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ABSTRACT

This research investigates cancer risks from arsenic in Mae Moh fly ash.
Currently the ash is either stored in a disposal site or sold for other uses.  Three scenarios
were modeled, along with three groups of populations.  The three scenarios were current
storage and sale of fly ash, complete storage of fly ash, and complete sale of fly ash.  The
three populations were occupational, residential, and user populations.  Reasonable
assumptions were made to simplify certain environmental settings.  Best environmental
model was applied to approximate total arsenic concentrations in media for each
scenario, which was extrapolated from the concentrations of the current storage and sale
of fly ash.  The cancer risks were analyzed in accordance with international standards for
human health risk assessment set by the United States Environmental Protection Agency.
The study tests this hypothesis: ‘the overall cancer risk due to toxicity of total arsenic in
fly ash when fly ash is utilized as construction material is less than when it is stored at a
disposal site.’  Samples of fly ash, water, soils, and grasses were collected according to
possible exposure pathways of ingestion, inhalation, and dermal contact for all scenarios
and populations.  They were then tested for cancer risks under a variety of methods.  The
modeling showed that in all scenarios and populations, both central tendency exposure
and reasonable maximum exposure, were within acceptable limits, therefore no
immediate remedial actions at this moment are legally required.  The overall risk due to
toxicity of total arsenic in fly ash for the utilization scenario was found to be
approximately 50% greater than the risk of toxicity in the complete storage scenario, thus
rejecting the proposed hypothesis.  The results of this risk assessment could be used in
any future decision making by government and private agencies in situations regarding
the storage and utilization of fly ash.
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การประเมินความเสี่ยงตอการเกิดโรคมะเร็งจากความเปนพิษของสารหนูในเถาลอยเมื่อนําไปใช
ประโยชนหรือกองทิ้งของโรงไฟฟาแมเมาะภาคเหนือของประเทศไทย (CANCER RISK
ASSESSMENT OF ARSENIC TOXICITY ON UTILIZATION OR STORAGE OF PULVERIZED
FLY ASH FROM MAE MOH LIGNITE POWER PLANT, NORTHERN THAILAND)

พ.ต. ศรัณยู วิริยเวชกุล 4137614 ENTM/D

คณะกรรมการควบคุมวิทยานิพนธ:  มนัส วัฒนาศักดิ์, Ph.D., พรสวรรค วิสุทธิวิเศษ, Ph.D., พิชัย        
นิมิตยงสกุล, D.Eng., วิมุติ ประเสริฐพันธุ, Ph.D., วิลเลียม รอส, Ph.D.

บทคัดยอ
งานวิจัยนี้ประเมินและเปรียบเทียบความเสี่ยงตอการเกิดโรคมะเร็งจากความเปนพิษของสารหนู

เมื่อนําเถาลอยจากโรงงานไฟฟาแมเมาะไปใชประโยชนหรือกองทิ้งโดยแบงออกเปนสถานการณสมมุติ 
3 สถานการณไดแก สถานการณปจจุบัน(บางสวนกองทิ้งและบางสวนถูกนําไปใช) สถานการณกองทิ้ง
เถาลอยทั้งหมดและสถานการณใชประโยชนเถาลอยทั้งหมดโดยแบงกลุมประชากรออกเปน 3 กลุมไดแก
กลุมประชากรปฏิบัติงานในโรงงานไฟฟาฯ กลุมผูอยูอาศัย และกลุมผูใชประโยชนจากผลิตภัณฑที่มีสวน
ผสมของเถาลอย มีขอสมมุติที่เหมาะสมเพื่อชวยลดความซับซอนของขั้นตอนและกระบวนการประเมิน
ความเสี่ยงฯลง และนําแบบจําลองที่เหมาะสมมาใชเพื่อประมาณคาความเสี่ยงฯในแตละสถานการณ
สมมุติ โดยเปนไปตามมาตรฐานสากลขององคกรปองกันสิ่งแวดลอมสหรัฐอเมริกา (U.S. EPA) เพื่อ
ทดสอบสมมุติฐานการวิจัย: ความเสี่ยงฯจากการใชประโยชนเถาลอยมีคานอยกวาความเสี่ยงฯเมื่อนําเถา
ลอยไปกองทิ้ง การเก็บตัวอยางในสถานที่ตางๆประกอบดวยตัวอยางเถาลอย น้ําผิวดิน ดินและหญา  ซ่ึง
สามารถเขาสูรางกายได 3 ทาง (Exposure Pathways)  คือ ทางการกิน (Ingestion)  ทางการหายใจ
(Inhalation) และการสัมผัสทางผิวหนัง (Dermal Contact)  ผลการประเมินความเสี่ยงฯแสดงใหเห็นวาคา
ความเสี่ยงฯในทุกๆสถานการณสมมุติและทุกๆกลุมประชากรในการคิดแบบเฉลี่ย (Central Tendency
Exposure) และแบบคาสูงสุดอยางสมเหตุสมผล (Reasonable Maximum Exposure) อยูในเกณฑที่ยอมรับ
ไดตามมาตรฐานสากล ดังนั้นตามกฎหมายโรงไฟฟาฯจึงไมจําเปนตองปรับปรุงดําเนินการหรือแกไขใดๆ      
อยางไรก็ตามปริมาณสารหนูซ่ึงเปนผลจากการดําเนินงานของโรงไฟฟาฯมีคาสูงกวาปริมาณที่เกิดขึ้นเอง
ตามธรรมชาติจึงควรสงเสริมใหมีมาตรการเฝาระวัง ตรวจวัด ปองกัน ตลอดจนบําบัดอยางตอเนื่อง    
จากผลการวิจัยพบวาความเสี่ยงฯ ที่เกิดจากการใชประโยชนเถาลอยมีคาสูงกวาความเสี่ยงฯ ที่เกิดจากการ
กองทิ้งเถาลอยประมาณรอยละ 50 แตยังอยูในเกณฑมาตรฐานและผลการวิจัยสามารถใชเปนเครื่องมือ
เพื่อการตัดสินใจและการจัดการที่เหมาะสมกับเถาลอยตอไป

239 หนา ISBN 974-04-4173-4
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CHAPTER I

INTRODUCTION

1.1 Background of Study
Since its first operation in 1964, Mae Moh Lignite Power Plant, Lampang

province of Thailand, has been generating a growing amount of electricity due to the

in demand as a result of industry expansion, and economic and population growth.

(Kunawanakij, 1997).  Currently, it is operating with 10 units of machines, yielding

the total of 2,400 mega-watts of electricity, approximately 10 – 15 % of national

production (EGAT, 2003a and Jungkasemchokchai, 2001).  Such higher production

requires larger input, which, among others, is lignite coal.  Presently, each day

approximately 45,000 tons of lignite coal are dug up at lignite mine and transported to

the manufactures to generate electricity to support the North, Northeast and Central

regions of Thailand (EGAT, 2003b).

Fly ash, a major by-product from Mae Moh Power Plant, receives substantial

consideration from the industry and researchers due to its large amount of production,

its potentially desirable characteristics for reutilization, and its possible contamination

to the environment.

The fly ash sale amount and price have been increasing in the past years, as a

result of reconstruction of the plant infrastructure so that trucks can be loaded with fly

ash from silos, however the remaining portion has to be continuously transported

through belt conveyors to the storage site, several kilometers away, with no further

treatment.  The current storage site is a limestone valley covering an area of many

square kilometers, with an estimated existing 50 million tons of fly ash (Table 1.1;

Ponlit, 2003; and site survey).
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Table 1.1: Information on Plant Units 1 - 13

Unit Power

(MW)

Lignite Consumption

Rate/Yr (MT)

Began

Operation

1

2

3

75

75

75

Total

1.5

1978

1978

1981

4

5

6

7

150

150

150

150

1.0

1.0

1.0

1.0

1984

1984

1985

1985

8

9

10

11

300

300

300

300

2.0

2.0

2.0

2.0

1989

1990

1991

1991

12

13

300

300

2.0

2.0

1995

1995

Although many types of utilization have been done and investigated,

practically the most quantity of fly ash utilization around the world, including

Thailand, has been related with cement and concrete application or in other words

construction materials.  This type of fly ash utilization contributes to possible

environmental, economic, and technological benefits in the concept of the United

States sustainability initiatives’ 3E’s: economic, engineering, and environment (Holtz

and Eighmy, 2001).  The ‘by-product’ stabilization/ solidification process of fly ash is

proven beneficial to the environment due to dramatically lower leachate

concentrations of hazardous materials.  While, in many occasions, fly ash concretes

provide economic advantages (ACI 232.2R-96).

However, in Thailand, recently, there has been a vast disagreement about the

principle of fly ash utilization.  The newly proposed standards for fly ash utilization as

construction materials by the Thai Industrial Standard Institute, supported by the

Engineering Institute of Thailand, were opposed by the Thai Association of
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Construction Industry.  There are a large number of pro-utilizers of fly ash due to

reasons mentioned above, while others are worried about hazardous effects from fly

ash-incorporating cement, mortar or concrete, which become much closer to

interacting with people in many types of possible application, although lower in

leachate concentrations.

1.2 Statement of Problem
Continuously, much effort in terms of money and energy is involved with

transportation of many thousand tons of untreated fly ash to be disposed off on top of

the accumulated substantially large volume of ash already existing at the disposal site.

Fly ash at the storage site can potentially pose immense environmental problems to the

environment and humans due to three main reasons.  The first reason is that fly ash

itself has high potential hazard due to characteristics of its constituents.  The second

reason lies on its considerable amount of existing and high volume of daily

production.  Lastly, fly ash, both trapped, collected and treated at the plants and at the

storage site may not be properly controlled and it is possible that it will find pathways

to cause adverse effects to humans living downstream.

Of all leachable elements from fly ash, arsenic is considered the potentially

most serious to human health.  Arsenic has been classified by the U.S. EPA as Class A

human carcinogen and the top of most hazardous substances list, based on ‘sufficient

evidence’ from human data after arsenic’s carcinogenic role was first noted over a

hundred years ago. (EPA, 2000)  An EPA report (2000) also stated that

‘epidemiological studies…clearly show associations of arsenic with several internal

cancers at exposure concentrations of several hundred micrograms per liter of

drinking water.’

None of the studies, so far, has been done to investigate comprehensive human

health assessment caused by fly ash at storage site of Mae Moh Power Plant.  Nor has

any study ever investigated human health caused by utilization of fly ash as

construction materials.  In order to lessen the degree of conflicts among professionals

and practitioners, and to be able to confidently utilize fly ash, or to find appropriate

remediation or treatment for possible risk, comparative assessment of both
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circumstances has to be evaluated.  Proper decision making in terms of risk

management will be possible. (Figure 1.1)

Figure 1.1: Relationship between Risk Assessment and Risk Management

1.3 Objectives of Study
1) To investigate and assess human risk due to arsenic for the storage of Mae

Moh fly ash.

2) To investigate and assess human health risk due to arsenic for utilizing fly

ash as construction materials.

3) To compare risks from 1) and 2) to support national and local decision

making regarding fly ash utilization.

1.4 Research Hypothesis
Overall human health risk due to toxicity of total arsenic in fly ash when fly

ash is utilized as construction materials is less than that resulting from toxicity due to

storage of fly ash.

1.5 Scope of Study
Area of study will contain the territory of Mae Moh Electricity Generating

Plant, Amphur Mae Moh, Lampang Province, approximately 600 kilometers north of

Bangkok, covering an area of approximately 130,000 rais (52,000 acres).
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The surrounding area of fly ash storage site will also be investigated.  Other area along

possible pathways, such as rivers, is an area of concern that needs investigation.

Toxic element of interest for human health risk assessment is arsenic.  The

study will focus on total arsenic.  Total arsenic will be measured.  Speciation, arsenate

(+5) and arsenite (+3), will be approximated, when appropriate.

Time frame of study constitutes of several phases: data collection and

sampling, experimental works, and assessment and analytical phase.  Complete

processes will take approximately 15 months.

Laboratory works are primarily based on two types of experimental testings:

compressive strength test by Universal Testing Machine (UTM) at Chulachomklao

Royal Military Academy, and total arsenic concentration measurement by Graphite

Furnace Atomic Absorption Spectrophotometry (GFAAS) at the Faculty of Science,

Mahidol University.  Compressive strength samples include 100 cubes of fly ash-

cement mortars, and the leaching test samples consist of 60 leachate water samples

from fly ash-cement mortars.  While, total arsenic concentration of fly ash, soils,

surface water, and grasses at different location, will be determined.

1.6 Limitations
Due to inadequacy of previous studies at the area of study and in Thailand,

assessment of human health risk must rely on toxicity information based on other

locations of the world.  Best educated estimates will be input in an evaluation process.

1.7 Organization of Thesis
The thesis is organized into the following Chapters: Chapter 1, Introduction;

Chapter 2, Literature Review; Chapter 3; Materials and Methods; Chapter 4, Results;

Chapter 5, Discussions; Chapter 6, Conclusions and Recommendations.
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1.8 Conceptual Framework
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CHAPTER II

LITERATURE REVIEW

2.1 Background Information of the Site

    2.1.1    Physiographical/Geological Setting and Lignite Deposit

2.1.1.1 Mae Moh Site Physiographical and Geological Setting

The Mae Moh basin covers an area of approximately 150 square kilometers.

The north boundary is surrounded by Kew-lom quartzites mountains, while the east

and west boundaries are bounded by limestone Chang mountains and mudrock Luang

mountains, respectively.  The mountain range on the western side has the crest

elevation of 700 meters above mean see level.  The southern boundary is bounded by

the basalt-flows over limestone Pha Hob mountains.

In general, the topography of the basin can be classified as flat and low lying

terrain with the altitude of ground surface throughout the basin ranges between 300 to

350 meters MSL.  However, slightly rolling topographic expression is found in places

along the flat lying ground of the basin as compared with those of rugged and

mountainous surrounding area.  The basin itself is formed in the north-south direction

with a length of 17 kilometers and width of 9 kilometers.  Topographic map of the

Mae Moh basin, including operating area is shown in Figure 2.1.
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The basin was formed during the Tertiary period on the presumably limestone

basement.  The sediments infilling the basin the basin are mainly semi-consolidated in

nature with diversified lithology.  Within the uppermost 10 meters of the basin,

sediments of fluviatile origin, namely clay, lateritic soils and terrace gravel are

predominant.  These sediments are unconsolidated due to their recent ages.  Below the

10 meter depth, sediments are mudstone and the lignite deposits, occurring in 2 or 3

seams, have an average thickness of 15 – 20 meters, interbedded with claystones or

mudstones.  The depth from the ground surface to lignite deposits varies from very

shallow along the marginal area of the basin to relatively deeper in the central part of

the basin (up to 300 meters).  Several tectonic faultings have been reported along the

margin of the basin and apparently displacing lignite seams to some degree.  Figure

2.2 shows the typical geological cross section of the Mae Moh basin, while Figure 2.3

displays the geological map of the area.

Figure 2.2: Typical Geological Cross Section of Mae Moh Basin
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Figure 2.3: Geological Map of Mae Moh Area

Explanation to Figure 2.3

Q1 River gravel, sand, clay and mud

Qt1 Lower terraces, gravel, sand silt, clay

Qt2 Higher terraces, gravel, sand silt, clay (Mae Taeng Group)

T
Fresh-water sandstone, shale, carbonaceous shale, limestone, viviparus beds, lignite (Mae Moh

Group)

T5
Reddish-brown sandstone, shale, conglomerate, greenish-grey siltstone, shale, sandstone (Pha

Daeng Formation, Lampang Group)

T4
Limestone, limestone conglomerate; medium grey to pinkish-grey with fossils of gastropod,

brachiopods (Doi Chang Formation, Lampang Group)

T3

Greenish-grey shale, sandstone, tuffaceous sandstone, laminated shale, conglomerate, with

fossils of Halobia, Daonella, Posidonia, Trachycers, Paratrachyceras, Joannites, etc. (Hong Hoi

Formation, Lampang Group)

T2

Limestone, massive or banded, dark grey to medium grey; shale, sandstone, calcareous, grey to

grayish-brown, well stratified, with fossils of brachiopods, Claraia, Halobia, Daonella,

Posidonia, Ammonites, (Pha Kan Formation, Lampang Group)

T1
Basal conglomerate; reddish-brown sandstone, shale, agglomerate, tuff, (Pha Thai Formation,

Lampang Group)

Pm3

Shale, calcareous shale, carbonaceous shale, tuffaceous shale and sandstone, laminated shale

with fossils of Dielasma, Leptodus, Orthotichia, Echinochus, Neospirifera, Schizophoira,

Aviculopecten, etc. (Huai Thak Formation Ratchaburi Group),

Bs Basalt; vesicular, Amygdaloidal
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As geologically explained in the figures, coals exist in bed or layers along with

other sedimentary rocks, mostly shell and sandstones.  The coal particle consists of

fossil wood, bark, leaves, roots, and other parts of land plants, which are chemically

altered.  Unlike most other sediments, coal was not eroded, transported and deposited,

rather it was accumulated where plants grew, including coal beds at fossil tree stumps

rooted in place in underlying shale.  Although coal is interbedded with inorganic

sediments, it is not usually mixed with them.  The places of coal accumulation are

swamps, which attributed to a complete physical and chemical gradation from coal to

peat.

Coal is formed in layers or seams.  Each seam is flat, lens-shape body, which

corresponds to area of swamp where it is originally accumulated.  While most seams

are 2 – 10 feet thick, some could be as thick as 100 feet.

Chemically, peat and lignite may compose of several elements, which are

concentrated during decay period of reducing condition.  Under reduction, many

elements can occur.  These include arsenic, boron, bismuth, germanium, nickel, cobalt,

cadmium, lead and others and they may be converted to unstable forms and intermixed

with the decayed inorganic to form peat and lignite.  All of these depend on local

geochemical condition as well as plants condition (Institute of Environmental

Research, Chulalongkorn University, 1981; EGAT, 1979; EGAT, 1993).

2.1.1.2 Mae Moh Lignite Deposit

Total geological lignite reserve of Mae Moh basin is approximately 1,500

million tons, and found in three seams, known as J, K, and Q.  The J seam is existing

only in the northern part in 6 thin seams, while K and Q seams are found throughout

the basin with 20 – 30 meters of thickness.  The deposit had many faulting structures

throughout the basin.  Figure 2.4, Figure 2.5, and Figure 2.6 illustrate typical coal

zone, schematic model and faulting structures of Mae Moh basin (Institute of

Environmental Research, Chulalongkorn University, 1981; EGAT, 1979; EGAT,

1993).
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Figure 2.4: Typical Mae Moh Coal Zone

Figure 2.5: Schematic Model of Mae Moh Basin
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Figure 2.6: Faulting Structures of Mae Moh Basin

2.1.2 Climate

 The climatic environment of Mae Moh basin can be defined as the typical

northern Thailand climate.  It is located in the monsoon zone, which is influenced

yearly mainly by 2 monsoons, namely the southwest and northeast, and secondarily by

cyclonic storm and intertropical fronts.

During May and October, the air mass moves from Indian Ocean and brings

moisture creating rainy season.  Cyclonic storms from the Pacific Ocean cause intense

precipitation in the region.  Heavy rainfall occurs when cool air from the north

encounters the southwest monsoon.  Eighty five to ninety percent of annual rainfall is

caused by the southwest monsoon.  The dry season occurs during mid-October and

mid-February when cool air mass from the polar region moves south across Siberia

and mainland China creating cool dry weather with no rain.  During mid-February and

mid-May, the polar air mass is modified to tropical heat and moves into the basin

creating a hot and dry weather over the region (Institute of Environmental Research,

Chulalongkorn University, 1981).



Saranyu Viriyavejakul  Literature Review / 14

2.1.3 Rainfall

There are three types of rainfall; oragraphic, convective, and cyclonic.  During

rainy season, oragraphic cyclonic prevails, while the local convective rains of high

intensity occur during the summer.  Figure 2.7 illustrates the average monthly rainfall

at Mae Moh station.  Table 2.1 and Table 2.2 show the climatological data for the

period of 1971 – 2000 for Lampang and Prae provinces, respectively.

Figure 2.7: Average Monthly Rainfall at Mae Moh Station

While, the average monthly rainfall ranges from 0.6 to 251.2 mm.  The

minimum rainfall occurs during February because the dry-cool air masses move in the

region from the pole.  The maximum rainfall occurs in August due to the southwest

monsoon from the Indian Ocean (Institute of Environmental Research, Chulalongkorn

University, 1981).
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Table 2.1: Climatological Data for 1971 – 2000 for Lampang Province
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Table 2.2: Climatological Data for 1971 – 2000 for Prae Province
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2.1.4 Temperature

The temperature of the basin exhibits large daily variation with the maximum

temperature of 40.9 °C in April and lowest 6.8 °C in January.  The average monthly

temperature is rather high with small variation between months.  The maximum mean

monthly temperature is 37.6 °C.  The minimum average temperature recorded in

January is 12.1 °C.  Figure 2.8 shows recorded temperature at Mae Moh station, while

Figure 2.9 shows hythergraph of Mae Moh mining area (Institute of Environmental

Research, Chulalongkorn University, 1981).

Figure 2.8: Average Monthly Temperature at Mae Moh Station
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Day

Figure 2.9: Hythergraph of Mae Moh Mining Area

2.1.5 Wind

Direction of prevailing wind changes according to the season.  From October

to January when the northeast monsoon is primary influence, while the southwest

monsoon has an primary impact during February and May.  Wind direction varies in

all directions during the transition period of monsoon.  The maximum recorded wind

speed during March and April was 120 km/hr, and the lowest recorded wind speed

was 5 – 6 km/hr during November and December.  All recorded data were from Mae

Moh station (Institute of Environmental Research, Chulalongkorn University, 1981)

2.1.6 Soils

2.1.6.1 Physiography of Mae Moh basin soils

The general outlook of Mae Moh basin soils is mainly undulating upland with

some narrow ridges and valleys.  Two main streams, Mae Moh and Huay Luang, run

in the north-south direction and have accumulated the lower land with alluvial deposits

along widening routes.  Their tributaries have contributed in shaping the landscape

resulting in narrow ridges and valleys, however the gravel beds of tertiary formation,

located at the southwest corner of the basin, has the highest elevation in the basin.
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Not much elevation different is observed in more than two thirds of the area as

the elevation difference between the highest spots, high hills in the southwest corner

and along Mae Moh stream in the southern portion is only 50 meters.  Flat to almost

top summits are common in this area.  The slope of ridges and valleys is

approximately 1 – 6 percent.

2.1.6.2 Soil Properties

Based on physiography, soils around the Mae Moh basin can be grouped into 6

mapping units, U1, U2, U3, A1, A2, and H.  Tables 7 and 8 describe the properties of

these groups.

In conclusion, the existing soils in the Mae Moh mine, in general, are

dominated by relatively high pH and high calcium content since the area is partly

surrounded by limestone mountains.  The lignite coal exhibits the pH of 7.5.

Phosphorus, an index for availability is very low in all soil profiles.  The textures of

soil vary from loam to clay (Institute of Environmental Research, Chulalongkorn

University, 1981; EGAT, 1979; EGAT, 1993).

2.1.6.3 Soil properties at Dam Site and Saddle

(K. Engineering Consultants Co., Ltd., 1970)

• Soil Classification

By Unified Soil Classification System (USCS), representative soil is classified

as CH group, inorganic clay of high plasticity.  Very fine-grained soil compacted at

suitable water content is considered low density.  Summary of test results are shown in

Table 2.3 and Table 2.4.
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Table 2.3: Representative Fractions of the Overall Investigated Area
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Table 2.4: Physiographic and Soil Units of Mae Moh Lignite Mine

• Main Soil Characteristics

Water Content

Natural water content varies from 22.50% to 48.20%, while the optimum

water content is 23.7% to 39.0% (small scale 4 inch compaction mold) and 25.0% to

38.7% (large scale 6 inch compaction mold).

Densities

Maximum dry density varies from 77.0 pounds per cubic foot (pcf) to 95.2 pcf

(small scale) and 75.2 pcf to 93.0 pcf (large scale).

Shearing Strength

The Triaxial Test shows low shearing strength with tanΦ = 0.673 – 0.190
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Imperviousness

Coefficients of permeability of soils by various methods (direct and indirect

test) or by consolidation tests (saturated and unsaturated sample at optimum moisture

content and maximum dry density) are determined to be 10 - 7 to 10 - 9 cm/sec.  This

indicates good to very good imperviousness or the soils can be classified as practically

impervious soils.

• Conclusions and Recommendations (EGAT, 1981)

1. Soils in Mae Moh basin can be classified into 6 units, H, U1, U2, U3, A1,

and A2.  Soil unit U2 covers an area of about 54% of total area.

2. Soils are mainly to have clay texture with percentage of sand, silt, and clay

of 20.10, 30.55, and 49.35, respectively.

3. Soils exhibit the reaction of slightly acid to neutral within the pH ranges

of  5 – 7.

4. Organic matters are exceptional high for sandy clay loam of tropical

savanna zone.

5. The amount of trace elements, Mn, Zn, Fe, Cu, are relatively high due to

geochemical setting of the basin.  However, under the natural pH condition of

this area, these elements may not be available for plant uses and their toxicity

would be apparent only under the pH condition of below 5.

6. Erosion hazard particularly that caused by high runoff, gully erosion and

wind erosion is expected in the reclamation area unless plant cover is quickly

established.

2.2 Utilization and Management of Fly Ash
Research of fly ash for use in Portland cement concrete was first published by

Davis and associates in 1937, during the time fly ash became available in quantity

from electric power plants.  Their work served as the foundation for early

specifications, methods of testing, and use of fly ash (ACI 232-2R-96).  At the

beginning, fly ash was used to replace the more expensive cement, however it was

found to improve other properties of concrete.  Research on fly ash in other uses has

been conducted more extensively when the number of coal power plants increased,

especially in the 1960s and 1970s, partly in response to the dramatic oil price increase.
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Currently, many studies of fly ash have been done with elevated interest all around the

world.  There is a wide range of possible utilization of fly ash.  Wesche (1996)

summarized the use of fly ash in the following categories: cement, binders with fly

ash, precast concrete, bricks and blocks, lightweight aggregates, road construction, soil

stabilization, asphalt-filler, fill, and waste neutralization and stabilization.

Fly ash has been utilized in various types of applications, however, the most

quantity of fly ash has been utilized as construction materials associated with cement

and concrete work.  Smink and Heynen (2000) stated that on the basis of fly ash’s

physical and chemical characteristics, its deposits seem to be suitable for the

production of construction materials.  ‘This use was considered to be the most

sustainable as well as the economically best option for using this material.’

In the United States of America, more than 800 million metric tons of coals is

burned annually, generating approximately 75 million tons of coal ash, making it the

fourth most abundant mineral resource and the sixth most abundant material for

resource recovery.  Recycling of coal ash could save the generators millions of dollars

annually in disposal fees.  Because of the volume of coal ash, the cost of storing it, and

the opportunity to create profitable new markets, coal ash waste generators in the U.S.

can be expected to exhibit great enthusiasm for waste utilization.  Environmental

concern about coal combustion residues has existed for a long time.  The primary

concern, according to the Electric Power Research Institute (EPRI), is the possibility

that they will contaminate surface and underlying waters with several inorganic

constituents that may detrimentally affect plants, animals, and human health.  Coal ash

also contains organic and radioactive constituents of potential environmental concern

(Office of Environmental Services, Minnesota Department of Transportation, 1997).

Whereas, in India, nearly 90 million tons of fly ash is generated annually and

almost 65,000 acres of land is presently occupied by ash ponds.  Fly ash is abundant

and still considered the cheapest fuel to generate power.  However, the wide use of

coal raises concerns over the environmental impact.  Burning of coal pollutes air and

generates green house gases, while fly ash accumulation could contaminate both

ground and surface water.  There is a strong effort to manage the large amount of fly

ash.  It includes revision and formulation of standards, the use of legislation, the

application of fiscal incentives, and other means.  It can also be done by enhancing the
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electric-efficiency of the plant, adopting clean coal technologies and bulk utilization of

fly ash in construction and other industries.  Fly ash in itself is going to emerge as a

major industry in the next millennium in India (ESMAP, 1999, Kumar et al., 2000 and

Mathew, 1999).

Holtz and Eighmy (2001) gave a comparison on the utilization of recycled

materials in highway constructions.  These numbers included percentage of fly ash

utilized in the United States and many countries in Europe.  Such percentages are:

27% for the United States, with 14.6 million tons recycled, 88% for Germany, with 3

million tons recycled, 100% for Denmark, with 1.17 million tons produced and used,

and 100% for the Netherlands, with 0.94 million tons produced and used.  The

numbers implied that factors influencing percentage of fly ash recycling are

population density and aggregate resource availability, and in some cases the degree of

industrialization.

Cannon (1968) investigated the proportioning of fly ash concrete mixes for

strength and economy.  The Tennessee Valley Authority developed a method for

proportioning fly ash with cement to produce concrete of equal compressive strength

at 28 and 90 days to concrete without fly ash.  The samples included at least nine

different suppliers of cement and eight different fly ashes.  Four of these would not

meet Federal and ASTM specifications.  Effects of differing proportions of fly ash on

water requirements, strength, and economy were given, as well as a discussion on the

effects of fineness and carbon content of fly ash and variations in strength of cements

on cement requirements.  The substitution was made on a one-for-one basis, either by

weight or volume.  The results showed that fly ash incorporated concrete would have

lower compressive strength at 28 days, but frequently had equal or higher strength

than control mixes at 90 days and beyond.  This led many designers to conclude that

fly ash is only desirable or economical in mass concrete where strength is not the

principal requirement.  However, an exceptional approach was developed by Lovewell

and Washa to proportionate fly ash mixes for equal 28-day strength to control mixes.

