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Trans-boundary air pollution from biomass burning like forest fire is a
recurrent environmental problem in Southeast Asia. This raises inevitable
issues of the impact of increasing air pollution on human health. Biomass
burning releases large amounts of particulates (solid carbon combustion
particulates) and gases. Unconfrolled forest fire in Southeast Asia
especially Indonesia and Malaysia has caused smoke pollution (haze).
The haze episodes in Southeast Asia contributed to substantial health
problem of the public in 1997 and early 1998. Exposure to gas and
particulate air pollution resulted in adverse health effects i.e. an increase
in the morbidity and mortality due to respiratory and cardiovascular
diseases however the biological mechanisms responsible for this

association are not clear. This study was carried out to determine the
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effects of particulate matter and gases from biomass burning on the
respiratory system using experimental animals in a laboratory simulation.
Spraque-Dawley rats were used in this experiment. The experimental rats
were exposed to the smoke from biomass burning for 2 hours per day for
six days/week in a chamber and injected with 1 mg Keyhole Limpet
hemocyanin (KLH) in 0.2 ml solution intravenously on day 0 and 8.
Control animals were sham- injected with sterile deionized water and
introduced into the chamber but not exposed to pollutants. Every 2
weeks, 6 rats from each group were sacrificed and airway tissue, blood
and serum were collected for hematological, histological, and
immunological analysis. The histological parameters studied include the
number of goblet cells, the mucus gland size and the size of alveolus as
examined under light microscope and by analysis of the mean average

number and width of surface area.

Result of the air quality showed that the concentration of particulate
matter (PMqo, PM2s and PM,) in the smoke was very high compared to
the control. The average of PMyo, PM,s and PM; in the smoke were
2414.45+190.63 pg/im®, 379.46+20.01 pg/m®, and 201.30+18.95 pg/m’.
The biomass burning also produced gas pollutants such as CO, NO,,
H.S, O3, NH3, and SO,. However, only concentration of CO and NH;
showed significant differences compared with the control. The histology

study indicated that the number of goblet cells of treatment group
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increased during the study. The increase in the size of mucus gland and
alveolar size was in accordance with the period of exposure. Likewise, the
increase in concentration of mucus was parallel to exposure period. Level
of Immunoglobulin G (IgG) type from ELISA analysis showed significant
difference between treatment and control groups. Exposure of biomass
smoke also gave significant effect in the number of hematocrite value,
WBC and alveolar macrophage number. The results suggest that
exposure to gas and particulate matters from biomass burning would

badly affect the respiratory system.
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Pencemaran udara merentasi sempadan akibat daripada pembakaran
biojisim seperti pembakaran hutan adalah merupakan masalah
persekitaran terbaru yang berlaku di Asia Tenggara. Pembakaran biojism
menghasilkan partikel dan gas dalam jumlah yang banyak. Pembakaran
hutan yang tidak terkawal di Asia Tenggara khasnya di Indonesia dan
Malaysia menyebabkan pencemaran asap (jerebu). Episod jerebu di Asia
Tenggara adalah merupakan antara penyebab penting kepada
gangguan/risiko kesihatan masyarakat pada tahun 1997 dan awal 1998.
Pendedahan gas dan partikel terampai memberikan kesan yang
membahayakan kesihatan iaitu menyebabkan meningkatnya angka
kesakitan dan kematian pada penyakit salur pemafasan dan
kardiovaskular tetapi kaitan mekanisme biologi di antaranya belum jelas.
Kajian ini dijalankan bagi menentukan kesan bahan terampai dan gas-

gas daripada pembakaran biojisim ke atas sistem respirasi haiwan kajian
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dengan menggunakan kaedah simulasi makmal. Tikus Spraque-Dawley
digunakan di dalam kajian ini. Tikus kajian didedahkan kepada asap
pembakaran biojisim selama 2 jam sehari selama 6 hari/minggu di dalam
satu chamber. Tikus rawatan disuntik dengan | mg Keyhole Limpet
hemocyanin (KLH) dalam 0.2 ml larutan melalui intravena pada hari 0 dan
hari ke-8. Haiwan kawalan disuntik dengan air steril nyahion dan
dimasukkan ke dalam chamber tetapi tidak didedahkan kepada bahan
pencemar. Setiap 2 minggu, 6 ekor tikus dibunuh dan tisu organ respirasi,
darah dan serum diambil bagi analisis hematologi, histologi dan
immunologi. Parameter histologi yang dikaji termasuklah bilangan sel
goblet, saiz kelenjar mukus dan saiz alveolus yang diperiksa menerusi
mikroskop cahaya dan juga analisis bilangan purata dan keluasan

permukaan.

