 0.81967 1.24787
11 Feb 08 4.46726 0.43836 4.61782 0.25387 1.37909
15 Feb 08 9.81069 1.20859 12.75876 | 1.06816 5.06865
20 Feb 08 9.63376 1.46826 10.96084 | 1.35698 4.96848
22 Feb 08 10.46211 | 1.94304 11.50804 | 1.19607 2.50855
26 Feb 08 1.27034 2.75961 3.07131 0.44029 1.02339
Average 6.54584 1.76543 6.37728 1.64773 2.98600
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Table 4 — 4 Comparison between percentage of PMjo and PMcoarse levels

Site T T, T3 T, Ts
Date PMio PM coarse PMio PM coarse PMio PM coarse PMio PM coarse PMio PM coarse
W ) [ | ®% o) | (o) *) ) | o) %)

3 Jan 08 2.55 97.45 16.00 84.00 92.84 7.16 9.00 91.00 7.76 92.24
9 Jan 08 4.18 95.82 55.46 44.54 6.11 93.89 21.11 78.89 9.90 90.10
14 Jan 08 | 10.80 89.20 9.47 90.53 9.47 90.53 14.20 85.80 17.26 82.74
22Jan 08 | 5.96 94.04 35.31 64.69 23.06 76.94 17.52 82.48 11.12 88.88
25Jan 08 | 5.83 94.17 3.57 96.43 6.31 93.69 11.87 88.13 4.79 95.21
30Jan 08 | 8.85 91.15 13.87 86.13 20.24 79.76 3.68 96.32 8.42 91.58
7 Feb 08 5.26 94.74 4.98 95.02 3.98 96.02 3.74 96.26 7.26 92.74
11Feb08 | 5.10 94.90 36.96 63.04 12.40 87.60 57.58 42.42 15.51 84.49
15Feb 08 | 2.66 97.34 25.24 74.76 5.38 94.62 10.09 89.91 6.19 93.81
20Feb08 | 2.54 97.46 9.20 90.80 19.71 80.29 10.22 89.78 6.21 93.79
22Feb08 | 2.63 97.37 11.50 88.50 9.44 90.56 15.04 84.96 8.50 91.50
26 Feb08 | 3.71 96.29 424 95.76 4.60 95.40 9.64 90.36 15.60 84.40

The levels of percentage of PMyg and PMcoarse ShOwn in Table 4 — 4
indicate that PMcoarse had higher percentage of concentrations than PMg except three
sampling points which the levels were lower than PMjg as on January 03, 2008 (Ts),
on January 09, 2008 (T,) and February 11, 2008 (T4). The percentage of PMcoarse
which compared in TSP is ranged from 7.16 to 96.43.
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Figure 4 - 4 Percentage of PMcoarse (TSP - PMyg) at Ty

Figure 4 — 4 reveals that at Ty site, PMcoarse OCcUpied up to 90% or more in

TSP concentrations. The percentage of PMj concentrations shows similarity and they
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had a few concentrations, because process at T; concerned the reuse of damaged —
cigarettes by expressing, the damaged - cigarettes under roll machine and then crushed
the product by cigarette - slitting machine. Finally, the damaged — cigarettes turn to be
tobacco. That is why the particles occurred of this site mostly in size range of PMcoarse
other than PMy,.

Percentage of PMio and PMoarse concentrations at Tz
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Figure 4 - 5 Percentage of PMcoarse (TSP - PMyg) at T»

Figure 4 — 5 reveals that the percentage of concentrations of PM;o and
PMcoarse are varied and displayed no pattern at T, site, because the process at T, is
conveyor, which vibrate and open throughout the process line. Moreover this area has
the Industrial fan blown around the area. Additionally in some areas, the vibratory
conveyor unit was damaged. Therefore, it may be made the tobacco particulate matter
dispersed into the air and the percentage concentrations of PMig and PMcoarse are
varied and displayed no pattern.
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Percentage of PMio and PMboarse concentrations at Ta
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Figure 4 - 6 Percentage of PMcoarse (TSP - PMy) at T3

Figure 4 — 6 reveals that the percentage of concentrations of PM;, and
PMcoarse are varied and displayed no pattern at T3 site, because cutting process which
has cycle adjustment of the cutting machine in each day was not equal. It can be
adjusted the cycle between 8,000 — 10,000 kg/hr, which depend on requirement of the
production in each day. Moreover, the first sample conducted on January 3, 2008, was
the highest concentration due to the days before that day was long weekend, so the air
condition (for reserve temperature and humidity) in tobacco leaves storage before go
to cutting machine, therefore, the tobacco leaves were left in storage machine for
many days, then was turn off, it was dehumidify more than usual, consequently, the
tobacco leaves were parched, so PMy, observed on that day was spread more than

usual.
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Percentage of PIMLo and PMtoarse concentrations at T4
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Figure 4 - 7 Percentage of PM coarse (TSP - PMyg) at T,

Figure 4 - 7 reveals that the percentage of concentrations of PM;o and
PMcoarse are varied and displayed no pattern at T, site. Because vibratory conveyor
made the tobacco particulate matter spread into the air, moreover in some areas, the
vibratory conveyor units was not functioned property, therefore, its vibration was

poor.
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Figure 4 - 8 Percentage of PMcoarse (TSP - PMyg) at Ts
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Figure 4 — 8 reveals that at Ts site, PMcoarse OCCUpied up to 90% or more in

TSP concentrations. While percentages of PMy, concentrations show similarity and
they had a few concentrations. It may be due to the process of Ts which was leaded
expander tobacco. Tobacco was expanded by carbon dioxide and heat suddenly
because the expansion of tobacco, hence most particles found at this site was larger
than PMyo because PMyg is lightly than PMcoarse, therefore, particles which spreaded
into the air and fell down on the floor was the large particle size.

It can be concluded that PMgearse Shared most fraction in TSP in nearly all
samples. While the percentage of PM;o concentrations in some samples at T, and T4
sites higher than the others site because nearby vibratory conveyor made the tobacco
particulate matter which is small - size and lightly spread into the air easily. However
there was no standard for PMgearse but it cannot be ignored because PMcoarse Might
cause adverse health effect to workers as indicated in a study conducted by Sunter et
al. (2000). Particles lager than 10 microns are normally removed in the nasal chamber
(upper airways) and have a little probabilities of penetration to lung. However,
particles lager than 10 microns always cause irritate to receptor nerve system due to
that was contain with toxin substance, therefore, those toxic could irritate to eye, nose,
nasopharyngeal (40). Especially tobacco dust contain bacteria, endotoxins, fungal
spore (molds), Quartz, pollen, mites, insects, pesticide residues, therefore, tobacco
dust causes an allergic response that occurs either in the upper airways or in bronchi,
or in both (34).
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4.1.5 Concentrations of TSP and amount of batches
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Figure 4 — 9 TSP concentrations and tobacco leaf input at T,
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Figure 4 — 10 Relationship between TSP concentrations and tobacco leaf input at T,

Figure 4 — 9 shows comparison between TSP concentrations and tobacco
leaf and Figure 4 — 10 shows relationship between TSP concentrations and tobacco
leaf, which input into process in each day at T; site. The results reveal that the
relationship between amount of batch and TSP concentrations were very poor, which
had linear equation as y = 1.0842x + 0.8629, and r*= 0.1851. It seems that damage —

cigarette at slitting machine did not depend on amount of batch of tobacco in tobacco
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process. However, it depend on amount of damage — cigarette in that day or the day
before from the Cigarette making and Packing Sub — Division.
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Figure 4 — 11 TSP concentrations and tobacco leaf input at T,
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Figure 4 — 12 Relationship between TSP concentrations and tobacco leaf input at T

