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5 " Barriers to Border Trade along the Southern Econont

Z Corridor: A Case of Thai-Cambodia Trade on the Borcer of
3 lQ ) Srakaew Province

O}"/r%% Saran Ratanasitlsind Pensri Jaroenwanit

Abstract— This research aims to study barriers hindering #adn the Southern Economic Corridor, specifically
border trading activities between Thailand and Cawfia occurring on the border of Srakaew ProvinceisTarea was
chosen since it has been widely accepted as a ntajeshold to Cambodia. Appling both qualitativedaquantitative
research techniques to collect and analyze its ddiia research started with compiling qualitatidata from various
relevant sources prior to operationalizing them gigestionnaire survey to clarify and strengthen fibrener findings.
Results show that barriers affecting trade betw&kai and Cambodia can be classified into three mgjoups based
on sources of them, i.e. barriers induced by fexcioternal to Cambodia and related to overseas entn conditions,
those influenced by factors internal to the bordexders themselves, and barriers caused by faciotarnal to
Thailand. This research concludes that root causearder trading barriers is failure of both Thand Cambodia
public authorities to facilitate trade flows betwethe two countries. This situation is unfortungtaygravated by the
delicate national relationship together with bordeaders’ preoccupation with factors related to shterm financial
performance and ignorance of factors related tartlmng term sustained competitiveness.

Keywords— Barriers, Border Trade, Greater Mekong Sub-region(GMS), ASEAN, Southern Economic Corridor (SEC),
Srakaew Province.

corridor route which provides both an intra- anernt
1. INTRODUCTION corridor links, specifically to East-West Economic

. . . I . . Corridor (EWEC).
Studies relating to border trading activities eggcin Strategic position of Srakaew province as a border

Greater Mekong Sub-region (GMS) are supposed to betrading hub of the region is very outstanding owiag

of particular_ interest 10 academia, practitionem_;ld few crucial reasons. Being a threshold of both hemt
general public as a Wh.()le. (see [1.] for GM_S _h|story, and Central Cambodia because of its geographical
structure, and plan). This is behaviorally logicahce advantage, Srakaew province justifies its locattm
cross border trade and investment is a strategiesth 1, SEC Northern and Central sub-corridor. Thezle
under ten-year GMS strategic framework [2]. In fact advantage enables Srakaew to become the most

GMS is an important cafalysis of concrete economic;m,qrant pass point between Thai and Cambodicblyere
cooperation and liberalization among the regiooulh more than half of border trade transaction occgrfBi:

implementation ofitseconomic corridors programs. \ihiie uprising trend can be expected given the
Possessing a few eminent characteristics Withs,ijitative influence of SEC.

relatively strong potential to facilitate trade, uBtwern

. : . i ) For Thailand, border trading transaction has
Economic Corridor (SEC) is of particular interetidy

) : ; consistently dominated trade with its neighboring
context. _It is a Flagship Program of GMS [1], hayi countries. Recent statistics still confirms thienu,
sub-corridors, namely Northern, Central, Southern showing as huge proportion as around 75% on averfige
Coastal, and Inter-(_:orridor Link, Whic_h are the_ MOS horder trade to total trade values over the lageérs
among GMS corridors [2]. SEC links Thailand, \ih strong growth potential [3], amidst turbulent
Cambodia, and Vietnam. It probably is the corridor g aion both on Malaysian border in the South and

covering the most geographically, stretching from c,mnadian one in the East. By [3]'s statistics, iTha
Thailand, crossing over Cambodia, and destinintiiee ¢, nnodia border trading is a very important trading

important Vietnamgse Southern poastal .prov.inces.mode between the two nations. It is also a promisin
Furthermore SEC is the only corridor having inter- piaeral trade link since still comprising of nigile

proportion of overall Thai trade with its neighbor.
In fact, recent Thai-Cambodia trade narration still

reported some critical impediments, e.g. problemati
Saran Ratanasithi is Ph.D. in Marketing (Thammasaiversity, Cp bodi | d Ipt' 51 It 9 pt ioh
Bangkok, Thailand). An Assistant Professor of Mérige in MBA ambodian aWS an reg_u a Ions [ ] IS quite 10 _3
Program, The Graduate School, Suan Dusit Rajabimtersity, that these barriers are similar to what were regbih
Bangkok, Thailand. 145/9 Sukhothai Road, Dusit, gkak, 10300. 2004 by [6] and so far have persisted almost adieda
Email: saran_rat@dusit.ac.th seems that sustained prosperity of Thai-Cambodidelno

Pensri  Jaroenwanit is Ph.D. in Marketing (Thamrmakzversity, . o . . .
Bangkok, Thailand). An Associate Professor of Mrig at the trade will be initiated only after barriers hindegiit are

Faculty of Management Sciences, Khon Kaen Univgriihon Kaen, identiﬁeq and e“minated as long been POSiteq by [
Thailand. 123 Mitrapharp Road, Muang, Khon Kaer0GR. There might be hidden critical obstacles impedizglé

CO”eSP?(T(di”g i“thor, Tel. 081-9743732; Fax 04340@; E-mail:  exercising their influence over others waiting for
penjar@kku.ac.t
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uncovered.