Keputusan kualiti udara menunjukkan kepekatan bahan terampai (PMo,
PM.s dan PM,) dalam asap adalah sangat tinggi berbanding kawalan.
Purata nilai PMo, PM, s dan PM, daripada asap di dalam chamber adalah
2114.45+190.63 pg/m® , 379.46+20.01 pg/m*> dan 201.30+18.95 pg/m>.
Pembakaran biojisim juga menghasilkan gas-gas pencemar seperti CO,
NO,, H2S, O3, NH; dan SO,. Tetapi hanya kepekatan CO dan NH;
menunjukkan perbezaan signifikan berbanding dengan kawalan. Kajian
histologi menunjukkan bilangan sel goblet kumpulan rawatan didapati

meningkat semasa kajian. Pertambahan saiz alveolus dan kelenjar
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adalah bersesuaian dengan tempoh pendedahan. Peningkatan
kepekatan mukus juga selari dengan tempoh pendedahan. Aras
Immunoglobulin G (IgG) daripada analisis ELISA menunjukkan
perbezaan signifikan antara rawatan dan kawalan. Kajian ini juga
memberikan kesan terhadap peningkatan jumlah sel darah merah dan
alveolar makropage. Keputusan ini mencadangkan bahawa pendedahan
kepada gas dan bahan terampai daripada pembakaran biojisim boleh

memberi kesan buruk ke atas sistem respirasi.

viit



ACKNOWLEDGEMENTS

In the name of the Almighty God (Allah SWT) the most Merciful and
Compassionate. Thanks to “Allah S.W.T” without whose blessing this
study would not have been possible.

The author expresses his sincere appreciation to Associate Professor .
Hamdan Noor Ph.D. a chairman of the supervisory committee, members,
Professor Muhamad Awang Ph.D., En. Zolkepli Othman, M.Sc., for their
guidance, valuable suggestions and constructive comments throughout
the study.

| wish to thank due to SEARCA for the financial support of my experiment
and living allowances during my study program. Thanks are also to the
Graduate School of Universiti Putra Malasyia for granting me a Graduate
Research Assistantship for the partial financial support.

| am extremely grateful to the Dean of Faculty Biology, Gadjah Mada
University, Yogyakarta, Indonesia, for his support and Professor . Sofian
Effendi Ph.D, former Rector Gadjah Mada University, and Professor . Ir.
Masyhuri Ph.D, former Co-ordinator Consortium of University, for their
invaluable support and encouragement to the author. Thanks are due to
all Indonesian graduate students for their co-operation and discussion
throughout my study period and thanks also to Kak Liza, Kak Rugayah
and Kak lja for their help assistance in sampling, collecting data, and

analysis data.

X



Finally, the author would like to express his deep appreciation to his
parents, Saiban Dwijowinarto (Late Father), Ny Supami (Mother), my
belove parents in law, Asmuin and Sulastri, | would like to express my
sincere thank and deep respect for their spiritual support, do’a and
motivation sent to me all the time. Last but not least to my loving wife,
Astri Fitriani and my sons, Dzaki Muhammad Iffanda and Magistra Hazmi
Ichsani for her patience, understanding, sacrifices, love and prayers, as
inspiration in pursuit of his intellectual interest and without which this

study would have never been realised.



TABLE OF CONTENTS

page
DEDICATION. ...ttt e e et e e e e i
ABSTRACT ... e e i
ABSTRAK . . L. e e e vi
ACKNOWLEDGEMENTS. ...t iX
APPROVAL SHEETS.. ..o e Xi
DECLARATION FORM... ..ot xiii
LISTOF TABLES. ... .ot e e e e XVi
LIST OF FIGURES. ... e Xviii
LIST OF ABBREVIATIONS. ... e Xix
CHAPTER