Figure 4 — 11 shows comparison between TSP concentrations and tobacco
leaf and Figure 4 — 12 shows relationship between TSP concentrations and tobacco
leaf, which input into process in each day at T, site. The results reveal that the
relationship between amount of batch and TSP concentrations were very poor, which
had linear equation as y = - 0.842x + 6.6927, and r*=0.5481. Vibratory conveyor may

be made the tobacco particulate matter spread into the air, because it spread in many
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direction, moreover in some areas, the vibratory conveyor units was damaged,
therefore, it made particle dispersed more than usual. TSP concentrations may depend

on other factors such as the day is big cleaning day or the tobacco leaves have
different humidity.

concentration TSP concentrations and tobacco leaf input at Ts
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Figure 4 — 13 TSP concentrationss and tobacco leaf input at Ts
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Figure 4 — 14 Relationship between TSP concentrations and tobacco leaf input at Ts

Figure 4 — 13 shows comparison between TSP concentrations and tobacco
leaf and Figure 4 — 14 shows relationship between TSP concentrations and tobacco
leaf, which input into process in each day at Tz site. The results reveal that the
relationship between amount of batch and TSP concentrations were very poor, which
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had linear equation as y = -0.3991x + 9.4149, and r*= 0.015. Because cutting process
has rotary per minute (rpm) of the cutting machine in each day was not equal (it can be
adjusted between 8,000 — 10,000 kg/hr). The adjustment depend on requirement of the

production in each day, therefore, TSP were varied and displayed no pattern.
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Figure 4 — 15 TSP concentrations and tobacco leaf input at T,
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Figure 4 — 16 Relationship between TSP concentrations and tobacco leaf input at T4

Figure 4 — 15 shows comparison between TSP concentrations and tobacco
leaf and Figure 4 — 16 shows relationship between TSP concentrations and tobacco
leaf, which input into process in each day at T, site. The results reveal that the

relationship between amount of batch and TSP concentrations were very poor, which
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had linear equation as y = 0.6035x - 1.4859, and r* = 0.1809. This means that the
Vibratory conveyor may be made the tobacco particulate matter spread into the air,
because it spread in many directions. TSP concentrations may depend on other factors

such as the day is big cleaning day or the tobacco leaves have different humidity.
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Figure 4 — 17 TSP concentrations and tobacco leaf input at Ts
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Figure 4 — 18 Relationship between TSP concentrations and tobacco leaf input at Ts

Figure 4 — 17 shows comparison between TSP concentrations and tobacco
leaf and Figure 4 — 18 shows relationship between TSP concentrations and tobacco
leaf, which input into process in each day at Ts site. The results reveal that the

relationship between amount of batch and TSP concentrations were very poor, which
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had linear equation as y = -0.436x + 5.6474, and r*> = 0.0822. Because this process
leaded expander tobacco and lifted container box which reuse and decay up to
machine, therefore, it may be made TSP concentrations spread into the air in varied
pattern, however, dust still depend on container box and cycle time of lift up did not
repeat in each day.

Figure 4 -9,4-11,4-13, 4 - 15, 4 — 17 show comparison between TSP
concentrations and amount of batch of tobacco leaf which input process in each day.
Figure 4 — 10, 4 — 12, 4 — 14, 4 — 16, 4 — 18 show relationship between TSP
concentrations and tobacco leaf. The results reveal that the relationship between
amount of batch and TSP concentrations were very poor, therefore, most of TSP
concentrations in the workplace of Blending and cutting sub — division Factory No.5
did not depend on amount of batch of tobacco leaf which input into the process. It may
be the result from tobacco leaf was low humidity or, hence cause dust spread to the
workplace area and most of production line were manual processes by human.
Moreover, the workers have the cleaning area by biting and sweeping all of dust

including tobacco dust which has the light weight, therefore, it is easily to spread in

the air.

4.1.6 Concentrations of PMyy and amount of batches
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Figure 4 — 19 PM;, concentrations and tobacco leaf input at T,
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Figure 4 — 20 Relationship between PM;o concentrations and tobacco leaf input at T,

Figure 4 — 19 shows comparison between PM;g concentrations and amount
of batch of tobacco leaf and Figure 4 — 20 shows relationship between PMyg
concentrations and tobacco leaf which input into process in each day at Ty site. The
results reveal that the relationship between amount of batch and PM;o concentrations
were very poor, which had linear equation as y = 0.0352x + 0.0842, and r*= 0.2206. It
seems that damage — cigarette at slitting machine did not depend on amount of batch of
tobacco in tobacco process. However, it depended on amount of damage — cigarette in

that day or the day before from the Cigarette making and Packing Sub — Division.
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Figure 4 — 21 PMyo concentrations and tobacco leaf input at T,
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Concentration Relationshipbetween PMio and tobecco leaf input at Tz
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Figure 4 — 22 Relationship between PMj, concentrations and tobacco leaf input at T,

Figure 4 — 21 shows comparison between PM;, concentrations and amount
of batch of tobacco leaf and Figure 4 — 22 shows relationship between PMjg
concentrations and tobacco leaf which input into process in each day at T, site. The
results reveal that the relationship between amount of batch and PM;o concentrations
were very poor, which had linear equation as y = -0.0045x+ 0.321, and r*= 0.0008.
Because vibratory conveyor may made the tobacco particulate matter spread into the
air in many direction. Moreover in some areas, the vibratory conveyor units were
damaged, therefore, it made more dispersed than usual. The PMy, concentrations may
depend on other factors such as the big cleaning day or the tobacco leaves have

different humidity.
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Figure 4 — 23 PM;, concentrations and tobacco leaf input at T3
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Figure 4 — 24 Relationship between PM;o concentrations and tobacco leaf input at T3

Figure 4 — 23 shows comparison between PMj, concentrations and amount

of batch of tobacco leaf and Figure 4 — 24 shows relationship between PMyg

concentrations and tobacco leaf which input into process in each day at T; site. The

results reveal that the relationship between amount of batch and PM;o concentrations

were very poor, which had linear equation as y = 0.1304x + 0.1252, and r*= 0.0702.

Because cutting process which has rotary per minute (rpm) of the cutting machine in

each day was not equal (it can adjust between 8,000 — 10,000 kg/hr). It depended on
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requirement of the production in each day, therefore, it caused PMjo varied and
displayed no pattern. Moreover, sample No.8 which measured on February 20, 2008
(6 batches), was highest concentrations because this day the tobacco leaves were vary

parched, consequently, tobacco dust was spread more than usual day.
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Figure 4 — 25 PM; concentrations and tobacco leaf input at T,
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Figure 4 — 26 Relationship between PM;, concentrations and tobacco leaf input at T,

Figure 4 — 25 shows comparison between PM;, concentrations and amount
of batch of tobacco leaf and Figure 4 — 26 shows relationship between PMyg

concentrations and tobacco leaf which input into process in each day at T, site.
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The results reveal that the relationship between amount of batch and PMyg
concentrations were very poor, which had linear equation as y = 0.0444x - 0.0588, and
r= 0.4121. But PMyo concentrations had a trend to increase when amount of batch
increase more than the other sites. Because before tobacco leaves entered to vibratory
conveyor (T4), it passed flavor blower machine, thus it might reduce PMjy
concentrations from other factor such as dry of tobacco leaves etc. Therefore, PMyg
concentrations seem to depend on amount of batch of tobacco leaves in the process.
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Figure 4 — 27 PMyo concentrations and tobacco leaf input at Ts
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Figure 4 — 28 Relationship between PM;, concentrations and tobacco leaf input at Ts
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Figure 4 — 27 shows comparison between PM;, concentrations and amount
of batch of tobacco leaf and Figure 4 — 28 shows relationship between PMy
concentrations and tobacco leaf which input into process in each day at Ts site.
The results reveal that the relationship between amount of batch and PMyg
concentrations were very poor, which had linear equation as y = 0.1748x+ 0.0664, and
r = 0.1145. Because this process leaded expander tobacco and lifted container box
which reuse and decay up to machine, therefore, it may be made PMj, concentrations
spread in the air were varied, however, dust still depend on container box and cycle
time of lift up did not repeat in each day. The figure shows sample No.8 which
measured on February 20, 2008 (6 batches) was the highest concentration hence in that
day the tobacco leaves was vary parched and tobacco dust was spread more than usual
day.