Apart from its practical interesting, border traglin
activity, particularly with regarding to barriersige, also
offers ample academic attraction. Taxonomy of eipor
barrier has still been a weakness in the literatumen it
has not yet been conclusive [7]. Moreover neither t

overseas internal, seems to be exhaustive. Howghdr,
proposed 2-group typology of domestic and overseas,
arguing that it might be too complicated and thasbe
applicable to small and medium-sized export enisepr
(SMEs). While, [13] has also proposed a 2-group
taxonomy, i.e. domestic and internal-firm, claimtedoe

uniform measurement scale of export barrier has yetmore suitably accommodate exporters from developing
been established. As such its inclusive measurementountries.

items, dimensions, together with priority have left
blurred.
Though fair interest in study of border trade oscur

In fact, [12] empirically found that combining of
[11]'s and [13]'s into 3-group one might be the mos
suitable taxonomy for exporting firms from develogi

barrier issue has been an overlooked research domaicountries basically SMEs engaging in border trading

Moreover, barrier studies have been dominated byactivities with

macroeconomic perspective, e.g. [8]. In such aiglys
identification, classification, and prioritizationof
particular barriers are at the best not a majongocThis
ignorance occurs even scholars still

their neighboring countries. [12]'s
typology divided barriers into 3 groups of thoseeinal
to Lao PDR and related to overseas economic conditi
or shortly called overseas barriers, barriers imaeto

have beenThailand or also called domestic barriers, and ghos

challenged by a major open economy puzzle [9] ofinternal to border trader themselves, or so cafiestnal-

experiencing inferior inter-border trade to intrardber

trade albeit border liberalization. It seems thgtiad of

study at the macro level has not done enough touanc
the puzzle.

In Thailand, for example, there is probably onlyeon
study focusing on barrier to border trade and it wiace
2004 [6]; while in most of the study, barrier issumre
basically peripheral to other issues as tradingtetiies
and situation. There were hardly any attempt
classifying and prioritizing the barrier. Moreovitese
studies’ results have been isolated and fragmented.

It seems that we cannot afford to overlook thedssi
border trade barrier in a micro-level any longer

in

firm barriers.

This glaring controversy offers a chance for thiglg
to provide another empirical evidence enabling
approaching conclusive consensus in the literature.

2.2 Border Trade:

To gain insights in barrier to border trading aitis,
we also have to be equipped with knowledge of brorde
trading herewith discussed. Readers can refet2pfpr

succinct review of border trade literature for its
conceptualization, taxonomy, and recent issues of
Thailand.

In the last two decades, there are 2 distinct

especially when done in a promising area as Srakaevgeographical contexts of study in border trade as

province. This study thus attempts to answer a rgéne
research question of “What are barriers to bordzsuet
on the Southern Economic Corridor?” Its endeavedsh
some light on our knowledge of export barrier azngly
still called in the literature [7] and particulatly border
trade one at least in three aspects of barrietifaziion,
classification, and prioritization. This study tafore
offers benefits to both practitioners and academics

2. LITERATURE REVIEW

This section includes discussion of 5 basic groaps
literature respectively, i.e. export barriers, l@rérade,
Thai-Cambodia border trade relationship, barriavs t
border trade as a whole, and specifically to thedtvben
Thai and Cambodia. Details of review are preseated
follows.

2.1 Barriersto Export:

To be able to have vivid understanding of obstatdes
border trade, it is imperative that we first faiuilze with
extant export barrier literature.

Interested readers are able to refer to [10], addi for
thorough review of export barrier literature. Indétbn,
succinct review of conceptualization, taxonomy, and
contemporary issues of export barrier can be found
[12].

Taxonomy of export barrier is one inconclusive ésu
of which [10]'s 4-group proposition of domestic
external, domestic internal, overseas external, an

122

appeared in scholarly journal, i.e. North Ameriead
Europe Union (EU); while Asia, Latin America, or
Africa are chosen by some. This instance is ngirised
given the fact that North America is consideredihgv
the “Thinnest” border in the world where minimade
barriers present; while EU has been known to agtive
promote intra-regional trade [8].