In their method, amount of fly ash added was always exceeded that of cement

removed.
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Montgomery et. al. (1981) did a microstructure study on fly ash in concrete,

involving a scanning electron microscope study and compressive strength evaluation

of the paste fraction and covered a range of mixes containing various amounts of a

single supply of fly ash.  The study aimed at identifying the mechanism(s) whereby

the incorporation of fly ash influenced the strength of lean concrete mixes suitable for

use in the construction of concrete gravity dams.  Test specimens were cured at 20°C

and 40°C at intervals of 7 days up to three months.  Although it was not possible to

propose a firm hypothesis, the study suggested that the early age strength development

was largely influenced by the physical presence of the ash particles rather than by a

compositional change of the particles as a result of chemical reaction.

Diamond (1984) investigated the utilization of fly ash, mainly in the United

States with its present status.  The author stated that there were about 48 million tons

of fly ash produced each year in the United States.  Out of this amount, only

approximately 8 million tons, representing about 17% of total production, were

utilized.  Almost half of the utilization went into the production utilities themselves.

The other 4.5 million tons were sold for external utilization and approximately 60% of

the sold amount were used in concrete-related application, mostly as a mineral

admixture, rather than as a blended cement component or cement raw material.  The

author also provided a brief summary of typical properties of low-calcium (ASTM

Class F) and high-calcium (ASTM Class C) fly ashes, as well as special reference to

differences in potential utilization.

Manz (1984) investigated the utilization of by-products from western coal

combustion in the manufacture of mineral wool and other ceramic materials.  In this

investigation, the author found that the ash by-products from combustion or

gasification of western U.S. coals had chemical and mineralogical characteristics that

lend themselves to utilization in ceramic materials.  Laboratory and pilot-scale

fabrication of four materials has been studied.  Cyclone slag from four lignite-fired

power plants and a dry scrubber ash have been fabricated into mineral wool insulation

in a pilot-scale cupola.  Extruded and fired mixtures of fly ash, clay and ground glass

have produced ceramics with extraordinary high flexural strength.  Ceramic glazed

wall tile utilizing fly ash in place of clay have met most of the specifications for fired
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clay tile.  Both fired ad unfired dry-processed brick containing 100% western fly ash

met ASTM specifications for fired clay brick.

Idorn and Thaulow (1985) investigated the effectiveness of research on fly ash

in concrete.  The authors stated that energy crises and availability have for a decade

funded extensive research and numerous conferences regarding uses of fly ash in

concrete.  The returns of these investments could be improved by more systematic

characterization of fly ashes and of cements used with them, and by more conceptual

approaches to further development of testing methods.  Also considered is the

incorporation of exploration of the energetics of fly ash hydration with cement and of

the ways in which fly ash may improve the microstructure of cement paste, whether

hydrated or as “micro-aggregate”.  The authors also suggested a desirable changes of

the planning of research and communication of research results.

Mehta (1985) investigated the influence of fly ash characteristics on the

strength of portland-fly ash mixtures.  Although modern thermal power plants are

producing large amount of fly ash, which is generally quite suitable for use in concrete

work, the fly ash utilization in the U.S. remained low due to the lack of quality control.

This is because the current standard on fly ash do not contain specifications and test

methods that are able to assess adequately the performance of a fly ash in concrete.

Based on tests on 11 different fly ashes and direct determination of compressive

strength of test mortars made with a fixed proportion of fly ash by weight of

cementitious material, and a fixed ratio between water and the cementitious material, it

seemed that the calcium content and the particle size distribution of the fly ash were

the most important parameters governing the strength development rate in normally

cured portland cement-fly ash mixtures.

Randall et al. (1996) investigated the utilization project of fly ash in fired-clay

products such as building and patio bricks, ceramic blocks, field and sewer tile and

flower pots.  The objectives was to 1) have one or more plant-scaled tests of fly ash

mixed with brick clay with 20% or higher of fly ash, 2) make laboratory-scale study to

measure and model the firing reactions, and 3) do a preliminary study to evaluate

environmental and economic benefits.  The overall results were be published in later

phase of project, while preliminary study showed ‘some level’ of commercialization.
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Fly Ash Resource Center (2001) reported a history and possible utilization of

fly ash.  Fly ash utilization was begun in 1946 by Chicago Fly Ash Company as a

construction material for manufacturing concrete pipes.  The first large-scale fly ash

utilization was the construction of the Hungry Horse Dam in Montana in 1949, while

six others were constructed in the 1950’s.  Examples of fly ash incorporated works

include Water Tower Place in Chicago, the Eisenhower Expressway in Chicago, the

Dunsmuir Tunnel in Vancouver, Picasso Tower in Madrid, the Commerzbank Tower

in Frankfurt, Puylaurent Dam in France, the Channel Tunnel between France and

United Kingdom, the underground railway tunnel in Vienna, the East Bridge in

Copenhagen, and Eindhover Airport landing strip in the Netherlands.  Possible

utilization of fly ash includes pipe and autoclaved aerated concrete, Roller Compacted

Concrete (RCC) in dams, high-pressured steam-cured block, sand-lime bricks, mineral

filler in asphaltic roads, grouts (under-slab, tunnel linings, sewer relining), rock

stabilization or filling of cavities, embankments and backfills, soil stabilization, road

base, stabilized backfills (flowable fills), raw materials in concrete, lightweight

synthetic aggregate in block and concrete, industrial mineral filler, industrial waste

stabilization, growing materials for plants, anti-skid material for roads during winter,

and road drainage medium.

Utilization and management of fly ash reviewed various types of utilization

and many styles of management associated with fly ash.  The literature suggested that

although various types of utilization exist, the practical utilization (management) is

concerned with utilization of fly ash as construction materials, due to obvious benefits.

Other types of utilization are not as practical as some of them are still being

researched.  The study concentrates on utilizing fly ash as construction material or as

cement replacement.

2.3 Mae Moh Fly Ash
2.3.1 Characteristics

By-products of Mae Moh coal-burning industry consist of about 80% fly ash,

20% bottom ash, and small amount of slag and gypsum from the flu gas

desulfurization system.  Among these by-products, fly ash receives the most attention

from the industry and researchers due to its considerable amount of production, its
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potentially desirable characteristics for reutilization, and its possible contamination to

the environment.  On the other hand, due to its relatively poor cementitious and

uncertain properties, its large size, along with its relatively small amount of

production, bottom ash is less likely to be utilized and studied, compared to fly ash.

Studies of bottom ash for reuse in Thailand are very limited.

Fly ash is defined in Cement and Concrete Terminology (ACI Committee) as

‘the finely divided residue resulting from the combustion of ground or powdered coal,

which is transported from the firebox through the boiler by flue gases.’

Characteristics of fly ash and its current management could potentially cause

human health risk due to three reasons: fly ash’s ingredient-rich property, a massive

amount of existing fly ash, and the current practice of fly ash management.

Fly ash could cause large environmental and health impact due to its

ingredient-rich characteristics.  According to the Electricity Generating Authority of

Thailand (EGAT) report in 1993, an analysis of Mae Moh fly ash by various methods

showed that it contained unburned carbon, metal and non-metal oxides, rare earth and

trace elements, some of which are heavy metals.  An unofficial report from EGAT

(1999) reveals that fly ash from Mae Moh source contains many heavy metals with

concentrations that cannot be disregarded.  The typical examples of concentration

from leaching tests of such metals are arsenic (As, 449 µg/g), chromium (Cr, 93 µg/g),

lead (Pb, 52 µg/g), copper (Cu, 118 µg/g), zinc (Zn, 518 µg/g), nickel (Ni, 282 µg/g),

and silver (Ag, 62 µg/g).  In addition, Hart et. al. (1995) investigated geochemistry and

mineralogy of Mae Moh fly ash through the sequence of electrostatic precipitators

ashes and found the maximum concentration of 352 ppm (As), 106 ppm (Ni), 105 ppm

(Cr), 45 ppm (Co), 32 ppm (Mo), and 15 ppm (Sb).
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Figure 2.10: Fly Ash

Figure 2.11: Fly Ash at Storage Site

Fly ashes from similar sources around the world also have the same trend of

properties.  Fly ash from Puertollano (Spain) was reported to contain ‘very high

concentration’ of some heavy metals such as As, Cd, Hg, Pb, and Zn (Umana, 2000).

Binotto et al. (2000) found that physical and chemical characterization of coal waste

from Charqueadas and Sao Jeronimo Counties (Brazil) significantly influenced

groundwater contamination, evidenced by acidic pH values, as well as, high values of
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conductivity, total dissolved solids (TDS), sulfates, ferrous ion and metals (As, Ni, Fe,

Co, Cr, and Mn).  This evidence, along with numerous reports from other publications,

shows that surrounding atmosphere, soils, water bodies of both surface and

groundwater could potentially be harmed.  And it is inevitable for interacting

ecosystems to be damaged.

The massive amount of fly ash could cause environmental problems for

extensive areas and various ecosystems.  A simple calculation shows that in a 50

million-ton pile of fly ash, with average concentration of 500 µg/g of arsenic and 100

µg/g of chromium, there are 25,000 grams of arsenic and 5,000 grams of chromium

scattering all over disposal site and the surrounding area.  Although relatively low in

concentrations, large amount of fly ash could lead to the accumulation or total effect

that may play important role, especially for some unknown hazardous mechanisms

that might have been going on for a long time, ready to go off.  Current monitoring

effort to keep concentration below certain limits is not adequate to assess the overall

impact to people and the environment.

Fly ash could pose environmental hazard due to its treatment in uncontrolled

manner.  The practice done on-site for short-term dust reduction is by spraying water

to fly ash on belt conveyors being transported.  Some amount of dust is collected as

particles at the plant, while some escape to surrounding atmosphere.  There is runoff

and spill of fly ash along several kilometers of distance to the storage site.  At the

storage site, it is possible that leachates from piling ash could reach groundwater level,

as there is no confirmation report of existing liners.  The storage site itself is open and

vulnerable to rain and wind, the two important medium for weathering processes and

reactions.  Binotto et al. al. (2000) suggested that in some situation certain

mechanisms could turn the heavy metal leachates to be much more concentrated and

might affect the quality of groundwater.

Fly ash is very small in particle size, in the rage of 1 to 150 microns (10-6 m),

with spherical shape, and can be trapped or collected by many means (Nimityongskul

et al., 2001).  At Mae Moh Power Plant, series of electrostatic precipitators, 99.5% in

efficiency, are connected to the ‘flying’ path to collect fly ash in arranged silos.

Twenty five percent of lignite coal or an approximate amount of 9,000 tons of ash are
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collected each day (Table 1 and Kokkamheang, 2001).  This amount is equivalent to

270,000 tons a month and about 3.3 million tons per year.

According to the Electricity Generating Authority of Thailand (EGAT) Report

in 1993, an analysis of Mae Moh fly ash by Auger Electron Spectrometry, X-ray

Photoelectron Spectrometry, Secondary Ion Mass Spectrometry, Neutron Activation

Analysis, X-ray, Fluorescence Analysis and X-ray Diffractometer shows that it

contains the following constituents within varying ranges:

Oxides of: Ca, S, Si, Al, Mg, Na, K, and Fe,

Rare earth elements: As, F, Sn, Sb

Unburned Carbon

Trace elements: Li, B, Ti, V, Cr, Mn, Ni, Co, Cu, Zn, Rb, Sr, Y,

Zr, Nb, and Ba

Most of fly ash is in form of quartz (SiO2), Mg, Anhydrite, Mullite (3Al2O3 •2SiO2),

Anorthite (Ca2Al2Si2O2), Gehlenite and Clinopyroxene (Mg2Si2O).

Hart et. al. (1995) investigated the geochemistry and mineralogy of fly ash

from the Mae Moh Lignite Deposit in Thailand.  The authors investigated and reported

the concentration of 21 elements in Mae Moh fly ash from three boilers, 75 MW, 150

MW, and 300 MW by instrumental neutron activation analysis (INAA).  Also,

concentrations of 10 major elements were found using the x-ray fluorescence (XRF).

While the concentration generally increased from bottom ash through the sequence of

electrostatic precipitator ashes (ESPA), As, Co, Cr, Ni, Mo, and Sb reached their

maximum concentration of 352 ppm, 45 ppm, 105 ppm, 32 ppm, 106 ppm, and 15

ppm, respectively.  Scanning electron microscopy coupled with energy dispersive

spectroscopy (SEM/EDS) was used to identify element assemblages within discrete

particles and particle morphology.  It was shown that bottom ash consisted of large

angular fragments with small amount of spherical particles.  Successive ESPA was

composed mainly of spherical particles, which decreased in average diameter with

increasing distance from the boilers.  Major elements identified by EDS were Al, Si, S,

K, Ca, Fe, and Ba, with minor amounts of Mg, Na, Ti, Mn, and Sr.  Aluminum, Si, K,

and Ca occurred together and were present in most fly ashes.  At the end, the authors
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concluded that the methods of waste management should be dictated by the potential

environmental hazards posed by the chemistry of the ash.

Sujjavanich et. al. (2000) investigated the duration effect of high curing

temperature regime on strength properties of normal and fly ash concrete.  The authors

found that temperature had significant effect on the chemical reactions in concrete.

Different trends of strength development were noticed, especially the first 24 hours.

In conventional concrete, a reduction of strength is observed, while in fly ash concrete,

a significant strength gain is observed.  Forty percent strength gain was observed in fly

ash concrete with 20% cement replacement, but higher percent replacement meant the

higher variation in strength gain.  The high-temperature curing had less effect on

strength development after 72 hours.  During 3 – 72 hours of high temperature curing,

the relationship between fly ash concrete strength to strength at 91 days and

logarithmic of time may be estimated as a linear function.

Nimityongskul and Tahir (1999) predicted the strength of fly ash-concrete

based on chemical composition and fineness of binder materials.  The authors

introduced a model for predicting the 28-day compressive strength of concrete

incorporating fly ash, taken into account the chemical composition and fineness of fly

ash and cement.  The relationships between  the strength and water-binder ratio, and

pozzolanic strength and fineness of fly ash were developed from the test results and

subsequently incorporated in the model.  The model was based on Feret’s law and

could predict strength as a function of solid volume of the hardened fly ash-cement

paste.  The solid volume resulted from four mechanisms: hydration of two silicates,

pozzolanic reaction between silica and calcium hydrate, physical action of both the

water-binder and fly ash-cement ratio, and effect of alkalis present in the binder on

pore-filling.  The model was then calibrated using strength data of 135 concrete

mixtures prepared and from other researchers’ works.  The model predictions agreed

well with the experimental results.

Tahir and Nimityongskul (1999) presented a model to predict the strength

development of fly ash concrete by applying the present state of knowledge about

chemistry of hydration and pozzolanic reactions.  The factors taken into account are

chemical composition, fineness, as well as characteristics of mixture composition.



Fac. of Grad. Studies, Mahidol Univer.               D.Sc.(Technology of Environmental Management) / 33

According to this model, the fly ash concrete strength results from four interacting

mechanisms.  First mechanism is hydration of two silicates, C2S and C3S.  The second

mechanism involves pozzolanic reaction between silica, S and calcium hydrate, CH.

The third mechanism is physical action of pore-filling controlled by water-binder and

fly ash-binder ratio.  The last mechanism is effect of minor chemical compounds.  The

model is calibrated using 135 specific experimental results and data from several

researchers.  It is postulated that whole of the fly ash concrete strength is resulted from

the solid volume of CSH gel.  The model predictions agree with experimental data

published.

Kunavanakij (1998) reported that fly ash is a puzzling, which has cementitious

property, constituting of various compounds.  Typical chemical compositions of Mae

Moh fly ash in 1992 are: 40.3% SiO2, 24.0% Al2O3, 15.0% Fe2O3, 11.2% CaO, 2.8%

MgO, 3.1% SO3, 1.0% Na2O and 2.6% K2O.  Physical properties (1992) include:

specific gravity of 1.99, specific surface of 270.6 sq.m/kg, 0.64% ignition loss, 1261.2

kg/cu.m bulk density, pozzolanic index (7 days) of 90.6 and pozzolanic index (28

days) of 102.8.  She also reported the possible advantages of fly ash concrete over

pure cement concrete: increased compressive strength, increased workability and

durability, reduced sulphate attack, decreased bleeding and segregation, reduced

shrinkage, reduced heat of hydration, reduced alkali-Aggregate reaction and increased

flexural strength.

Nimityongskul (1993) conducted a research on ‘properties of fly ah concrete

from Mae Moh Power Plant.’  In the research, three samples of fly ash were used to

make fly ash-cement mortars, with adequate amount of water to obtain the slump of

5 – 8 cm.  Mechanical properties, as well as compressive strength and tensile strength

were examined.  The results showed that Mae Moh fly ash had low quantity of SiO2

and Al2O3, which retarded the compressive strength development in fly ash-cement

mortars.  Fly ash could replace portland cement to an extent as high as 35% in 1 : 2.75

and 1 : 3.5 binder to sand ratios.  ‘Suitable’ fly ash amount with 35% replacement was

340 kg/cu.m.  The tensile strength of fly ash incorporated mortar was higher than that

of normal concrete.
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2.3.2 Utilization

Due to its cementitious characteristics and other beneficial properties, recently,

the Mae Moh By-product Management Section is able to sell large quantity of fly ash,

at a price of approximately 100 Baht a ton, to customers from many parts of Thailand

(Pakowong, 2003).

In Thailand, fly ash from Mae Moh Power Plant has been attempted for many

applications, especially in the field of cement and concrete.  Examples of successful

attempts are the construction of Roller Compacted Concrete (RCC) at Pak Mun dam in

1993 (6,450 tons of fly ash used with 68% cement replacement by weight) and at the

Mae Moh Power Plants during 1994 – 1995, construction of large parking and storage

area at the Mae Moh Power Plant and other locations, as well as in the maintenance

works in various places (Kokkamheang, 1992, 1993).  Characteristics of fly ash alone

and fly ash-incorporating mortars and concrete have been investigated and published

by many authors (Nimityongskul, Jaturapitakkul, Kokkamheang, Kiattikomol,

Kunayanakij, Tangtermsirikul, mostly in 1990s, etc.). Research in the area of design

and modeling was also of concern (Chatveera and Nimityongskul, 1993 and Tahir and

Nimityongskul, 1999).  Examples of other applications include Self-Compacting

Concrete (SCC), Low Heat Concrete (LHC), and Roller Compacted Concrete

Pavement (RCCP).

Kokkamhaeng et. al. (1997) investigated the potential utilization of Mae Moh

lignite fly ash as a cement replacement material.  Since 1990, fly ash from Mae Moh

Plant, meeting the ASTM C 618 Class C, has been found increasing in uniformity and

chemical composition.  This studied was done between 1993 – 1997 and was

emphasizing on demonstrating a few construction methods, which utilized Mae Moh

lignite fly ash in various concrete structures of the Electricity Generating Authority of

Thailand (EGAT).  Accomplished works consisted of the Roller Compacted Concrete

(RCC) construction at Pak Mun Dam, the demonstration of Roller Compacted

Concrete Pavement (RCCP) without steel reinforcement, and the demonstration of the

application of the Self-Compacting High Performance Concrete (SC-HPC) in filling

fresh concrete into formworks of complicated structures without any vibration.  The

percent of cement replacement was kept at least 50% at all projects and
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demonstrations.  All fly ash concrete had some superior properties such as the

workability of fresh concrete, longer placing time before initial setting, low heat

development, adequate 28-day strength and higher long term compressive strength,

and direct cost reduction due to lower costs of binder and labor.  As a conclusion, Mae

Moh fly ash was considered having a high potential for using a cement replacing

material in concrete works, in EGAT, other government and private sectors in

Thailand, and even in other Indo-China countries in the near future.

Boonpanaid (1998) investigated the lead and zinc removal efficiency of

activated carbons from coconut shell and coal fly ash from Mae Moh lignite.

Adsorption isotherms mostly obeyed Langmuir model as kinetic studies showed that

different times are required for each system to reach its equilibrium.  Analyses for

adsorption maxima were performed in two ways, one by using a linear transformation

of Langmuir equation and the other by employing a commercial non-linear regression

program, ENZFIT.  The overall results showed that fly ash has greater capacity for

metal removal than the carbon samples although its porosity is much less.

Cheeraroj and Jaturapitakkul (2000) investigated the use of bottom ash, from

Mae Moh power plant, as a pozzolanic material.  Physical properties, chemical

composition, and compressive strengths of mortars with type I cement replacement of

0, 10, 20, and 30% by weight, both before and after grinding, were analyzed.  The test

result showed that physically, before grinding the bottom ash was large in size and

irregular in shape.  Grinding made bottom ash smaller and more spherical, thus lower

porosity.  The chemical composition of ground and unground fly ashes were similar to

that of fly ash.  The compressive strength of unground bottom ash mortars was much

less than that of fly ash mortars, however bottom ash mortars gained higher strength

after 60 days.  From the tests, compressive strength of ground bottom ash mortar with

30% cement replacement was more than 80% of standard mortar at 7 days and

increased to be 94% at 28 days.  The authors concluded that ground bottom ash was an

excellent pozzolanic material.

Chindaprasirt et. al. (2000) investigated the properties of compacted concrete

containing Mae Moh fly ash and black rice husk ash.  The test was undertaken using

the modified Proctor method for compaction.  The results showed that the optimum

moisture content (OMC) and the density of the compacted concrete depended on the
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compactability of the mixes and the gradation of the aggregates.  The strength of the

compacted concrete depended on the compaction and the hydration of the

cementitious materials.  The authors concluded that both fly ash and black rice husk

ash could be used as pozzolans for partial supplement of portland cement in making

the compacted concrete.  When superplasticizer is added, the mixes were more

workable while the compactability and compressive strength increased.  The result

provided good guideline for field application of roller compacted concrete (RCC).

Nontananandh and Wangtien (1998) proposed the selection of lignite fly ash

for concrete: another look for potential utilization, with an objective to illustrate the

effects of replacing lignite fly ash (LFA) for portland cement in concrete by using

major chemical elements of fly ash as indicative factors.  The investigation was on the

hardening effects through the compression strength test and comparing of strength of

concretes containing LFA with standard concretes.  The self cementing characteristic

of LFA as expressed in term of hydration modulus, which was defined as the ratio of

CaO to summation of SiO2, Al2O3 and Fe2O3, was proposed as a set index for the

potential utilization of using LFA as a replacement for cement in concrete.  The test

results showed the changed physical and engineering properties of concrete resulting

from LFA replacement.  For the designed cube strength of 210 and 250 ksc, the early-

age compressive strength of concrete containing 10 – 30% LFA replacement was

greater than that of standard concrete.  Fly ash concrete also showed the higher

durability of concrete under repeated wetting and drying test.  These could be

explained by the Hydration Modulus for which the optimum was in the range of 1.40

to 2.25.

Kiattikomol et al. (1998) conducted a research project ‘classified fly ash for

concrete utilization,’ to select good quality fly ash for utilization in concrete works.

The resultant fly ash concrete must be at the same quality better or than the control

mixes.  The size segregation was done by cyclone, then sizes, density and chemical

properties were examined.  Then, tests were conducted to find influence of particle

size to the mortar compressive strength.  The results showed that the fineness or

particle size has significant contribution to compressive strength.  The finer the

particle sizes, the higher compressive strength of mortar would result.  It was found
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that when the highest percentage of cement replacement for the finest (best) particles

is 35% to achieve the same or better compressive strength than the normal control

standard mixes.

EGAT (1996) utilized fly ash in many ways: sub-base in road construction,

backfill, foundation work for sub-plant, and construction of Pak Mun dam.  Research

has been conducted to study potential utilization of lignite fly ash in construction

work.  Fly ash was used to replace portland cement with the proportion of 85:15 and

70:30 by weight and mixed with other concrete ingredients, sand, crushed limestone,

powdered limestone, and water.  The products were used as wall and floor materials.

The experimental results showed that both types of application met the Thai Industrial

Standards 58-2530 and 827-2531 and can be used as construction materials.  These

products were cheaper than normal concrete products, while did not affect the

environment.

Sanguanroongvong (1996) investigated the removal of heavy metals from

water by fly ash.  Fly ash was used as an inexpensive adsorbent to remove nickel,

cadmium, and lead in three different concentration of solution, with pH range of 3 –

10.  It was found that the removal efficiency depended on pH, contract time, and metal

concentration.  At pH of 10, the removal efficiency was highest for all three metals of

interest with percent removal of 99.52%, 99.12%, and 99.55% for Ni, Cd, and Pb,

respectively.  Physical properties, shape and size, of fly ash was also examined in this

study.

Rojchungprasert (1999) studied on the quality improvement of concrete

roofing tiles by utilizing fly ash.  The sand and cement ratio was set at 3.6, 3.8 and 4.0,

while fly ash usage was 0%, 10% and 20%.  The superplasticizer was used at the

quantity of 0, 0.67, 1.50 liters/100 kg of cement.  The slabs made from different

mixtures from varying parameters were tested for bending strength.  The result

showed that bending strength decreased with the increase of sand to cement ratio

and/or the increase of fly ash usage.  However, when superplasticizer was increased,

the bending strength also increased.  A simple economic calculation on the cost of

mixtures was also given.

Pakowong (2003), an assistant manager of the By-products Management

Section of the Mae Moh Plant and primarily responsible for the sales of fly ash, gave
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relevant information regarding the sales and utilization of fly ash.  He stated that

almost all of fly ash sold is used in the ready mixed concrete industry.  A list of fly ash

buyers is attached in Appendix A, however the exact quantity of sales is commercially

confidential.  The largest portion of fly ash, approximately 50% of total sales, is

regularly sold to Concrete Product and Aggregates Cooperation Limited (CPAC), the

Siam Cement Group.  Practically, all fly ash bought by CPAC is used at ready mixed

concrete plants in all regions of Thailand. (Munmuang and Limprapa, 2003)

An interview of truck drivers revealed that on the average they will come to

buy fly ash from the Plant once a week due to the distance and company

policy/working schedule/rest period.  However, for a short-distance transportation to

local silos in Lampang and the Northern region of Thailand, some drivers may come

to the Plant up to 2 or 3 times a week.  This is the reasonable maximum frequency of

transportation any truck driver would work.

The truck drivers would weigh in an empty truck, wait in line, drive to silos to

get loaded with approximately 30 tons of net-weight fly ash, then weigh out and drive

to their destinations.  The process at the silos takes 10 minutes on average (central

tendency exposure) for each truck, but it may take up to 15 minutes (reasonable

maximum exposure).  The weighing station and waiting area are open to ambient air

with no additional concentration of dust (Pakowong, 2002 and Ponlit, 2003).

Saraviut Munmuang, products engineer and Weerapong Limprapa, product

development officer at CPAC, gave related information on the ready mixed concrete

plant, their customers and processes of CPAC ready mixed concrete industry.

Most of ready mixed concrete has a portion of fly ash mixed in it.  Out of

approximately 200 CPAC ready mixed concrete plants in Thailand, more than 150

have a silo of fly ash.  There are 2 to 4 silos in a plant and one of them contains fly

ash.  For example a standard plant, usually located in Bangkok, has 4 silos, 3

containing cement and 1 containing fly ash.  The transportation cost of fly ash to

Bangkok is approximately 600 – 700 Baht per ton, which is much lower than the cost

of cement of more than 2,000 Bath a ton.
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Fly ash is used as cement substitute.  While having lower cost due to the total

fly ash cost of about 700 – 800 Baht a ton, the ready mixed concrete can be sold at

about the same price of pure cement concrete.  The process of mixing is not

complicated.  The only additional requirement is the transportation to silo and from

silo to a mixing pot via pressured pipeline.  A certain quantity of fly ash will be

calculated and controlled by computerized system and sent to a mixing pot.

The process of incorporating fly ash in ready-mix concrete industry is similar

among all field plants: loading the proper amount fly ash from silo to mixing

machines, mixing cement, fly ash, water, and possibly other admixtures by spinning,

and unloading mixed concrete to the trucks.

A mixing pot can contain about 1.25 cubic meters of final concrete volume.

The ready mixed concrete will be in series of one-cubic meter mixing batch.  The

mixing process takes approximately 60 – 75 seconds.  Up to 55 cubic meters of

concrete can be mixed in an hour and up to 400 – 500 cubic meters of concrete can be

sold daily.  A typical average of a plant for daily sale of ready mixed concrete is 50

cubic meters (Munmuang and Limprapa, 2003).

During the process of mixing concrete, fly ash can be accumulating in air ready

for inhalation.  Dust concentration (PM-10) in air of the plants is regularly measured

and can be used to estimate exposure and thus risks of workers involving in the mixing

processes (Appendix B).

 Once the concrete is properly mixed it is unloaded to a truck waiting below

the mixing pot (Figure 2.12), then it is transported to the end users of fly ash

incorporating products.
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Figure 2.12: Processes at Ready Mixed Concrete Plant

There are varieties of ready mixed concrete customers.  They can be generally

categorized by the utilization purposes  and the concrete compressive strength into the

following groups:

General Building Structures: ready mixed concrete is used to build different

structures such as floor, beams, and columns.  These types of utilization usually

consist of 20 – 30 percent of fly ash in concrete.

Road Surface: many road surfaces are currently using ready mixed concrete

with a portion of fly ash from 10 – 15 percent.  The cost of construction is lowered

while gaining desirable properties such as cracks prevention.  More amount of fly ash

will retard the casting process and is not practical.

Special Purpose Structures: structures such as dams and large foundations

require low heat of hydration process.  Fly ash is utilized in large proportion, up to 50

– 60 percent, in these types of structures.