Figures 4 — 19, 4 — 21, 4 — 23, 4 — 25, 4 - 27 show comparisons between
PMjo concentrations and tobacco leaf input to the process in each day and Figures
4-20,4-22,4-24,4 - 26, 4 - 28 show relationship between PM;, concentrations
and tobacco leaf input. The results reveal that the relationship between amount of
batch and PMy, concentrations were very poor. However PMj, concentrations at T,
site had a trend to increase when amount of batch increase more than the others site.
The daily production was in 3 — 7 batches. The difference of process production and
average of each batch were divided by brands of cigarettes, types of tobacco leaf and
grades of tobacco leaf. Grades of tobacco can be split by tobacco root, tobacco mature
and tobacco immature. The different raw materials are not repeated in each day.
Moreover, in each day had difference of humidity in atmosphere including process
production of blending and cutting sub - division are open, therefore, it reflects that

PM1o concentrations and tobacco leaf input in each day have not relationship.
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4.1.7 Concentrations of TSP and working day

C°’2°e;/“a3t)i°” Comparison between TSP concentrations and working day at T,
mg/mr
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Figure 4 — 29 Comparison between TSP concentrations and working day at T

Figure 4 — 29 shows comparison between TSP concentrations and working
day at T site. The figure reveals that the concentrations seem to increase since the
beginning of the working day on Monday through the end of working day on Friday.
TSP concentrations accumulate continuously to the end of the week and Friday is the
big cleaning day by biting the dust because it is the last day in weekday. However, the
sample No.7 which measured on February 20, 2008 (Wednesday), was highest
concentration because on that day the tobacco leaves was vary parched which
enhanced tobacco dust on this day spread more than usual day.
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Figure 4 — 30 Comparison between TSP concentrations and working day at T,

Figure 4 — 30 shows comparison between TSP concentrations and working
day at T,site. It reveals that TSP concentrations accumulate continuously to the end of
the week and Friday is the big cleaning day by biting the dust.
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Figure 4 — 31 Comparison between TSP concentrations and working day at T

Figure 4 — 31 shows comparison between TSP concentrations and working
day at Tssite. It reveals that TSP concentrations accumulate continuously to the end of

the week and Friday is the big cleaning day by biting the dust. However, the sample
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No.7 which measured on February 20, 2008 (Wednesday), was highest concentration
because on that day the tobacco leaves before go to cutting machine, was vary

parched, hence tobacco dust was spread more than usual day.

Concentration Comparison between TSP concentrations and working day at T,
(mg/n®)
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Figure 4 — 32 Comparison between TSP concentrations and working day at T,

Figure 4 — 32 shows comparison between TSP concentrations and working
day at T4site. It reveals that TSP concentrations accumulate continuously to the end of
the week and Friday is the big cleaning day by biting the dust. However, the sample
No.7 which measured on February 20, 2008 (Wednesday), then was the highest
concentration because on that day the tobacco leaves was vary parched, tobacco dust

was spread more than usual day.
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Figure 4 — 33 Comparison between TSP concentrations and working day at Ts

Figure 4 — 33 shows comparison between TSP concentrations and working
day at Tssite. It reveals that TSP concentrations accumulate continuously to the end of
the week and Friday is the big cleaning day by biting the dust.

Figures 4 — 29 to 4 - 33 show the comparisons between TSP
concentrations and working day rotating from Monday to Friday in each sampling
week. It was found that TSP concentrations at all sites gave a trend to increase on
Wednesday, Thursday and Friday revealing that TSP concentrations accumulate

continuously to the end of the week. Moreover it is the big cleaning day by biting the
dust on Friday due to the last day in weekday.
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4.1.8 Concentrations of PMy and working day

Concentration Comparison between PV concentrations
(mg/m?)
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Figure 4 — 34 Comparison between PM;o concentrations and working day at T,

Figure 4 — 34 showing comparison between PM;y, concentrations and
working day at T; site reveals that they have no relationship between these two factors.
It seems that the process at T; was leaded damaged - cigarettes to reuse. However, the
sample No.7 which measured on February 20, 2008 (Wednesday) was highest
concentration due to that day the tobacco leaves was vary parched, tobacco dust was

spread more than usual day.

Concentration Comparison between PMyo concentrations
(mg/m?) andworking day at T,
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Figure 4 — 35 Comparison between PM;o concentrations and working day at T,
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Figure 4 — 35 shows comparison between PMj, concentrations and
working day at T, site reveals that they have no relationship. Because T, is vibratory
conveyor and high conveyor about 2 meter, therefore, It may be made the tobacco
particulate matter spread into the air in many direction, moreover in some areas, the
vibratory conveyor units was damaged, therefore, it made more dispersed than usual.
This PMy, concentrations may depend on other factors such as the day was big
cleaning day or the tobacco leaves have different of humidity.

concentration Comparison between PMyo concentrations
(mg/n’) andworking cay at Ts
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Figure 4 — 36 Comparison between PM;, concentrations and working day at T

Figure 4 — 36 showing comparison between PMj, concentrations and
working day at T site reveals that they have no relationship. Because cutting process
which has rotary per minute (rpm) of the cutting machine in each day was not equal (it
can adjust between 8,000 — 10,000 kg/hr) which depend on requirement of the
production in each day. In addition, while cutting machine change tobacco leaves to
tobacco and then they release tobacco into vibratory conveyor, therefore, it caused
PMyo were varied and displayed no pattern. Moreover, the sample No.7 which
measured on February 20, 2008 (6 batches) was highest concentration because this day
before the tobacco leaves were vary parched, consequently, tobacco dust was spread

more than usual day.
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Concentration Comparison between PML concentrations
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Figure 4 — 37 Comparison between PM;o concentrations and working day at T,

Figure 4 — 37 showing comparison between PM;, concentrations and
working day at T, site reveals that they have no relationship. Because vibratory
conveyor from each conveyor to another ones. It made the tobacco particulate matter
spread into the air, moreover in some areas, the vibratory conveyor units was

damaged, therefore, it made PMq fluctuated in each day.
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Figure 4 — 38 Comparison between PM;o concentrations and working day at Ts

Figure 4 — 38 Showing comparison between PM;j, concentrations and

working day at Ts site reveals that they have no relationship. Because this process
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leaded expanded tobacco and lifted packing box which reuse and decay up to machine,
therefore, it may be made PM, concentrations spread in the air were varied, however,
dust still depend on packing box which are paper and cycle time of lift up did not
repeat in each day.

Figures 4 — 34 to 4 - 38 show the comparisons between PMyg
concentrations and working day rotating from Monday to Friday in each sampling
week. It was found that PMj, concentrations has no relationship with working day.

Result from many factors, which effect to PMyo, for example, PMy is lightly cause it
spread into the air easily and varied, the process of vibratory conveyor and the tobacco
different of humidity, PMso have a trend to increase when tobacco were parched.