As such, in the developed trading territories, fobas
been somewhat even on two crucial issues of border
effects and border liberalization. Those studieddbp
effects are basically economic analysis of timeeser
trade data comparing intra-national with inter-oasl
trading transaction of a specific pair of tradirmyntries,
e.g. [14], [15], [16].

Border effect is existed if the intra-national tead
significantly differs from inter-national one. [14for
example, found such effect when his results shotvat!
Canadian states trade 22 times more among themsselve
than with U.S. states once income and distance
differences are taken into account. His findings is
considered by [9] as an open economy puzzle of kvhic
its assumption of equal border barriers was teatedl
rejected by [8]. Yet having macro-level focus, @ not
provide a list of particular barrier so that measutan be
taken to eliminate them. This instance offers an
opportunity for this study to add on the literaturg
generation of such a list.

These studies might well lead to interest in tiseiésof

dﬁ]order liberalization and its consequences on wuario

acroeconomic variables, for instance [17], and].[18
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Still there are some studies interested in conuakitiof permanent points and 8 are temporarily trade fatiitig
liberalization, e.g. trade policy, and copyright points [26]. These pass points are located alongi-Th

enforcement e.g. [19], and [20]. Cambodia border in 6 provinces from Ubon Ratchathan
In developing economies, where preoccupation is onSisaket, Surin, Srakaew, Chantaburi, to Trat. Tineo3t
enforcing liberalization, narration of trade pattee.g. important pass points where 90% of trade existed ar

[21] and [22], and development of bilateral or Klong Luek custom point and Ban Had Lek custom poin
multilateral trade integration, e.g. [23], seemb® of [26].
greater interest. Yet, there is another study éstied in
border effect analyzing its influence on businegsle
utilizing Brazilian-Argentinean trade data and fduas  These following 5 sections present statistical data
such, i.e. [24]. adapted from those of [3], and [27].
. . . - From Table 1, it is obvious that during the lagteérs

2.3 Thai-Cambodia Border Trade Relationship: period, trade between Thailand and its 4 neighigorin

This section discusses the following topics, i.e. countries has been dominated by border trade among
Cambodia International Trade and Investment Policy,them when on average border trade value accounts fo
Cambodia Trade Policy toward Thailand, Thai- around 75% of total international trade. Trade leemv
Cambodia border trade situation and issues. Thailand and Cambodia repeats the same pattern when
border trade also accounts for around 75%. Moreover
there is a high potential of increasing trade betw&hai
and Cambodia since their trade represents onlyndrou

After collapsing of socialist economy, Cambodia@téd 7% of trade between Thailand and its other neighigor
market economy sincel989 [25]; yet during the first countries.

decade of this major change, its path to capitalism

gradu,a”y procee,ded ovylng to d!f_f|cult|es II’-].thG-JOU'y Table 1: Proportion of Total Trade Value, Export, Import, and Trade
and in the region. Since political stabilization sva (Baknce of Intemnational Trade and Border Trade between Thaiand and
established in 1999, Cambodia has accelerateaiit® r  [Camboda, Lao, Mayanmar, and Malaysia (%)

a. Trade Proportion:

Cambodia International Trade and Investment
Policy:

to open economy development and adopted interradtion Proportion (%) 2007 | 2008 | 2009 | 2010
free trade and investment policies attractive toworld. Border Trade between Thaiand and ts
In order to ensure trade and investment counteydrt neighboring countries to Intemational

Trade between Thailand and its

security to their business, Cambodia also condiasts neighboring countries

and regulation reform, especially those relatedraoe

. i Total Trade 70 75 77 77
and investment [25]. Classified as one of the pstore Export 81 83 87 9
H H H H Import 59 66 67 63
nations, Cambodia has _recelved Generalized Sysfem d e 5200 3 g =5
Preference or GSP for its exported products to AJ.S. Border Trade between Thaland and
and E.U. Moreover, it also received Most Favored Cambodia Ttﬁ _éntjmagbféa”l;ag? between
. aliand an ambodia
Nation or MFN status from both U.S.A. and E.U [6].
Total Trade 78 72 80 68
Cambodia Trade and Investment Policy toward Export 77 71 80 69
Thailand: Import 96 98 94 63
! : Balance 76 70 79 70

Border Trade between Thailand and

Though regular Thai Cambodia national relationship Cambodia on the Border of Srakaew

during Yingluck’s administration has resumed, amdre Province to Border Trade between
Cambodia conveys the same trade and investmerit Thaiand and Cambodia
policies with Thailand as it applies to the world, T“;'(;gide 3L - 2L =
sustained national and so as with trade relatipnshi Import 84 92 63 66
between them have still been believed to be uricerta Balance 49 55 49 54
. | Nati | flict bet th t Border Trade between Thaiand and
Intermittently National conflicts between the two Cambodia to Border Trade between
nations seem to be unavoidable since a few critical Thaiand and its neighboring countries
issues, i.e. Phraviharn (Preah Vihear) Temple, an Total Trade 7 7 7 7
overlapping economic territories in the Gulf of Taad, Export 11 12 12 1
h t yet b lved or might not be. The isfl woont : : T 7
ave not yet been solved or might not be. The s Babnee 20 41 3 24
are very complicated owing to alleged conspiracyiagn International Trade between Thaiand and