Throughout the ready mixed concrete processes, no additional cost is spent on

fly ash, i.e. it needs no other preparation for the mixing.  Most of the concrete products

do not require other admixtures.  This confirms a validity of the compressive and

leaching tests because it simulates real situation, with no admixture, no other process,

such as classification done to prepare fly ash.
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2.3.3 Environmental, Economic and Technical Benefits

What we try to achieve in terms of managing the use of fly ash and its adverse

impact to the environment is three-folded: to attain the management which is

technically sound, commercially safe, and environmentally safe.  Tyson (2000)

estimated the benefits of using, in lieu of disposing, 21.1 million tons of coal

combustion products in the U.S. during 1994 to be substantial.  Principal benefits

included: preserving about 20 million cubic yards of storage space; using fly ash to

displace portland cement in concrete, thereby effectively avoiding about 4.7 million

tons of CO2 emissions, plus related environmental impacts, from the cement industry;

and creating economic benefits estimated conservatively at $1 billion.

The inclusion of coal ash in cement and concrete application could very likely

and generally provide technological, environmental and economic benefits.  Cement

and concrete technological profits include the improved performances such as

enhanced workability of fresh concrete, reduction of peak curing temperatures,

reduction in water requirement, increase of the denseness of hardened concrete,

protection against deleterious alkali-aggregate reactions, increased sulfate resistance,

and decreased permeability, as well as the reduction of expansion due to alkali-silica

reaction and improved durability of hardened concrete (ACI 232.2R-96).

Economically, the lignite coal ash could be regarded either as a profitable and

valuable material or profitless and costly waste, depending on its utilization and

management.  Various studies for fly ash show that this by-product is beneficial and

attractive for uses in many fields, especially in cement and concrete application.

According to American Concrete Institute (ACI) 232.2R-96, ‘fly ash is used in

concrete primarily because of its pozzolanic and cementitious properties.  These

properties contribute to strength gain and may improve performance of fresh and

hardened concrete.  Use of fly ash often results in a reduction in the cost of concrete

construction.’  Further, the savings for transportation cost and energy in the disposal

processes, as well as the preservation of land area, are apparent.

ACI 232.2R-96 (1996) provided guideline for the use of fly ash in concrete due

to its pozzolanic and cementitious properties.  Fly ash contributed to strength gain and

may improve performance of fresh and hardened concrete.  Use of fly ash often

resulted in a reduction in the cost of concrete construction.  This report contained
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information and recommendations concerning the selection and use of Class C and

Class F fly ashes, which generally conformed to ASTM 618 requirements.  Topics

covered included a detailed description of the composition of fly ash, the physical and

chemical effects of fly ash on properties of concrete, guidance on the handling and use

of fly ash in concrete construction, use of fly ash in the production of concrete

products and specialty concretes, and recommended procedures for quality assurance.

Mixing some amount of the ash by-products in concrete works could

potentially be of economic advantages.  The cost of fly ash is much lower than the cost

of cement being replaced.  Fly ash is sold about 100 Baht while cement costs more

than 2000 Baht per ton.  The economic advantage is even higher when the

construction site is close to the ash disposal sites, and when cement is expensive due to

long haulage distance (Pakinaga, 2003).

Environmentally, ash-incorporating cement and concrete mixtures enhance the

healthier quality of the environment.  Fly ash can be used to stabilize and solidify

many types of hazardous wastes.  The associated advantages are reduction of

permeability, pH adjustment, pozzolanic activity, self-cementing, economy, free water

reduction, and ease of application.  Fly ash can also be used to immobilize toxic heavy

metals and solidify or stabilize various oil wastes (ACI 232.2R-96).  The possible

leaching hazardous elements’ atoms or molecules contained in ashes would be

captured in concrete lattices.  When greater amount of ash is re-utilized in other

applications, such as concrete structure or construction, it is better off for the

environment in the long run as more industrial waste is ‘recycled’ and utilized more

efficiently.  As a result, smaller amount of natural resources, such as the natural rocks

and mountains, the major sources of raw material for cement industry, will be

exploited.

Berry and Malhotra (1980) presented a critical review of fly ash for use in

concrete.  Fly ash has been used as a pozzolan to replace part of cement in concrete

because it could achieve energy and cost savings, as well as, improved engineering

properties of fresh and finished products.  To effectively and economically use fly ash,

it is important to understand the differences (especially in the strength development

and the ways in which this may be influenced by methods of mix proportioning)
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between fly and cement.  When properly proportioned and placed, fly ash concrete

generally showed improved workability, pumpability, cohesiveness, finish, ultimate

strength, and durability.  It also has been found that fly ash concrete added some

advantages to high-strength concrete and has shown improved concrete performance

for sulfate attack or deterioration due to alkali-aggregate interactions.

Lane and Best (1982) investigated the properties and use of fly ash in portland

cement concrete.  Such properties included physical and chemical properties of both

fresh and hardened concretes, as well as, evaluation of engineering parameters.  The

authors also presented a procedure for mixture proportioning of fly ash concrete.  The

use of fly ash was proved to provide better than adequate performance in

environments subject to freezing and thawing and acid attack.  When compared, the

advantages of using fly ash in concrete was far greater than the shortcomings that may

be caused. Incorporating fly ash in concrete could result in lower unit prices,

especially when ash-cement cost ratios could be kept below 40 percent.  In addition,

the authors suggested that fly ash concrete could be batched with the same level of

confidence as concrete without fly ash.  If fly ash came from reliable and constantly-

loaded plant with proper mixing, its use could be resulting in high quality and large

cost savings.

Idorn and Henrikson (1984) wrote a paper with the topic ‘ state of the art for

fly ash uses in concrete.’  The suggested an overview of accomplishments in recent

research and of attractive further work for improvements of the uses of fly ash in

concrete.  Recognized advantages of fly ash in concrete are improved workability,

reduction of peak curing temperature, protection against reactions with alkali-

susceptible aggregates, and increased of the denseness of hardened concrete.   The

authors found trend towards more research about characterization of fly ash in relation

to chemical composition and mineralogy structure.  The impact on the rheology of

fresh cement paste, on the energetics of hydrating system and on the microstructure of

hardened cement paste was increasingly being studied.  Although coherent research

and development efforts were found commendable, more interaction with other

branches of material sciences was desirable.
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Ravina and Mehta (1986) investigated the effect of fresh concrete containing

large amount of fly ash by replacing 35 to 50 % of cement by fly ash and observing

workability, water requirement, bleeding, and settling time of lean concrete mixtures

using two ASTM Class F and two ASTM Class C fly ashes.  The results showed that

workability of all concrete mixtures containing fly ash was better and water

requirement (for obtaining designated slump of 2 in) reduced by 5 to 10% compared to

the control mix.  The bleeding was higher or about the same, depending on the type of

fly ash and the mix proportions.  Settling time was delayed for all mixes from initial

settling time of 20 minutes up to 4 hours and 20 minutes, and the final settling time

delayed for 1 hour up to 5 hours and 15 minutes, depending on types and amount of

fly ash used.

Ravina and Mehta (1988) investigated the compressive strength of low

cement/high fly ash concrete when they replaced 35 to 50% of cement by fly ash using

two ASTM Class C samples and two Class F samples.  It was concluded that in lean

concrete, the use of large amount of fly ash, as replacement for both cement and sand,

was highly beneficial.  Particularly on lean concrete, depending on type of fly ash and

mix proportion, fly ash has significant effect on properties of fresh and hardened

concrete—it improved greatly workability, demanded less amount of water, higher or

the same rate of bleeding, and slower setting time.  To achieve the required strength of

2000 psi (14 MPa), while it took standard 28 days for reference mix, it took 35 to 170

days for concrete with above four sample of fly ash concrete.

Ukita et. al. (1989) examined the improvements in the properties of concrete

utilizing ‘classified fly ash.’  Classified fly ashes (CFA) are those having maximum

particle diameters of 20, 10 and 5 um.  Grading or type of fly ash determined its effect

on concrete.  CFA-concrete containing 15 - 30% CFA by cement weight required less

water content per unit volume, while providing higher strength and water tightness,

lower shrinkage and higher resistance to alkali, less bleeding, and higher rate of

reaction.  The compressive strength and abrasion resistance were increased at 91 days

with finer particles of fly ash.  At early ages the shrinkage of fly ash concrete was

lower than the reference but at later ages the values were equal or higher.
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Carette et. al. (1993) investigated the mechanical properties of fresh and

hardened concrete incorporating high volumes of fly ash from the sources (8) and

cements (2) in America.  The analysis of the test results led to the conclusion that

high-performance air-entrained high-volume fly ash could be produced with the fly

ashes and cements used in the investigation.  Such concretes had low bleeding,

satisfactory slump and setting characteristics’ and low autogenous temperature rise.

The concretes also have shown excellent mechanical properties at both early and late

ages with compressive strength reaching as high as 50 MPa at 91 days.  Creep and

drying shrinkage were observed to be low.

Stabilization/solidification is one proven and promising technique to manage

environmental problems of fly ash disposal (Subbarao and Ghosh, 1997). Toxic

substances would be fixed or captured within the molecular crystalline concrete

structure or lattices, which reduces the toxic waste leaching concentration

dramatically.  In more technical terms, these waste components will precipitate in the

form of insoluble compounds onto unreacted cement clinker grains preventing further

hydration.  Application of concrete incorporating fly ash can simultaneously help

resolve the leaching problem.  The stabilized fly ash can be accepted as a

nonhazardous material for field applications (Subbarao and Ghosh, 1997).

In Thailand, utilization of fly ash in ready mixed concrete can provide

economic and technological advantages.  The cost of fly ash-mixed concrete is

somewhat less than that of pure cement concrete, while providing other technological

advantages.  Lower heat of hydration and crack prevention are examples of such

benefits.  For these reasons, fly ash from Mae Moh Plant has been sold in increasing

quantity within the past years.  The price of fly ash is consistently raised from 60 Bath

to about 120 Baht per ton from 2000 to present.  The plant itself makes more profit

from selling fly ash due to higher price, however the increase in price little affects the

total cost of ready mixed concrete because the majority cost belongs to the

transportation (Munmuang and Limprapa, 2003).

Environmental, Economic and Technical Benefits of utilizing fly ash stated in

the literatures supported the focus of the study.  There is a large potential benefits of

utilizing fly ash in various types of works.  Although utilizing fly ash tends to benefit
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the environment by lowering the leachate concentration, we need to take a closer look

at the effect on human health when we are closely ‘utilizing’ these products.

2.4 Compressive Strength and Leaching Tests
Concrete is a composite which contains varying amount of cement (of any

type), fine aggregate (most commonly used is natural river sand), coarse aggregate

(most commonly used is crushed stone), water, and in some cases, some admixtures

(for special purposes).  A mortar is a composite that consists of cement, fine

aggregate, water, and sometimes, admixtures.  Concrete and a mortar are different in

that concrete has coarse aggregate as a constituent, while a mortar does not.  In other

words, a mortar is concrete with no coarse aggregate.

Due to the concrete’s typically high compressive strength, the most commonly

intended purpose for using concrete structures and specimens is to resist compressive

loads.  The characteristics of a mortar, especially the compressive strength, which is

closely related to its most applicable loading path, depend on the quantity and

properties of all components: cement, water, fine aggregate, and possibly admixtures.

In order for a mortar to behave cementitiously, the amount of all ingredients must be

within limited ranges on which a cementitous behavior depends.

Along with their quantities in a mortar mixture, both physical properties and

chemical activities of all ingredients have significant contribution to the mortar’s

characteristics.  Water-cement ratio, the proportion by weight of the added water and

amount of cement in a mortar, is another important parameter that has great effect on

the properties of a mortar.  When a mortar is added with fly ash, its characteristics

will, in addition, depend on the amount and properties of the added ash.  Chemical and

physical composition and properties of fly ash itself, as well as reactions and

interaction with other ingredients, must be considered.  In ash-incorporating mortars, a

parameter ‘water-binder ratio’ is often used to define a proportion by weight of the

amount of water to that of the binder’s.  An amount of binder is defined as an amount

of cement plus an amount of the replacing fly ash.
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Halse et. al. (1984) proposed in a paper the development of microstructure and

other properties in fly ash OPC systems.  It was done by experimenting ordinary

portland cement and fly ash blend cements containing 30% of fly ash.  The samples

were cast at room temperature with a w/s ratio of 0.45 – 0.47.  The compressive

strength and Ca(OH)2 content were measured at several ages.  In the samples with

some amount of fly ash, the Ca(OH)2 content reached a maximum value after 7 – 14

days thereafter decreasing as a result of pozzolanic reaction.  This decrease in

Ca(OH)2 content followed dissolution of the fly ash surfaces and the augmentation of

compressive strength by the fly ash.

Hansen (1990) investigated the long-term strength of high fly ash concrete.  In

the investigation, five fly ash concretes were found to gain considerable strength

beyond 28 days when standard cured at 20°C (about the same to almost double and

higher).  However, strength development came to almost complete stop after 3.5 years,

at which time the fly ash activity factors with respect to concrete compressive strength

ranged from 0.86 to 0.93.  In this investigation, hydration of fly ash concretes

appeared to have stopped within 3 – 5 year period.

Sivasundaram et. al. (1990) examined long-term strength development of high-

volume fly ash concrete.  The author presented long-term data on the initial work

carried out on high-volume fly ash at CANMET laboratories.  A concrete block with

dimension 1.5 m x 1.5 m x 1.5 m was cast indoors under controlled temperature

conditions.  The block contained 147 kg/m3 of ASTM type II cement and 187 kg/m3 of

ASTM Class F fly ash, with the density of 2.5.  The strength was observed over a

period of 3.5 years.  The block reached its maximum compressive strength of 70 MPa

at 1.5 years and the modulus of elasticity was 47 GPa at 2 years of age.  The chloride

ion permeability tests showed negligible chloride ion permeability at the age of 3.5

years.  The conclusion was that this type of concrete had excellent potential for use in

massive concrete structures such as mat foundations, large retaining walls, piles, large

columns and dams.

Demirbas et. al. (1995) study 11 different ashes from various sources in

Turkey.  The objective is to study the effect of lignite ash quality for uses as a mineral

admixture in concrete.  They find that the optimal lignite ash replacement is 25% by

weight.  When 25% by weight of cement is replaced by Class A (ASTM Class C)
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lignite fly ash, based on 300 kg/m3 cementitous material, the 28-day compressive

strength increased 24.3% compared to control mix.  The authors concluded that the

construction industry is keenly interested in replacing a large part of cement with

beneficial lignite ash in concrete because of the economy that can be achieved.

Paya et. al. (1995) investigated physico-chemical characteristics of

mechanically treated fly ashes.  Fly ash was ground with laboratory mill for 10 to 60

minutes.  The results showed that ground samples had higher specific gravity than

original fly ash because of crushing cenospheres and porous carbon particles.

Grinding strongly affected shape morphology as samples became less suitable as water

reducing agent.  Increasing of specific surface values could modify pozzolanic

reaction rate with lime and would enhance early and long-term strength development.

Further, increasing fineness was observed as samples showed greater reactivity

towards water and higher acid neutralization capacity.

Singh and Garg (1999) investigated and formulated cementitious binder by

judicious blending of fly ash with Portland cement as well as by admixing fly ash with

calcined phosphogypsum, fluorogypsum, lime sludge, and chemical activators of

different finenesses.  The compressive strengths were examined and the authors

concluded that the binders are eminently suitable for partial replacement (up to 25%)

of cement in concrete without any detrimental effect on the strength.  The results

showed that fly ash can be used in the range from 45 – 70% in formulating these

binders along with other industrial wastes to help in mitigating environmental

pollution.

Galeota et. al. (1993) examined the mechanical and durability properties of

high-volume fly ash concretes for structural applications.  Fly ash from sources in Italy

was used to prepare 4 concrete mixtures, with percent replacement varying from 0 –

50% by weight of total cementitious materials.  A number of specimens were cast and

tested for compressive strength, flexural and splitting-tensile strength, modulus of

elasticity, fracture parameters, concrete-steel bond properties, drying shrinkage and

durability.  The experimental results showed that all fly ash concretes had adequate

early age compressive strength at 3 days for structural applications.  Beyond 28 days,

the strength gap became smaller between fly-ash and non-fly ash concretes, and one
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mix of fly ash concrete exceeded the strength of control mix.  The dynamic modulus

of elasticity at 28, 60, 90 and 365 days was lower for fly ash concrete, but was quite

good for structural applications.  Lastly, the flexural strength at 365 days was higher

for fly ash concretes, and the splitting tensile strength was similar to that of control

mixes.  The conclusion was that high-volume fly ash concrete had considerable

potential in a wide variety of structural applications.

Cabrera and Plowman (1999) investigated the influence of pulverized fuel ash

on the early and long term strength of concrete prepared with four British pulverized

fuel ashes as part replacement of ordinary portland cement.  Mechanism and reactions

that changed unconfined compressive strength were studied by XRD of C3A and

C4AF extracted from hopper ashes replacement of cement up to 30% resulted in

higher long term strengths (91 days) compared to control mixes.  PFA-2 performed

poorly compared with control mixes, while hopper ashes gave higher early strengths at

varying percent replacement.  The authors proposed that the mechanism by which

strengths changed was a two-folded: first, a physical effect, which depended on the

shape and specific surface of PFA and second, a chemical effect consisting of two

distinct reactions.  The first was a retarding of the hydration of C3A and C4A, which

effectively reduced the heat of hydration and encouraged the formation of silicate

hydrates.  The second was a proper pozzolanic reaction that was detected as early as

three days old by the use of a Scanning Electron Microscope.

Compressive strength and leaching tests are ones of most applied experiments

used to characterize types and toxicity of mortar and concrete (including fly ash

concrete).  The compressive strength and leachate concentration of elements of interest

suggest the types of fly ash concrete utilization, which are required for human health

assessment, the latter step of the study.

Compressive strength tests will provide information on how the mortar, with

varying amount of fly ash, will be used as types of utilization of concrete products,

which largely depend on their compressive strength.  Meanwhile, leaching tests will

provide a necessary parameter, which are concentrations of leachate hazardous

elements.  Therefore, both compressive strength and leaching tests are important for

the process of examining human health risks.
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2.5 Arsenic and Related Health and Environmental Concerns
2.5.1 Arsenic and Toxicity and Contamination

Arsenic, As, has an atomic number of 33 (protons in nucleus) and atomic

weight of 75.  Inorganic and organic arsenic occur naturally in the environment, with

inorganic arsenic being the most abundant form.  Inorganic arsenic is associated with

other metals in igneous and sedimentary rocks, and it occurs in combination with

many other elements, especially oxygen, chlorine, and sulfur.

In addition to U.S. EPA regulation on maximum arsenic concentration of 0.05

mg/liter in drinking water, the Occupational Safety and Health Administration

(OSHA) has established protective levels of 0.01 mg of inorganic and organic

compounds per cubic meter of air inhaled (mg/m3).

Past waste disposal practices worldwide have impacted arsenic concentrations

in groundwater and surface water at waste disposal sites.  Arsenic has been identified

as a contaminant of concern at 916 of 1,467 Superfund National Priority List (NPL)

hazardous waste sites (ATSDR, 1998).  It is listed as the highest priority contaminant

on the ATSDR/EPA list of the hazardous substances at NPL sites (ATSDR, 1997).

The Thai Pollution Control Department (1998) also reported mutagenicity and

teratogenicity effects of arsenic by observing chromosome malfunction and other

malfunction of mice, respectively.  There is a potential for release of arsenic to the

environment and this needs further investigation.

Arsenic and its speciation in other oxidation states, arsenic pentoxide, arsenous

oxide, arsenous trichloride, and arsine, are on the United States Environmental

Protection Agency (EPA)’s list of extremely hazardous substances.  In May, 2000,

EPA proposed a new drinking water standard of 5 µg/l for arsenic with commenting

on feasible levels of 10 µg/l, and 20 µg/l.  While, the Maximum Contaminant Level

Goal (MCLG) for arsenic is zero.  (EPA 815-F-00-011)  Later, since January 2001,

EPA has been finalizing a regulation to reduce the public health risks from arsenic in

drinking water.  The current drinking water standard of 50 parts per billion (ppb) is

revised to 10 ppb to protect additional 13 people against cancer and other health

problems, including cardiovascular disease, diabetes, and neurological effects.  EPA

will work with the National Academy of Sciences and the National Drinking Water
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Advisory Council to release scientific and cost and benefit issues associated with the

new regulations (EPA 815-F-00-015, 2001).

Of all leachable elements from fly ash, arsenic is considered the potentially

most serious to human health.  Arsenic has been classified by the U.S. EPA as Class A

human carcinogen and the top of most hazardous substances list, based on ‘sufficient

evidence’ from human data after arsenic’s carcinogenic role was first noted over a

hundred years ago. (EPA, 2000)  An EPA report (2000) also stated that

‘epidemiological studies…clearly show associations of arsenic with several internal

cancers at exposure concentrations of several hundred micrograms per liter of

drinking water.’  These organs include skin, bladder, lung, kidney, nasal cavity, liver

and prostate.  Further, arsenic is noted to be ‘the biggest environmental contaminant in

most of the soils where fly ash is applied’ (Qafoku et. al., 1999).  Meanwhile, the

current Thai standard for leachable total arsenic concentration by leachate extraction

procedure is 5 mg/l. and the current drinking water standard for arsenic is 0.05 mg/l

(MOI, 1997 and Department of Pollution Control, 2000).

Arsenic has a good history of toxicity. It used to be an efficient poison, before

modern analytical techniques, because of its characteristics of being tasteless and

difficult to detect.  Natural concentrations of arsenic in human bodies are given in

Table 2.5 (Johnson, 1972, cited in Reid, 2000).  There are many arsenic symptoms due

to its toxicity.  Acute toxicity causes intense abdominal pain, weakness, staggering

gait, hypothermia, and death.  The fatal dose is 100 – 200 mg, depending on body

weight.  The chronic symptoms include weakness, loss of appetite, partial paralysis,

and dementia.  Gangrene and malignant neoplasms have also been observed (Bartova

et al., 1973).

Table 2.5: Natural concentrations of arsenic in human bodies
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Inorganic arsenic is suspected to be carcinogen or co-carcinogen. (a promoter

of carcinogen rather than an initiator)  The chronic effect of inorganic arsenic is of the

most concern due to the likelihood of exposure of normal human, i.e., it is more likely

for people to expose to small amount of arsenic over a long period of time than high

concentration in a short period (Andrea, 1977, cited in Reid, 2000).

There are many arsenic compounds with varying degree of toxicity.

Arsenobetaine is an example of non-toxic compound due to its stable structure, with

its LD50 of over 10 g/kg in rats.  Generally, arsenic salts are highly toxic by ingestion

according to studies in rats and other animals.  Arsenite salts are reported to be more

toxic in rats than arsenate salts as their LD50 are 10 – 100 mg/g and 1 – 20 mg/g,

respectively (Reid, 2000).

There are many studies on toxicity of arsenic in plants.  Arsenic toxicity in

plants depends on arsenic form and thus its redox conditions of soil, especially for

wetland plants with wide range of such conditions.  Arsenite has high toxicity for

radicular membranes due to its reaction with sulfydril groups of proteins causing

disruption of the root functions of plants and cellular death (Speer, 1973).  Arsenic in

form of monomethyl arsenic acid (MMAA) can cause severe damage to succeeding

rotational crops (Aarabi et al., 1998).

Some examples of arsenic problems include incidents in West Bengal, India,

Louisiana, USA, and Ron Phibun, Thailand.  ‘The biggest arsenic calamity in the

world’ happened in West Bengal, India, where arsenic was found in drinking water of

30 million people, with concentration up to 700 ppb.  Hair sample of population was

found to have arsenic concentration up to 26 ppm.  While, at least 800,000 samples

exhibited arsenic chronic symptoms (Borgano and Greiber, 1971).  In Louisiana, USA,

wetland water was found to have arsenic concentration of 5 – 20 ppm.  This had a

damaging effect onto the environment.  Charoenchaisri et al. (1996) reported

significant arsenic pollution in Ron Phibun district of Nakhon Si Thammarat province,

in the southern part of Thailand, which occurred in 1987.  The source of pollution was

thought to be from mining activities from the deposits and tungsten mineralization

process.  A follow-up study by the Thai Ministry of Public Health in 1991 found that
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from samples of 2,400 students, 89% had excess arsenic in blood stream, and 22% had

arsenic related skin disorders.

Ford et al. (1995) declared ‘Final Project Report on Arsenic Biogeochemistry

in the Clinch River and Watts Bar Reservoir, USA.’  This study was done after

preliminary screening of existing data showed concentrations higher than benchmark

criteria for ecological risk assessment.  The human health cancer risk value

corresponding to a 10-4 risk is 4.7 µg/l (62 nM).  The study investigated the speciation,

distribution, and mobility of arsenic in sediment, pore water, and the water column

seasonally over a period of 3 years.  This paper gave 3 reasons to be concerned about

arsenic: 1) it occurs commonly in coal-bearing rock and waste products, such as fly

ash associated with the burning of coal, 2) it is classified as a Class A carcinogen by

EPA, and 3) disposal of fly ash may have contaminated water and sediments in the

Clinch River and Watts Bar Reservoir.  The results showed varying degree of

concentrations on water and sediments over many areas of the reservoir and where the

river passed through.

Khanra et al. (1998) studied the phase mineralogy and leaching characteristics

of coal fly ash in India to assess their safe disposal in abandoned coal mines.  Toxic

elements were leached by distilled water, strong acid and bases under different

conditions (solid-liquid ratio, leaching time, pH) with temperature of 30 – 100° C.

Results showed that concentrations of various metals in leachates depended on

chemical natures, associated with mineral phases of ash and followed similar

concentration profile to that of iron, especially in acidic condition.  Distribution of

metals depended on amount of unburned carbon and iron in ash.  In alkaline medium

leaching of iron and toxic trace element, except arsenic, was very negligible.

Borm (1997) studied the in vitro and in vivo data on coal fly ash and silica,

with coal mine dust chosen as a reference.  The study suggested genotoxic effects of

fly ash, but epidemiological studies in fly ash exposed working populations have

found no evidence for effects commonly seen in coal workers (pneumoconiosis,

emphysema) with an exception of airway obstruction at high exposure.  Coal fly ash,

via in vitro and in vivo experiments, showed lower toxicity, inflammatory potential

and fibrogenicity than silica and coal mine dust.
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Mehra et al. (1998) studied the impact of fly ash from coal-fired power stations

in Delhi, with particular reference to metal contamination.  The Indraprastha and

Rajghat Power Stations are both coal-fired stations, with ash content of coal used

ranged between 38 – 47 percent.  The main way of ash disposal from the stations was

to mix with water making it slurry, and to pump through pipes to ash disposal ponds.

Then, the supernatant from these ponds were discharged to the River Yamuna.  The

paper concluded that the contamination (metal toxicity) due to fly ash into the river

caused the reduction of local populations of Eichhornia crassipes.

2.5.2 Mechanism, Fate, and Transport of Arsenic

Arsenic is a metalloid in group V of periodic table (while some literatures say

that it is a heavy metal) , analogous to phosphorus and nitrogen.  Sources of arsenic

are of both natural and anthropogenic origins.  An average crustal concentration of

arsenic is 3 ppm, but it can be as high as 20,000 ppm in arsenic ores such as

arsenopyrite (FeAsS) and orpiment (As4S6).  Normal concentration of arsenic in soils

is 0.1 – 40 ppm, while normal concentration of arsenic in the sea and fresh water are 1

– 2 and 0.01 – 7 ppb, respectively.  In plants and animals, these numbers are 0.01 – 5

ppm (dry weight) and 0.1 – 1.0 ppm.  Arsenic may be mobilized in two main

pathways, atmospheric and aqueous.  The main anthropogenic sources of arsenic

contamination include smelting operations and fossil-fuel combustion. (Encyclopedia

of Analytical Chemistry, 1995)

The chemistry of arsenic in aquatic environmental system can be very

complicated.  Depending on the redox conditions, four oxidation states for stable

compounds exist, +5, +3, 0, and –3.  However, in general, the most abundant form

present in natural water is inorganic arsenate (+5), although biological activity can

greatly contribute to speciation of arsenic.  In terrestrial environment, the most

common organic arsenic compounds are monomethylarsonic acid (MMAA) and

dimethylarsonic acid (DMAA).  More complex organic arsenic compounds, such as

arsenochloline, arsenobetaine, arsenic containing lipids and dimethy (ribosyl) arsine

oxides, are readily formed in the marine environment and are generally stable.

(Bartova et al., 1973)
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Mahuli et al. (1997) published an article titled ‘Mechanisms of arsenic sorption

by hydrated lime.’  While arsenic represents one of the trace elements from fossil fuel-

fired power plants, it tends to remain in gas phase.  This study attempted to find

effectiveness of removing the gaseous arsenic by commonly used mineral sorbents.

Investigation was conducted with hydrated lime sorbent to identify the mechanism of

As/Ca interaction and the chemical state and characteristics of captured species.

Calcium hydroxide, Ca(OH)2 was found to be the  most effective in capturing arsenic.

Such capture mechanism is not a simple absorption, but irreversible chemical reaction

leading to a solid product, calcium arsenate.

Martel and Rentz (1998) analyzed the behavior of the heavy metals, As, Cd,

Hg, Ni, and Pb   by mass balance for each element during the operation of dry bottom

boiler in a German plant, using four South African fly ashes with five different blends.

An analysis of soot blowing on mass balance showed that it has only little influence on

dust loading, particle size distribution of fly ash and heavy metal concentration in fly

ash. A clear enrichment of the elements As, Cd and Pb in fly ash is observed below a

particle size of 5 µm. While enrichment of heavy metals is affected both by coal type

and load conditions.