4.2 Relationships between mass concentrations of TSP and PMy,

The results of ANOVA p - value (see Table 1F in Appendix) show
significant relationship (p<0.05) between TSP and PM;, at T; However the
relationship based on linear regression equation (r>= 0.361) or non - linear regression

equation (r* = 0.5319) were poor as seen in Figure 4 — 39 and Figure 4 — 40

o (i) The tip of cigarette-slitting machine y=0.0178x+ 0.1588
R*=0.361
3.0
2.8
26
2.4
22
2.0
18
16
14
12
1.0
0.8
0.6 -
02| o e ea Cy
c0V+— -
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
TSP (mg/md) e PMI10 linear

Figure 4 - 39 Linear regression analysis of relationship between

concentrations of TSP and PMyq at T; site
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Figure 4 — 40 Non - linear regression analysis of relationship between

concentrations of TSP and PMjg at T; site

The results of ANOVA p - value (see Table 2F in Appendix) show
significant relationship (p<0.05) between TSP and PM;, at T; However the

relationship based on linear regression equation (r>= 0.0029) or non - linear regression

equation (r* = 0.0852) were poor as seen in Figure 4 — 41 and Figure 4 — 42

The vibratory conveyor before entering the drying cylinder
y =0.0078x+ 0.2802
PMy, (mg/nT) R =0.0029
3.0
2.8 |
26
2.4 |
22
2.0
1.8
16
1.4 4
1.2 4
1.0 4
08 hd
0.6 .
0.4 -
0.2 -~ - " K 2 3
0.0 hd Al ; ; ;
0 1 2 3 4 5 6 7 8
TP (n’g’mS) ¢ PMI10 linear

Figure 4 - 41 Linear regression analysis of relationship between

concentrations of TSP and PMyg at T, site
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Figure 4 - 42 Non - linear regression analysis of relationships between

concentrations of TSP and PMjg at T> site

The results of ANOVA p - value (see Table 3F in Appendix) show

significant relationship (p<0.05) between TSP and PM;, at T, However the

relationship based on linear regression equation (r>= 0.1524) or non - linear regression

equation (r* = 0.3172) were poor as seen in Figure 4 — 43 and Figure 4 — 44

The leaf-cutting machine y =0.059x+0.4165
PNho (Mg/md) R =01524
30
28
26 s,
24
22
20
18 .
16
14
1.2 /
10
0.8
06 O o hd
04 — . .
0.2
*
o04* - O OO OO OO O OO O OO O OO
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
TSP (mg/ ma) ¢ PM10 linear

Figure 4 - 43 Linear regression analysis of relationship between

concentrations of TSP and PMyg at T3 site
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y =0.0233¢ - 0.2006x+ 12123
PMy (i) The leaf-cutting mechine | —qz172

30

26 *
24

2.0
18 4 *

16

14 4

12+

1.0 4 -~

0.8

0.6 1 \\ ¢ /’ ¢

04 S 23

00 . . . . . . . . . . . . . .
0 1 2 3 4 5] 6 7 8 9 100 11 12 13 14 15

TSP(rrgIm3) ‘ ¢ PM10 —— polynomial ‘

Figure 4 - 44 Non - linear regression analysis of relationships between
concentrations of TSP and PMy at Tj site

The results of ANOVA p — value (see Table 4F in Appendix) show
significant relationship (p<0.05) between TSP and PM;, at T, However the
relationship based on linear regression equation (r*= 0.2452) or non - linear regression

equation (r* = 0.3321) were poor as seen in Figure 4 — 45 and Figure 4 — 46

The conveyor before entering proctor ;‘_O'OQ@“O'MM
PMyo (mgfn) 97
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28
2.6
24 |
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12 |
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08 1
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02] 2 _em = v
ol o&*° O O OO
01 1 2 2 3 3 4 4565 66 7 788 9 9
.

Figure 4 - 45 Linear regression analysis of relationship between

concentrations of TSP and PMyq at T, site
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Figure 4 - 46 Non — linear regression analysis of relationship between

concentrations of TSP and PMyg at T, site

The results of ANOVA p — value (see Table 5F in Appendix) show
significant relationship (p<0.05) between TSP and PM;, at Ts However the
relationship based on linear regression equation (r>= 0.6261) or non - linear regression
equation (r* = 0.6539) were moderate as seen in Figure 4 — 47 and Figure 4 — 48

Tree d leaf-feeding machine y=00815x +0.1612
PVho (g/m ) xpande ng S/
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281
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0 1 2 3 4 5 6 7 8 9 10
TSP (rg/m?) o PM10 — linear

Figure 4 - 47 Linear regression analysis of relationship between

concentrations of TSP and PMyg at Ts site
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The expanded leaf-feeding mechine

y=01213Ln() +0.143
R =0.6539

»
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Figure 4 — 48 Non — linear regression analysis of relationship between

concentrations of TSP and PM, at Ts site

When all data measured in THE TTM Factory No.5 were integrated,
ANOVA
between TSP and PMyo (p<0.05), but weak as shown in Figure 4 — 49 (r*= 0.2119) and
Figure 4 —50 (r*= 0.349).

p - value (see Table 6F in Appendix) shows significant relationship

Total comparison of TSP and PMio y =0.0499x +0.1621]
PM,, (mg/m) R°=0.2119
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28 “
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24
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18 =
16
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08 ¢
g / .
06 * -5 ¢ = s
04+——*+ ~ —~ —~
02 ® 7y * * . hd o0 0@
} 3L R
00+ . . ! ! ! ! : : : : :
o 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
e o —

Figure 4 — 49 Linear regression analysis of relationship between concentration of

TSP and PMy at all sampling sites
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Total comparison of TSP and PM y = 0.1524x0-5263

PMy, (mgn'?) R = 0.349
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Figure 4 — 50 Non - linear regression analysis of relationship between

concentrations of TSP and PMy, at all sampling sites

Figures 4 — 39 to 4 — 50 show the plot between the concentrations of TSP
against PMyo. The results indicate that the relationship of these two factors in Factory
No.5 at Ty - Ts sites were in range of moderate and poor, therefore, the measurement
of TSP concentrations could not be used to predict PM;o concentrations. However, the
finding in this study indicated that the concentrations of PMj, in Factory No.5 were
under its standard. Thus the adverse health impact may not occur. However, the
regular monitoring should be conducted because tobacco particle can give allergy to

worker.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

Following the study on measurement of TSP and PMj, and the
relationships between mass concentrations of TSP and PMyo in The Thailand Tobacco

Monopoly, it can be concluded, as presented in following section.

5.1 Conclusions

5.1.1 Comparisons between mass concentrations of TSP and PMyg

1) The levels of TSP at all sampling sites were varied and displayed no
pattern, while the levels of PM;o were similar.

2) The results of TSP concentrations in the workplace were not exceed of
Thai and OSHA standards regulated for threshold limit values (TLVs), which is 15
mg/m?. However, when TSP was compared with ACGIH standard of 10 mg/m?®, it was
found that TSP levels observed in the some places violated the ACGIH standard.
Therefore, TSP concentrations in the workplace of Blending and Cutting Sub -
Division of Factory No.5 of TTM may cause adverse impact on worker health, while
PMjo concentrations are not exceed of Thai and OSHA standard levels, which
regulated as 5 mg/m? and standard of ACGIH as 3 mg/m?®.

3) Most percentage levels of PMgoarse (particulate matter are larger than 10
micron) had higher than percentage levels of PM;q at all sampling sites.

4) The relationship between amount of batch of tobacco leaf input into
process with TSP and PMj, concentrations were very poor except PMio concentrations
at T, sampling site.

5) TSP concentrations at all sites gave a trend to increase on Wednesday,
Thursday and Friday revealing that the levels of TSP accumulate continuously to the

end of the week but the levels of PM1o did not show a trend of accumulation.
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5.1.2 Relationships between mass concentrations of TSP and PMy,.

1) The linear relationships of TSP against PMy, in Factory No.5at T; - Ts
sites were very poor, the relationships and r?are as followed.

- AtTyy=0.0178x + 0.1588, r* = 0.3610

- AtT,y=0.0078x + 0.2802, r*= 0.0029

- AtTsy=0.0590x + 0.4165, r*= 0.15240

- AtTsy=0.0242x + 0.1414, r* = 0.2452

- At Ts y=0.0315x + 0.1612, r*= 0.6261

Therefore, the measurement of TSP concentrations in Factory No.5 could
not be used for predicting PMxo concentrations in the Factory because low value of r?
indicates that there are some unknown factors out of this study scope affecting the
linear relationships between TSP and PM in Factory No.5 of TTM.

2) The plots between TSP against PM;o from all samples reveal that higher
TSP give a trend of higher PMo. The linear relationships were as y = 0.0490x + 0.1621

and its regression (r’) was 0.2119.