Cambodia to International Trade between

leading politicians of Thai and Cambodia and global Thaiand and its neighboring countries

mighty powers secretly exploiting rich energy desosf

the two countries. Total Trade 6 7 7 8
However, fortunately enough, Phraviharn conflictswa 5:1[:)?; 2 4 =3 2
limited to the areas where trade is sparse, soa#t h Balance 1314 180 377 36

minimal effect to overall border trade volume betwe |Source: Department of Foreign Trade 2011
Thai and Cambodia.

Thai-Cambodia Trade Situation: Table 1 also shows that Srakaew is a very important

Currently border trade between Thai and CambodiatraOIIng channel between Thai and Cambodia when

occurs through 14 official pass points of which 1@ a trading through its border accounts for around 5&9%6
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average during the last four years. These facts all
prioritize study of the trade relationship betweEmai
and Cambodia.

) Concentration of import content of Thailand is vergh
b. Trade Value and Trend: as statistics in Table 4 states that the top teports
Table 2 below presents overall Thai-Cambodia borderaccount for around 75% of total import from Camizodi
trade value and the trade through Srakaew oveattel Moreover, import contents are stable when 7 pradatt
years and their percentage changes. The trade facetthe top-ten list are the same old import produtteee
difficulties in 2009, drop of around 10%, partly iog to new top-ten imports are other wooden products, rothe
serious national conflicts between Thai and Candodi metal ores and scrapped, and bus and truck. Three
leading to military fighting on the border [28]. traditional imports that disappeared from the kst

soybean, used garments, and fish and aqua products.

d. Top-Ten Import of Thailand from Cambodia:

Table 2: Border Trade Valie of tradng between Thatand and Camboda (Milon Baht) and Percentage Change
Wl ow | ow Table 4: Top Ten Import of Thailand from Cambodia in
Value 2007 | 2008 | 2009 | 2010 2010 (Milion Baht)
08/07| 0/08| 10/09 Product 2010
Border Trade between |7airage | 37479 | 0307 | 434 | 40| M2 | 981 | 202 1. Iron 847.2
Malantan Gt~ 105 [ g | oy | 5| B0 | 4 B e .
Impott | 1613 | 296 | 245 | 428 | 8197 | 501 | 726 4. Tapioca and its related Products 442.9
Balnce | 33812 | 44% | 434 | 46815 | 342 | A1 | 1592 5. Copper 235.1
Border Trade betveen EAFE A ERIEEED 6. Scrapped Paper 190.7
TandandCnti | 7. Garments 30.6
onthe border of Expon 17,870 27,020 21,396 28,090 SL0 | 081 | 3N 8. Other Wooden Products 22.5
Srakaew Province Inpot 135 | 2607 | 1584 | 2814 | 92 | 410 | T8 9. Other Metal Ores or Scrapped 12.2
650 | 435 | 580 | 526 | 90 | 8% | 2 10. Bus and Truck 3.4
Babnce | ' ' ' ' ' ' Top 10 Import 3,041.8
Source: Department of Foreign Trade 2011, and Bank of Thaiand 2011 Other Import 1,256.6
Total Import 4,298.3
Source: Department of Foreign Trade 2011

c. Top-Ten Export of Thailand to Cambodia:

Table 3 showdop-tenlist of export from Thailand to Issues relating to Thai-Cambodia border trade:
Cambodia. Having sugar on the top, with a propartb
around 10% of total export, these products accéamt
almost 50% of total border export of Thailand. Tliss
is very dynamics including 6 new products, i.e.aug
motor tire, non-alcoholic drink, cosmetics perfuaned

There are at least two important issues relatinigotaler
trade between Thai and Cambodia, i.e. national
relationship between the two countries and strategi
development projects along the Southern Economic
A ) ! Corridors (SEC). For the former issue, interesesatiers
soap, other vehicles and parts, and other livestdtile can refer to [28] for chronological review of Thai-

interestingly ~other fraditional top ten products campodia Phraviharn conflicts during the last three
disappeared from the list, i.e. garments, cemanmal years.