Arsenic is noted by Qafoku et al. (1999) to be the biggest environment

contaminant in most of the soils where fly ash is applied due to its immobility and

strongly absorption to soils. But, in gypsum-and-phosphorus-amended soils, As may

be much more mobile. Therefore the study investigates whether or not as becomes

more mobile when Ca(H2PO4)2 and CaSO4 are used as leaching solutions. The result

shows that arsenic concentration in leachate when Ca(H2PO4)2 was used was ten times

that of when CaSO4 was used.  A maximum of 800 µg/l was found which is much

higher than the 50 µg/l for groundwater (drinking) standard.  In fly ash, the portion of

arsenate non-specifically adsorbed, therefore, As concentrations are with the

acceptable limits.  On the other hand, phosphate can compete with arsenate for

available adsorption sites, both non-specific and specific.  Therefore, phosphate

displacement of both forms of arsenates increase As mobility in both control and fly

ash treatment.
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Six Spanish fly ashes were studied for mobility of water soluble trace elements

in open and closed (heated at 90°C) systems.  The objective was to reduce the content

of undesirable species to enhance their potential application.  Leaching rates of

different impurities were arranged in descending order: B > Mo > Se > Li > Sr > Cr

>= As = Ba = Cd = V > Rb > Zn >= Cu = Ni = Pb > Co > U > Mn.  Although many

cement elements exhibited higher leaching rates in open system than closed extraction,

the difference concentrations from the systems was insignificant, except for the

extraction ratios obtained for As and V in high lime fly ashes (Querol et al., 2001).

Hirsch et al. (2000) studied the speciation of combustion-derived particulate

phase arsenic.  Inorganic arsenic compounds produced during combustion was

investigated under fuel-lean conditions.  Results showed that at the temperature of 850

– 1100 K, in the absence of particulate, arsenic initially condensed as As2O3 rather

than the thermodynamically favored As2O5.  Synthetic fly ash (0.25 m spherical

silica), added to the experiment to simulate combustion, and doping of silica particles

with small amount of calcium, did not affect speciation of arsenic.  As(V) was

observed in form of calcium arsenate only at this range of temperature.  The

conclusion was that the formation of As(V) in combustion systems required either the

oxidation of As2O3 or the presence of calcium compounds, calcium acetate.  Calcium

silicate particles are capable of capturing As(V), but the extent is still unclear.

Jackson et al. (1999) investigated the trace element solubility in fly ash/organic

waste, which intended to improve soil macro-nutrients while reducing odor.  The

studies examined trace element solubility and availability resulting from litter (PL) or

sewage sludge (SS) to field plots at 100 and 129 Mg/ha for FA/PL and FA/SS,

respectively.  Soils solution concentrations of dissolved C, P, As, Se, Mo, Cu, and Cr

were increased in FA/PL field plots.  Leaf tissue data confirmed an increase in

available As from the FA/PL mixtures.

Brunori et al. (1999) compared five different leaching/extraction tests for the

evaluation of metal release from fly ash.  Eight elements, As, Cd, Cr, Cu, Ni, Pb, Se,

and Zn from highly homogenized source of fly ash reference, were considered.  Many

test parameters were considered to include liquid/solid ratio, pH, leaching elements,
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stirring conditions, and duration time.  It was found that pH seemed to have the

greatest influence on metal release (leachates).

Gorman et al. (2000) investigated the successful erodibility of fly ash used as

topsoil substitute in mineland reclamation.  Although successful in improving mine-

soil chemical and physical properties, however, the fine sand-silt particle size of fly

ash may make it more susceptible than natural soils to detachment and transport by

erosive processes.  In addition, the high content of silt-size particles in fly ash may

make it more susceptible to surface crust formation, reducing in reduced infiltration

and increased surface runoff and erosion.  Fly ash-wood waste mixtures, used as a

topsoil substitute, were surface applied with 10% and 20% slope.  Linear

Erosion/Elevation Measuring Instrument (LEMI) was used and erosions values were

found to be up to five times greater than the untreated minesoil.  Erosion also

depended on type and amount of ground cover.

An attempt was made to study the behavior of various metal ions release in

water from two fly ash samples in India.  The USEPA extraction procedure was used

to determine the early release of several hazardous materials, however, it was found

that these concentrations were within the limits for both ash.  Experimental leachates

exhibited dramatically lower concentrations when pH was changed from 3.0 to 8.0.  In

other words, trace elements are much more soluble in acidic conditions than basic

conditions (Kanungo and Mohapatra, 2000).

Vallini et al. (1999) evaluated cocomposted coal fly ash on dynamics of

microbial populations and heavy metal uptake using Vicia faba pot experiment in

greenhouse conditions.  Growth response to different amendments with coal alkaline

fly ash or cocomposted fly ash mixed with  lignocellulosic residues.  Parameters being

monitored were soil microbial populations, pH, electrical conductivity and heavy

metal uptake by plants.  The results showed that plant biomass production was not

influenced by types of soils, while alkaline fly ash did not promote microbial growth

when applied alone into soils.  However, cocomposted fly ash tended to increase

bacterial and actinomycetes counts in  soils.  Fungi were not affected by fly ash.  The

increase of soil metals in sandy soils.  Heavy metals mobility did not cause change in

the clayey soil where a high buffering capacity mitigated the effects of fly ash

amendments.
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Schutter and Fuhrmann (1999) investigated microbial response to coal fly ash

under field conditions.  In the study, fly ash was incorporated by conventional tillage

to a depth of 40 cm into field plots, which were subsequently cropped with a fallow-

corn-wheat rotation or continuous fescue.  Nitrification doubled while number of

denitrifiers increased 200 times in fly ash amended soils compared to normal soils.

The lack of detrimental effects onto microbial microorganisms was possibly due to 1)

reduction in fly ash soluble salt and trace element concentration with time, 2) the mild

alkalinity of fly ash, and 3) the positive response of crops to fly ash amendments.

Mollah et al. (1993) examined surface and bulk studies of leached and

unleached fly ash using XPS, SEM, EDS, and FTIR techniques.  The surface and bulk

characteristics of fly ash were examined by X-ray photoelectron spectrometry (XPS),

scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), and

Fourier transform infrared spectroscopy (FTIR), in acidic solution.  The authors stated

that studies have shown that As, Pb, Zn, Cd, Hg, Cr, Ni, Sb, S, Tl, Se, etc. in coal

were likely to be concentrated predominantly in sub-micrometer-sized fly ash particle

and have an even greater tendency to escape into the environment.  They may be

deposited in human respiratory system by inhalation and later entered to blood stream.

The results showed that fly ash particles were relatively resistant to either chemical or

physical changes due to attack by acidic leaching solutions.

Warren and Dudas (1988) wrote an article ‘leaching behavior of selected trace

elements in chemically weathered alkaline fly ash.’  In the experiment, alkaline fly ash

was leached with diluted sulfuric acid in a series of lysimeters.  The weathered

residues retrieved after leaching were determined for major constituents by atomic

absorption spectrometry, while trace elements were examined by instrumental neutron

activation analysis.  The results showed some elements enriched in highly leached

portion of the residue sequence, suggesting association with the resistant internal Si-

rich glass matrix of ash particles.  More than 80% of As and B was dissolved from the

ash under acidic conditions.  With an exception of B, all elements that were mobilized

from the acidified ash residues were also attenuated in the alkaline residues in

association with one or more of the newly formed secondary minerals.
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2.6 Hazardous Identification and Dose-Response Assessment
2.6.1  Arsenic Phamacokinetics

Phamacokinetics describes the behavior of a chemical within a body, including

absorption or uptake into a body via different routes of exposure, metabolism and

distribution of the chemical or its metabolites within the tissues of a body, as well as

rates and mechanisms of excretion or elimination from a body (CANTOX

Environmental Inc., 1999).

2.6.2  Absorption

2.6.2.1   Absorption Following Oral Exposure

Factors influencing the absorption of arsenic from the gastrointestinal tract

include: (U.S. EPA, 1984a,b)

• the specific speciation of arsenic compound under consideration

• the physical-chemical properties of arsenic, especially its solubility

• the magnitude of the dose

• the matrix in which the exposure is received, and

• the animal species, especially the physiological characteristics of digestive

system

Greater than 95% of water-soluble inorganic trivalent arsenic may be absorbed

from the human gastrointestinal tract (Coulson et al., 1935; Ray-Bettley and O’Shea,

1975; Pomroy et al., 1980).  Similarly, results of animal studies indicate the soluble

arsenic compounds are readily absorbed following oral exposure, based on proportions

of the administered dose of arsenic recovered in the faeces, 68 – 98% in mice and

monkeys, 60 – 90% in hamsters, 51 – 67% in rabbits and rats (Charbonneau et al.,

1978; Vahter and Norin, 1980; Odanaka et al., 1980; Yamauchi and Yamamura, 1985;

Marafante et al., 1987; Marafante and Vahter, 1987; Freeman et al., 1993, 1995, cited

in CANTOX, 1999).  While, reduced bioavailability is observed with the less soluble

forms of arsenic in both human and animal studies (Marafante and Vahter, 1987).

Reported values of oral bioavailability of inorganic arsenic is considerably less

for dust or soil matrix administered, 24% in rabbits, when normalized for

concentrations of arsenic in urine following intravenous administration of the same

compound (Freeman et al., 1993).  Freeman (1995) investigated the bioavailability of
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arsenic in soil and house dust in the vicinity of a mine and smelter facility

administration to female Cynomolgus monkeys via gel capsules.  He found the mean

values for arsenic oral bioavailability in house dust and soil matrices to be 19% and

14% based on normalization for urinary concentration, and 10% and 11% based on

normalization for blood concentration.  While, Groen (1994) found the bioavailability

of inorganic arsenic in a bog ore-containing soil matrix to be 8.3% in dogs, based on

normalization for urinary concentration.  Davis et al. (1996) concluded that the

reduction of bioavailability for dust and soil was due to less solubility and thus less

access for dissolution or uptake.

2.6.2.2 Absorption Following Inhalation Exposure

 The fraction of arsenic absorbed by the lung is dependent on particle size and

the chemical species of arsenic, as it affects transportation of particles into the lower

regions of the lung. Published literature shows that key parameters affecting inhalation

absorption are particle size, degree of deposition of particulate-borne arsenic in the

lung, and specific arsenic compound and its solubility (CANTOX Environmental Inc.,

1999).

Many researchers have studied about the role of solubility of the chemical

species on absorption in the lungs through administration via intratracheal instillation.

It has been reported that 95 – 99% of doses of soluble arsenic compounds were

absorbed within the lungs within one day and 99.6 – 99.8% were absorbed within 3

days, following intratracheal instillation in rats and hamsters (Rhoads and Sanders,

1985; Marafante and Vahter, 1987).  While, insoluble arsenic compounds were

absorbed more slowly.  Arsenic trisulfide, lead arsenate, and calcium arsenate are

absorbed 98.7%, 55%, and 50%, respectively, after 3 days.

Approximately 64% – 74% of particulate-bound arsenic, such as fly ash, was

absorbed by hamsters’ lungs in 2 days after administration, while arsenate and arsenite

were completely absorbed within the same period of time, when administered with an

inert dust materials (Buchet et al., 1995).  Buchet (1997) concluded that arsenic

absorption by lungs depends on chemical species, particle size, and dust load in the

lung.
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Absorption of particulate-bound arsenic following inhalation depends largely

on the dynamics of deposition, retention and clearance of airborne particles by the

respiratory system.  Based on airborne particle dynamic model, smaller particle of less

than 2 µm in size are respirable and are retained in the respiratory system, while larger

particles are cleared from the respiratory system by mucociliary action, swallowed,

and would be subject to gastrointestinal absorption (U.S. EPA, 1984).  While, Smith et

al. (1977) suggested that absorption of particulate-borne arsenic to the gut may be

more important route of exposure for a particle size larger than 5 µm, based on human

studies.

Holland et al. (1959) studied the deposition and absorption of arsenic in

respiratory system of lung cancer patients by administering arsenic-74 and arsenite

aerosol via cigarette.  Approximate 40% of arsenic was deposited in lungs and 75% –

80% of this was absorbed (total of 30% – 34%).  The U.S. EPA used the value of 30%

to represent the fraction of inhaled and absorbed arsenic in humans (U.S EPA, 1989).

2.6.2.3 Absorption Following Dermal Exposure

In general, there are very few data on the absorption of arsenic compounds

through the skin.  Dutkiewicz (1977) conducted a study of the absorption of sodium

arsenate through the skin of rats whose tailed were immersed in the solution for 1

hour.  And based on the observation that arsenic concentrations in blood, liver, and

spleen increased over 5 days after exposure, ATSDR (1993) suggested that arsenic

may initially bind to the skin and then slowly be absorbed into blood stream even

when the exposure was discontinued.

Wester et al. (1993) quantified the in vitro and in vivo absorption of inorganic

arsenic in soil and water through the skin of humans and monkeys.  The absorption

from soil and water in monkeys were found to be 3.2% - 4.5% and 2.0% - 6.4%,

respectively.  While, in humans, the numbers were somewhat less, ranging from 0.8%

to 1.9% in soil and water, respectively.
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2.6.2.4 Distribution of Arsenic Species

Distribution of arsenic in a body depends on the routes of exposure.  Studies

by Vahter (1981) showed that oral exposure led to higher initial distribution to the

liver.  On the hands, distribution of arsenic after inhalation and intravenous exposure

resulted in accumulation in the liver, lungs, muscle and gastrointestinal epithelium in

mice, marmoset monkeys, and rabbits (Vahter and Marafante, 1983).  A sufficient

time is required to distribute arsenic among various tissues of a body, remaining with

slight concentrations in human nail and hair following oral exposure (Kurttio et al.,

1998).

The body reacts with arsenic species differently.  Vahter and Marafante (1983)

found that more arsenic was retained in the tissues when mice and rabbits were

injected with arsenite than arsenate.  This was believed to be due to stronger affinity of

trivalent arsenic, As(III).  Regardless of arsenic form administered, trivalent arsenic

tends to be the primary from interacting and binding to tissues in most species (Vahter,

1994).

Pentavalent arsenic, As(V), may also interact with tissues.  It may substitute

phosphate in enzyme-catalyzed and become incorporated into bone (Mitchell et al.,

1971).  Arsenate tends to be rapidly cleared from the blood stream into the kidney,

where it can be excreted or reabsorbed (Vahter and Marafante, 1988).  These

differences in distribution between trivalent and pentavalent arsenic result in different

profiles of tissue interaction and retention, thus different toxic potency.  Distribution

of arsenic species within a human body is basically similar to most species studied

(Vahter, 1994).

Jackson and Miller (1998) determined arsenic and selenium speciation in coal

fly ash extracts by ion chromatography-inductively coupled plasma mass

spectrometry.  As(III), As(V), Se(IV) and Se(VI) in aqueous extracts of coal fly ash

were investigated.  As(III), As(V), Se(IV) and Se(VI) were resolved with retention

time of 1.1, 2.9, 4.8, and 6.3 minutes, respectively.  Their concentrations were found

to be 0.072, 0.868, 1.174, 0.284 µg/l, respectively.  At low pH, the predominant

species were As(V), and Se(IV), with As(III) detected in low pH fly ashes.  Extraction
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of fly ashes at pH 5 altered the concentrations of total soluble As and Se, but did not

affect the predominant As and Se speciation.

Stoewsand (2001) stated that waste materials such as sewage sludge,

incinerator residue and fly ash were frequently placed on or near farmland.  These

materials often contained toxic inorganics such as heavy metals, or organic substance

such as polyaromatic hydrocarbons.  Some amount of toxicity can be taken up by

growing crop plants and the levels could reach potentially dangerous concentrations.

Animal feeding studies of these crops, soil chemistry, plant biochemistry, and

processing are being analyzed as part of risk assessment and management of these

wastes.

Lee and Hahn (1997) investigated geochemistry of leachate from fly ash

mound collected from disposal mound in one of the major UK coal-fired power

station.  Ash mound has been disposed since the mid 1970’s and is ‘well-engineered

and managed’ with no leaking of leachate into the underlying aquifer.  The leachates

showed high concentrations of Ca, Na, and SO4 and trace elements with recorded

highest concentrations of 22.3, 24.8, an 16.9 ppm of B, Li, and As, respectively.  The

rate of infiltration of porewater in the ash mound was calculated based on the chemical

data of porewater and fly ash.  The analytical result of the leachate was processed with

geochemical modeling program.  WATEQ4F, and potential concentration limiting

solid phases were identified.  Concentration of As, Cd, SO4, Cr, Pb, and B exceeded

discharging limits regulated by National River Authority.  This implied that leachate

should be treated before discharging.  Further, there are sites built when the

construction standard was not as stringent as today’s.  Groundwater pollution might

take place by leachate discharge.

2.6.3 Arsenic Toxicology

2.6.3.1  Animal Studies

Acute effects of oral arsenic exposure include vomiting, nausea, diarrhea,

gastrointestinal haemorrage, and death in animals.  Oral LD50 values for arsenite,

arsenate and arsenic trioxide in rodents were reported in the range of 10 and 110 mg

As/kg by weight (Saady et al., 1989).  Based on gastrointestinal and renal effects in

monkey, the lowest no-observed-adverse-effect-level (NOAEL) for short term (13



Saranyu Viriyavejakul  Literature Review / 64

days) oral arsenic exposure was reported to be 2.8 mg As/kg body weight/day.  The

lowest-observed-adverse-effect-level (LOAEL) was 5.7 mg As/kg body weight/day

(Heywood and Sortwell, 1979).

Studies regarding acute dermal toxicity of arsenic is quite limited, however,

existing studies show that arsenic is not likely to cause lethality or systemic toxicity.

No effects were observed in guinea pigs and rats following single dermal doses of

4,000 mg As/L of As(V) or 580 mg As/L of As(III), and doses up to 1,000 mg As/kg

by weight as As(III) or As(V), respectively (Gaines, 1960).

Studies of the oral subchronic exposure to arsenic indicated gastrointestinal,

hematological, hepatic and renal effects in rats, rabbits, and mice and cardiovascular

effects in rats (NTP, 1989).  The LOAEL for subchronic arsenic oral exposure was 2.3

mg As/kg body weight/day, in rabbits, while the NOAEL was 1.4 mg As/kg body

weight/day (NTP, 1989).  The NOAEL’s for mice and dogs are 29.6 and 4.6 mg As/kg

body weight, respectively (Neiger and Osweiler, 1989).  Local hyperplasia and skin

irritation in mice was reported as a result of dermal exposure of 2.5 mg As/kg by

weight for 18 weeks, 11 times a week (Boutwell, 1963).

For chronic effects of arsenic, mortality has been reported in dogs and

monkeys with administered dose of about 3 mg As/kg body weight/day, for 2 years in

diet, and for 1 year in milk (Heywood and Sortwell, 1979).  Byron et al. (1967) also

reported hepatic effects, including enlargement of the bile duct and pathological

lesions in rats, cardiovascular effects, consisting of reduction of stroke volume and

cardiac output and increased vascular resistance in rats and rabbits administered As

(III), while no effects were observed for the same dose of As(V).

Persistent changes in the concentrations of neurotransmitter substances in the

brains of rats were also observed with chronic arsenic oral exposure (Nagaraja and

Desiraju, 1993).

The NOAEL for chronic arsenic oral exposure was 1.2 mg As/kg body

weight/day, while LOAEL was 3.1 mg As/kg body weight/day, based on the studies in

dogs exposed to arsenic in the diet for 2 years (Byron et al., 1967).
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2.6.3.2 Human Studies

Acute effects of arsenic ingestion in humans include gastrointestinal irritation

(nausea, vomiting, diarrhea, and gastrointestinal bleeding) and mortality from fluid

loss and circulatory failure or secondary to tissue damage (Saady et al., 1989).

Minimum lethal oral dose in humans was reported as a range, 1 to 3 mg As/kg

(Armstrong et al., 1984).  Other acute and sub-acute effects include haematological

effects (anemia and leukemia), hepatic effects (hepatitis and elevated serum

transaminase levels), renal effects (proteinuria and elevated serum creatine),

respiratory effects (haemorrhagic bronchitis), neurotoxicity (confusion, lethargy,

headache, seizures, coma, peripheral neuopathy, acute demyelinating polyneuropathy)

(Armstrong et al., 1984; Greenberg, 1996).  Armstrong et al. (1984) gave the acute

oral LOAEL in humans as 1 mg As/kg body weight/day for these effects.

ATSDR (1993) suggested that an indication of mortality is not likely to be of

concern for arsenic inhalation, even at very high levels of 1 – 100 mg As/m3 at the

workplace exposure.

Sub-chronic exposure of oral administration also can result in cardiovascular

effects, gastrointestinal irritation, haemotological effects, hepatic effects (mild

hepatomegaly), and dermal effects (Franzblau and Lilis, 1989).

There was no NOAEL for sub-chronic oral arsenic exposure, while LOAEL

was 0.05 mg As/kg body weight/day, based on observe human administration for 2 to

3 weeks (Mizuta et al., 1956).

Sub-chronic and chronic health effects for occupational exposures to arsenic

dust via inhalation tend to be related with irritation of mucous membranes, and at high

concentrations, the gastrointestinal tract (Morton and Caron, 1989).  the effects usually

discontinued with cessation of exposure.  The NOAEL air concentration for sub-

chronic inhalation exposure was 0.11 mg As/m3 via 2 months of inhalation (Ide and

Bullough, 1988).

Chronic exposures, usually through environmental or occupational

contamination for oral and inhalation have been investigated in many human

population.  Cardiovascular effects due to chronic arsenic exposure include Blackfoot

disease, arterial thickening, Raynold’s disease, ischemic heart disease and thrombosis.

Increased mortality was also observed in several studies (Morton and Caron, 1989).
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Hepatic effects included hepatomegaly, portal fibrosis and hypertension,

bleeding from esophageal varices; central and vascular fibrosis; cirrhosis, ascites, and

fatty liver.  Other effects included melanosis, keratosis, hyperkeratosis, hypo- and

hyperpigmentation, pigmentation changes, warts, and gastrointestinal irritation.

While, neurotoxic impacts for sub-chronic and chronic ingestion included sensory and

motor nerves defects.  Indicating symptoms include muscular weakness, paresthesia,

electromyographic abnormalities, functional denervation, mild peripheral, neuropathy,

and neurobehavioral abnormalities (Fincher and Koerker, 1987; Kiburn, 1997).

Induction of diabetes mellitus was observed as a result of drinking arsenic-

containing water (Lai et al., 1994) and through inhalation at workplace (Rahman and

Axelson, 1995), based on epidemiological studies.

The NOAEL for human chromic arsenic oral exposure was 0.006 mg As/kg

body weight/day for drinking water, while the LOAEL (for abnormal pigmentation)

was 0.01 mg As/kg body weight for drinking water for a period of 11 – 15 years.

(Borgono et al., 1980)  The chronic inhalation data did not support the selection of

NOAEL, while the NOAEL (for Raynaud’s disease) was 0.05 mg As/m3 in workers

with 14 to 40 years of exposure (Lagerkvist et al., 1988).

ATSDR (1993) concluded that occupational exposure to arsenic dust was

doubtful for the relevance of positive result for abnormalities in humans.

2.6.4 Arsenic Carcinogenicity

2.6.4.1    Animal Studies

An association between intratracheal instillation and increased frequencies of

lung adenomas or carcinomas has been reported by Ishinishi et al., 1983; Yamamoto et

al., 1987)  The experimental animal database for carcinogenicity of arsenic

compounds is limited, and generally considered inadequate, and without consistent

demonstration of carcinogenic activity (U.S. EPA, 1998).
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2.6.4.2 Human Studies-Oral Exposure

Brown et al. (1989) conducted a dose-response analysis of Taiwanese

population by observing the incidence of skin cancer from inorganic arsenic exposure

through drinking water.  The unit risk of skin cancer at an exposure of 1 µg As/kg

body weight/day ranged from 0.0013 to 0.003 using a quadratic or linear mathematical

model, respectively.  These values are in general agreement with those estimated for

the Mexican population.  (with several confounding factors)  While, Chen et al. (1992)

investigated the incidence of lung, bladder, and kidney tumors in a Taiwanese

population exposed to high arsenic concentration in drinking water (well).  Assuming

a linear dose extrapolation curve (Armitage-Doll model), the lifetime risk at 10 µg

As/kg body weight/day could be adjusted to determine an RsD at 10-6 risk, yielding

RsD values ranging from 0.00083 to 0.0024 µg As/kg BW/day for males and 0.00059

to 0.0028 µg/kg BW/day for females. (with several confounding factors)  In addition,

Chiou et al. (1995) observed a significant relationship between arsenic exposure and

cancers of lungs and bladders, with controlled age, sex, and smoking status.  The study

was done by observing 263 Blackfoot disease patients in a region of endemic

arseniasis in Taiwan, in comparison to a group of 2,293 healthy people, using Cox’s

proportional hazards regression analysis.

Guo et al. (1997) indicated that arsenic may induce cell type-specific

carcinogenicity as a result of a study of 243 Taiwanese people drinking water with

high concentration of arsenic.  While, Hsueh et al. (1995) observed a significant dose-

response relationship between skin cancer prevalence and chronic arsenic exposure in

residents of Taiwan in which arseniasis was hyperendemic.  Exposure was indexed by

residential duration, duration of consumption of high-concentration arsenic from well

water, average arsenic exposure, and cumulative arsenic exposure.  The overall

prevalence of skin cancer was as high as 6.1% and increasing with age.

A study chronic exposure effects of 40,000 Taiwanese population, exposed to

arsenic-contaminated drinking water, was done by Tseng et al. (1968) and Tseng

(1977), in comparison with 7,500 people who drank water free of arsenic.  The results

indicated elevated skin cancer and incidence of Blackfoot disease, hyperpigmentation

and keratosis, with possible vascular problem.  Although the U.S. EPA criticized
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weaknesses of these studies, it used them to derive an oral slope factor of 0.0015 (µg

As/kg BW/day)-1, corresponding to a drinking water unit risk of 5 x 10-5 (µg As/L)-1.

2.6.4.3 Human Studies-Inhalation Exposure

Many literatures indicated positive association between inhalation exposure to

arsenic and lung cancer rates -- mainly exposed to arsenic trioxide (Pinto et al., 1977,

1978 and Axelson et al., 1978), mainly exposed to arsenate (Ott et al., 1974 and Sobel

et al., 1988), and arsenic compounds (Matanoski et al., 1981).

The U.S. EPA concluded that based on epidemiological evidence, arsenic is a

human carcinogen (for respiratory cancer in workers in the non-ferrous mining

industry (U.S. EPA, 1984a,b and U.S. EPA, 1988) and derived four unit cancer risk

estimates for inhalation exposure:

Welch et al. (1982) using linear model (U.S. EPA, 1984a):

Unit cancer risk = 4.9 x 10-3 (µg As/m3)-1 and calculated lifetime risk of developing

cancer equal to 10-6, RsD = 0.000067 µg As/kg BW/day

Brown and Chu (1983a, b, c) using multi-stage model equation:

Unit cancer risk = 0.00125 (µg As/m3)-1 and lifetime risk of developing cancer equal

to 10-6, RsD = 0.00026 µg As/kg BW/day.

Lee-Feldstein (1983):

Unit cancer risk = 0.0028 (µg As/m3)-1 and calculated lifetime risk of developing

cancer equal to 10-6, RsD = 0.00012 µg As/kg BW/day.

Enterline and Marsh (1982):

Unit cancer risks for 0-year and 10-year = 0.00681 and 0.0076 (µg As/m3)-1 and

converted lifetime risks of developing cancer equal to 10-6, RsDs = 0.000048 and

0.000043 µg As/kg BW/day for 0-year and 10-year, respectively.

Reference Dose (RfD) and Reference Concentration (RfC):

U.S. EPA (1998): Oral RfD = 0.3 µg As/kg BW/day

Oral unit risk factor (q1*) = 0.0015 (µg As/kg BW/day)-1

Inhalation unit risk factor (q1*) = 0.0043 (µg As/kg BW/day)-1

or equivalent to 0.013 (µg As/kg BW/day)-1

Dermal RfD = Oral RfD and q1* adjusted for bioavailability.
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Where bioavailability for arsenic was assumed to be 60 – 75% for ingestion, 30 – 34%

for inhalation, and 0.8 – 1.9% for dermal exposure. (CANTOX, 1999)

Examples of non-cancer health effects of arsenic include peripheral vascular

disease (Blackfoot disease) in China (Tseng, 1977) with a result of skin lesions.  In

association with other cardiovascular problems such as hypertension, heart disease

have been found to be associated with arsenic (Tsuda et. Al., 1995).

2.7    Human Health Risk Assessment
Risk assessment has become ‘an important analytical tool’ in environmental

decision making.  It maybe defined as ‘the identification of potential adverse effects to

humans or ecosystems resulting from exposure to environmental hazards’

(EPA/600/M-91/034, 1992).  The risk involved, probable injury, disease, functional

deficits, or death, may be expressed in quantitative or qualitative terms (EPA/600/M-

91/034, 1992).  Due to information constraints of environmental and ecosystems, this

study will be limited to human health assessment which will consider the comparative

effects of fly ash utilization as construction material and its non-utilization or leaving

it at the disposal site.  Health risk assessment is one technique used to address the

problem of the potential or development of health effects related to exposure to

specific hazardous chemicals or activities (OSTP, 1984 and NRC, 1984).  To

investigate human health assessment for each option of utilizing fly ash, many steps

are required: hazard identification, dose-response assessment, exposure assessment,

and risk characterization (EPA/SAB-EC-90-021, 1990).  Quantitative and qualitative

risk assessment could then be used as a useful decision making tool.