5.2 Recommendations for Further Study

1) There might be many more factors affecting variation of TSP and PMy,
concentrations in Factory No.5 of TTM, therefore the further study should be included
more factors such as temperature, relative humidity, ventilation etc.

2) Due to a limit of study period, more samples of TSP and PM, at each
site and a longer time on sampling should be undertaken in order to investigate
seasonal and annual variations for working environment in Factory No.5 of TTM.

3) Due to adverse effects of tobacco on worker health as indicated in
previous research, and the findings in this study show that mass concentrations of TSP
in Factory No.5 of TTM were sometime exceeded the standard of ACGIH. Thus, more
study should convey to the investigation on number concentrations including physical
and chemical properties of TSP and PM;o observed in Factories of TTM.
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4) In order to reduce risk factor which impact to worker health The TTM
should protected dispersion of tobacco dust with close system process for example
changing the conveyor and vibratory conveyor from open system to close system,
furthermore the TTM should add more local exhaust ventilation and consider
efficiency of air treatment.

5) The study indicates that the concentrations of TSP varied throughout the
study period, therefore the monitoring should be done more than once a year. For
additional safety of employee’s health, the TTM should also measure PM, replace
TSP concentrations.

6) Regarding the TTM plans to build a new factory in the future, therefore
the TTM should concern how to reduce dispersion of particulate matter in the workplace.
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A. Mass concentrations of TSP in the workplace at TTM
Table 1A Mass concentrations of TSP in Factory No.3
Sampling sites Concentration (mg/m®)

Year 2003 2004 2005 2006 2007
T IS 2.445 3.881 3.090 3.014
T, 1.57 1.143 3.193 1.625 2.815
T3 0.66 0.528 0.432 0.284 0.428
q b 1.27 0.981 2.558 0.389 1.187
Ts 7.40 9.036 0.432 0.755 1.168
Ts 0.81 0.326 0.594 2.043 1.088
T 1.81 2.982 1.631 1.710 10.86

Ty
T
Ts
Ty
Ts
Te

T

Tobacco leaves cutting machine

Tobacco leaves conveying belt to Drying cylinder

Tobacco leaves conveyor from Cooling cylinder (03 Cigarette cutting
machine, 04 Blending machine, ’05 Receiving store)

Between stem vibrating conveyors

Tobacco leaves vibrating feeder to cutting machine (03 & 04 Stems

vibrating screening machine, *06 Storage silo)

Expanded leaves silo

Expanded leaves packing machine
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Table 2A Mass concentrations of TSP in Factory No.4

Sampling sites Concentration (mg/m?)

Year 2003 2004 2005 2006 2007
T 13.380 5.35 2.623 0.326 2.958
T, 0.710 0.286 1.236 0.082 0.494
Ts 0.920 0.488 0.704 0.177 0.892
T, 2.600 0.275 2.117 0.313 0.642
Ts 0.710 1.182 2.234 0.124 0.466
Ts 1.060 0.392 1.579 0.489 0.997

T,

T,

T3
Ty
Ts

Te

Stems blending machine

Employees desks (Expanded leave feeding machine, ’05 in front of
Blending control room)

Stems bag opening spot (’06 behind Tobacco leaves cutting machine)

Burley leaves silo prior to entering Proctor

Tobacco leaves bag opening spot

End of machine between Leave silo No.3 and No.4
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Table 3A Mass concentrations of TSP in Factory No.5
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Sampling sites Concentration (mg/m®)

Year 2003 2004 2005 2006 2007
T 1.840 0.321 0.558 0.575 3.953
T, 2.730 0.389 1.174 7.678 1.100
T 1.400 0.518 0.737 0.845 2.317
T, 9.320 3.405 3.223 1.085 1.684
Ts 3.000 1.943 7.271 1.651 9.014
Ts 0.770 0.375 2.276 1.359 3.246
T, 10.24 1.13 0.619 0.497 5.039
Tg 0.47 16.047 1.114 0.620 1.714
To 12.17 3.99 2.278 0.842 0.803

T4
T>

T4
Ts
Te
Tz

Ts
Ty

Tobacco leaves cutting machine

Middle of cigarette cutting machine (’05 Leave bag opening spot)

Next to conveying belt from Cooling cylinder

Tobacco leaves silo

End of cigarette cutting machine

Expanded leave feeding machine

Vibratory conveyor prior to entering Drying cylinder (*05 Blending

room)

Conveyor prior to entering Proctor (’05 Employee resting area)

Moisturizing conveyor (Expanded stems section)
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B. Instrument for TSP and PM1, measurement

Figure 1B Personal pump and cassate with filter paper

Figure 2B Personal pump and cyclone
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Figure 3B Calibrator (Soap bubble meter)

Figure 4B Desiccator
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.

Figure 6B Assembly equipment
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C. Sampling sites

Figure 1C: The tip of cigarette-slitting machine (T})

Figure 2C: The vibratory conveyor before entering the drying cylinder (T,)
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Figure 4C: The conveyor before entering proctor (T4)
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Figure 5C: The expanded tobacco — feeding machine (Ts)
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D. NIOSH Manual of Analytical Methods (NMAM)
1D. METHOD: 0500

PARTICULATES NOT OTHERWISE REGULATED, TOTAL 0500
DEFINITION: total aerosol mass CAS: NONE RTECS: NONE
METHOD: 0500, Issue 2 EVALUATION: FULL Issue 1: 15 February 1984

Issue 2: 15 August 1994

OSHA : 15 mg/m’ PROPERTIES: contains no asbestos and quartz
NIOSH: no REL less than 1%
ACGIH: 10 mg/m’, total dust less than

1% quartz

SYNONYMS: nuisance dusts; particulates not otherwise classified

SAMPLING MEASUREMENT
SAMPLER: FILTER TECHNIQUE: GRAVIMETRIC (FILTER
(tared 37-mm, 5-um PVC filter) | WEIGHT)
FLOW RATE: 1 to 2 L/min ANALYTE: airborne particulate material
VOL-MIN: 7L @ 15 mg/m’ BALANCE: 0.001 mg sensitivity;
-MAX: 133 L @ 15 mg/m’ use same balance before and

after sample collection

SHIPMENT: routine CALIBRATION: National Institute of Standards and
Technology Class S-1.1 weights or
ASTM Class 1 weights

SAMPLE RANGE: 0.1 to 2 mg per sample
STABILITY:  indefinitely
ESTIMATED LOD: 0.03 mg per sample

BLANKS: 2 to 10 field blanks per set
PRECISION (S;): 0.026 [2]

BULK SAMPLE: none required

ACCURACY
RANGE STUDIED: 8 to 28 mg/m’
BIAS: 0.01%
OVERALL PRECISION (S;7): 0.056 [1]
ACCURACY: + 11.04%

APPLICABILITY: The working range is 1 to 20 mg/m 3 for a 100-L air sample. This method is nonspecific and
determines the total dust concentration to which a worker is exposed. It may be applied, e.g., to gravimetric
determination of fibrous glass [3] in addition to the other ACGIH particulates not otherwise regulated [4].

INTERFERENCES: Organic and volatile particulate matter may be removed by dry ashing [3].

OTHER METHODS: This method is similar to the criteria document method for fibrous glass [3] and Method
5000 for carbon black. This method replaces Method S349 [5]. Impingers and direct-reading instruments may be
used to collect total dust samples, but these have limitations for personal sampling.
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EQUIPMENT:

1. Sampler: 37-mm PVC, 2- to 5-um pore size membrane or equivalent hydrophobic filter and
supporting pad in 37-mm cassette filter holder.

2. Personal sampling pump, 1 to 2 L/min, with flexible connecting tubing.

3. Microbalance, capable of weighing to 0.001 mg.

4. Static neutralizer: e.g., Po-210; replace nine months after the production date.

5. Forceps (preferably nylon).

6. Environmental chamber or room for balance (e.g., 20 °C £ 1 °C and 50% =+ 5% RH).

SPECIAL PRECAUTIONS: None.