feeds, petroleum gas and gasoline, agricultural” gyrprisingly, unlike East-West Economic Corridor
machlnerles_,_ fertilizer, m(_)no_sodlum glutamate, and (EWEC), there are hardly any studies focusing diyec
sarong (traditional long Thai skirt). on development consequences of SEC. Yet there is an
interesting comprehensive development projectaitat

and operated by Burapha University, titled “Reskarc

;gféi;;lgnog;hi; Bxport of Thaiand to Cambodia in project for Management and Develqpment of Thai-
Product 2010 Campodla border_areas” [29]. T_h|s main resea_roiept_ _
1. Sugar 4.826.5 consists of various sub-projects concerning joint
2. Clothes and Yamn 2,314.2 development of various pairs of Thai and Cambodia
3. Engine 2,199.3 provinces, e.g. a project studying development of
4. Motor Tyre 2,097.8 facilitation to border trade between Srakaew proein
5. Automobile, its Parts, and Accessories 1,947.4 and Poi Pet.
s: m;’ff_’;{:f,ﬁjg‘f)ﬁikparts iggg:é 2.4 Barriersto Border Trade
8. Cosmetics, Perfume, and Soap 1,602.0 Comparing with other research topics relating to
%Og;ﬁ;rvfsgsz(?kzd their parts 1’8‘1‘}"‘2‘ border trade, barrier issue is a very thin stream o
To'p 10 Export 26 345'.0 research.of which only 3 are identified and rewé\m_ere
Other Export 30:762.7 after. This should due baslcally to the fact thatjon
Total Export 51,112.7 borders, e.g. North America and EU, where a large
Source: Department of Foreign Trade 2011 number of trade occurred, are considered liberczith

minimal or no barrier to trade. Moreover, mosttio¢

124



S. Ratanasithand P. Jaroenwanit / GMSARN International Jour6gP012) 121 - 134

relevant studies, e.g. [14], and [15], usually asswan
average level of border barriers when conducting at
macro level focusing on examining border effectrade
between each bilateral trade relationship studigds
ignorance makes it impossible to identify, groupiagd
prioritizing those particular barriers affecting rer
trade so that they can be eliminated. The following
paragraphs briefly review these border barrierdiigres.
Relaxing an equal barrier assumption, [8] found tha
barriers to border trade are actually very différ@mong

situation between Thai and Cambodia in 2011, [5]
identifies 13 barriers. There are 7 barriers netptto
factors within Cambodia or overseas economic
conditions, i.e. uncertainty of trading rules and
regulations when they are consistently change ea ar
dependent, complicated and not facilitating import
processes as operated by a private company,
centralization of authority facilitating trade, sstured
Real currency of Cambodia, high transportation sost
owing to poor road condition especially between

each EU national members. Some EU member, e.gAranyaprathet and Banteay Meanchey, Competition
Netherlands, Finland, and Denmark, have imposed ndrom cheaper products from China and Vietnam, and

tariff equivalent barriers to trade on some bilakter
relationship; while others, e.g. Austria, Italy,daBpain,
still maintain as high level of barrier as 75% ffari
equivalent on some of theirs.

Realizing void of study focusing on service border
trade, [30] examine effect of border trade libesation
policies of both goods and services of Tunisia Bggpt

delicate national relationship between Thailand and
Cambodia.

There are 4 barriers associating with factors nakto
Thailand, i.e. delay in tax refund for export prdion,
crowded custom pass point and delay in open nent,poi
no official agency responsible for studying Camlbodi
market for relevant market information, increaseges

on two main macro economic variables, e.g. economicdeteriorating price competitiveness. While there ar

growth, and standard of living. Arguing for freewling
of skilled service providers and capital, [30] inofly
propose liberalization of capital and skilled latzmross
border to promote cross border service trades waieh
very promising trading sector.

[30] found positive effects of policies liberaligin
goods trade on both growth and standard of living i
Tunisia where its economy is open to global economy
They also found that liberalizing in service trddehers
the improvement of economic development as initiate
by goods trade liberalization. However, in Egyphene
its economy has been relatively closed, liberabrat
effect almost abortive.

Reviewing Tagliacozzo’s book titled “Secret Trades,
Porous Borders:
Southeast Asian Frontier 1865-1915", [31] pointad o
that Tagliacozzo did not only well narrate smugglin
trade in the region but also investigate the retesiip
between such illegal activities and growth of sfadever,
imposition of colonial rules, and challenges these
processes provoked. It can be inferred that smuoggli
along the border land of Southeast Asia has lomrg lire
exist and exercised its mighty influence ever siecen
on state administration. Therefore, its preseminid will
be an important barrier to border trade indefigitgihce
it has a very long and complicated root.