EPA/540/1-89/002, Risk Assessment Guideline for Superfund Vol. 1 : Human

Health Evaluation Manual (Part A), provides three basic parts for guidance on the

human health evaluation activities that are conducted during remedial investigation

and feasibility study:  baseline risk assessment,  refinement of preliminary remediation

goals, and remedial alternatives risk evaluation.  This guideline supports the

investigation of utilization of Mae Moh fly ash to lessen the degree of conflicts and

help solve such disagreement.  In this case, the baseline risk assessment will be done

for the fly ash storage, while the utilization of fly ashes construction materials is a

representative remedial alternative.  While applying EPA Human Health Risk
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Assessment, whenever data or standards exist for study area or in Thailand, they will

be used.  However, according to international procedure, when parameters are not

available, best estimates will replace them, many times in terms of ranges of values.

Uncertainty is present in all environmental problems.  Environment risk

assessment is a tool to make it practical to carry the problem analysis throughout by

following the rules of probability (Vanclay and Bronstein, 1995).  Environmental risk

assessment is also known as probabilistic risk assessment and probabilistic

quantitative risk assessment.

Human health and safety are important issues in the prioritizing decision

making.  Some previous implementations in this regard have resulted in wasted

resources, unjustified fears, and social disruption. (Ahearne, 1993)  and Gough (1990)

reported risk assessment as a tool for more rational and effective environmental

management.  The United States Environmental Protection Agency (1993) also stated

that risk-based strategy could identify actions which would result in the most risk

reduction per unit expenditure and which uncertainties are most important for

scientific study.

Carpenter (1994) put official responses to risk assessment in chronological

order to give an overall perspective of risk assessment history.  These responses

included:

1980 The Scientific Committee on Problems of Environment (SCOPE) of

the International Congress of Scientific Unions (ICSU) published the

landmark report ‘Environment Risk Assessment.’

1982    The European Economic Community issued ‘the Seveso Directive’ on

    potential industrial hazards, following a serious dioxin release incident

    in Seveso, Italy.

1984    The World Bank, after the Bhopal (India) methyl isocyanate disaster,

            issued guidelines and a manual to help control major hazard accidents.

1987 The Organization for Economic Cooperation and Development

compiled a report on risk assessment in the OECD countries with

sections on the nuclear industry, chemicals, petroleum processing,

transportation of hazardous materials, and dam-reservoir projects.
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The much-referenced Brundtland Report for the World Commission on

Environment and Development (WCED) called for the further

development of technology assessment and risk assessment

methodologies in pursuing sustainable development.

1992 More than 50 commercial banks signed a statement, as part of their

credit risk procedures for both domestic and international lending, they

would recommend EIA and ERA.

Risk assessment may be defined as ‘the identification of potential adverse

effects to humans or ecosystems resulting from exposure to environment hazard.’  It

has become ‘an important analytical tool’ in environmental decision making.  A part

of risk assessment primarily concern about humans is human health risk assessment,

which involves the following steps: (EPA/600/M-91/034)

1) Hazard Identification: determination of whether a pollutant adversely affects

human health.

2) Dose-response assessment: determination of the relationship between the

level of exposure and the probability of occurrence of adverse effects.

3) Exposure assessment: determination of the extent of exposure.

4) Risk characterization: description of the nature and the magnitude of risk,

including the accompanying uncertainty.

Once risk has been determined by this decision making tool, risk reduction

and prevention strategies will develop by integrating risk assessment with technical,

political, social, and economic issues.  Figure 2.6 shows the relationship between risk

assessment and risk management.

Human health risk can be viewed in terms of cancer and non-cancer related

diseases.  Cancer traced to direct, involuntary exposure to environmental pollution is

estimated to be about 2 percent of total cancer risk (Doll and Peto, 1981).  Other

causes are use of tobacco and dietary excesses, and lifestyle choices and genetic

mutations.

The USEPA (1993) has sponsored the development of methods for estimating

additional risk of cancer from exposure to some carcinogen, as several hundred

chemicals have been evaluated using animals.  The procedure involves exposing

animals to high dosage (maximum tolerated) for a period of time to suspected
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carcinogen, then observing the carcinogenic results developed.  The percentage of

animals developed cancer of each carcinogen concentration is recorded, while the

slope of this curve is extrapolated to the low doses expected to be encountered by

humans.  With certain assumptions, this slope becomes a unit cancer risk factor, or

potency, expressed in terms of (mg/kg/day)-1.

While non-cancer diseases caused by exposure to toxic agents are estimated by

using a potency factor called a reference dose (RfD) or reference concentration (RfC),

the maximum daily exposure unlikely to cause deleterious health effects.  Animal

testing is also required to obtain RfD or RfC.  Because of the variety of effects that are

associated with non-cancer diseases, morbidity categories are established for

comparing health effects (US EPA, 1993):

Observable effects: detectable but may not show a disability (change

in enzymes or blood biochemistry, or low weight

gain (in infants)

Serious effects: development or behavior abnormalities and/or

dysfunction of an organ

Catastrophic effects: prompt death or shortened life, severe disability

Bailey (1985) wrote a dissertation with the title ‘Site-specific Health Risk

Assessment: Discussion of Methodologies at Coal-Fired Power Plants.’  She discussed

on the use of health risk assessment methodologies for analysis of potential

groundwater contamination.  Bailey mainly followed risk assessment methodology,

prepared by the Electricity Power Research Institute (EPRI), focusing on Selenium

contamination to groundwater, although some parts were not complete.  The author

concluded (and recommended) that 1) formal risk assessment required standardized

methodology, such as the one applied in the report, 2) adequate trained and certified

personnel were required to apply such methodology, and 3) flexible methodologies

should be the primary approach despite some limitations.

Dudka and Miller (1999) published an article titled ‘Permissible concentration

of arsenic and lead in soils based on risk assessment.,  The authors claimed that

establishing permissible concentrations for As and Pb is important due to their
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toxicity, widespread contamination, and limited resources availability for remediation

of contaminated soils.  The USEPA pathway approach to risk assessment was used to

evaluate safe concentrations of the two metals in contaminated soils.  A direct soil

ingestion by children was considered the most serious exposure route.  The paper

suggested a conservative concentrations of 40 and 300 µg/g as permissible

concentrations, without hazard to exposed organisms.

Wongyai (2000) studied ‘the Environmental Fluxes of Arsenic from Lignite

Mining’ at Mae Moh Electricity Power Plant, Lampang, Thailand.  The author

analyzed many series of water from mining operation and natural reservoir by Hydride

Generation Atomic Absorption Spectrometry.  She found that arsenic concentrations

were lower than the current standard.  However, it was reported that some precautions

should take place to prevent possible contamination.

Exposure is the condition of a chemical contacting the outer boundary of a

human (U.S. EPA, 1992).  Most of the time, the chemical is contained in air, water,

soil, a product, or a transport or carrier medium; the chemical concentration at the

point of contact is the exposure concentration.  Exposure over a period of time can be

represented by a time-dependent profile of the exposure concentration.  The area under

the curve of this profile is the magnitude of the exposure, in a unit of concentration-

time (Lioy, 1009; NRC, 1990):

E = ∫ (t1 –  t2) C(t) • dt

Where E is the magnitude of exposure, C(t) is the exposure concentration as a function

of time, and t is time, t2 – t1 is the exposure duration (ED).  If exposure duration is a

continuous period of time, then C(t) may be zero during part of this time.  Integrated

exposures are done typically for a single individual, a specific chemical, and a

particular pathway or exposure route over given time period.

2.8    RISK*ASSISTANT
‘RISK*ASSISTANT is a powerful, yet easy to use, set of tools and databases

that allows you to estimate health risk from chemicals in the environment in particular

settings.’  It was developed by the Hampshire Research Institute of Alexandria,

Virginia, which is a non-profit scientific and educational institution, with sponsorship

from many organizations, such as, the United States Environmental Protection
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Agency, California Environmental Protection Agency, Delaware Department of

Natural Resources and Environmental Control, etc.

Previous versions of this software have been used, for the past five years, by

environmental professionals and educators around the world, to conduct and teach

risk assessment.’  This current version, RISK*ASSISTANT for Windows, is designed

to greatly expand the number of people and organizations capable of performing risk

assessment with many more features for local people who are facing risks

(RISK*ASSISTANT Manual, 1990).  Many interesting overall features of

RISK*ASSISTANT is attached in Figure 2.13.

Figure 2.13: Overall Features of RISK*ASSISTANT
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Once we are able to estimate the comparative risks between the storage of fly

ash and utilizing it as construction materials by applying the U.S. EPA procedure, with

best available knowledge and information, and verify resultant risks by the best

software tool available (i.e. RISK*ASSISTANT), we will be more assured regarding

the management and utilization of fly ash.  Consequently, we will be able to locate

potential risk areas/activities, and/or to suggest types of environmentally best options

for types of utilization or remediation and/or treatment.

2.8.1 What is RISK*ASSISTANT?

RISK*ASSISTANT is a powerful, yet easy to use, set of tools and databases

that allows you to estimate health risks from chemicals in the environment in

particular settings.  With RISK*ASSISTANT you need to know only the

concentrations of chemicals present (or the amount of their release to the air) and

something about local conditions of exposure to be able to generate your own

estimates of the risks.

RISK*ASSISTANT has been developed by the Hampshire Research Institute

of Alexandria, Virginia (a non profit scientific and educational institution), with

generous sponsorship from:

• U.S. Environmental Protection Agency

• California Environmental Protection Agency

• Delaware Department of Natural Resources and Environmental Control

• New Jersey Department of Environmental Protection

• INFORM, Inc., and

• W. Alton Johns Foundation

For the past five years, environmental professionals and educators around the

world have used previous versions of this software, RISK*ASSISTANT 1.0 and 2.0

for Windows offers many more features for these audiences.  But, even more,

RISK*ASSISTANT for Windows is designed to greatly expand the number of people

and organizations capable of performing risk assessments-especially at the local level,

where risk occurs.
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Risks can only be estimated, not measured.  But, even if they could be

measured, there is no consensus on what to measure. RISK*ASSISTANT generates

two types of risk estimates:

• for potential cancer-causing chemicals, the increased probability of

individual’s getting cancer from a particular exposure;

• for potential non-cancer toxic effects, a comparison of the expected level of

exposure to an exposure that is assumed to be essentially without risk.

RISK*ASSISTANT uses these risk measures because they are the ones most

often used in the U.S. Environmental Protection Agency (EPA) risk assessments.

They are by no means the only possible measure of health risk, however.  Other ways

to assess the same adverse health effect include:

• total number of people affected, (population risk, rather than individual

risk)

• the relative incidence of an adverse effect in populations known to be

exposed with those not exposed,

• the ratio of the expected risk with the exposure to that expected without it,

• reduced life expectancy associated with the effect,

• income potential lost,

• quality of life lost or suffering incurred, and

• the costs to society from such an effect.

The perspectives gained from different risk measures, for the same adverse

effect, can vary greatly.  For example, several measures that weigh risk for society as a

whole may imply a small concern, but if they result from very high individual risk to

small number of people, that may justify a much greater concern.
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2.8.2 RISK*ASSISTANT and the Issues of Risk Assessment

RISK*ASSISTANT lets you see the impact of different assumptions in your

exposure and risk assessments, but it cannot eliminate the large uncertainties in such

assessments. RISK*ASSISTANT cannot establish that risk is indeed the issue, nor

does it address non-risk elements such as the economic costs of adverse health effects.

No software can assess all factors relevant to a local situation, but RISK*ASSISTANT

can and does use standard approaches to generate estimates of exposure and risk using

detailed, locally relevant information and test them against many alternative

assumptions.
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CHAPTER III

MATERIALS AND METHODS

First, literature and preliminary site data, including those collected for a site

visit, are examined to get overall information of the site.  Data needed for human

health assessment are characterized as those of sources, pathways, and receptors.

(EPA/504/1-89/002, 1989)  These information come from EGAT documents,

published and informal papers, interviews with EGAT staff, internet searches, as well

as, information from different governmental organizations, to include, maps of power

plant site, the 1:50,000 topographic/military maps, recent 1:20,000 color aerial photo,

land use maps, and articles and papers from various sources.

Then, the extensive site survey will provide more accurate information and

a modification to preliminary data.  Data on fly ash sales record will be assessed.  The

survey will also consist of collecting samples, according to planned testing schedule,

with good sampling procedure, in adequate amount, from Mae Moh Lignite Power

Plant, and transported them to proper storage with appropriate preservation.

Samples from top layer fly ash from different locations will be selected and

collected by single random sampling event.  Local site characteristics such as pH and

temperature, will be measured on site, while parameters such as moisture content will

be evaluated as soon as possible.  Collection of surface water from different locations

will follow the flow direction to the south-west, from Amphur Mae Moh to Amphur

Mae Tha, and Amphur Koa Ka, respectively.  Water samples will be preserved by

nitric acid (2 ml of high-purity nitric acid per one liter of water) and stored at 4

degrees Celsius to prevent the loss of trace elements.

In this study, the procedures for compressive strength and leaching tests are

based on the applicable ACI Standard Practice (ACI 232.2R-96) and ASTM Standard

(ASTM C 618, ASTM C 109-90, and ASTM C 311-90).  The variables in the

compressive strength tests are percent of cement replacement and age of fly ash mortar

after casting. (Figure 4)  Concentration of total arsenic will be evaluated by using

Graphite Furnace Atomic Absorption Spectrophotometry (GFAAS) through standard
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procedures.  Research information from previous works will be examined to provide

background knowledge on factors influencing mortar strength and leaching behavior.

Sampling of fly ash data and testing schedule will be properly planned.

All gathered information, as well as, concentrations from testings, will be

employed to evaluate human health risk for the two circumstances.  The evaluation

procedure in this study, highly complicated and multi-disciplinary, follows the

guidelines by the United States Environmental Protection Agency, U.S. EPA.

Unavailable data will be best estimated.

After the analysis of results, implementation of valid results relevant to

decision making concerning fly ash utilization will follow.

3.1 Materials
3.1.1 Tools:

- Universal Testing Machine (UTM), standard setting

- Related American Concrete Institute (ACI) and American Society

of Testing Materials (ASTM) manuals

- Graphite Furnace Atomic Absorption Spectrophotometry (GFAAS),

standard setting, with equipment and chemicals for total arsenic

concentrations

- Related United States Environmental Protection Agency (EPA)

manuals

- RISK*ASSISTANT software and user’s manual

3.1.2 Data Requirement:

Typical risk assessment data requirements are shown below: (adapted from Bailey,

1985)

For Exposure Assessment

1. Source Generation (Emissions Determination)

a. Plant operations

b. Waste stream data

c. Monitoring data
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2. Environmental Transport

a. Pollutant fate properties

b. Site and surrounding area geology

c. Site and surrounding area hydrology (surface water flow)

d. Site and surrounding area atmospheric data (precipitation, wind

speed)

e. Monitoring data (concentrations of contaminants in media)

f. Topographic maps (and aerial photos)

3. Exposure Analysis

a. Surrounding area data including distribution and consumption of

animal products, vegetable products, drinking water

b. Bioconcentration data (fish, grasses from literature or laboratory

analysis)

c. Background concentration of contaminants

d. Water sources and use

4. Population Determination

a. Census data (sampling)

b. Land use patterns

c. Population data (age, sex distribution)

For Hazard Identification and Dose-Response Assessment

1. Epidemiological studies

2. Animal bioassays

3. Short term tests

4. Structure/Activity Relationship

5. Dose-Response functions

3.2 Methods
3.2.1 Data Collection

In this step, an attempt will focus on collecting as much existing and accurate

data as possible.  There are two phases of data collection, preliminary and extensive

ones.  Both phases of data collection cover data required for human health risk
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assessment, to include site-specific/local data and semi-regional (surrounding area)

data.  Site-specific data include physical, chemical, properties of fly ash, plant

operations and activities, emission data, waste generation and stream monitoring, and

meteorology.  While, examples of surrounding area data are water consumption and

use and its distribution, land use, and animal and plants products.  The preliminary

data collection lasts approximately one year prior to the extensive data collection at

the site, which lasts for one week.  All samples are taken during the day between 0830

and 1630.

3.2.1.1 Preliminary Data

Preliminary data are obtained from secondary data from many sources, including the

site visit.

Table 3.1 : Examples of Preliminary Data and Sources.

Examples of Preliminary Data Sources
Precipitation and intensity, wind Related Governmental Departments
Geological/topographic data Army Survey, Geological Resource Dept.
Current and Future Land use Land Development Department
Population characteristics: number,
distribution, water/food consumption,
distance from source, etc.

Ministry of Interiors, Site visit

Characteristics of potential hazard
elements Literature review

Extensive Site Survey and Sample Collection:

Extensive Site Survey

This data collecting phase focuses on primary and local data by site survey

and interviewing key informants, and to get required data unable to obtain in the first

phase, and modifying obtained data for better accuracy.  Data are obtained from local

governmental agencies/organizations, enterprise (EGAT), and local people.

Population Survey (a part of extensive site survey)

Two groups of population are related to risk assessment: residential (including

agricultural activities at residents) and occupational (workers and visitors at the power

plant and storage site).  Activities of both groups of people will be recorded.
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Information will include information on population (gender, age, occupation, etc.)

water consumption pattern and rate (drink, swim, etc.), working hours, etc.

Sample Collection

Samples for compressive strength and leaching tests, as well as, those for

Graphite Furnace Atomic Absorption Spectrophotometry analysis, are collected in this

phase.

   Samples of fly ash to be tested for compressive strength and leaching tests will

be collected from plants 4 – 13.  A total approximate amount of 200 kilograms will be

collected in a period of one week and transported to the laboratory in Bangkok and

will be tested according to the schedule in Table 3.5 – Table 3.8.

While, the daily activity of all groups of exposed population will be surveyed

and interviewed, to include their working schedule, drinking rate, etc.  Secondary data

on air quality, dust concentration in air, collected by the Electricity Generating

Authority of Thailand and the Pollution Control Department.

3.2.2 Human Health Risk Assessment

3.2.2.1 Risk Assessment of the Storage of Fly Ash (Baseline Risk

Assessment) (EPA/540/1-89/002) (Figure 3.1)

This step of human health risk assessment will lead to an achievement of the

first objective of the study.

A) Data Collection and Evaluation

Gather and analyze the site specific data and surrounding data relevant to

human health evaluation and identifying the substances present at the site that are the

focus of the risk assessment process.  Data for this step come from preliminary data

and extensive site survey and sample collection, as well as, results from testings.

Determination of Total Arsenic Concentration by Graphite Furnace

Atomic Absorption Spectrophotometry (GFAAS)

The following determination of total arsenic concentration follows a technique

by Jackson, 1958, cited in Visoottiviseth et. al., 2001.  This method will be used to

determine total arsenic concentrations of the samples of fly ash, surface water, soils,
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grasses, and leachate water from fly ash-cement mortars.  All chemicals used are

analytical grade and Milli-Q water (Millipore) is used throughout the process.

The preserved samples of fly ash, soils, and grasses are required to be digested

in the first step, while samples of surface water and leachate water are not.  Digestion

process is as follow; first the sample (1.00 g) has to be ground, then digested by

adding 6 M HCl (10 ml) and leaving it at room temperature for 2 hours.  Next, a

solution of HCl/HNO3 (3:1 v/v, 10 ml) is added and the mixture is heated at 80

degrees Celsius for 2 hours.  After heating, the mixed solution is diluted with

deionized water, filtered, and added with water to make the final volume of 50 ml.

The solution is digested and prepared for the next step.

The next step is determination of total arsenic concentrations by Graphite

Furnace Atomic Absorption Spectrophotometry.  Samples ready for this step include

surface water, leachate water from fly ash-cement mortars, and the prepared/digested

solution from digestion process.  In this step, acid blanks are analyzed in order to

assess possible contamination.  Standard solution, 100 g/l As, is prepared using diluted

standard 1,000 mg/l As as sodium arsenate (Na2HaSO4.7H2O) with 1% nitric acid.

Palladium 1,000 mg/l was used as matrix modifier.  AAS(Perkin-Elmer Analyst) and

graphite tubes with L’ vov platforms are used to determine arsenic concentration.  The

radiation source was as As electrodeless-discharge lamp operated at over 300 mA; the

wavelength is 193.5 nm and a 0.7 nm spectral band width is used.  The operating

conditions for analysis are as follows:

Table 3.2 Graphite Furnace Atomic Absorption

Spectrophotometry Operating Conditions.

Step Temperature
(°C)

Ramp/Hold Time
(sec)

Argon gas flow
(ml/min)

1. Drying 120 10/30 250

2. Pyrolysis 1,200 10/30 250

3. Cooling 20 5/5 250

4. Atomization 2,300 0/5 Stop flow

5. Clean up 2,400 1/5 250
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B) Exposure Assessment

Estimate the magnitude of actual and/or potential human exposures to

substance(s) identified in the former stage, the frequency and duration of these

exposures, and the pathways by which humans are exposed.  Reasonable maximum

estimates of exposures are developed for both circumstances.  This stage of

assessment involves analyzing contaminant releases; identifying exposed population;

identifying all potential pathways of exposures; estimating exposure point

concentration for specific pathways, based on environmental monitoring data and

predictive chemical modeling results; and estimating contaminant intakes for specific

pathways.  The results of this assessment are pathway-specific intakes for current and

‘optional’ exposures to individual substances.  Data required for this step are collected

during data collection process and from the results of testings.

C) Toxicity Assessment

This stage considers: 1) the types of adverse effects associated with chemical

exposures; 2) the relationship between magnitude of exposure and adverse effects; and

3) related uncertainties such as the weight of a particular chemical’s carcinogenicity in

humans.  The U.S. EPA relies heavily on existing toxicity information developed for

specific chemicals.  Toxicity assessment consists of two steps, hazard identification

and dose-response assessment.  Hazard identification involves determining whether

exposure to an agent can cause an increase in the incidence of an adverse health effect,

such as cancer and birth defect.  Dose-response assessment is a process of

quantitatively evaluating the toxicity information and characterizing the relationship

between the dose of the contaminant administered or received and the incidence of

adverse health effects in the exposed population at different exposure levels.

Concentrations of total arsenic from experimental analysis are relevant to both steps of

this stage of assessment.

D) Risk Characterization

In risk characterization, summary and combination of outputs of exposure and

toxicity assessments to characterize baseline risks (both in quantitative expressions

and qualitative statements) are laid out.  During this stage, chemical-specific toxicity

information is compared against both measured contaminant exposure levels and those

levels predicted through fate and transport modeling to determine weather or not
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current or alternative levels at or near the site are of potential concern.  Quantitative

expression of risk can be reported in many ways (Table 3.3).

Table 3.3: Quantitative Expression of Risks

3.2.2.2 Risk Assessment of Utilizing Fly Ash as Construction Materials

(Potential Remedial Alternative)

This step of human health risk assessment will lead to an achievement of the

second objective of study.

The human health risk of this potential remedial alternative by utilizing fly ash

as construction materials is required to be assessed prior to relatively confident

decision making.  The procedure for assessing health risk assessment for this

alternative remedy is similar to that of the baseline risk assessment stated above.  Data

collection, both from preliminary data and extensive site survey, provide information

for this procedure.  However, various data and information have to be modified with

respect to an alternative scenario.  Previous studies, results of compressive strength

and leaching tests, as well as information on fly ash sales record and potential market

for construction, tell us about existing and potential types and quantity of utilization.

While, leaching test and GFAAS analysis reveal the concentration of total arsenic

possible exposed to humans in their existing and potential fly ash concrete utilization.
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Compressive Strength Test (ASTM 109-90)

The object of this test is to find compressive strengths of fly ash-cement

mortars at varying percent of cement replacement and age after casting.  Other

parameters, which have an effect on compressive strength, will be held constant.

Parameters held reasonably fixed are cement type (Portland cement, type I), type of

aggregate (natural sand), type of water (tap water), type of fly ash (Mae Moh source),

admixtures (none), sand to cement ratio-S/C (kept at 3.0), water-binder ratio (kept at

5.0), as well as, fineness and degradation of fly ash (in original state).  Test results,

along with other results from literatures, will be used to classify types of utilization of

fly ash concrete.

For this test, there are 5 specimens for each mix for statistical sufficiency.  The

dimension is 5 cm x 5 cm x 5 cm cubic.  There will be the total of 20 mixes (100

specimens) tested for compressive strength  Five control mixes or 20 specimens (ones

with no fly ash) will also be tested.  Details on the proportions of mixes, with varying

parameters, tested for compressive strength are as shown below:

1. Fly ash replacement (FA): 0, 15, 30, 45, 60 (percent) (5 mixes)

2. Age (A) (compressive): 7, 28, 60, 90 (days) (4 mixes)

Note: other parameters are held constant.

Leaching Test (adapted from EPA TCLP)

The objective of conducting leaching test for fly ash-cement mortars is to

determine their leachate concentrations. Two sets of concentrations will be measured.

First, the normal procedure requires grinding and digesting mortars as a preparation

step.  The concentrations measured are the extreme concentrations one may possibly

expose to.  Secondly, with all other parameters held fixed, fly ash mortars cubes with

varying percent of cement replacement will be fully submerged into distilled water.

Concentrations of total arsenic will be determined by Graphite Furnace Atomic

Absorption Spectrophotometry.  For each mix, three specimens will be cast and tested

for leaching.  The total number of specimens is 60.  The mixes, tested for leaching of

arsenic contain the following variation:

1. Fly ash replacement (FA): 0, 15, 30, 45, 60 (percent) (5 mixes)

2. Age (A) (leaching): 7, 28, 60, 90 (days) (4 mixes)
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Summary of Compressive Strength and Leaching Tests Schedule is tabulated in Table

3.5 to Table 3.8 below :

Phase 1: Casting Schedule, Age (A) = 90 days, tested for compressive

strength and leaching. (C, L)

Table 3.4: Casting Schedule for cement-fly ash mortars at 90 days.

Mix ID Weight Proportion Cement Fly
Ash Sand Water Total Factor

FA00 1 0 3 0.50 4.50 22.222
FA15 0.85 0.15 3 0.50 4.50 22.222

A90CL W50 FA30 0.70 0.30 3 0.50 4.50 22.222
FA45 0.55 0.45 3 0.50 4.50 22.222
FA60 0.40 0.60 3 0.50 4.50 22.222

Phase 2: Casting Schedule, Age (A) = 60 days, tested for compressive

strength and leaching. (C, L)

Table 3.5: Casting Schedule for cement-fly ash mortars at 60 days.

Mix ID Weight Proportion Cement Fly
Ash Sand Water Total Factor

FA00 1 0 3 0.50 4.50 22.222
FA15 0.85 0.15 3 0.50 4.50 22.222

A60CL W50 FA30 0.70 0.30 3 0.50 4.50 22.222
FA45 0.55 0.45 3 0.50 4.50 22.222
FA60 0.40 0.60 3 0.50 4.50 22.222

Phase 3: Casting Schedule, Age (A) = 28 days, tested for compressive

strength and leaching. (C, L)

Table 3.6: Casting Schedule for cement-fly ash mortars at 28 days.

Mix ID Weight Proportion Cement Fly
Ash Sand Water Total Factor

FA00 1 0 3 0.50 4.50 22.222
FA15 0.85 0.15 3 0.50 4.50 22.222

A28CL W50 FA30 0.70 0.30 3 0.50 4.50 22.222
FA45 0.55 0.45 3 0.50 4.50 22.222
FA60 0.40 0.60 3 0.50 4.50 22.222
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Phase 4: Casting Schedule, Age (A) = 7 days, tested for compressive strength

and leaching. (C, L)

Table 3.7: Casting Schedule for cement-fly ash mortars at 7 days.

Mix ID Weight Proportion Cement Fly
Ash Sand Water Total Factor

FA00 1 0 3 0.50 4.50 22.222
FA15 0.85 0.15 3 0.50 4.50 22.222

A7CL W50 FA30 0.70 0.30 3 0.50 4.50 22.222
FA45 0.55 0.45 3 0.50 4.50 22.222
FA60 0.40 0.60 3 0.50 4.50 22.222

Overall Testing Schedule (C, L): 7-28-60-90 days

3.3 Process Analysis
3.3.1 Verification and Sensitivity Analysis

Verification of risk assessment process will be done in part using

RISK*ASSISTANT software package by inputting as much the same data as manual

assessment as possible, for one case of certain population group of a scenario.  Some

inputs may need modification as the best estimation.  Results from

RISK*ASSISTANT will be compared to those obtained from previous evaluation.

Similar results are expected.  Sensitivity analysis will be done partly by

RISK*ASSISTANT and mostly by spreadsheet functions after valid verification from

the previous step.

3.3.2 Comparative Analysis

This step of analysis will lead to an achievement of the third objective of the

Study.  This step compares the results from two scenarios: overall resultant risk from

fly ash for storing fly ash, and overall risk for utilizing fly ash as concentration

materials (both present and potential utilization).
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3.4 Result Implementation
After comparative analysis, this step recommends how to apply the resultant

risks to the decision making process.  This step will lead to suggestion on fly ash

utilization and/or remediation/treatment.  In other words, this step will suggest how

this assessment tool and evaluation could practically be applied to actual site-specific

situations.

3.5 Working schedule
Preliminary data were collected in advance and throughout the study.  The site

visits took places many times during November 2001 and August 2003.  The site

survey and data collection was in July 2002.  The laboratory work period was from

July to December 2002.  The population interview was completed during 10 – 17

April 2003.  The data analysis and evaluation phase began in September 2002 to

September 2003.
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CHAPTER IV

RESULTS

4.1 Introduction
In Chapter 3, methods and methodologies for the overall study were explained.

This Chapter provides the results of steps described earlier in the order of risk

assessment procedure to facilitate the understanding of complicated assessment

processes.  The results are presented in the following order: complete exposure

pathways, exposure assessment, quantification of exposure, calculation of cancer risks,

modeling of risk contribution, summary of cancer risks, and the  results of

RISK*ASSISTANT.