PREPARATION OF FILTERS BEFORE SAMPLING:

1. Equilibrate the filters in an environmentally controlled weighing area or chamber for at least 2 h.
NOTE: An environmentally controlled chamber is desirable, but not required.

2. Number the backup pads with a ballpoint pen and place them, numbered side down, in filter cassette
bottom sections.

3. Weigh the filters in an environmentally controlled area or chamber. Record the filter tare weight, W1
(mg).

a. Zero the balance before each weighing.

b. Handle the filter with forceps. Pass the filter over an antistatic radiation source. Repeat this step if
filter does not release easily from the forceps or if filter attracts balance pan. Static electricity can
cause erroneous weight readings.

4. Assemble the filter in the filter cassettes and close firmly so that leakage around the filter will not
occur. Place a plug in each opening of the filter cassette. Place a cellulose shrink band around the
filter cassette, allow to dry and mark with the same number as the backup pad.

SAMPLING:

5. Calibrate each personal sampling pump with a representative sampler in line.

6. Sample at 1 to 2 L/min for a total sample volume of 7 to 133 L. Do not exceed a total filter loading of
approximately 2 mg total dust. Take two to four replicate samples for each batch of field samples for
quality assurance on the sampling procedure.

SAMPLE PREPARATION:

7. Wipe dust from the external surface of the filter cassette with a moist paper towel to minimize
contamination. Discard the paper towel.

8. Remove the top and bottom plugs from the filter cassette. Equilibrate for at least 2 h in the balance
room.

9. Remove the cassette band, pry open the cassette, and remove the filter gently to avoid loss of dust.
NOTE: If the filter adheres to the underside of the cassette top, very gently lift away by using the dull
side of a scalpel blade. This must be done carefully or the filter will tear.

CALIBRATION AND QUALITY CONTROL.:

10. Zero the microbalance before all weighings. Use the same microbalance for weighing filters before
and after sample collection. Maintain and calibrate the balance with National Institute of Standards
and Technology Class S-1.1 or ASTM Class 1 weights.

11. The set of replicate samples should be exposed to the same dust environment, either in a laboratory
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dust chamber [7] or in the field [8]. The quality control samples must be taken with the same
equipment, procedures and personnel used in the routine field samples. The relative standard
deviation calculated from these replicates should be recorded on control charts and action taken
when the precision is out of control [7].

MEASUREMENT:

12. Weigh each filter, including field blanks. Record the post-sampling weight, W 2 (mg). Record
anything remarkable about a filter (e.g., overload, leakage, wet, torn, etc.)

CALCULATIONS:

13. Calculate the concentration of total particulate, C (mg/m 3), in the air volume sampled, V (L):

C=(W,-W))-(B,-B)x 1ofmg/m3
\Y%

where: W, = tare weight of filter before sampling (mg)
W, = post-sampling weight of sample-containing filter (mg)
B, = mean tare weight of blank filters (mg)
B, = mean post-sampling weight of blank filters (mg)

EVALUATION OF METHOD:

Lab testing with blank filters and generated atmospheres of carbon black was done at 8 to 28 mg/m’
[2,6]. Precision and accuracy data are given on page 0500-1.

REFERENCES:

[1] NIOSH Manual of Analytical Methods, 3rd ed., NMAM 5000, DHHS (NIOSH) Publication
No0.84-100 (1984).

[2] Unpublished data from Non-textile Cotton Study, NIOSH/DRDS/EIB.

[3] NIOSH Criteria for a Recommended Standard ... Occupational Exposure to Fibrous Glass,
U.S.Department of Health, Education, and Welfare, Publ. (NIOSH) 77-152, 119-142 (1977).

[4] 1993-1994 Threshold Limit Values and Biological Exposure Indices, Appendix D, ACGIH,
Cincinnati, OH (1993).

[5] NIOSH Manual of Analytical Methods, 2nd ed., V. 3, S349, U.S. Department of Health,
Education, and Welfare, Publ. (NIOSH) 77-157-C (1977).

[6] Documentation of the NIOSH Validation Tests, S262 and S349, U.S. Department of Health,
Education, and Welfare, Publ. (NIOSH) 77-185 (1977).

[7] Bowman, J.D., D.L. Bartley, G.M. Breuer, L.J. Doemeny, and D.J. Murdock. Accuracy
Criteria Recommended for the Certification of Gravimetric Coal Mine Dust Personal
Samplers. NTIS Pub. No. PB 85-222446 (1984).

[8] Breslin, J.A., S.J. Page, and R.A. Jankowski. Precision of Personal Sampling of Respirable
Dust in Coal Mines, U.S. Bureau of Mines Report of Investigations #8740 (1983).

METHOD REVISED BY:
Jerry Clere and Frank Hearl, P.E., NIOSH/DRDS.

2D. METHOD: 0600
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PARTICULATES NOT OTHERWISE REGULATED, RESPIRABLE 0600

DEFINITION: aerosol collected by sampler with CAS: NONE RTECS: NONE
4um median cut point
METHOD: 0600, Issue 3 EVALUATION: FULL Issue 1: 15 February 1984
Issue 2: 15 January 1998
OSHA : 5 mgm® PROPERTIES: contains no asbestos and quartz less than
NIOSH: no REL 1%; penetrates non-ciliated portions of
ACGIH: 3 mgm® respiratory system

SYNONYMS: nuisance dusts; particulates not otherwise classified

SAMPLING MEASUREMENT

SAMPLER: CYCLONE + FILTER TECHNIQUE: GRAVIMETRIC (FILTER WEIGHT)
(10-mm nylon cyclone, Higgins-
Dewell [HD] cyclone, or Aluminum
cyclone + tared Spym PVC membrane)

FLOW RATE: nylon cyclone: 1.7 L/min ANALYTE:  mass of respirable dust fraction
HD cyclone: 2.2 L/min
Al cyclone: 2.5 L/min

VOL-MIN: 20 L @ 5 mg/m’ BALANCE:  0.001 mg sensitivity; use same

-MAX: 400 L balance before and after sample
collection

SHIPMENT: routine CALIBRATION: National Institute of Standards and

Technology Class S-1.1 weights or
ASTM Class 1 weights

SAMPLE RANGE: 0.1 to 2 mg per sample
STABILITY: stable ESTIMATED LOD: 0.03 mg per sample
BLANKS: 2 to 10 field blanks per set PRECISION : <10 :g with 0.001 mg sensitivity
balance;
<70 :g with 0.01 mg sensitivity
balance [3]
ACCURACY
RANGE STUDIED: 0.5 to 10 mg/m? (lab and field)
BIAS: dependent on dust size

distribution [1]

OVERALL PRECISION (S",1): dependent on size
distribution

[1,2]
ACCURACY: dependent on size distribution [1]

APPLICABILITY: The working range is 0.5 to 10 mg/m’ for a 200-L air sample. The method measures the mass
concentration of any non-volatile respirable dust. In addition to inert dusts [4], the method has been recommended
for respirable coal dust. The method is biased in light of the recently adopted international definition of respirable
dust, e.g., ~ +7% bias for non-diesel, coal mine dust [5].

INTERFERENCES: Larger than respirable particles (over 10 pm) have been found in some cases by microscopic
analysis of cyclone filters. Over-sized particles in samples are known to be caused by inverting the cyclone
assembly. Heavy dust loadings, fibers, and water-saturated dusts also interfere with the cyclone’s size-selective
properties. The use of conductive samplers is recommended to minimize particle charge effects.
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OTHER METHODS: This method is based on and replaces Sampling Data Sheet #29.02 [6].

EQUIPMENT:

1.

NN AW

Sampler:
a. Filter: 5.0 um pore size, polyvinyl chloride filter or equivalent hydrophobic membrane filter
supported by a cassette filter holder (preferably conductive).
b. Cyclone: 10 - mm nylon(Mine Safety Appliance Co., Instrument Division, P. O. Box 427,
Pittsburgh, PA 15230), Higgins - Dewell(BGI Inc., 58 Guinan St., Waltham, MA
02154)[7], aluminum cyclone (SKC Inc., 863 Valley View Road, Eighty Four, PA 15330),
or equivalent.