2.5 Barriersto Thai-Cambodia Border Trade

Surprisingly, there are limited numbers of literatu
relating to barriers to Thai-Cambodia border trade.
Moreover, most of them focus on narration of trgdin
situation describing barriers to trade as additmrheir
major topics. Actually, there is only one study using
on the topic in 2004 [6]; yet, barriers issues séerhe
subordinate to investment feasibility study. Funthere,
if barriers are studied, they are basically idésdifand
described without classified or prioritized.

barriers linking with factors internal to borderaders
themselves, i.e. traditional trade practice with trexe
document, lack of personnel having knowledge of
international trade.

In one of its webpage describing current bordeddra
situation, [32] revealed one barrier considereemsl to
Thailand. It is military fighting between Thai and
Cambodia armed forces on the border of Sisaket and
Surin provinces early this year leading to clos@ gfass
points there. However, fortunately enough thisdecice
has minimal effect on border trade between the two
countries since trade transaction over the borfidiese
two provinces account for negligible value of total
border trade between Thai and Cambodia.

Smuggling and States along the In a report narrate border trade situation in 2Q38]

pointed out a similar barrier mentioned aboves [T hai-
Cambodia chronic national conflict during the y2ap7
to 2010 leading to uncertainty of border tradevétotis
since trader worried about worse conflict causitase
of border pass points. This incidence also proves t
chronic conflict at least causes anxiety to tradbich
consequently deterring trading activities.

Studying development approach for border market
place, the case of Rong Kluea market, [34] found tw
important barriers of development relating to Téad.
They are crowded Klong Luek custom pass point, and
poor standard of Rong Kluea market.

[35] reported in 2008 that there are 8 barriersadipg
border trade between Thailand and Cambodia. Those
relating to factors internal to Cambodia comprieé$
barriers, i.e. poor road condition and other pubtitities
in Cambodia, uncertainty in rules and regulatiornrafie
owing to their frequent change and area dependence,
corruption of Cambodian officers, poor ICT suppugti
custom operation, competition from cheap produants,
Thai and Cambodia national conflict.

There are 2 barriers caused by Thai authoritiesctwh

The following paragraphs present review of relevantare crowded Klong Luek custom pass point delayimy a

literature by adopting [12]'s taxonomy of bordeade
barriers in grouping the individual barriers asniiféed
by them except for [6] in which her grouping was€eo

In their website describing current border trade

causing reduce in trade, and the lack of publitities,
electricity, water supply, and telephone connectiah
border market of Chong Sa-Ngam, Phusing district of
Sisaket province.
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In her study of barriers to border trade betweenbarriers thought to be the most important which are
Thailand and Cambodia, [6] categorized 5 groups ofrepeated taxing or not transparent taxing proceddre
barriers. These barriers are problematic tradiadition Cambodia; higher cost from hiking gasoline ¢asbt
and payment settlement, problems of transportatate international, unclear, and not facilitating trade law
and procedure of inbound transportation, problemssystem, trade regulations, and justice process of
caused by existence of casino, problems relatinbht Cambodia; and problematic law enforcement in
trade rules and regulation and the lack of thelssrand  Cambodia which is unclear, lack of standard, area
regulation of Cambodia, and problems of prevailets€  dependent, or enforcer dependent.
border criminal transaction. Table 5: Top Ten Border Trade Barriers

Yet, it is quite clear that [6] did not apply her

) . . . . . Barrier Mean S.D. | Level of Importance
conceptual classification criteria in grouping tad : _ _
. . . 1. Repeated taxing or not transparent taxing 5.47 1.08 Most important
barriers since for instance she grouped the pradtiem procedure of Cambodia
. . . : 2. Higher cost from hiking gasoline cost 5.22 1.04 Most important
rUIeS and regu_latlon Of Th“‘_;'ul_and Wlth thOS? Of Cﬂ[hh 3. Prob_lem_atic law system, trade r_egylatio..s, 5.19 1.04 Most important
Moreover, [6] ignored outlining those barriers mig to and justice process of Cambodia, i.e. out
. of date, not international, unclear, and npt
border traders themselves even though she cited af facilitating trade _ _ _
such barriers in her first barrier group. She diok n | o o o i ee | | M2 | Mostmeorant
explicitly prioritize these barriers either dependent, or enforcer dependent
' 5. Thai products are copied by cheaper Chjna 5.10 0.89 Very Important
and Vietnamese products
6. Uncertainty of investment promotion 5.06 1.19 Very Important
3. METHODOLOGY policy and other relating laws and
X . i . . . regulations
Both quahtatwe and quan“taﬂve techmques W@'ﬁ'l&d 7. Delay of Cambodian authorities in 5.00 1.22 Very Important

communicating with Cambodian consunper

in this research. Operation commenced by compiling| for resuming confidence in problematic

qualitative data from various sources and actisipeior Thal products and lifing the banning
to 0perationa|izing the qua"tative f|nd|ngs |ts | 8- Competition from low quality and very 5.00 1.17 Very Important