4.2 Complete Exposure Pathways:

By completing a preliminary survey, an extensive site survey, interviews and

reviewing related documents, complete exposure pathways for the Mae Moh plant can

be drawn as shown in the next page:

Ing = Ingestion, Inh = Inhalation, DC = Dermal Contact

Figure 4.1:Complete Exposure Pathways of Human Health Risk Assessment.
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All possible complete exposure pathways to arsenic are presented in the Figure

shown above. ‘Ing’ represents ingestion pathway, ‘Inh’ represents inhalation pathway,

and ‘DC’ represents dermal contact pathway. Fly ash can be stored and/or sold as

depicted above, while some portion of fly ash at the plant has to be treated by existing

ash water treatment system before discharging to natural water.

The storage of fly ash may involve human health risk from the operation at the

plant, along the route of transportation to the site, and at the storage site itself.

Workers, local villagers and visitors are subject to such risk.  There will be no risks for

utilization population in this case, however storing fly ash results in some risks for

residential population.  This is due to the fact that there is some amount of fly ash that

has to be treated by the water treatment system, although most of fly ash is transported

through belt conveyors up to storage or disposal sites.

The process involving selling of fly ash may involve human health risk from

the operation at the plant, along the route of  transportation to the destination, and at

the destination, which depends on the resulting  types of  utilization.  Workers,

drivers,  and  users  of  fly ash corporated products  are  subject  to  possible  risk.

Similarly, residential population living along the river may expose to health risk

associated with this option.  Although, most of fly ash is transported to other

destinations, some fly ash has to be treated by the water treatment system.

In both cases, some amount of fly ash at plant’s units (4-13) will be treated

through the (ash) water treatment system, consisting of series of ponds.  After this

system, the treated water is discharged into natural water, in this case, Mae Chang

River.  Residual arsenic in the water may cause additional risk to local villagers living

downstream.  A model is used to approximate arsenic concentrations in water for both

cases.
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SENARIO 1: Complete Storage of Fly Ash

Ing = Ingestion, Inh = Inhalation, DC = Dermal Contact

Figure 4.2 : Exposure Pathways for Complete Storage of Fly Ash
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SCENARIO 2: Complete Sale of Fly Ash

Ing = Ingestion, Inh = Inhalation, DC = Dermal Contact

Figure 4.3: Exposure Pathways for Utilizing Fly Ash as Construction Materials
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is discharged to the river.  Extrapolated concentrations of arsenic in the river are

linearly modeled to determine human health risk.

4.3 Exposure Assessment
4.3.1  Source Generation

Ten units of power generating systems at the Electricity Generating Authority

of Thailand, Mae Moh mine can produce 2,400 mega Watts of electricity, the second

highest in Thailand.  The electricity is distributed to provinces in the north (50%), the

central region (30%), and the northeast (20%) (EGAT, 2001).

Each day approximately 45,000 tons of coal is used as input of the electricity

generating process.  Nine thousand tons of fly ash is produced daily.  Units 4 – 7 each

have maximum production of 600 tons a day, while units 8 – 13 each can produce up

to 1,100 tons a day. (Ponlit, 2003)

According to Nimityongskul and Sayamipak, 2000, lignite coal is brown to

dark brown in color, with relatively low quantity of carbon and high moisture content

compared to other types of coal (bituminous and anthracite).  It is the lowest quality of

natural coal.  In the process of generating electricity, lignite is ground, burned for heat.

The remaining of burning, fly ash, will float with heated gas, collected by electrostatic

precipitator and stored in ash hopper.  Average diameter of fly ash is 1 – 150 microns.

The By-products Management Section regularly take four samples of fly ash

are taken daily to ensure it meets ASTM C-311 standard with:

-   Maximum Sulfur Trioxide 4.0 %

-   Maximum Free CaO 2.0 %

(By-product Management Section, 2001)

Mae Moh fly ash is found to meet ASTM C 618-94a (1995) Class C with the

following criteria: (Nimityongskul and Sayamipak, 2000)

As a standard practice at the Mae Moh plant following an SO2 emission

incident in 1992,  raw coal should not have more greater than 5% of Sulfur to prevent

possible air pollution.  When the Sulfur content is relatively high, a portion of it will

be mixed with low-sulfur coal to make an average acceptable content.  The practice is

even more stringent in winter when the weather is cooler and the air is more stagnant.

(Pakowong, 2001).
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Sulfur trioxide percentage in fly ash is critical to its utilization.  The high sulfur

trioxide content retards the hardening and casting process and leads to lower

compressive strength of concrete.  The content of SO3 in fly ash should be small with

general acceptant limit of about 3 – 4%.

Yearly averages of fly ash composition, including SO3 and other substances,

during 1990 – 1998 are shown in the Table 4.1 below: (Jaturapitak et al., 1999)

Table 4.1: Chemical Composition of Mae Moh Fly Ash from 1990 – 1998

Average Percent by WeightChemical
Composition 2533 2534 2535 2536 2537 2538 2539 2540 2541

SiO2 37.8 42.8 40.3 43.1 52.8 40.6 40.6 41.5 37.3

Al2O3 20.5 23.3 24 20.2 18 22.8 23.6 28.1 22.1

Fe2O3 14.2 14 15 13.2 8.5 12.8 13 12.3 14.4

CaO 17.4 10.5 11.2 13 13.3 14.4 13 10 11.4

SO3 3.9 3.9 3.1 2.6 2.8 2.8 2.4 2 2.5

MgO 3.3 2.4 2.8 2.7 1.4 2.5 2.5 1.2 2.7

Na2O 0.9 0.8 1 1.3 0.9 0.7 1.2 0.6 1.1

K2O 2.1 2.3 2.6 2.4 2 2 3 3.3 2.7

Loss on
Ignition 0.8 0.7 0.5 0.6 0.3 0.9 0.7 0.8 0.1

Loss on ignition is defined by the percentage of energy loss in heating to start

up the process by igniting coal up to a temperature it can yield energy.

While fly ash properties in 1999 are summarized in Table 4.2 below: (By-

production Management Section, 2001)

Table 4.2: Mae Moh Fly Ash Properties in 1999

% LOI SiO2 Al2O3 TiO2 Fe2O3 CaO MgO Na2O K2O P2O5 SO3

MAX 0.42 59.72 29.34 0.62 16.58 18.68 5.36 2.06 3.45 0.51 3.82

MIN 0 31.11 16.02 0.39 5.56 3.99 1.05 0.24 2.12 0.02 0.28

AVG 0.09 39.92 23.81 0.49 12.65 10.52 2.89 1.27 3.08 0.15 1.83

SD 0.13 3.55 2.21 0.03 1.45 2.18 0.76 0.28 0.21 0.06 0.54
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Table 4.1 and Table 4.2 show the tendency of consistent decrease in SO3

content in Mae Moh fly ash.  This tendency benefits the possibility of utilizing fly ash

in construction business as shown by a consistent increase in fly ash sale by the By-

product Management Section, EGAT (EGAT, 2001 and EGAT, 2003).

4.3.2 Environmental Transport and Exposure Analysis

After it is collected by electrostatic precipitator, fly ash is transported by belt

conveyors to the dumping sites, locating a few kilometers north up in the valley.

Water spraying at the belts and the roads up to the valley is used to prevent dust.

Some amount of fly ash is sold and transported by trucks to many destinations in all

regions of Thailand.  As shown in the chart, different routes of exposure can occur;

ingestion, inhalation, and dermal contact.  Assessment of human health risk depends

on many variables, including those of sources, pathways, and receptors, as discussed

earlier.  Risk  depends on type of utilization, therefore wise use of fly ash is preferred.

Possible Complete Pathways for Residential Population (for both scenarios):

• Ingestion (drinking, brushing teeth, etc.)

• Ingestion (eating fish)

• Dermal Contact (swimming)

• Dermal Contact (farming)

Possible Complete Pathways for Occupational Population (for both scenarios):

• Inhalation (arsenic particulates)

• Ingestion (incidental)

• Dermal Contact (fly ash)

4.3.3  Population Determination

According to the site model and the results from experimental investigation,

people who are ‘at some degree of risk’ for arsenic are local villagers in some area of

Mae Moh district, Mae The district, and Koa Ka district of Lampang province, as well

as workers at the Electricity Generating Authority of Thailand, Mae Moh site and

visitors from different places.

Exposure Population for each scenario can be summarized on the next page:
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Current Fly Ash Storage and Sale:

- Occupational Groups (Workers at Plants and Storage Site and visitors)

- Residential Group (Living along the River)

- Utilization Group (Drivers, Workers at Ready Mixed Concrete Plant, and

End Users)

Scenario I: Complete Fly Ash Storage:

- Occupational Groups (Workers at Plants and Storage Site)

- Residential Group (Living along the River)

Scenario II: Complete Fly Ash Sale:

- Occupational Groups (Workers at Plants and visitors)

- Residential Group (Living along the River)

- Utilization Group (Drivers, Workers at Ready Mixed Concrete Plant, and

End Users)

4.3.3.1 Workers at EGAT:

A number of workers are hired to work for EGAT.  These people who face

some risk include workers at the storage site, and in an area nearby plant units 4 – 13.

Number of workers, concentration of arsenic in each medium that result in a route of

exposure, and estimated time of exposure are required to estimate the overall human

health risk for workers.  These people can potentially be exposed to inhalation of

particulates, incidental ingestion, and dermal contact.

Workers at plant units 4 – 13 are divided into 3 shifts a day, morning,

afternoon, and night shifts, 8 hours per shift.  One person is responsible for each unit,

therefore there are 10 people in a shift.   After a night shift, workers are allowed one

day off duty.  Additional 30 days of vacation are allowed per year, however some of

workers may not take their vacation and some may take vacation and still stay in

EGAT vicinity.  This of workers are exposed to higher risk than others.

Workers at storage site, approximately 10 at a time, are on duty during 8:30

a.m. to 4:30 p.m. for 10 days and will have 5 days off duty.  Additional vacation of 30

days per year is also authorized.



Saranyu Viriyavejakul                                                                                                           Results / 98

4.3.3.2 Visitors:

Approximate number of EGAT’s visitors who may be at risk and location of

visit, as well as the duration are obtained from the EGAT’s Public Relation Section.

Visitors may spend time at the public relation building for presentation, in a vehicle

for a site visit, sometimes to the plant to observe the operations, and once in a while to

the storage site.  This information will be useful for overall assessment of risk for

visitors.

Information on occupational population including workers and visitors can be

summarized in the Table 4.3.

Table 4.3: Summary of Description and Possible Complete Pathways for

Occupational Population (Workers and Visitors)

                                                                          Possible Complete Pathways
Receptors Description Inhalation Incidental

Ingestion
Dermal
Contact

Workers at
plants

# 4 – 13

Work in shifts for 8 hours
each, and additional 30
days of vacation/year

All workers
5/7 days avg

Yes Yes

Workers at
Storage Site

Work 10 days and take
5 days off, all year round,
and up to 30 days of
additional vacation/year

All workers
10/15

days avg

Yes Yes

Visitors
Visit different sites:

plants and storage site.
Information from public

Relation Office

Proportional
to conc. and
time spent

Yes Yes

4.3.3.3 Utilization Group

Utilization population (or group) are those who may be exposed to arsenic in

types of utilization, and thus may result in some degree of cancer risks.  There are 3

primary types of utilizers of ready mixed concrete products, namely:

1) General Building Structures: ready mixed concrete is used to build

different structures such as floor, beams, and columns.  These types of utilization

usually consist of 20 – 30 percent of fly ash in concrete.

2) Road Surface: many road surfaces are currently using ready mixed concrete

with a portion of fly ash from 10 – 15 percent.  The cost of construction is lowered



Fac. of Grad. Studies, Mahidol Univer.           D.Sc.(Technology of Environmental Management) / 99

while gaining desirable properties such as cracks prevention.  More amount of fly ash

will retard the casting process and is not practical.

3) Special Purpose Structures: structures such as dams and large foundations

require low heat of hydration process.  Fly ash is utilized in large proportion, up to 50

to 60 percent, in these types of structures.

For all types of users, most exposed populations are considered to be truck

drivers, and construction workers for road and structure constructions.  This is due to

the fact that the truck drivers are exposed to inhalation and dermal contact of fly ash

during transportation and the nature construction works where workers have to be

exposed to fly ash and mixed concrete via dermal contact and inhalation.

4.3.3.4  Local villagers (Residential Group):

Local villagers are subject to risk from EGAT, primarily through ingestion and

dermal contact of river water, especially the Mae Chang Rivers, which runs from Mae

Chang Reservoir, through EGAT (used as plant input), Mae Moh Reservoir, through

Mae Moh district, Mae Tha district, and reaches the Wang River in Koa Ka district of

Lampang province.  The number of people in each village, classified by age and

gender, is shown in Appendix C.

A pattern of water consumption depends on peoples’ way of living: what they

do for living, how much and how often they drink water, brush teeth, take bath, etc.

For this reason, water consumption pattern and rates for each village were determined

by approximation of a village leader and his/her assistant, through extensive interview.

People who drink from Mae Chang River were interviewed due to possible higher

risks.  More details are attached in Appendix D.  Information on number of population

classified by age by each village was acquired from the local sanitary department

organization that performs regular head counts or yearly census.   Assumptions of

local villagers (residential population) include:

Age 0 – 1 year Stay home with parents, grandparents or relative, possibly

exposed to ingestion (drinking water) and dermal contact

(showering)
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Age 1 – 4 year Stay home and go with parents to farm, possibly exposed to

ingestion (water, fish) and dermal contact (swimming, farming,

showering)

Age 5 – 14 year Go to schools during weekdays, stay home or go to farms with

parents during weekends, possibly exposed to ingestion (water

and fish) and dermal contact (swimming, farming, showering)

Age 15 – 59 year Work during weekdays and weekends for farmers, others work

during weekdays, stay home during weekends, possibly exposed

to ingestion (water and fish) and dermal contact (swimming,

farming, showering)

Age 60 and over Retire and stay home, possibly exposed to ingestion (water and

fish) and dermal contact (swimming, farming, showering)

All children, between 5 – 14 years of age, are assumed to go to school during

weekdays for 8 hours a day (8 am – 4 pm).  Figure 4.5 shows approximate locations of

these schools.  Numbers 1 – 5 in circles indicate background locations.  In addition,

the stars designate locations of villages that drink from the Mae Chang River.

A survey of local schools found that all students, teachers, and other employees

do not drink river water:

A) EGAT Mae Moh Withayanukroh

B) Ban Hang Hung School

C) Ban Mae Moh Withayakom School

D) Mae Moh Station School

E) Ban Pa Meaw School

F) Ban Mae Lu School

G) Ban Hua Sua School

H) Ban Kom School

I) Mae Tha Prachasamakee School

J) Mae Tha Withaya School

K) Ban Nong Luang School

L) Ban Nam Thong Community School

M) Ban Na Kwao School
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N) Ban Na Kwao Kew School

O) Ban Nong Thoi School

P) Ban Na Krua Prachasamakee School

Q) Ban Pa Tan School

R) Ban Nong School

S) Ban To School

Residential Population Exposure Characteristics by Village are shown in Table 4.4:

Table 4.4: Residential Population Exposure Characteristics by Village

Village/District Population # House
Holds

Drink
Water? Other Uses? Swim? Cosume

Fish?
Fish

Culture?
Farming/

Plantation?
Hang Hung/Mae Moh 1133 254 No Yes No Yes No Yes
Station/Mae Moh 721 227 Yes Yes Yes Yes Yes Yes
Kom/Mae Tha 536 139 Yes Yes Yes Yes No Yes
Hua Sua/Mae Tha 1038 321 Yes Yes Yes Yes No Yes
Don Mun/Mae Tha 578 147 No Yes Yes Yes No Yes
Mae Lu/Mae Tha 1040 262 Yes Yes No Yes No Yes
Sop Rai/Mae Tha 279 69 No Yes Yes Yes No Yes
Ban Mai1/Mae Tha 695 179 No Yes Yes Yes No Yes
Ban Mai8/Mae Tha 640 161 No Yes Yes Yes No Yes
Pong Pa Pao/Mae Tha 696 165 No Yes Yes Yes No Yes
Sop Po/Mae Tha 247 68 No Yes Yes Yes No Yes
Nam Thong/Mae Tha 1594 372 No Yes Yes Yes Yes Yes
Ban Luk/Mae Tha 1127 248 No Yes Yes Yes Yes Yes
Nong Thoi/Mae Tha 921 224 No Yes Yes Yes No Yes
Ban Hom/Mae Tha 557 270 No Yes No Yes No Yes
Ban Lug Tai/Mae Tha 725 178 No Yes Yes Yes Yes Yes
Na Kwao/Mae Tha 752 172 No Yes Yes Yes Yes Yes
Ban Pao/Mae Tha 1027 245 No Yes Yes Yes No Yes
Ban Na Khot/Mae Tha 1206 306 No Yes Yes Yes No Yes
Pa Tan Nua/Mae Tha 1010 251 No Yes Yes Yes No Yes
Pa Tan Tai/Mae Tha 1449 336 No Yes Yes Yes No Yes
Sop Tha/Mae Tha 394 88 No Yes Yes Yes Yes Yes
Ban To/Mae Tha 1738 428 No Yes No Yes No Yes
Ban Nong4/Mae Tha 1210 276 No Yes Yes Yes No Yes
Ban Nong9/Mae Tha 838 202 No Yes Yes Yes No Yes
Wang Phrao/Koa Kha 996 224 No Yes Yes Yes No Yes
Sop Chang/Koa Kha 1012 278 No Yes Yes Yes No Yes
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4.3.4  Total Arsenic Concentration Determination

Samples of consumed river water were taken and analyzed for concentration of

total arsenic and summarized, in the order of the villages along the direction of the

flow of Mae Chang River, in the Table 4.5.

Figure 4.4: Approximate Locations of Treatment Ponds, Schools, and

Villages downstream of Plant, along the Mae Chang River

Table 4.5: Information of Sampling Points for

Determination of Arsenic Concentration

Sample
Number

Representing Medium and
Villages/Location

Distance from
Plant to

Sampling
Points (km)

Direction from
Plants to
Sampling

Points

Distance from
Discharge to

Sampling points
(km)

Avg As Conc
(ppb)

1 Fly ash (plants 4- 13) 0 - - 322000

2 Fly ash (along conveyor) 1 – 3 N - 278000

3 Fly ash (storage site) 4 N - 298000

4 Ash water lake 1 S - 25000

5 Plant Species 1 (root) storage site 4 N - 6670

6 Plant Species 2 (leaf) storage site 4 N - 7560
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7 Plant Species 2 (flower) storage site 4 N - 6870

8 Plant Species 3 (leaf) storage site 4 N - 3790

9 Plant Species 4 (leaf) storage site 4 N - 3890

10 Plant Species 5 (leaf) storage site 4 N - 1510

11 Plant Species 6 (leaf) Hang Hung 3 S70°W - 6750

12 Plant Species 6 (root) Hang Hung 3 S70°W - 7240

13 Plant Species 7 (leaf) Nam Thong 29 S52.5°W - 8780

14 Oxidation pond 2 W - 553

15 Bio-treatment pond 3 W - 123

16 Diversion pond 5 SW - 95

17 Wetland pond 8 SW - 53

18  Hang Hung 3 S70°W - 32.8

19  Mae Moh Station 6.5 S55°W 0 28.7

20  Mae Lu 13.5 S35°W 14.5 13.4

21  Don Mun 17 S30°W 19.5 14.6

22  Hua Sua/Sop Rai 19 S35°W 24 12.4

23  Ban Kom 20.5 S35°W 28.5 10.3

24  Ban Mai1/Ban Mai8 26.75 S42.5°W 31 11.5

25  Pong Pa Pao 23 S37.5°W 33 9.0

26  Sop Po 26.5 S50°W 43.5 8.5

27  Luk/Luk Tai 30 S52.5°W 48 10.1

28  Nam Thong 29 S52.5°W 48.5 8.9

29  Nong Thoi/Ban Hom 33 S52.5°W 51 7.8

30  Na Kwao 33.5 S50°W 55.5 5.4

31  Na Khot 34 S55°W 59.5 6.2

32  Pa Tan Nua/Pa Tan Tai 35 S55°W 61 7.1

33  Sop Tha 34.5 S60°W 63 6.4

34 Ban Nong 4/Ban Nong 9 37 S60°W 67.5 6.6

35  Ban To 37.5 S62.5°W 71 3.5

36  Ban Pao 39 S62.5°W 73.5 2.4

37  Wang Phrao 41 S65°W 77.5 2.0

38  Sop Chang 42.5 S67.5°W 81 1.3
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Total Inorganic Concentrations (GFAAS)
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 Figure 4.5: Plot of Total Arsenic Concentration by Village
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 Figure 4.6: Arsenic Concentration vs Distance along the Mae Chang River
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Background Concentrations

Based on topographic and geological information, background points are

selected to represent a group of villages.  Samples for background are taken from

natural rivers in that area that do not have an influence from Mae Chang River, i.e.

water runs from these points to Mae Chang River due to their higher elevations.

Table 4.6: Background Arsenic Concentration in the Mae Chang River

Location Representing Villages Arsenic
Concentration

 1 Hang Hung  Hang Hung/Mae Moh Station 2.6 ppb

 2 Hua Sua  Ban Kom/Hua Sua/Don Mun/Mae Lu/Sop Rai 4.4 ppb

 3 Ban Luk Nua  Ban Mai1/Ban Mai8/Pong Pa Poa/Sop Po/Nam Thong/ Luk
 Nua /Luk Tai/ Nong Thoi/Ban Hom 4.7 ppb

 4 Na Khot  Na Kwao/Ban Bom/Na Khot/Pa Tan Nua/Pa Tan Tai/Sop
 Tha/Ban To/Ban Nong4/ Ban Nong9 2.2 ppb

 5 Wang Phrao  Wang Phrao/Sop Chang 1.5 ppb
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Figure 4.7: Plot of Arsenic Concentration of Background Points 1 - 5
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4.3.5 Dust Concentration (in Air) Measurement

(for inhalation exposure of occupational population):

Information on air concentration of the plant is responsible by the

Occupational Safety Section, which keeps record of air concentrations available since

January 2002.  This information, although not based on many statistical points, helps

create a model to predict concentrations of treated water discharged to the natural

river.  This information is shown in Appendix E.  Dust concentration in air around

storage sites has not been monitored by any organization or agency.  To evaluate

human health risk due to inhalation exposure, expert opinion will be used to estimate

the dust concentration.

An expert opinion of Thammarong (2003) and Pakowong (2003) approximated

the dust concentration at the storage site to be roughly the same as that at the plant

units.  There are reasons for this estimation.  Although the concentration at the storage

site may seem to be higher than that of the plant unit due to the fact that the working

place is an open area and the ash is dropped from a high elevation, however, all ash is

sprayed with water to reduce a dispersion into the air.  A typical average and

reasonable maximum dust concentration from the plant units will be applied for the

assessment for inhalation risk of workers at the storage site.

4.3.6 Concentration of Arsenic in Fish

Total arsenic concentrations in fish caught in the Mae Moh Reservoir were

recorded by Department of Medical Science, Ministry of Public Health.  The recorded

number in August 1998 was 0.026 mg/kg and 0.052 mg/kg in May 2000 (EGAT,

2003).  Out of total arsenic in fish, 1% is assumed to be inorganic (U.S. EPA, 1999).

The concentration of arsenic in fish is also assumed to be linearly varied with

concentration of arsenic in River water.  For example, concentration of total arsenic in

fish in Mae Moh Reservoir is assumed to be 0.00052 mg/kg fish, while concentration

of total arsenic in fish in other villages will depend on the corresponding total arsenic

concentration in each village along the river.  All residential populations are assumed

to each fishes that are caught locally or in their village.
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4.3.7 Arsenic Concentration in Plant Species

In order to assess human health risk due to arsenic in plant species, types of

plants were identified and concentrations of plants from the storage site and

background concentrations were determined.  The extensive site inspection showed

that there were no edible plant species at the storage site and the concentrations of

arsenic were tabulated in Table 4.5.  The assessment further looked at grasses (species

1, 2, 3, 6, and 7) from storage site and other locations that were used as background.

This is because grasses are the only types of plants on the storage site that can be eaten

by cows and a portion of arsenic in grasses may pass on to cows and finally to people

who eat cow meat (there were only meat cows in  EGAT open area)

However, after a consideration, it was found that this pathway is not of

additional risks and therefore was not further assessed.  Many reasons supported the

decision.  First, concentrations of arsenic measured from grasses at the storage site

were not different from those measured from background locations.  These grasses

were not arsenic accumulators because concentrations of arsenic in plants, both root

and leaf, are much lower than those of fly ash.  Second, it is not likely that cows would

eat grasses at the storage site because of its high elevation and relative infertility.

There are other open fertile open area with lower elevation and closer to access

roadways that are more suitable for raising cows.  Third, arsenic from grasses will be

transformed to organic arsenic, which is much less toxic to humans.

In addition, information from interview showed that most cows will be sold to

many markets, mainly Amphur Muang of Lampang province, which is out of the study

area, according to other exposure pathways.  Further, the process of determining

arsenic concentration in cow meat is complicated, expensive, and time consuming.

Collecting cow meat samples would pose a contradiction with the sample collection

consideration criteria, given that the result would yield minimal contribution to the

overall risks.

Risk assessment of utilization population requires information from leaching

test and compressive strength test as discussed in Chapter 3.



Saranyu Viriyavejakul                                                                                                           Results / 108

4.3.8  Leaching Test

A determination of total arsenic concentration by leaching test was done at 28

days after casting, at different percentage of fly ash.  Submerged water and crushed fly

ash-cement mortars were analyzed for total arsenic concentrations.  Submerged water

for each mortar with different percentage of fly ash was directly analyzed without

digestion.

The concentrations determined were typical average in the risk assessment.

However, the maximum possible leaching concentrations were measured from crushed

samples of mortars with different percentage of fly ash.  These samples had to be

digested as a preparation step before the measurement by Graphite Furnace Atomic

Absorption Spectrophotometry.  Details were given in section 3.2.2.

The results of the leaching tests are tabulated below:

Table 4.7: Average Total Arsenic Concentrations (submerged and

crushed) for different Percent Fly Ash in Mortars

Percent Fly Ash
Average

Concentration
(Submerged Water)

Average
Concentration

(Crushed
Mortars)

0% No detection 29.1 ppb

15% No detection 33.3 ppb

30% No detection 43.7 ppb

45% 1.2 ppb 57.8 ppb

60% 2.1 ppb 79.2 ppb
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Leaching Test Results
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Figure 4.8: Plot of Leaching Test Results at Different

Percentages of Fly Ash in Mortars

The results from leaching test, graphically shown in Figure 4.8, show the

expected tendency of arsenic leaching from fly ash-cement mortars.  At 0% fly ash or

the background/controlled mix, no arsenic was detected in submerged water, but some

amount was detected and used as background concentration.  At low percentage of fly

ash mixture, i.e., up to 30%, no arsenic was detected in submerged water.

Higher total arsenic concentration was found with higher amount of fly ash in

mortars, for both submerged water and crushed samples.  Note that the national

standard for drinking water for arsenic is 50 ppb.  For no detection, one half the

detection limit or 0.5 ppb is used for conventional risk assessment.
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4.3.9  Compressive Strength Tests

The result of compressive strength test, according to testing schedule is

summarized in Tables below:

Table 4.8: Results of Compressive Strength Test at 7 days

7 days

Date of experiment: 15 August 2002

1 2 3 Average
%F.A  /  Exp no.

(ton) (ksc) (ton) (ksc) (ton) (ksc) (ton) (ksc)

0% 7.25 290 8.5 340 7 280 7.583 303.33

15% 4 160 5.25 210 6 240 5.083 203.33

30% 4 160 4 160 4.8 190 4.25 170

45% 3.5 140 3.8 152 3.8 150 3.683 147.33

60% 3 120 3.5 140 3.25 130 3.25 130

Table 4.9: Results of Compressive Strength Test at 28 days

28 days

Date of experiment: 5 September 2002

1 2 3 Average
%F.A  /  Exp no.

(ton) (ksc) (ton) (ksc) (ton) (ksc) (ton) (ksc)

0% 7.8 312 8.7 348 8 320 8.167 326.67

15% 6.5 260 6.4 256 6.7 268 6.533 261.33

30% 5.2 208 6 240 6 240 5.733 229.33

45% 4.6 184 4.7 188 4.6 184 4.633 185.33

60% 4.2 168 4.4 176 4.2 168 4.267 170.67
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Table 4.10: Results of Compressive Strength Test at 60 days

60 days

Date of experiment: 16 September 2002

1 2 3 Average
%F.A  /  Exp no.

(ton) (ksc) (ton) (ksc) (ton) (ksc) (ton) (ksc)

0% 10.6 424 11.4 456 11 440 11 440

15% 9.8 392 9.9 396 10.2 408 9.967 398.67

30% 9.9 396 10 400 9.6 384 9.833 393.33

45% 8.5 340 8.5 340 8.1 324 8.367 334.67

60% 5.3 212 5.4 216 5.4 216 5.367 214.67

Table 4.11: Results of Compressive Strength Test at 90 days

90 days

Date of experiment: 3 October 2002

1 2 3 Average
%F.A  /  Exp no.