. Personal sampling pump, 1.7 L/m in + 5% for nylon cyclone, 2.2 L/m in + 5% for HD cyclone, or 2.5

L/min + 5% for the Al cyclone with flexible connecting tubing.
NOTE: Pulsation in the pump flow must be within + 20% of the mean flow.

. Balance, analytical, with sensitivity of 0.001 mg.

. Weights, NIST Class S - 1.1, or ASTM Class 1.

. Static neutralizer, e.g., Po-210; replace nine months after the production date.

. Forceps (preferably nylon).

. Environmental chamber or room for balance, e.g., 20 °C = 1 °C and 50% + 5% RH.

SPECIAL PRECAUTIONS: None.

PREPARATION OF FILTERS BEFORE SAMPLING:

1.

Equilibrate the filters in an environmentally controlled weighing area or chamber for at least 2 h.

2. Weigh the filters in an environmentally controlled area or chamber. Record the filter tare weight, W1

(mg).

a. Zero the balance before each weighing.

b. Handle the filter with forceps (nylon forceps if further analyses will be done).

c. Pass the filter over an anti-static radiation source. Repeat this step if filter does not release easily
from the forceps or if filter attracts balance pan. Static electricity can cause erroneous weight
readings.

. Assemble the filters in the filter cassettes and close firmly so that leakage around the filter will not

occur. Place a plug in each opening of the filter cassette.

. Remove the cyclone's grit cap before use and inspect the cyclone interior. If the inside is visibly

scored, discard this cyclone since the dust separation characteristics of the cyclone may be altered.
Clean the interior of the cyclone to prevent re-entrainment of large particles.

. Assemble the sampler head. Check alignment of filter holder and cyclone in the sampling head to

prevent leakage.

SAMPLING:

6.

7.

Calibrate each personal sampling pump to the appropriate flow rate with a representative sampler in

line.

NOTE 1: Because of their inlet designs, nylon and aluminum cyclones are calibrated within a large
vessel with inlet and outlet ports. The inlet is connected to a calibrator (e.g., a bubble
meter).

The cyclone outlet is connected to the outlet port within the vessel, and the vessel outlet is
attached to the pump. See APPENDIX for alternate calibration procedure. (The calibrator
can be connected directly to the HD cyclone.)

NOTE 2: Even if the flow rate shifts by a known amount between calibration and use, the nominal
flow rates are used for concentration calculation because of a self-correction feature of the
cyclones.

Sample 45 min to § h. Do not exceed 2 mg dust loading on the filter. Take 2 to 4 replicate samples

for each batch of field samples for quality assurance on the sampling procedure (see Step 10).

NOTE : Do not allow the sampler assembly to be inverted at any time. Turning the cyclone to
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anything more than a horizontal orientation may deposit oversized material from the
cyclone body onto the filter.

SAMPLE PREPARATION:

8. Remove the top and bottom plugs from the filter cassette. Equilibrate for at least 2 h in an
environmentally controlled area or chamber.

CALIBRATION AND QUALITY CONTROL:

9. Zero the microbalance before all weighings. Use the same microbalance for weighing filters before
and after sample collection. Calibrate the balance with National Institute of Standards and
technology Class S-1.1 or ASTM Class 1 weights.

10. The set of replicate field samples should be exposed to the same dust environment, either in a
Laboratory dust chamber [8] or in the field [9]. The quality control samples must be taken with the
same equipment, procedures, and personnel used in the routine field samples. Calculate precision
from these replicates and record relative standard deviation (Sr) on control charts. Take corrective
action when the precision is out of control [8].

MEASUREMENT:

11. Weigh each filter, including field blanks. Record this post-sampling weight, W 2 (mg), beside its
corresponding tare weight. Record anything remarkable about a filter (e.g., visible particles,
overloading, leakage, wet, torn, etc.).

CALCULATIONS:

13. Calculate the concentration of total particulate, C (mg/m’), in the air volume sampled, V (L):

C=(W,-W))-(B,-B)x 1ofmg/m3
\Y%

where: W, = tare weight of filter before sampling (mg)
W, = post-sampling weight of sample-containing filter (mg)
B = mean tare weight of blank filters (mg)
B, = mean post-sampling weight of blank filters (mg)
V = volume as sampled at the nominal flow rate (i.e., 1.7 L/min or 2.2 L/min)

EVALUATION OF METHOD:

1. Bias: In respirable dust measurements, the bias in a sample is calculated relative to the appropriate
respirable dust convention. The theory for calculating bias was developed by Bartley and Breuer [10].
For this method, the bias, therefore, depends on the international convention for respirable dust, the
cyclones' penetration curves, and the size distribution of the ambient dust. Based on measured
penetration curves for non-pulsating flow [1], the bias in this method is shown in Figure 1.
For dust size distributions in the shaded region, the bias in this method lies within the + 0.10 criterion
established by NIOSH for method validation. Bias larger than + 0.10 would, therefore, be expected
for some workplace aerosols. However, bias within £ 0.20 would be expected for dusts with
geometric standard deviations greater than 2.0, which is the case in most workplaces.
Bias can also be caused in a cyclone by the pulsation of the personal sampling pump. Bartley, et al.
[12] showed that cyclone samples with pulsating flow can have negative bias as large as -0.22
relative to samples with steady flow. The magnitude of the bias depends on the amplitude of the
pulsation at the cyclone aperture and the dust size distribution. For pumps with instantaneous flow
rates within 20% of the mean, the pulsation bias magnitude is less than 0.02 for most dust size
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distributions encountered in the workplace.

Electric charges on the dust and the cyclone will also cause bias. Briant and Moss [13] have found
electrostatic biases as large as -50%, and show that cyclones made with graphite - filled nylon
eliminate the problem. Use of conductive samplers and filter cassettes (Omega Specialty Instrument
Co., 4 Kidder Road, Chelmsford, MA 01824) is recommended.

2. Precision: The figure 0.068 mg quoted above for the precision is based on a study [3] of weighing
procedures employed in the past by the Mine Safety and Health Administration (MSHA) in which
filters are pre - weighed by the filter manufacturer and post - weighed by MSHA using balances
readable to 0.010 mg. MSHA [14] has recently completed a study using a 0.001 mg balance for the
post-weighing, indicating imprecision equal to 0.006 mg. Imprecision equal to 0.010 mg was used for
estimating the LOD and is based on specific suggestions [8] regarding filter weighing using a single
0.001 mg balance. This value is consistent with another study [15] of repeat filter weighings,
although the actual attainable precision may depend strongly on the specific environment to which
the filters are exposed between the two weighings.

REFERENCES:

[1] Bartley DL, Chen CC, Song R, Fischbach TJ [1994]. Respirable acrosol sampler performance
testing. Am. Ind. Hyg. Assoc. J., 55(11): 1036-1046.

[2] Bowman JD, Bartley DL, Breuer GM, Shulman SA [1985]. The precision of coal mine dust
sampling. Cincinnati, OH: National Institute for Occupational Safety and Health, DHEW
(NIOSH) Pub. No. 85-220721.

[3] Parobeck P, Tomb TF, Ku H, Cameron J [1981]. Measurement assurance program for the
weighings of respirable coal mine dust samples. J Qual Tech 13:157.

[4] ACGIH [1996]. 1996 Threshold limit values (TLVs™) for chemical substances and physical
agents and biological exposure indices (BEIs™). Cincinnati, OH: American Conference of
Governmental Industrial Hygienists.

[5] American Conference of G overnmental Industrial Hygienists [1991]. N otice of intended
change - appendix D - particle size-selective sampling criteria for airborne particulate matter.
Appl Occup Env Hyg 6(9): 817-818.