1 INTRODUCTION.... ..ot 1.1
2 OBJECTIVESOFRESEARCH.........c.ciiiiiiiiiiiiieceee, 21
3 LITERATURE REVIEW. ... ..o 3.1
3.1. Emissions from Forest Fires .............c..ccocciiiiiiiiniinnan 3.2
3.2. Biomass Air Pollution. ............c.coooiiiiiiiiiiiiiiiiine e 3.5
3.3. Air Quality Standards for Particulate Matter................... 3.7
3.4. Effect of Air Pollution in Human Respiratory System....... 3.8
3.4.1. Human Respiratory System .................cccooieinn. 3.8
3.4.2. Structure of the Airways ............ccoceiiiiniiinenennn.. 3.10
3.4.3. Exposure of Air Pollution...................ccceeiininni. 3.15
3.5. Health Effects of Air Pollutants ............................ 3.18
3.5.1. Health Effects of Particulate Matter..................... 3.22
3.6. Respiratory Defense ............cooeeee i 3.33
3.6.1. Bronchoalveolar Region/Pulmonary Interstitium...... 3.34
3.6.2. Nasal Clearance ......... ...c.cooiiiiiiiiiiiniiananne. 3.37
3.6.3. Tracheo-bronchial Clearance........................... 3.38
3.6.4. Alveolar ClearancCe...............ccouieieiineniniinnnnnane. 3.38
3.6.5. Mucaociliary ransport............cccooiiiiiiiiiiiiiiennnn, 3.40
3.7. Respiratory Diseases...........cccoveeniiiiiiiiiiiiiii e, 3.41

3.8. Laboratory Animals in Health Effects Studies of Air
POlUtION. ... 3.43
4 METHODOLOGY.....cuiuiiniitei e e 41
4.1 General Methodology ...........ccoooiiiiiiiiiiiiiiiiiiieeans 41
4.2 Air Quality Data Measurements ... .............cccooviiiiinnnn. 42
4.3 Histopathology Analysis of Airway ..............ccceeeevvinenn... 42
4.3.1 Morphometric Analysis...........c..ccoiiiiiiiininiiiienann.. 43
4.3.2 Distribution of PM10in the Lung ........................ 43

xiv



6

-
8

4.4 Hematological Parameters .................cccooviviiiiiinann..
4.4.1 White Blood CellCount .............cocoeviiiiiiiiiinnnnn.
4.4.2. Leukocyte Count ..........coiiiiiiiiiiiiiiiieans
4.4.3. Leukocyte Calculations ..............cccceeviiiiieninnnnnn.

4.5 Immunoglobin G (IgG) Antibody Detection By Enzym-
Linked Immunosorbent

4.5.3. Coating Wells with Antigen .......................ae.
45.4. Detecting Rat Anti KLH-IgG by ELISA.................

4.6. Mucus Analysis: Thiobarbituric Assay For Sialic Acid
Method..... ..o

4.7. Statistical Analysis ...........c.coiiiiiiiiiiiiiie,

RESULTS AND DISCUSSION

5.1. Composition of Gas and Particulate Matter of smoke from
Biomass
BUMNING......ii
5.1.1.RESUI....c.oe s
5.1.2. Discussion and Conclusion..................coccoeivinnnn...

5.2. Hematological Parameters..............c.cccooiiiiiiiiiiian...
B5.21.RESUIL.......oiniiiii
5.2.2. Discussion and Conclusion ..............ccccceviiiiiannn.

3. Lung and Trachea Morphometric.................c.cooeveean..
5.31.RESUIL. ...
5.3.2. Discussion and Conclusion .............ccccoevviiiiinnen.

4. Sialic Acid (Mucus)

ANAlYSIS......coviiii

54.1.ReSUl......oo
5.4.2. Discussion and Conclusion ............ccccoviiiiiiininnnn.

5. Immune Response ...
56.1.ReSUlt. ...
5.6.2. Discussion and Conclusion ............c.ccoeevviiininenne.

General Discussion

CONCIUSION. .. oot e e e e e e
Recommendations........oooie it e

REFERENCES. ...
APPENDIX. .. ..o
BIODATA OF AUTHOR......ooiiiiiii e

XV

44
4.5
46
46

47

4.7
47

4.7
438

4.11

411
5.1
5.1

51
5.2
54
54
5.7
5.1
5.11
5.16
5.21

521
5.22
5.25
5.25
5.25

6.1

R.1
A
B.1



LIST OF TABLES

Table
3.1 Emissions from biomass fires
3.2. Current ambient air quality standards in selected countries

3.3. EPA-PSI-system for TPM, PM1o, PM2 s [24 hour average
concentration]

3.4. Air pollution standard

3.5. Estimated health effects for particulate PM4o Exposure
3.6. Health effect of particulate matter (PM10)

3.7. Health outcome of ozone pollution

3.8. Characteristics of Inflammation in COPD and Asthma
3.9. Respiratory Tract Clearance Mechanisms

5.1. Gas concentration of treatment and control chamber post 2,
4 and 6 week exposure.

5.2. Particulate matter concentration of treatment and control
chamber post 2, 4 and 6 week exposure

5.3. Hematocrit value of rate post of control and treatment
groups.

5.4. Correlation of WBC number and value of hematocrit of rats
post 2, 4 and 6 week exposure.,

5.5. White blood cells of rats

5.6. Goblet cells of control and treatment rats after 2, 4 and 6
week exposure

5.7. Mucus gland size of rats after 2,4 and 6 weeks exposure.

5.8. Alveolus size of rats after 2, 4 and 6 week exposure.

XVl

Page

3.4

3.7

3.9

3.22
3.24
3.28
3.33
3.37
3.39

5.1

5.1

5.5

5.5

5.6

513

5.13

5.15



5.9.