(ton) (ksc) (ton) (ksc) (ton) (ksc) (ton) (ksc)

0% 11 440 10.6 424 11.6 464 11.067 442.67

15% 10.8 432 11.2 446 11 440 10.983 439.33

30% 11.2 448 11.2 448 11.1 442 11.15 446

45% 10.9 436 10.4 416 10.6 424 10.633 425.33

60% 9.65 386 9.8 390 10.1 402 9.817 392.67

Information from Table 4.8 to Table 4.11 is used to plot a graph in Figure 4.9.
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Figure 4.9: Plot of Compressive Strength and Percent Fly Ash

Relationship between concrete compressive strength and percent fly

ash is shown in Figure 4.9.  From the graphical illustration, it can be interpreted that

the higher percentage of fly ash in concrete, the lower compressive strength, and that

the long-term or ultimate strength of all percentages of fly ash would reach about the

same value.  In other words, concrete with higher percent fly ash would start off with

lower compressive strength, but after a period of time, would gain up to about the

same strength as the controlled mix with no fly ash (shown in Figure 4.9 at 90 day

strength).

Information from the compressive strength test, along with other exposure and

pathway-related information, will help determine types of concrete utilization,

leaching concentration for exposure, and finally an estimation of human health risk.

4.3.10  Information on Transport and Utilization of ‘Sold’ Fly Ash

Each day hundreds of trucks from ready mixed concrete business come to buy

fly ash from Mae Moh Plant.  Usually, there are a driver and his assistant in a truck

that can legally contain 30 tons (net) of fly ash.  On an average, a truck will come to

the plant once a week, however, some of them may come to the plant as often as 2 – 3

times a week.  A truck driver has to weigh in with an empty truck, take a number, stay
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in line, get loaded with fly ash at one of the silos available, weigh out, sign a paper

work, and take off to his destination.  The whole process takes from 1 hour to 6 hours

depending on many factors.  The process of loading fly ash from a silo to a truck takes

10 minutes on average, but may take up to 15 minutes (Ponlit, 2003).  This is the place

drivers are exposed to inhalation of fly ash containing dust, which may result in some

health risks.  Information on dust concentrations at silos (PM-10) was available since

January 2000.

4.4  Quantification of Exposure
The basis for calculating human intake levels from exposure to total arsenic

associated with the two scenarios is presented here, with each parameter described.  A

quantified intake represents daily dose of a chemical taken into body, averaged over

some appropriate period of time, and is expressed in units of milligrams per kilogram

of body weight per day (mg/kg-day).  The primary source of exposure equations come

from U.S. EPA’s ‘Risk Assessment Guideline for Superfund (RAGS)’ (U.S. EPA,

1989).  The generalized equation for intake is:

Where:

I = intake; the amount of chemical at the exchange boundary

(mg/kg BW-day)

Chemical-related variable

C = chemical concentration; the average concentration contacted

over the exposure period (e.g., mg/L water)

Variables that describe the exposed population

CR = contact rate; the amount of contaminated medium contacted per

unit time or event (e.g., L/day)

EFD = exposure frequency and duration; describes how long and how

often exposure occurs.  Often calculated using two terms (EF and ED)

EF = exposure frequency (days/year)

ED = exposure duration (years)

BW = body weight; the average body weight over the exposure period  (kg)

I = C x   CR x EFD  x   1_
        BW   AT
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Assessment-determined variable

AT = averaging time; period over which exposure is averaged (days)

Exposure parameters (e.g., frequency, exposure duration) describe a receptor’s

exposure for a given exposure scenario.  The parameters used in the Human Health

Risk Assessment as input values in exposure equations are consistent with current U.S.

EPA Risk Assessment Guideline and/or recent peer-reviewed literature.  Where

appropriate, professional judgment will be used to input exposure parameters.  Both

central tendency exposure (CTE) (i.e., 50th percentile value or mean) and reasonable

maximum exposure (RME) (maximum concentration measured as conservative

estimate) parameters are used.  CTEs provide a typical or average estimate of

exposure, while RMEs provide a high-end estimate of exposure.  These values were

never studied or recorded for this particular situation, therefore the values were based

on interview information with statistical sufficiency.  It is noted that RMEs occur

when the body weight is reasonably minimum, according to the formula for intake.

There are 7 Possible Complete Pathways for the two scenarios.

1. Direct Ingestion (drinking water) – Residential Scenario

Where:

CW = Chemical Concentration in Water (mg/l)

Site-specific measured or modeled value

IR = Ingestion Rate (liters/day)

Population specific: interview/survey

EF = Exposure Frequency (days/year)

Pathway-specific value

ED = Exposure Duration (years)

70 years (lifetime; by convention) and interview/survey

BW = Body Weight (kg)

70 kg (adult, average; U.S. EPA 19891d), Age-specific value

AT = Averaging Time (period over which exposure is averaged, days)

Pathway-specific period of exposure

I  =  CW  x  IR  x  EF  x  ED

     BW x AT
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2. Direct Ingestion (fish) – Residential Scenario

Where

CF = Contaminant Concentration in Fish (mg/l)

Measured/modeled value

IR = Ingestion Rate (kg/meal), interview/survey

FI = Fraction Ingested from Contaminated Source (unitless)

Pathway-specific value (local usage pattern), assumed = 1

EF = Exposure Frequency (meals/year)

Pathway and population-specific

ED = Exposure Duration (years)

70 years (lifetime; by convention)

BW = Body Weight (kg)

70 kg (adult, average; U.S. EPA 1989d)

AT = Averaging Time (period over which exposure is averaged, days)

Pathway-specific

3. Dermal Contact (swimming and showering) – Residential Scenario

Where:

CW = Chemical Concentration in Water (mg/l)

Site-specific measured or modeled value

CR = Contact Rate (liters/hour)

Population specific: literature/interview/survey, 0.05 (U.S. EPA values)

ET = Exposure Time (hours/event): interview/survey

EF = Exposure Frequency (days/year)

Pathway-specific value

ED = Exposure Duration (years)

70 years (lifetime; by convention) and interview/survey

I  =  CF  x  IR  x  FI  x  EF  x  ED

           BW x AT

I  =  CW  x  CR  x  ET  x  EF  x  ED

BW x AT
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BW = Body Weight (kg)

70 kg (adult, average; U.S. EPA 19891d), Age-specific value

AT = Averaging Time (period over which exposure is averaged, days)

Pathway-specific period of exposure

4. Dermal Contact (farming activity) – Residential Scenario

Where:

CW = Chemical Concentration in Water (mg/l)

Site-specific measured or modeled value

SA = Skin Surface Area Available for Contact (cm2)

Population specific: literature (U.S. EPA values, age specific)

PC = Chemical-specific Dermal Permeability Constant (cm/hr): literature,

8.57 x 10-4 (U.S. EPA values)

ET = Exposure Time (hours/event): interview/survey

EF = Exposure Frequency (days/year)

Pathway-specific value

ED = Exposure Duration (years)

70 years (lifetime; by convention) and interview/survey

CF = Volumetric Conversion Factor for Water (1 liter/1000 cm3)

BW = Body Weight (kg)

70 kg (adult, average; U.S. EPA 1989d), Age-specific value

AT = Averaging Time (period over which exposure is averaged, days)

Pathway-specific period of exposure

5. Incidental Ingestion (fly ash) – Occupational Scenario

This pathway to human bodies assumes that the bodies are surrounded with

solids containing element of interest, for example, at the storage site and in plant units.

Where:

I  =  CS  x  IR  x  CF  x  FI  x  EF  x  ED

      BW x AT

Absorbed Dose  =  CW  x  SA  x  PC  x  ET  x  EF  x  ED  x  CF

     BW x AT
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CS = Chemical Concentration in Soil (mg/kg), site-specific measured value

IR = Ingestion Rate (liters/day), literature, 100 mg/day (U.S. EPA values)

CF = Conversion Factor (10-6 kg/mg)

FI = Fraction Ingested from Contaminated Source (unitless)

Pathway-specific value (local activity pattern), assumed = 1

EF = Exposure Frequency (days/year)

Pathway and population-specific

ED = Exposure Duration (years)

70 years (lifetime; by convention)

BW = Body Weight (kg)

70 kg (adult, average; U.S. EPA 1989d)

AT = Averaging Time (period over which exposure is averaged, days)

Pathway-specific

6. Inhalation (particulates) – Occupational Scenario

Where

CA = Contaminant Concentration in air (mg/m3) (measured)

IR = Inhalation Rate (20 – 30 m3/hour)(EPA values)

ET = Exposure Time (hours/day) (interview, survey)

EF = Exposure Frequency (days/year)

Pathway and population-specific

ED = Exposure Duration (years)

70 years (lifetime; by convention)

BW = Body Weight (kg)

70 kg (adult, average; U.S. EPA 1989d)

AT = Averaging Time (period over which exposure is averaged, days)

Pathway-specific

I  =  CA  x  IR  x  ET  x  EF  x  ED

   BW x AT
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7. Dermal Contact (fly ash) – Occupational Scenario

Where:

CS = Chemical Concentration in Soil (mg/kg), site-specific measured value

CF = Conversion Factor (10-6 kg/mg)

SA = Skin Surface Area Available for Contact (cm2/event), literature,

500 for CTE and 1160 for RME (U.S. EPA values)

AF = Soil to Skin Adherence Factor (mg/cm2), literature, 0.25 for CTE and

1.7 for RME (U.S. EPA values)

ABS = Absorption Factor (unitless), literature, 0.03 for CTE and RME

(U.S. EPA values)

EF = Exposure Frequency (events/year)

Pathway and population-specific, interview

ED = Exposure Duration (years)

70 years (lifetime; by convention)

BW = Body Weight (kg)

70 kg (adult, average; U.S. EPA 1989d)

AT = Averaging Time (period over which exposure is averaged, days)

Pathway-specific

4.5 Calculation of Cancer Risks
Cancer risks are defined as ‘incremental probability that an individual will

develop cancer during his or her lifetime due to chemical exposure under the specific

scenarios evaluated in human health risk assessment.’  The ‘incremental’ implies the

risk above the background cancer risk experienced by all individuals in the course of

daily life.  For example, if one in four Americans died of cancer, therefore, the

background cancer is 0.25, or 250,000 in one million (ACS, 2000).  The incremental

risk is a measure of an additional estimated risk due to a specific exposure.  Cancer

risks are expressed as a unitless probability such as 10-6, or one in a million of one

I  =  CS  x  CF  x  SA  x  AF  x  ABS  x  EF  x  ED

    BW x AT
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individual developing cancer over a lifetime, above background risk, as a result of

exposure to arsenic in the two scenarios: residential and occupational populations.

Excess (additional) risks for exposure pathways (oral ingestion, dermal

contact, and inhalation) are calculated using intake estimates (lifetime average or

reasonable maximum daily doses) mentioned above.  Cancer slope factors (CSFs) are

described in toxicity assessment, also mentioned.  Estimated intakes and CSFs are

multiplied to calculate excess cancer risk according to the following equation:

Cancer Risk = Intake (mg/kg-day) x CSF (mg/kg-day)-1

For the ingestion exposure route, the estimated oral intake (‘applied or

administered’ doses) is multiplied by CSFsoral, which are applicable to

applied/administered doses).

In general, for dermal exposure (expressed as absorbed dose), the CSForal is

adjusted to be applicable to absorbed doses (U.S. EPA, 1989; 1992a).  This adjustment

is made assuming that once a chemical is absorbed into the blood stream the health

effects are similar regardless of whether the route of exposure was oral or dermal.

However, since oral absorption for arsenic is approximately 95% in water (U.S. EPA,

1999a). and U.S. EPA recommends adjusting toxicity for dermal route only when oral

absorption is less than 50% to ‘obviate the need to make comparatively small

adjustments in the toxicity value that would otherwise impart on the process a level of

accuracy that is not supported by the scientific literature’ (U.S, EPA, 1999a), no

adjustment was made to the CSForal to assess health risks from dermal exposure to

both scenarios in this assessment.  Therefore, to quantify risk for dermal exposure, the

estimated dermal intake (‘absorbed dose’) is multiplied by the CSForal.

The summary of cancer risks for both scenarios are presented in Tables in

Section 4.7.  Since the human health risk assessment was prepared in accordance with

current U.S. EPA guidelines, the estimated risks are compared to the U.S. EPA’s

acceptable range of    1 x 10-6 to 1 x 10-4 (U.S. EPA, 1991b), which represent 1 case in

every 1,000,000 and 1 case in 10,000 population, respectively.
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4.6   Modeling of Risk Contribution from Fly Ash Particulates
The modeling is aimed at determining concentrations of total arsenic in each

medium that would be exposed to populations, for both scenarios-complete storage

and complete sales of fly ash.

Concentrations of arsenic in solid fly ash were assumed to be consistent

(averagely the same) over the modeling process.  Based on existing information, the

concentrations of total arsenic in air will be modeled and used for the calculations of

human health risk for inhalation exposure.  In addition, the total arsenic concentrations

in natural water were also approximated based on dust concentration of fly ash in air.

The higher the dust concentration in air, the more fly ash that has to be treated through

the ash-water treatment system.

The dust concentration measurement in air done by the Electricity Authority of

Thailand can be used to estimate the total amount of fly ash amount that has to be

treated by the treatment system ponds.  This is due to the fact that all dust, after a

period of retention time in air, will settle on the floor or on parts of machines in each

plant.  The accumulated dust will be regularly washed and drained into the pipes

leading to the ash water lake, which is the beginning of the water treatment process.

The routine measurement for dust concentrations in air is done in each plant,

however the recorded data were only available since January 2000 (Appendix E).  The

recorded values for dust concentrations (PM10) for each silo gives a few to nine data

points for modeling purposes.

For very few or no data points (units 4 – 7) and very complicated plant

environmental settings, after considering the objectives of study, associated schedule,

budget, and data constraints, a simple average or arithmetic means are used because it

is not possible to tell the tendency or direction of the air dispersion.  While, for few

data points, most suitable approximation is a linear model.  More complicated models

require more intensive data points that are not available at this point in time.

Out of 10 units investigated, 4 units (units 4, 5, 6, 7) had very few and

inadequate data points for linear modeling, therefore arithmetic means were used.

After considering model selection criteria, linear relationship seemed to be the most

suitable and fit well for 4 of 6 remaining units with adequate data points (units 8, 9,

11, 13).  The linear correlation values were approximately between 60% and 80%.
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Units 10 and 12 did not well fit linear models, therefore arithmetic means were also

used.  Summary of linear models are shown in the following pages.

Unit 8 Linear Model

y = 0.0004x + 0.1327
R2 = 0.4875
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Figure 4.10: Relationship of Dust Concentration in Air

and Fly Ash Sale Amount for Plant Unit 8

Unit 9 Linear Model

y = 0.0003x + 0.0847
R2 = 0.354
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 Figure 4.11: Relationship of Dust Concentration in Air

and Fly Ash Sale Amount for Plant Unit 9
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Unit 11 Linear Model

y = 0.0003x + 0.0304
R2 = 0.6529

0
0.1
0.2
0.3
0.4

0 200 400 600 800 1000

Sales Amount (tons)

Du
st 

Co
nc

en
tra

tio
n (

mg
/m

^3
)

 Figure 4.12: Relationship of Dust Concentration in Air

and Fly Ash Sale Amount for Plant Unit 11

Unit 13 Linear Model

y = 6E-05x + 0.0428
R2 = 0.3981
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 Figure 4.13: Relationship of Dust Concentration in Air

and Fly Ash Sale Amount for Plant Unit 13
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According to Figure 4.10, plant unit 8’s linear regression line has the value of

R2 of 0.488 or the linear correlation (R) of approximately 0.70 or 70%.  Figure 4.11

shows the value of R2 of 0.354 for linear regression for plant unit 9, which means that

the linear correlation is approximately 60%.  While, plant unit 11 has regressed value

of R2 of 0.653 or a linear correlation of 0.81 or 81%.  Lastly, plant unit 13 has the

value of R2 of 0.398 or a linear correlation of 0.63 or 63%.

Table 4.12 shows the estimation of extrapolated dust concentration in air for

both scenarios: complete storage and complete sale of fly ash with detailed

explanation below it.

Table 4.12: Modeling and Extrapolation of Dust Concentration in Air

Silo #
Fly Ash

Produced
(tons/day)

Approximate
Contribution

by sales
amount

Average
Measured

Concentration

Extrapolated
Concentration
(100% storage)

% change
(storage)

Extrapolated
Concentration
(100% sale)

% change
(sales)

 Silo 4* 600 0.0667 0.542 0.542 0 0.542 0

 Silo 5* 600 0.0667 0.573 0.573 0 0.573 0

 Silo 6* 600 0.0667 0.418 0.418 0 0.418 0

 Silo 7* 600 0.0667 0.304 0.304 0 0.304 0

 Silo 8 1100 0.122 0.408 0.1327 -67.475 0.5727 140.368

 Silo 9 1100 0.122 0.253 0.0847 -66.522 0.4147 163.913

 Silo 10* 1100 0.122 0.237 0.237 0 0.237 0

 Silo 11 1100 0.122 0.238 0.0304 -87.227 0.3604 151.429

 Silo 12* 1100 0.122 0.184 0.184 0 0.184 0

 Silo 13 1100 0.122 0.0908 0.0428 -52.863 0.1088 119.824

 9,000 Avg 0.325 0.255  0.371  

 Max 0.573 0.573  0.573  

Note: *use average
  values  Total % change -33.439 (extrapolated) +21.415
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Plants 4 – 7 are capable of producing up to 600 tons, while plants 8 – 13 can

produce up to 1,100 tons of fly ash daily.  Approximate contribution by sales amount

is calculated according to the amount of potential production.  For example, plant 5

can produce 600 tons of fly ash for possible sales, it contributes to 6.67% of total

potential sales of 9,000 tons a day, while plant 13, producing up to 1,100 tons,

contributes to 12.22% of total sales amount of fly ash.

The next column, average measured concentration for each plant, measured at

corresponding silo, represents concentration of dust in air according to current practice

(a portion of fly ash sales and a portion of storage).

When all fly ash is assumed to undergo 100% storage, extrapolation is made to

find concentration with no fly ash sales.  The linear model shows this concentration at

the point of intersection of regression line and Y-axis.  For example, for plant unit 9,

the modeled concentration of dust is extrapolated to be 0.0847, the value of Y-axis

where it intersects the regression line (Figure 4.11).

On the other hand, when all fly ash is assumed to undergo complete sales,

extrapolation is made to find dust concentration in air according to total sales.  The

linear model shows this concentration at the point of intersection of regression line and

potential sales amount on X-axis.  For example, for plant unit 11, the modeled

concentration of dust is extrapolated to be 0.3604, the value of Y-axis where the

regression line intersects X = 1,100 tons (Figure 4.12).

For each scenario and each plant, percent change in concentration is calculated

for the plants that have acceptable correlation of sales amount and dust concentration.

Percent change for the rest of the plants will be zero, or no change for either scenario.

The overall percent change will then be calculated by summing up multiplied percent

change and the contribution.  In this case, it can be interpreted that the overall dust

concentration will decrease 33.44 percent if all fly ash is stored, while if all fly ash is

sold, the overall dust concentration will increase by 21.42 percent.  These values for

extrapolated dust concentration for both scenarios will be used in the health

assessment processes.
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4.7   Summary of Cancer Risks
4.7.1 Measured Concentrations (Current Sales and Storage)

Summary Tables of cancer risks for current sales and storage are shown below.

Occupational population and residential population are separately calculated.  The

total risks are the sum across all possible pathways, according to equations in sections

4.3, for each population scenario.  They are then compared to acceptable values of 10-4

and 1.0.

4.7.1.1 Occupational Population:

Table 4.13: Summary of Cancer for Occupational Population

(Current Sales and Storage)

Occupational Risks for CTE for RME

Workers (Plants) 2.01E-06 1.01E-05

Workers (Storage Site) 1.85E-06 9.11E-06

Visitors 6.12E-08 7.06E-08

4.7.1.2  Residential Population:

Tables below illustrate summary of cancer for residential population in each

village, classified by age.  Risks for both central tendency exposure and reasonable

maximum exposure are tabulated.

Table 4.14: Summary of Cancer for Residential Population

of Hang Hung Village (Current Sales and Storage)

Hang Hung for CTE for RME
Age Risk Risk
0-1 1.56E-07 6.38E-07
1- 4 1.04E-06 5.53E-06
5 -15 3.96E-07 1.91E-06
15-59 2.75E-07 1.20E-06
60 - 80 2.18E-07 9.92E-07
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Table 4.15: Summary of Cancer Risks for Residential Population

of Mae Moh Station (Current Sales and Storage)

Mae Moh Station for CTE for RME
Age Risk Risk
0-1 2.29E-06 1.17E-05
1- 4 4.30E-06 1.38E-05
5 -15 2.83E-06 6.88E-06
15-59 2.21E-06 4.14E-06

60 – 80 1.64E-06 3.28E-06

Table 4.16: Summary of Cancer Risks for Residential Population

of Mae Lu Village (Current Sales and Storage)

Mae Lu for CTE for RME
Age Risk Risk
0-1 2.04E-06 9.35E-06
1- 4 1.32E-06 8.22E-06
5 -15 7.79E-07 3.67E-06
15-59 6.86E-07 2.75E-06

60 – 80 4.48E-07 1.97E-06

Table 4.17: Summary of Cancer Risks for Residential Population

of Don Mun Village (Current Sales and Storage)

Don Mun for CTE for RME
Age Risk Risk
0-1 7.30E-08 4.43E-07
1- 4 6.34E-08 2.88E-06
5 -15 3.02E-08 1.01E-06
15-59 2.51E-08 6.09E-07

60 – 80 1.02E-08 5.16E-07

Table 4.18: Summary of Cancer Risks for Residential Population

of Hua Sua Village (Current Sales and Storage)

Hua Sua for CTE for RME
Age Risk Risk
0-1 1.89E-06 1.19E-05
1- 4 2.45E-06 9.89E-06
5 -15 1.05E-06 4.09E-06
15-59 8.42E-07 2.47E-06

60 – 80 6.03E-07 1.98E-06
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Table 4.19: Summary of Cancer Risks for Residential Population

of Sop Rai Village (Current Sales and Storage)

Sop Rai for CTE for RME
Age Risk Risk
0-1 6.20E-08 3.90E-07
1- 4 4.73E-07 2.48E-06
5 -15 1.77E-07 8.79E-07
15-59 1.23E-07 5.37E-07

60 – 80 9.95E-08 4.55E-07

Table 4.20: Summary of Cancer Risks for Residential Population

of Ban Kom Village (Current Sales and Storage)

Ban Kom for CTE for RME
Age Risk Risk
0-1 1.57E-06 9.61E-06
1- 4 1.74E-06 5.74E-06
5 -15 6.50E-07 2.55E-06
15-59 5.56E-07 1.36E-06

60 – 80 5.04E-07 1.20E-06

Table 4.21: Summary of Cancer Risks for Residential Population

of Ban Mai (Mu 1) Village (Current Sales and Storage)

Ban Mai (Mu 1) for CTE for RME
Age Risk Risk
0-1 5.75E-08 2.76E-07
1- 4 4.46E-07 1.85E-06
5 -15 1.69E-07 6.56E-07
15-59 1.15E-07 4.03E-07

60 – 80 9.38E-08 3.19E-07

Table 4.22: Summary of Cancer Risks for Residential Population

of Ban Mai (Mu 8) Village (Current Sales and Storage)

Ban Mai (Mu 8) for CTE for RME
Age Risk Risk
0-1 2.88E-08 3.68E-07
1- 4 6.57E-07 5.96E-06
5 -15 2.45E-07 2.03E-06
15-59 1.65E-07 1.23E-06

60 – 80 1.39E-07 1.07E-06
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Table 4.23: Summary of Cancer Risks for Residential Population

of Pong Pa Pao Village (Current Sales and Storage)

Pong Pa Pao for CTE for RME
Age Risk Risk
0-1 2.25E-08 3.13E-07
1- 4 3.77E-07 2.22E-06
5 -15 1.43E-07 7.73E-07
15-59 9.75E-08 4.77E-07
60 - 80 7.96E-08 3.98E-07

Table 4.24: Summary of Cancer Risks for Residential Population

of Sop Po Village (Current Sales and Storage)

Sop Po for CTE for RME
Age Risk Risk
0-1 6.38E-08 4.91E-07
1- 4 5.81E-07 2.62E-06
5 -15 2.17E-07 8.94E-07
15-59 1.45E-07 5.54E-07

60 – 80 1.24E-07 4.62E-07

Table 4.25: Summary of Cancer Risks for Residential Population

of Ban Luk Village (Current Sales and Storage)

Ban Luk for CTE for RME
Age Risk Risk
0-1 3.79E-08 3.63E-07
1- 4 1.27E-06 3.38E-06
5 -15 4.74E-07 1.19E-06
15-59 3.07E-07 7.09E-07

60 – 80 2.72E-07 6.10E-07

Table 4.26: Summary of Cancer Risks for Residential Population

of Ban Luk Tai Village (Current Sales and Storage)

Ban Luk Tai for CTE for RME
Age Risk Risk
0-1 2.53E-08 3.63E-07
1- 4 1.28E-06 5.87E-06
5 -15 4.71E-07 2.00E-06
15-59 3.08E-07 1.21E-06

60 – 80 2.72E-07 1.05E-06
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Table 4.27: Summary of Cancer Risks for Residential Population

of Nam Thong Village (Current Sales and Storage)

Nam Thong for CTE for RME
Age Risk Risk
0-1 6.68E-08 4.20E-07
1- 4 9.82E-07 3.45E-06
5 -15 3.66E-07 1.19E-06
15-59 2.39E-07 7.17E-07

60 – 80 2.11E-07 6.23E-07

Table 4.28: Summary of Cancer Risks for Residential Population

of Nong Thoi Village (Current Sales and Storage)

Nong Thoi for CTE for RME
Age Risk Risk
0-1 3.90E-08 2.48E-07
1- 4 3.00E-07 1.94E-06
5 -15 1.11E-07 6.68E-07
15-59 7.74E-08 4.13E-07

60 – 80 6.48E-08 3.56E-07

Table 4.29: Summary of Cancer Risks for Residential Population

of Ban Hom Village (Current Sales and Storage)

Ban Hom for CTE for RME
Age Risk Risk
0-1 1.95E-08 2.48E-07
1- 4 3.00E-07 1.98E-06
5 -15 1.11E-07 6.81E-07
15-59 7.74E-08 4.13E-07

60 – 80 6.32E-08 3.49E-07

Table 4.30: Summary of Cancer Risks for Residential Population

of Na Kwao Village (Current Sales and Storage)

Na Kwao for CTE for RME
Age Risk Risk
0-1 1.35E-08 8.88E-08
1- 4 2.15E-07 2.08E-06
5 -15 7.95E-08 6.95E-07
15-59 5.40E-08 4.33E-07

60 – 80 4.53E-08 3.76E-07
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Table 4.31: Summary of Cancer Risks for Residential Population

of Na Khot Village (Current Sales and Storage)

Na Khot for CTE for RME
Age Risk Risk
0-1 3.10E-08 1.58E-07
1- 4 1.39E-07 1.99E-06
5 -15 4.92E-08 6.65E-07
15-59 3.46E-08 4.14E-07

60 – 80 2.74E-08 3.53E-07

Table 4.32: Summary of Cancer Risks for Residential Population

of Pa Tan Nua Village (Current Sales and Storage)

Pa Tan Nua for CTE for RME
Age Risk Risk
0-1 3.20E-08 1.88E-07
1- 4 2.35E-07 4.05E-06
5 -15 8.45E-08 1.35E-06
15-59 5.93E-08 8.28E-07

60 – 80 4.79E-08 7.22E-07

Table 4.33: Summary of Cancer Risks for Residential Population

of Pa Tan Tai Village (Current Sales and Storage)

Pa Tan Tai for CTE for RME
Age Risk Risk
0-1 3.20E-08 1.41E-07
1- 4 4.50E-07 3.49E-06
5 -15 1.68E-07 1.17E-06
15-59 1.11E-07 7.09E-07

60 – 80 9.46E-08 6.20E-07

Table 4.34: Summary of Cancer Risks for Residential Population

of Sop Tha Village (Current Sales and Storage)

Sop Tha for CTE for RME
Age Risk Risk
0-1 2.55E-08 2.66E-07
1- 4 3.21E-07 1.18E-06
5 -15 1.17E-07 4.05E-07
15-59 7.78E-08 2.46E-07

60 – 80 6.73E-08 2.02E-07
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Table 4.35: Summary of Cancer Risks for Residential Population of

Ban Nong (Mu 4 and Mu 9) Villages (Current Sales and Storage)

Ban Nong (Mu 4 and  9) for CTE for RME
Age Risk Risk
0-1 2.18E-08 1.20E-07
1- 4 1.47E-07 9.61E-07
5 -15 5.43E-08 3.27E-07
15-59 3.64E-08 2.08E-07
60 - 80 3.04E-08 1.73E-07

Table 4.36: Summary of Cancer Risks for Residential Population

of Ban To Village (Current Sales and Storage)

Ban To for CTE for RME
Age Risk Risk
0-1 7.75E-09 1.69E-07
1- 4 1.39E-07 1.07E-06
5 -15 5.02E-08 3.62E-07
15-59 3.39E-08 2.22E-07

60 – 80 2.86E-08 1.89E-07

Table 4.37: Summary of Cancer Risks for Residential Population

of Ban Pao Village (Current Sales and Storage)

Ban Pao for CTE for RME
Age Risk Risk
0-1 1.30E-08 1.31E-07
1- 4 1.08E-07 1.37E-06
5 -15 3.92E-08 4.51E-07
15-59 2.71E-08 2.78E-07

60 – 80 2.23E-08 2.42E-07

Table 4.38: Summary of Cancer Risks for Residential Population

of Wang Phrao Village (Current Sales and Storage)

Wang Phrao for CTE for RME
Age Risk Risk
0-1 4.00E-09 3.50E-08
1- 4 9.52E-08 6.63E-07
5 -15 3.53E-08 2.21E-07
15-59 2.35E-08 1.35E-07

60 – 80 1.99E-08 1.18E-07
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Table 4.39: Summary of Cancer Risks for Residential Population

of Sop Chang Village (Current Sales and Storage)

Sop Chang for CTE for RME
Age Risk Risk
0-1 3.00E-09 2.00E-08
1- 4 3.69E-08 1.95E-07
5 -15 1.41E-08 6.67E-08
15-59 9.71E-09 4.11E-08

60 – 80 7.71E-09 3.50E-08

4.7.1.3   Utilization Population

There are three groups of exposed populations in this scenario, namely, the

truck drivers, the workers at ready-mix concrete plants, and concrete products end

users.  Exposure will be estimated based on interview information for each group of

population.  The possible routes of exposure are listed below:

Truck Drivers: Dermal Contact and Inhalation

Workers at Ready-mix Concrete Plants: Dermal Contact and Inhalation

Concrete Products Users: Dermal Contact

Incidental Ingestion pathway is not assessed for the utilization population

because the risk due to this pathway is negligible compared to the pathways stated

above.  Truck drivers, workers at ready mixed concrete plants, and concrete product

users do not work in area surrounded by solids of fly ash particles.  Dermal Contact

and Inhalation are the two major pathways that contribute to overall risks in this group

of population.