[6] NIOSH [1977]. NIOSH Manual of sampling data sheets. Cincinnati, OH: National Institute for
Occupational Safety and Health, DHEW (NIOSH) Publication No. 77-159.

[7] Higgins RI, Dewell P [1967]. A gravimetric size selecting personal dust sampler. In: Davies
CN, Ed. Inhaled particles and vapors II. Oxford: Pergammon Press, pp. 575-586.

[8] Bowman JD, Bartley DL, Breuer GM, Doemeny LJ, Murdock DJ [1984]. Accuracy criteria
recommended for the certification of gravimetric coal mine dust personal samplers. NTIS Pub.
No. PB 85-222446 (1984).

[9] Breslin, JA, Page SJ, Jankowski RA [1983]. Precision of personal sampling of res pirable dust
in coal mines. U.S. Bureau of Mines Report of Investigations #8740.

[10] Bartley DL, Breuer GM [1982]. Analysis and optimization of the performance of the 10-mm
cyclone. Am Ind Hyg Assoc J 43: 520-528.

[11] Caplan KJ, Doemeny LJ, Sorenson S [1973]. Evaluation of coal mine dust personal sampler
performance, Final Report. NIOSH Contract No. PH CPE-r-70-0036.

[12] Bartley DL, Breuer GM, Baron PA, Bowman JD [1984]. Pump fluctuations and their effect on
cyclone performance. Am Ind Hyg Assoc J 45(1): 10-18.

[13] Briant JK, Moss OR [1983]. The influence of electrostatic charge on the performance of 10-
mm nylon cyclones. Unpublished paper presented at the American Industrial Hygiene
Conference, Philadelphia, PA, May 1983.

[14] Koqut J [1994]. Private Communication from MSHA, May 12, 1994.

[15] Vaughn NP, Chalmers CP,Botham [1990]. Field comparison of personal samplers for
inhalable dust. Ann Occup Hyg 34: 553-573.

METHOD REVISED BY: David L. Bartley, Ph.D., NIOSH/DPSE/ARDB and Ray Feldman, OSHA.
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10-mm nylon cyclone at 1.7 L/min Higgins-Dewell cyclone at 2.2 L/min Aluminum cyclone at 2.5 L/min

Figure 1. Bias of three cyclone types relative to the international respirable dust sampling
convention.

APPENDIX: Jarless Method for Calibration of Cyclone Assemblies

This procedure may be used in the field to calibrate an air sampling pump and a cyclone assembly

without using the one-liter “calibration jar”.

(1) Connect the pump to a pressure gauge or water manometer and a light load (adjustable valve or 5-
um filter) equal to 2" to 5" H,O with a “TEE” connector and flexible tubing. Connect other end of
valve to an electronic bubble meter or standard bubble tube with flexible tubing (See Fig. 2.1).
NOTE: A light load can be a 5-um filter and/or an adjustable valve. A heavy load can be several

0.8-um filters and/or adjustable valve.

(2) Adjust the pump to 1.7 L/min, as indicated on the bubble meter/tube, under the light load conditions
(2" to 5" H,0) as indicated on the pressure gauge or manometer.

(3) Increase the load until the pressure gauge or water manometer indicates between 25" and 35" H,O.
Check the flow rate of the pump again. The flow rate should remain at 1.7 L/min + 5%.

(4) Replace the pressure gauge or water manometer and the electronic bubble meter or standard bubble
tube with the cyclone having a clean filter installed (Fig. 2.2). If the loading caused by the cyclone
assembly is between 2" and 5" H,O, the calibration is complete and the pump and cyclone are ready
for sampling.

Pressure
Gauge
Air Flovi
TEE
Valve
andfor | "|

Air Sampling Pump
Figure 2.1 Block Diagram of Pump/Load/Flow Meter Set-up
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Pressure
Gauge
|| TEE Cyclone
- Filter
oel |- Cyclone

Air Sampling Pump

Figure 2.1 Block Diagram with Cyclone as the Test Load.
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E. Comparison between TSP concentrations at T; - Ts sampling sites on year
2003 - 2008

Table 1E TSP concentrations at T} - Ts sampling sites on year 2003 - 2008

Sampling sites
Ping Concentration (mg/m®)
2003 2004 2005 2006 2007 2008
Year

T, 3 1.943 7.271 1.651 9.014 6.830
T, 10.24 1.130 0.619 0.497 5.039 2.060
T; 1.84 0.321 0.558 0.575 3.950 7.220
T, 0.47 16.040 1.110 0.620 1.714 1.830
Ts 0.77 0.370 2.280 1.360 3.250 3.250

Concentration (mgn?) CONMPRNISON betveen concentrations of TSP in Factory No.5
18
16
14
12 0 2003
38 2004
10 O
81 02006
61 ’ B 2007
N @ 2008
] 3 !_‘—I—’_Il
0 ‘ : ‘
Tl T2 T3 T4 TS
Site

Figure 1E Comparison between TSP concentrations at Factory No.5
on year 2003 - 2008
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F. The statistical analyses for relationship between TSP and PMy, concentrations

Table 1F The statistical analyses for relationship between TSP and PMyj

concentrations used for the prediction of PM,, from TSP at T,

Anova: Single
Factor o =0.05
SUMMARY
Groups Count Sum Average | Variance
TSP 12 81.9137 | 6.82614 | 14.4322
PM,, 12 3.36361 0.2803 0.01267
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 257.088154 1 257.088 | 35.5959 5.3E-06 | 4.30095
Total 415.9812874 23

Table 2F The statistical analyses for relationship between TSP and PM,

concentrations used for the prediction of PM;o from TSP at T,

Anova: Single
Factor a=0.05
SUMMARY
Groups Count Sum Average | Variance
TSP 12 24.7392 2.0616 2.94
PM;, 12 3.55404 | 0.29617 0.06041
ANOVA
Source of Variation SS df MS F P-value Fcrit
Between Groups 18.70053479 1 18.7005 12.4653 0.00188 | 4.30095
Within Groups 33.00457633 22 1.50021
Total 51.70511112 23
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Table 3F The statistical analyses for relationship between TSP and PMj,

concentrations used for the prediction of PM,( from TSP at Ts

Anova: Single
Factor o =0.05
SUMMARY
Groups Count Sum Average | Variance
TSP 12 38.9947 | 3.24956 5.25739
PM;, 12 3.16265 | 0.26355 0.00833
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 53.49731621 1 53.4973 20.3191 0.00017 | 4.30095
Within Groups 57.92295213 22 2.63286
Total 111.4202683 23

Table 4F The statistical analyses for relationship between TSP and PMj,

concentrations used for the prediction of PM;( from TSP at T,

Anova: Single
Factor o =0.05
SUMMARY
Groups Count Sum Average | Variance
TSP 12 86.6358 | 7.21965 | 24.1114
PM;, 12 10.1085 | 0.84238 [ 0.55044
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 244.0179619 1 244.018 | 19.7891 0.0002 4.30095
Within Groups 271.2797372 22 12.3309
Total 515.2976991 23
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Table 5F The statistical analyses for relationship between TSP and PMj,

concentrations used for the prediction of PM;( from TSP at Ts

Anova: Single

Factor o= 0.05

SUMMARY

Groups Count Sum Average | Variance

TSP 12 22.0005 | 1.83338 | 4.57664

PMy, 12 222774 | 0.18564 | 0.01089

ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 16.29012514 1 16.2901 7.10192 0.01415 4.30095
Within Groups 50.46280743 22 2.29376

Total 66.75293257 23

Table 6F The statistical analyses for relationship between TSP and PM

concentrations used for the prediction of PM;o from TSP at all sampling sites

Anova: Single

Factor o=0.05

SUMMARY

Groups Count Sum Average Variance

TSP 60 254.2839816 4.238066 15.07642

PM,y 60 22.41654059 0.373609 0.177167

ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 448.0209 1 448.0209 58.74302 5.56063E-12 | 3.921478
Within Groups 899.9618 118 7.626795

Total 1347.983 119
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