. . . - cheap products from China and Vietnany
qualitative  endeavors included archival data | targetingvery poor rural Cambodian

H : : H : : people
|nV€Stlgat|0n, In'depth interview and fOCUS grOUp 9. Corruption of Cambodian government 4.94 1.48 Very Important

discussion.  In-depth interview was done with 24 | officers
informants comprising of scholar who are bordedéra |0 Poortransporation foute 404 1@ Vveryimgw
researchers and experts of the field who are espesd Total 511 | 116 |  Verylmportant

or successful border traders and government offiger
charge of border trading activities. Focus groups wa

. : .~ Note: 1.00-1.83 is Not at all important

conducted with 10 active border traders from vasiou ¢ fs ° a_a "mporan

trading sectors. Content analysis was conducted to 1.84-2.67 is Not quite important

classify and prioritize barriers to border trade. 2.68-3.50 is Quite important
Then quantitative field survey research method was 3.51-4.33 is Important

conducted by using questionnaire as a data callecti
tool. Each barrier variable was measured on a @intp
Likert scale. The sampling frame for this studg isader
directory of Klong Luek custom office consisting bf0
firms. The targeted respondents are in managerial The reston the top ten list are evaluated as very
position either owners or decision makers who diyec important which are uncertainty of investment préioto
involve in their company’s Thai-Cambodia border policy and other relating laws and regulations;aglebf
trading. Firstly purposive sampling method was usgd Cambodian authorites in  communicating  with
specifically focusing on those firms trading onegular Cambodian consumer for resuming confidence in
basis. problematic Thai products and lifting the bannimgice;
There were 65 firms within the sampling frame competition from low quality and very cheap product
approached by telephone soliciting responses frachhe from China and Vietnam targeting very poor rural
of them before the questionnaires were faxed orldma Cambodian people; corruption of Cambodian
target respondents. A total of 32 firms conserited government officersand poor transportation route
supply the necessary information and returned the Based on [12]'s criteria, these 77 individual bensi
questionnaires. Descriptive statistical analysisthm@  were classified into three groups of barrier actwrdo
was employed for analyzing the surveyed data tola  their causes, i.e. barriers relating to factorgrimal to

4.34-5.17 is Very important
5.18-6.00 is Most important

and confirm qualitative results of this research. Cambodia and overseas economic conditions, or
overseas barriers, as shown in Table 6, thosdnglad
4. RESULTS factors internal to border traders themselves ntarial

This research finds that there are 77 particularidra to firm barner_s, as shown in Table 7, and barrletat_mg
to factors internal to Thailand, or domestic bas;eas

Thai-Cambodia border trade. These barriers were

rioritized by their sample mean scores of whio# ttp shown in Table 8. Content validation for these iearr
'I[Den scores a):e shown ir?TabIe 5 below components were conducted by 5 experts and sufgport

By their overall score of 5.11, these barriers are[lz]s taxonomy was established. The following

considered very important by border trade. Theee4ar Eg:ﬁgaphs will elaborate on each group of bortifet
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Barrier related to Cambodia and overseas economic
conditions:

As shown in Table 6 below, the first group of barde
trade barrier consists of 7 subgroups of barrieted to
Cambodia and overseas economic conditions or bbsirrie
caused by factors external to Thailand. These dxarall
together are considered important by border traohet
are the most critical according to majority of
respondents.

Table 6: Barriers Internal to Cambodia and relating to Overseas Economic Conditions|
Barrier Mean S.D. Level of Importance
1. Out of date law and regulations and
uncertainty in their enforcement .
together with Unclear policy not 523 121 Most important
facilitating trade of Cambodia
2. Competition from international traderg
especially China and Vietnam and 4.52 1.23 Very important
foreign exchange risk
3. Poor public services, corruption of
government officers, and political 4.26 1.47 Important
instability of Cambodia
4. Misbehavior of Cambodian traders or
inappropriate tradition of trade and pqor 4.15 1.41 Important
standard Cambodian products
5. Poor public infrastructures and trade
failities of Cambodia 413 1.68 Important
6. Delicate national relationship with
Cambodia 3.99 1.70 Important
7. Low living standard and limited
exposure to relevant information of the ~ 3.74 1.74 Important
Cambodian
Total 4.29 1.49 Important

from Cambodian farm crops, both are rated as quite
important.