The summary of cancer risks for current sales and storage, is shown below:

Table 4.40: Summary of Risks for Utilization Population

(Current Storage and Sale)
Utilization Scenario (Current Storage and Sale) Utilization Scenario (Current Storage and Sale)

Total Risk Risk Total Risk Risk
for CTE -  for RME -

Truck Drivers 4.0093E-07 Truck Drivers 5.87E-06
    

Workers (Ready Mixed 4.5934E-08 Workers (Ready Mixed 1.03E-06
Concrete Plants)  Concrete Plants)  

End Users:  End Users:  
- General Structure 1.75E-10 - General Structure 6.91E-09
- Road Surface 1.33E-10 - Road Surface 5.26E-09
- Special Structure 3.17E-10 - Special Structure 1.25E-08
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Truck drivers are assessed to have highest cancer risks of the utilization

population as shown in Table 4.40 above.  Inhalation of particulate fly ash contributed

the most to overall cancer risks.  Nevertheless, such risks are well within an acceptable

limit suggested by the U.S. EPA.

 4.7.2  Modeled Concentrations -- Complete Storage

This case assumes that all fly ash produced is transported to the storage site

with no fly ash sold to customers for construction purposes.  Modeled concentrations

of dust concentration in air, and thus total arsenic concentration will be input in risk

quantification processes.  Concentrations of arsenic in river water will also estimated,

assuming that the efficiency of treatment system stays the same, and that the arsenic

dispersion along the river is constant.

Summary Tables of cancer risks for extrapolated complete storage are shown

below.  Occupational population and residential population are separately calculated.

The total risks are the sum across all possible pathways, according to equations in

sections 4.3, for each population scenario.  They are then compared to acceptable

values of 10-4 and 1.0.

4.7.2.1  Occupational Population

Table 4.41: Summary of Cancer Risks for

Occupational Population (Complete Storage)

Occupational for CTE for RME

Total Risk Risk

Workers 1.6222E-06

(plants)
1.01E-05

Workers 1.4913E-06

(storage)
9.11E-06

Visitors 5.017E-08 7.06E-08



Saranyu Viriyavejakul                                                                                                           Results / 134

4.7.2.2  Residential Population

In this scenario, an adjusting factor of 0.6656 from Section 4.7 is applied to the

calculation of cancer risks.  The results of summary risks are shown in Tables 4.42 to

Table 4.67 below.

Table 4.42: Summary of Cancer Risks for

Residential Population of Hang Hung (Complete Storage)

Hang Hung for CTE for RME
Age Risk Risk
0-1 1.038E-07 4.24E-07
1- 4 6.925E-07 3.68E-06
5 -15 2.635E-07 1.27E-06
15-59 1.828E-07 8.01E-07

60 – 80 1.45E-07 6.6E-07

Table 4.43: Summary of Cancer Risks for Residential Population

of Mae Moh Station Village (Complete Storage)

Mae Moh Station for CTE for RME
Age Risk Risk
0-1 1.523E-06 7.81E-06
1- 4 2.864E-06 9.16E-06
5 -15 1.881E-06 4.58E-06
15-59 1.468E-06 2.76E-06

60 – 80 1.09E-06 2.18E-06

Table 4.44: Summary of Cancer Risks for Residential Population

of Mae Lu Village (Complete Storage)

Mae Lu for CTE for RME
Age Risk Risk
0-1 1.36E-06 6.22E-06
1- 4 8.816E-07 2.16E-06
5 -15 5.183E-07 1.34E-06
15-59 4.567E-07 1.17E-06

60 – 80 2.985E-07 7.12E-07
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Table 4.45: Summary of Cancer Risks for Residential Population

of Don Mun Village (Complete Storage)

Don Mun for CTE for RME
Age Risk Risk
0-1 4.859E-08 2.95E-07
1- 4 4.218E-08 2.72E-07
5 -15 2.007E-08 1.24E-07
15-59 1.668E-08 7.69E-08

60 – 80 6.766E-09 4.48E-08

Table 4.46: Summary of Cancer Risks for Residential Population

of Hua Sua Village (Complete Storage)

Hua Sua for CTE for RME
Age Risk Risk
0-1 1.259E-06 7.92E-06
1- 4 1.633E-06 2.81E-06
5 -15 6.957E-07 1.47E-06
15-59 5.605E-07 8.88E-07

60 – 80 4.017E-07 6.35E-07

Table 4.47: Summary of Cancer Risks for Residential Population

of Sop Rai Village (Complete Storage)

Sop Rai for CTE for RME
Age Risk Risk
0-1 4.127E-08 2.6E-07
1- 4 3.151E-07 2.18E-07
5 -15 1.178E-07 1.06E-07
15-59 8.205E-08 7.04E-08

60 – 80 6.625E-08 4.19E-08

Table 4.48: Summary of Cancer Risks for Residential Population

of Ban Kom Village (Complete Storage)

Ban Kom for CTE for RME
Age Risk Risk
0-1 1.045E-06 6.4E-06
1- 4 1.157E-06 2.14E-06
5 -15 4.327E-07 1.14E-06
15-59 3.701E-07 5.69E-07

60 – 80 3.355E-07 4.92E-07
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Table 4.49: Summary of Cancer Risks for Residential Population

of Ban Mai (Mu 1) Village (Complete Storage)

Ban Mai (Mu 1) for CTE for RME
Age Risk Risk
0-1 3.827E-08 1.83E-07
1- 4 2.966E-07 2.21E-07
5 -15 1.125E-07 9.99E-08
15-59 7.64E-08 6.62E-08

60 – 80 6.24E-08 2.89E-08

Table 4.50: Summary of Cancer Risks for Residential Population

of Ban Mai (Mu 8) Village (Complete Storage)

Ban Mai (Mu 8) for CTE for RME
Age Risk Risk
0-1 1.914E-08 2.45E-07
1- 4 4.37E-07 4.34E-07
5 -15 1.63E-07 1.71E-07
15-59 1.096E-07 1.12E-07

60 – 80 9.281E-08 6.77E-08

Table 4.51: Summary of Cancer Risks for Residential Population

of Pong Pa Pao Village (Complete Storage)

Pong Pa Pao for CTE for RME
Age Risk Risk
0-1 1.498E-08 2.08E-07
1- 4 2.512E-07 2.09E-07
5 -15 9.509E-08 9.16E-08
15-59 6.487E-08 6.38E-08

60 – 80 5.296E-08 3.46E-08

Table 4.52: Summary of Cancer Risks for Residential Population

of Sop Po Village (Complete Storage)

Sop Po for CTE for RME
Age Risk Risk
0-1 4.243E-08 3.27E-07
1- 4 3.87E-07 2.63E-07
5 -15 1.443E-07 1E-07
15-59 9.648E-08 7.22E-08

60 – 80 8.246E-08 3.78E-08
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Table 4.53: Summary of Cancer Risks for Residential Population

of Ban Luk Village (Complete Storage)

Ban Luk for CTE for RME
Age Risk Risk
0-1 2.521E-08 2.41E-07
1- 4 8.43E-07 2.64E-07
5 -15 3.157E-07 1.27E-07
15-59 2.042E-07 7.43E-08

60 – 80 1.813E-07 4.42E-08

Table 4.54: Summary of Cancer Risks for Residential Population

of Ban Luk Tai Village (Complete Storage)

Ban Luk Tai for CTE for RME
Age Risk Risk
0-1 1.681E-08 2.41E-07
1- 4 8.51E-07 4.28E-07
5 -15 3.133E-07 1.7E-07
15-59 2.051E-07 1.06E-07

60 – 80 1.813E-07 6.75E-08

Table 4.55: Summary of Cancer Risks for Residential Population

of Nam Thong Village (Complete Storage)

Nam Thong for CTE for RME
Age Risk Risk
0-1 4.443E-08 2.8E-07
1- 4 6.539E-07 3E-07
5 -15 2.434E-07 1.25E-07
15-59 1.588E-07 7.82E-08

60 – 80 1.402E-07 5.15E-08

Table 4.56: Summary of Cancer Risks for Residential Population

of Nong Thoi Village (Complete Storage)

Nong Thoi for CTE for RME
Age Risk Risk
0-1 2.596E-08 1.65E-07
1- 4 1.999E-07 2.06E-07
5 -15 7.394E-08 8.26E-08
15-59 5.15E-08 5.73E-08

60 – 80 4.312E-08 3.93E-08
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Table 4.57: Summary of Cancer Risks for Residential Population

of Ban Hom Village (Complete Storage)

Ban Hom for CTE for RME
Age Risk Risk
0-1 1.298E-08 1.65E-07
1- 4 1.999E-07 2.31E-07
5 -15 7.394E-08 9.09E-08
15-59 5.15E-08 5.73E-08

60 – 80 4.203E-08 3.48E-08

Table 4.58: Summary of Cancer Risks for Residential Population

of Na Kwao Village (Complete Storage)

Na Kwao for CTE for RME
Age Risk Risk
0-1 8.986E-09 5.91E-08
1- 4 1.431E-07 2.79E-07
5 -15 5.293E-08 9.3E-08
15-59 3.595E-08 6.64E-08

60 – 80 3.012E-08 4.85E-08

Table 4.59: Summary of Cancer Risks for Residential Population

of Na Khot Village (Complete Storage)

Na Khot for CTE for RME
Age Risk Risk
0-1 2.063E-08 1.05E-07
1- 4 9.277E-08 2.46E-07
5 -15 3.275E-08 8.28E-08
15-59 2.304E-08 5.98E-08

60 – 80 1.823E-08 3.87E-08

Table 4.60: Summary of Cancer Risks for Residential Population

of Pa Tan Nua Village (Complete Storage)

Pa Tan Nua for CTE for RME
Age Risk Risk
0-1 2.13E-08 1.25E-07
1- 4 1.562E-07 4.86E-07
5 -15 5.625E-08 1.59E-07
15-59 3.945E-08 1.1E-07

60 – 80 3.191E-08 7.92E-08
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Table 4.61: Summary of Cancer Risks for Residential Population

of Pa Tan Tai Village (Complete Storage)

Pa Tan Tai for CTE for RME
Age Risk Risk
0-1 2.13E-08 9.36E-08
1- 4 2.994E-07 4.29E-07
5 -15 1.116E-07 1.5E-07
15-59 7.371E-08 9.33E-08

60 – 80 6.294E-08 6.89E-08

Table 4.62: Summary of Cancer Risks for Residential Population

of Sop Tha Village (Complete Storage)

Sop Tha for CTE for RME
Age Risk Risk
0-1 1.697E-08 1.77E-07
1- 4 2.137E-07 1.95E-07
5 -15 7.796E-08 7.25E-08
15-59 5.175E-08 4.55E-08

60 – 80 4.476E-08 2.71E-08

Table 4.63: Summary of Cancer Risks for Residential Population

of Ban Nong (Mu 4 and Mu 9) Village (Complete Storage)

Ban Nong (Mu 4 and 9) for CTE for RME
Age Risk Risk
0-1 1.448E-08 7.99E-08
1- 4 9.753E-08 1.86E-07
5 -15 3.612E-08 6.62E-08
15-59 2.42E-08 4.76E-08

60 – 80 2.026E-08 3.24E-08

Table 4.64: Summary of Cancer Risks for Residential Population

of Ban To Village (Complete Storage)

Ban To for CTE for RME
Age Risk Risk
0-1 5.158E-09 1.12E-07
1- 4 9.221E-08 2.11E-07
5 -15 3.34E-08 7.45E-08
15-59 2.255E-08 4.79E-08

60 – 80 1.904E-08 3.51E-08
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Table 4.65: Summary of Cancer Risks for Residential Population

of Ban Pao Village (Complete Storage)

Ban Pao for CTE for RME
Age Risk Risk
0-1 8.653E-09 8.74E-08
1- 4 7.21E-08 3.25E-07
5 -15 2.606E-08 1.06E-07
15-59 1.807E-08 6.81E-08

60 – 80 1.484E-08 5.49E-08

Table 4.66: Summary of Cancer Risks for Residential Population

of Wang Phrao Village (Complete Storage)

Wang Phrao for CTE for RME
Age Risk Risk
0-1 2.662E-09 2.33E-08
1- 4 6.339E-08 2.52E-07
5 -15 2.348E-08 8.41E-08
15-59 1.562E-08 5.19E-08

60 – 80 1.325E-08 4.42E-08

Table 4.67: Summary of Cancer Risks for Residential Population

of Sop Chang Village (Complete Storage)

Sop Chang for CTE for RME
Age Risk Risk
0-1 1.997E-09 1.33E-08
1- 4 2.458E-08 1.25E-07
5 -15 9.369E-09 4.26E-08
15-59 6.465E-09 2.63E-08

60 – 80 5.13E-09 2.23E-08

4.7.2.3 Utilization Population

There will be no additional risks due to arsenic in this case because all fly ash

is assumed to be completely stored and no fly ash is sold for any types of utilization.
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4.7.3 Modeled Complete Sales

This case assumes complete sales of fly ash to customers for construction

materials purposes.  Similarly, modeled values for arsenic particulate concentrations in

air and total arsenic concentration in river water will be input in the risk quantification

processes.

Summary Tables of cancer risks for extrapolated complete sales are shown

below.  Occupational population and residential population are separately calculated.

The total risks are the sum of all risks across all possible pathways, according to

equations in sections 4.3, for each population scenario.  They are then compared to

acceptable values of 10-4 and 1.0.

4.7.3.1 Occupational Population

Risks associated with occupational population for complete sale of fly ash for

workers at storage site are assessed to be zero.  There will be no workers at storage site

in this particular setting.

Table 4.68: Summary of Cancer Risks for

Occupational Population (Complete Sales)

4.7.3.2  Residential Population

According to the linear model, adjusting factors of 0.6656 for complete fly ash

storage scenario and 1.2142 for complete fly ash sale scenario are applied to final risks

in Tables on the next pages.

Occupational for CTE for RME

Total Risk Risk

Workers 2.3E-06 1.01E-05

(plants)

Workers 0 0

(storage)

Visitors 6.9E-08 7.06E-08
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Table 4.69: Summary of Cancer Risks for Residential Population

of Hang Hung Village (Complete Sales)

Hang Hung for CTE for RME
Age Risk Risk
0-1 1.9E-07 7.7E-07
1- 4 1.3E-06 6.7E-06
5 -15 4.8E-07 2.3E-06
15-59 3.3E-07 1.5E-06

60 – 80 2.6E-07 1.2E-06

Table 4.70: Summary of Cancer Risks for Residential Population

of Mae Moh Station Village (Complete Sales)

Mae Moh Station for CTE for RME
Age Risk Risk
0-1 2.8E-06 1.4E-05
1- 4 5.2E-06 1.7E-05
5 -15 3.4E-06 8.4E-06
15-59 2.7E-06 5E-06

60 – 80 2E-06 4E-06

Table 4.71: Summary of Cancer Risks for Residential Population

of Mae Lu Village (Complete Sales)

Mae Lu for CTE for RME
Age Risk Risk
0-1 2.5E-06 1.1E-05
1- 4 1.6E-06 3.9E-06
5 -15 9.5E-07 2.4E-06
15-59 8.3E-07 2.1E-06

60 – 80 5.4E-07 1.3E-06

Table 4.72: Summary of Cancer Risks for Residential Population

of Don Mun Village (Complete Sales)

Don Mun for CTE for RME
Age Risk Risk
0-1 8.9E-08 5.4E-07
1- 4 7.7E-08 5E-07
5 -15 3.7E-08 2.3E-07
15-59 3E-08 1.4E-07

60 – 80 1.2E-08 8.2E-08
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Table 4.73: Summary of Cancer Risks for Residential Population

of Hua Sua Village (Complete Sales)

Hua Sua for CTE for RME
Age Risk Risk
0-1 2.3E-06 1.4E-05
1- 4 3E-06 5.1E-06
5 -15 1.3E-06 2.7E-06
15-59 1E-06 1.6E-06

60 – 80 7.3E-07 1.2E-06

Table 4.74: Summary of Cancer Risks for Residential Population

of Sop Rai Village (Complete Sales)

Sop Rai for CTE for RME
Age Risk Risk
0-1 7.5E-08 4.7E-07
1- 4 5.7E-07 4E-07
5 -15 2.1E-07 1.9E-07
15-59 1.5E-07 1.3E-07

60 – 80 1.2E-07 7.6E-08

Table 4.75: Summary of Cancer Risks for Residential Population

of Ban Kom Village (Complete Sales)

Ban Kom for CTE for RME
Age Risk Risk
0-1 1.9E-06 1.2E-05
1- 4 2.1E-06 3.9E-06
5 -15 7.9E-07 2.1E-06
15-59 6.8E-07 1E-06

60 – 80 6.1E-07 9E-07

Table 4.76: Summary of Cancer Risks for Residential Population

of Ban Mai (Mu 1) Village (Complete Sales)

Ban Mai (Mu 1) for CTE for RME
Age Risk Risk
0-1 7E-08 3.3E-07
1- 4 5.4E-07 4E-07
5 -15 2.1E-07 1.8E-07
15-59 1.4E-07 1.2E-07

60 – 80 1.1E-07 5.3E-08
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Table 4.77: Summary of Cancer Risks for Residential Population

of Ban Mai (Mu 8) Village (Complete Sales)

Ban Mai (Mu 8) for CTE for RME
Age Risk Risk
0-1 3.5E-08 4.5E-07
1- 4 8E-07 7.9E-07
5 -15 3E-07 3.1E-07
15-59 2E-07 2E-07

60 – 80 1.7E-07 1.2E-07

Table 4.78: Summary of Cancer Risks for Residential Population

of Pong Pa Pao Village (Complete Sales)

Pong Pa Pao for CTE for RME
Age Risk Risk
0-1 2.7E-08 3.8E-07
1- 4 4.6E-07 3.8E-07
5 -15 1.7E-07 1.7E-07
15-59 1.2E-07 1.2E-07

60 – 80 9.7E-08 6.3E-08

Table 4.79: Summary of Cancer Risks for Residential Population

of Sop Po Village (Complete Sales)

Sop Po for CTE for RME
Age Risk Risk
0-1 7.7E-08 6E-07
1- 4 7.1E-07 4.8E-07
5 -15 2.6E-07 1.8E-07
15-59 1.8E-07 1.3E-07

60 – 80 1.5E-07 6.9E-08

Table 4.80: Summary of Cancer Risks for Residential Population

of Ban Luk Village (Complete Sales)

Ban Luk for CTE for RME
Age Risk Risk
0-1 4.6E-08 4.4E-07
1- 4 1.5E-06 4.8E-07
5 -15 5.8E-07 2.3E-07
15-59 3.7E-07 1.4E-07

60 – 80 3.3E-07 8.1E-08
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Table 4.81: Summary of Cancer Risks for Residential Population

of Ban Luk Tai Village (Complete Sales)

Ban Luk Tai for CTE for RME
Age Risk Risk
0-1 3.1E-08 4.4E-07
1- 4 1.6E-06 7.8E-07
5 -15 5.7E-07 3.1E-07
15-59 3.7E-07 1.9E-07

60 – 80 3.3E-07 1.2E-07

Table 4.82: Summary of Cancer Risks for Residential Population

of Nam Thong Village (Complete Sales)

Nam Thong for CTE for RME
Age Risk Risk
0-1 8.1E-08 5.1E-07
1- 4 1.2E-06 5.5E-07
5 -15 4.4E-07 2.3E-07
15-59 2.9E-07 1.4E-07

60 – 80 2.6E-07 9.4E-08

Table 4.83: Summary of Cancer Risks for Residential Population

of Nong Thoi Village (Complete Sales)

Nong Thoi for CTE for RME
Age Risk Risk
0-1 4.7E-08 3E-07
1- 4 3.6E-07 3.8E-07
5 -15 1.3E-07 1.5E-07
15-59 9.4E-08 1E-07

60 – 80 7.9E-08 7.2E-08

Table 4.84: Summary of Cancer Risks for Residential Population

of Ban Hom Village (Complete Sales)

Ban Hom for CTE for RME
Age Risk Risk
0-1 2.4E-08 2.4E-08
1- 4 3.6E-07 3.6E-07
5 -15 1.3E-07 1.3E-07
15-59 9.4E-08 9.4E-08

60 – 80 7.7E-08 7.7E-08
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Table 4.85: Summary of Cancer Risks for Residential Population

of Na Kwao Village (Complete Sales)

Na Kwao for CTE for RME
Age Risk Risk
0-1 1.6E-08 1.1E-07
1- 4 2.6E-07 5.1E-07
5 -15 9.7E-08 1.7E-07
15-59 6.6E-08 1.2E-07

60 – 80 5.5E-08 8.8E-08

Table 4.86: Summary of Cancer Risks for Residential Population

of Na Khot Village (Complete Sales)

Na Khot for CTE for RME
Age Risk Risk
0-1 3.8E-08 1.9E-07
1- 4 1.7E-07 4.5E-07
5 -15 6E-08 1.5E-07
15-59 4.2E-08 1.1E-07

60 – 80 3.3E-08 7.1E-08

Table 4.87: Summary of Cancer Risks for Residential Population

of Pa Tan Nua Village (Complete Sales)

Pa Tan Nua for CTE for RME
Age Risk Risk
0-1 3.9E-08 2.3E-07
1- 4 2.8E-07 8.9E-07
5 -15 1E-07 2.9E-07
15-59 7.2E-08 2E-07

60 – 80 5.8E-08 1.4E-07

Table 4.88: Summary of Cancer Risks for Residential Population

of Pa Tan Tai Village (Complete Sales)

Pa Tan Tai for CTE for RME
Age Risk Risk
0-1 3.9E-08 1.7E-07
1- 4 5.5E-07 7.8E-07
5 -15 2E-07 2.7E-07
15-59 1.3E-07 1.7E-07

60 – 80 1.1E-07 1.3E-07
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Table 4.89: Summary of Cancer Risks for Residential Population

of Sop Tha Village (Complete Sales)

Sop Tha for CTE for RME
Age Risk Risk
0-1 3.1E-08 3.2E-07
1- 4 3.9E-07 3.6E-07
5 -15 1.4E-07 1.3E-07
15-59 9.4E-08 8.3E-08

60 – 80 8.2E-08 4.9E-08

Table 4.90: Summary of Cancer Risks for Residential Population

of Ban Nong (Mu 4 and Mu 9) Village (Complete Sales)

Ban Nong (Mu 4 and 9) for CTE for RME
Age Risk Risk
0-1 2.6E-08 1.5E-07
1- 4 1.8E-07 3.4E-07
5 -15 6.6E-08 1.2E-07
15-59 4.4E-08 8.7E-08

60 – 80 3.7E-08 5.9E-08

Table 4.91: Summary of Cancer Risks for Residential Population

of Ban To Village (Complete Sales)

Ban To for CTE for RME
Age Risk Risk
0-1 9.4E-09 2E-07
1- 4 1.7E-07 3.8E-07
5 -15 6.1E-08 1.4E-07
15-59 4.1E-08 8.7E-08

60 – 80 3.5E-08 6.4E-08

Table 4.92: Summary of Cancer Risks for Residential Population

of Ban Pao Village (Complete Sales)

Ban Pao for CTE for RME
Age Risk Risk
0-1 1.6E-08 1.6E-07
1- 4 1.3E-07 5.9E-07
5 -15 4.8E-08 1.9E-07
15-59 3.3E-08 1.2E-07

60 – 80 2.7E-08 1E-07
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Table 4.93: Summary of Cancer Risks for Residential Population

of Wang Phrao Village (Complete Sales)

Wang Phrao for CTE for RME
Age Risk Risk
0-1 4.9E-09 4.2E-08
1- 4 1.2E-07 4.6E-07
5 -15 4.3E-08 1.5E-07
15-59 2.8E-08 9.5E-08

60 – 80 2.4E-08 8.1E-08

Table 4.94: Summary of Cancer Risks for Residential Population

of Sop Chang Village (Complete Sales)

Sop Chang for CTE for RME
Age Risk Risk
0-1 3.6E-09 2.4E-08
1- 4 4.5E-08 2.3E-07
5 -15 1.7E-08 7.8E-08
15-59 1.2E-08 4.8E-08

60 – 80 9.4E-09 4.1E-08

4.7.3.3  Utilization Population

There are also three groups of exposed populations in this scenario, namely,

the truck drivers, the workers at ready-mix concrete plants, and concrete products end

users.  Exposure will be estimated based on interviewed information for each group of

population.  The possible routes of exposure are listed below:

Truck Drivers: Dermal Contact and Inhalation

Workers at Ready-mix Concrete Plants: Dermal Contact and Inhalation

Concrete Products Users: Dermal Contact

With higher amount of fly ash sales, more truck drivers will come to the plant,

and some drivers will have to come more often.  They may have to wait longer,

however, the fly ash loading process from silos will take about the same amount of

time.
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Larger amount of fly ash transported to ready mixed concrete plants leads to

possible more mixing batches for ready mixed concrete.  The same number of workers

may have to be exposed to more inhalation of fly ash containing dust, resulting in

higher risks.

The types of utilizations of fly ash concrete are reasonably unchanged as they

depend largely on percentage of fly ash in concrete.  More amount of sold fly ash,

according to assumed complete sales, would lead to more distribution of utilization,

especially to where fly ash ready mixed concrete business does not exist.

The summary of cancer risks for extrapolated complete sales of fly ash, is

shown in Table 4.95 in the next page:

Table 4.95: Summary of Risks for Utilization Population (Complete Sale)

Within the utilization population, the magnitude of risks follows the same trend

as those of current sale and storage scenario, all with acceptable range.  According to

Table 4.95, cancer risks in descending order are truck drivers, workers at ready mixed

concrete plants, and end users, respectively.

Risk contribution of each pathway in all population groups is tabulated in

Table 4.96 to Table 4.98 shown on the next page:

Utilization Scenario (Complete Sale) Utilization Scenario (Complete Sale)
Total Risk Risk Total Risk Risk
for CTE - for RME -

Truck Drivers 3.1597E-09 Truck Drivers 5.90E-06
    

Workers 6.1245E-08 Workers 1.28E-06
(Ready Mixed Pants)  (Ready Mixed Pants)  

End Users:  End Users:  
- General Structure 3.502E-10 - General Structure 1.381E-08
- Road Surface 2.6686E-10 - Road Surface 1.052E-08
- Special Structure 6.3468E-10 - Special Structure 2.503E-08
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Table 4.96: Percent Contribution of Risk by

Pathways (Occupational Population)

Occupational Population      

Pathways          Workers (plants)        Workers (storage)              Visitors

  Risks
%

Contribution Risks
%

Contribution Risks
%

Contribution

Ingestion 2.11E-07 10.48 1.82E-07 9.84 9.46E-09 15.45

Inhalation  1.80E-06 89.44 1.66E-06 89.92 5.14E-08 83.97

Dermal Contact 1.58E-09 0.08 4.39E-09 0.24 3.55E-10 0.58

  2.01E-06  1.85E-06  6.12E-08  

Table 4.97: Percent Contribution of Risk by Pathways (Residential Population)

Residential Population
(drink river water)

Residential Population
(do not drink river water)

Pathways           Typical values Pathways          Typical values

  Risks % Contribution  Risks % Contribution

Ingestion (water)  7.72E-07 58.34 Ingestion (water) 0 0.00

Ingestion (fish)  5.11E-07 38.58 Ingestion (fish) 3.29E-08 51.88

DC (swim/shower)  2.58E-08 1.95 DC(swim/shower) 1.40E-08 22.09

DC (farming)  1.51E-08 1.14 DC (farming) 1.65E-08 26.03
  1.32E-06   6.34E-08  

Table 4.98: Percent Contribution of Risk by Pathways (Utilization Population)

Utilization Population       

Pathways           Truck Drivers Workers (ready mixed plants) Users (special structures)

 Risks % Contribution Risks % Contribution Risks % Contribution

Inhalation  3.99E-07 99.61 4.12E-08 89.68 - 0.00

DC  1.58E-09 0.39 4.74E-09 10.32 3.17E-10 100.00

  4.01E-07  4.59E-08  3.17E-10  
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4.8    Results of RISK*ASSISTANT
Standard output of RISK*ASSISTANT for a group of population of Mae Moh

Station village with certain exposure pathway is attached in Appendix G, while

summarized results are listed in Table 4.99.

Table 4.99: Results of Cancer Risks by

Manual Evaluation and RISK*ASSISTANT

Pathway Manual Result RISK*ASSISTANT % Difference
Water Ingestion (CTE) 1.7 x 10-6 2 x 10-6 17.6

Water Ingestion (RME) 4.47 x 10-6 4 x 10-6 10.5

Fish Ingestion 3.4 x 10-7 4 x 10-7 17.6