5.10.

5.11.

Alveolar macrophage number of rats after 2,4 and 6 weeks 5.15
exoposure to biomass buring smoke.

Sigdlic acid concentration of rats after 24 and 6 week 5.22
exposure

1gG concentration of rats post 2, 4 and 6 week exposure. 5.25
Data are means and standard errors of average values.

Xvil



Figure
3.1.

5.1.

5.2.

5.3.

LIST OF FIGURES

Human respiratory system

Photomicrographs of formalin-fixed, paraffin-embedded rat
trachea tissue stained with hematoxylin-eosin and original
magnification X100.(A) Control group, (B) two week
exposure group, (C) ) four week exposure group and (D) )
six week exposure group.

Photomicrographs of formalin-fixed, paraffin-embedded rat
lung tissue stained with hematoxylin-eosin and original
magnification X100.(A) Control group, (B) two week
exposure group, (C) ) four week exposure group and (D)
six week exposure group

Photomicrographs of formalin-fixed, paraffin-embedded rat

lung tissue stained with hematoxylin-eosin and original
magnification X1000 (M: macrophage)

XVIi

Page
3.11

5.12

5.14

5.16



BAL
BM

COH
COPD
DEP
ELISA
EPA
FEV1
FP
FVC
HSO,
HNO;

-6

-8

KLH
MAQG
NAAQS
NaCl

NH3

LIST OF ABBREVIATIONS

: Alveolar Magophage
- bronchoalveolar lavage

: Bone marrow
: Calcium
: Coefficient of haze
. Chronic obstructive pulmonary disease
: Diesel exhaust particles
: Enzym-Linked Immunosorbent Assay
: Environmental Protection Agency
: Forced expiratory volume in 1 second
: Fine particles (usually PM2.5 or PM2.1)
: Forced vital capacity
: Sulphuric acid
- Nitric acid
: Immunoglobuline G
- Interleukin-6 cytokine
: Interteukin-8 cytokine
: Keyhole Limpet Hemocyanin
: Malaysian Air Quality Guideline
: National Ambient Air Quality Standards
: Sodium chloride

: Ammonia



NO, : Nitrogen Dioxide

O, : Ozone

PAHs : Polycyclic aromatic hydrocarbons

PBS : Phosphate buffered saline

PM : Particulate matter

PM;, : Particulate matter less than or equal to 1 micrometers
PM;o : Particulate matter less than or equal to 10 micrometers
PM,s : Particulate matter less than or equal to 2.6 micrometers
PMN : Polymorphonuclear leukocyte

Ppm : Parts per million

RBC : Red Blood Cells

RS- : Negative rat control serum

RS+ : Positive rat control serum

SO, : Sulphur Dioxide

SO, : Sulphate ion

T8 : Tracheobronchial

TNF :Tumour necrosis factor (cytokine)

TPM : Total Particulate Matter

TSP :Total suspended particulate

ug/m’ : Microgram per cubic meter

um : Microns

WBC : White blood Cells



CHAPTER 1

INTRODUCTION

Global biomass burning is an increasingly important issue occurring on Earth
today due to the possible short and long term atmospheric damages. Biomass
burning results in the release of various gases into the atmosphere which either
contribute directly to the greenhouse effect and global warming or act as
intermediate reactants that interact with other gases to harm the atmosphere.
Atmospheric gases are not solely produced by biomass burning—fossil fuel
burning, application of fertilizers, the increased size of rice fields and cattle
production, as well as manmade chemical production all contribute to the
increase of harmful gases into the atmosphere [Levine, 1998a]. All these forms,
including biomass burning, are the result of human industry and technology,
which directly impact the environment and the future of the planet. The increase
of gases leads to global warming, climate change, and other environmental
changes that need to be controlled to ensure the habitability of the planet.
Biomass burning takes on many different forms and has different causes, but this
case primarily focuses on forest fires, specifically those in Southeast Asia, a
large region that is being increasingly studied for its emission contributions and

effects on the atmosphere.

On an annual basis, estimates indicate that biomass burning may lead to the

chemical production of approximately 38 percent of the ozone in the troposphere.
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The burning also produces about 32 percent of the CO, emissions in the world,
39 percent of particulate organic C, and more than 20 percent of the Hy,
nonmethane hydrocarbons [NMHC], CH3;Cl, NO2 and Particulate matter [Levine,
1998a). There are six different types of biomass burning that result from
agricultural and human activities: [1] the clearing of forest and brush land for
agricultural use, [2] the control of brush and other accumulations on grazing and
crop lands, [3] the nutrient regeneration in grazing and crop lands, [4] the control
of fuel accumulation in forests, [5] production of charcoal for industrial and
domestic uses, and [6] the energy production for cooking and heating. Wildfires,
which can also be naturally induced, are the other major type of biomass burning

that can be induced by human activity [Levine, 1998b and 1998c].

In 1997, uncontrolled forest fires burning in the Indonesian states of Kalimantan
and Sumatra, combined with severe regional drought, depressed mixing heights
and prevailing winds, resulted in a regional air pollution episode of biomass
smoke which impacted Indonesia, Malaysia, Singapore, Southern Thailand,
Brunei and Southern Philippines. In particular, several large urban areas such as
Singapore, Kuala Lumpur and Kuching were affected. Biomass smoke pollution
from the forest fires resulted in an elevated level of particulate air pollution for a
period of approximately 2 months in many areas [beginning in late July], with the
most severe episode occurring during the month of September. During the

episode a State of Emergency was declared in Sarawak, Malaysia as 24-hr PM4q

reached as high as 930 pg/m®, which was more than 15 times higher than the

1.2



normal level [Braure, 1998]. In Malaysia, only few people were reported to have
died from respiratory problem as a result of the fire, but the true long term health
effects of the millions of people living in the areas worst affected will not be
ascertained for many years to come. Health experts stated that breathing the air
in the worst affected areas of the smoke haze was equivalent to smoking up to
80 cigarettes a day [Abbey et al., 1998]. American Lung Association [1998]
recorded a two to three fold increase in the number of respiratory diseases when
particle concentrations reached up to 450 pg/m3 of PMyo. In Singapore, hospital
attendances increased around 30 percent while particle concentrations dose
three to four folds to values between 100 and 150 pug/m?® PMyo during September
and October 1997 [Anonymous, 1998a]. In southern Thailand, a 7 to 8 percent
increase of respiratory visits and admissions was attributed to the haze
occurrence in late September and early October of 1997 with a daily maximum
value of 218 pg/m® PMyo [Phonboon et al., 1998]. During the haze episode 1997,
in Indonesia, particle pollution levels over of 2000 to 3000 pg/m® PM;, impacted
the Indonesian population in many regions of Kalimantan and Sumatra. A rough
estimate of economic value of the damage caused the 1997 fire and haze gives a
number of 1 billion US$ for haze related damage such as short term health, lost
of life, tourism, and accident, reduced crop productivity for Indonesia only

[Anonymous, 1998a; Heil, 1998b].

Levine [1998b] estimated that the 1997 fires in Kalimantan and Sumatra

produced emissions of 85 to 316 million tons of carbon dioxide, 7 to 52 million
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tons of carbon monoxide, 4 to 16 tons of particulate matter, 2 to 12 million tons of
ozone, 0.1 to 4 tons of ammonia and 0.2 to 1.5 million tons of oxides of nitrogen.
The lower limit of the estimate assumed that solely forest and no peat burned,

while the upper limit assumed that peat fires contributed to 30 percent of the area

burnt.

Particulate matter [PM] is the generic term applied to a broad class of chemically
and physically diverse substances that exist as discrete particles [liquid droplets
or solids] over a range of particle sizes. In contrast to the other criteria of
pollutants such as carbon monoxide, PM is chemically heterogeneous. Particles
are present everywhere, but high concentrations and/or specific types of particles
have been found to pose serious danger to human health. Particulate pollution
comes from such diverse sources like factory and utility smokestacks, vehicle
exhaust, wood burning, mining, and construction and agriculture activities

[Anonymous, 1998a; McClellan & Miller, 1997].

Increased concentrations of fine particles in the ambient air are associated with
substantial health impacts such as acutely and chronically decreased lung
function, upper respiratory infections, asthma, bronchitis, cardio-vascular
diseases and increase of daily mortality. Health effect studies could not identify
any clear no-effect threshold. The US-EPA defines the air quality standard for
particulate matter smaller than 10-uym diameters [PMq] at 150 pg/m® and for fine
particles or PM;s [diameter smaller than 2.5 ym] at 65 pg/m® [daily average].

These are thresholds at which public health effects are likely to be small but not
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