Poor public infrastructures and trade facilities of
Cambodia consists of 5 individual barriers of whate
is ranked tenth in the top ten list. The otheral$® rated
as very important, i.e. unready of Cambodian tnougki
transportation, e.g. truck operating without insge
The other two barriers are quite important whicle ar
unready trucking with special equipment, e.g. air
conditioner; and unready of communication facititie
The last one is rated as not quite important, i.e.
unprepared supporting service industries, e.g.| lzotd
restaurant.

Delicate national relationship with Cambodia has 2
particular barriers rated as quite important. Thase
firstly the Cambodian and their government hold
negative attitude toward Thailand and hence are
suspicious of Thailand in mistreating and taking
advantages of them from border trading. Secondly,
Phraviharn temple conflict as linked with notorious
alleged conspiracy between Cambodian leaders and
former Thai political leader in exploitation of
controversial energy resource endowment in the gulf
Thailand for their own benefits.

Low living standard and limited exposure to reldvan
information of the Cambodian consists of 2 barrier
variables. The first one is poverty and the lack of
information of majority of the Cambodian living in

There is one subgroup of barrier rated as the mosisolated rural area which is rated as quite impdrtahe

important, i.e. out of date law and regulations and
uncertainty in their enforcement together with eacl
policy not facilitating trade of Cambodia. This gubup
comprises of 4 particular barriers and they arekedn
first, third, fourth, an sixth in the top ten list.

second one is the lack of identification documemits
both individual and business concern in Cambodited
as not quite important though.

Barriers caused by factors internal to border trades
themselves:

The other subgroup of barrier is evaluated as very

important which is competition from internationedders

In Table 7 underneath, the second group of bordelet

foreign exchange risk. It has 3 individual barriers
which two are ranked fifth and eighth in the tom;te
while the other one, rated as not quite importantjsk
from highly volatile U.S. dollars, a popular payrhen
medium.

themselves is presented. This group of barrierlse a
considered important but is thought of as lesscaitit
than the first group by majority of informants. Taeare
three subgroups of border trade barrier in thisugro
Moreover, each subgroup is also rated as impodant

The rest 5 subgroups of barrier are considerednarrated hereafter.

important and are described as following.

Poor public services, corruption of government
officers, and political instability in Cambodia hak
barrier items of which two are ranked seventh ainthn
in the top ten. The rest two barriers are the ofestu
national unity and hence suspicious national sgcimi
Cambodian since there are still independent armex:$
left operating on the Thai border, rated as quite
important; and complicated and red tape in import
processes together with uncertain and short offimers
of Cambodian pass points owing to two hours lunch
break tradition, rated as not quite important.

Misbehavior of Cambodian traders or inappropriate
tradition of trade and poor standard Cambodian ytsd
is comprised of 3 barriers, i.e. lack of resporiisibin
payment of credit trade account of Cambodian trader

rated as very important; poor hygienic standard of

Cambodian aqua products; and plant diseases aactsns

Table 7: Barriers Internal to Thai Border Trader
Barrier Mean S.D. Level of Importance
1. ¥;;ip)ngre(’sésr|(t)rr;|et:adlng r)ractl.ces of 4.06 155 Important
e ooy ] 381 | 166 | mporam
3. l;/lf|?_?gi]%\g?éeorrt;;sggrtradltlon in trading 3.79 159 Important
Total 3.89 1.60 Important

Not professional trading practice of Thai bordedar
consists of 3 individual barriers. The first one
considered very important, which is the lack ofty@ind
cooperation among traders, focusing principally on
personal benefits. The rest two barriers are ragequite
important. The former is lack of vision in business
administration, preoccupying with short term ad hoc
benefits. The latter is the lack of enthusiasticibess

is
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action, e.g. procrastinating of market visit, agdadring
product development attempt arguing responsibitity
product owners.

blueprint to deal with exploitation of abound désdr
land occupied by various influential entities, frgumblic,
private, and military concerns, especially in Seka

Disadvantages from trading with trade documents ofprovince. The second is a lack of provincial depetent
Thai border trader is the only single item barrier master plan which specified clear development wisio

component rated as quite important.
Misbehavior or risky tradition in trading of Thai
border trader has 8 barriers. One barrier is rategery
important, i.e. risk of careless practices in cartihg
credit trade, e.g. over limit accounts, credit saléthout
documents, leading to abundant

and directions, rated as quite important. The imghe
lack of provincial plan for border trade developiten
also rated as quite important.

Secondly, illegal trading and Thai gamblers crogs$m
casinos consists of two barriers. The first one is

overdue accounsmuggling, especially drugs, labor, and auto vekicl

receivable and bad debt in the end. There are 4 morrated as very important since their trades caugsgsnt

interesting barriers cited as examples. Firstlyléok of
working capital to finance credit sale, and diffte@s in

control on the border of Thai armed forces to iittgbch
mal-trades. The second is stream of gamblers crgpssi

managing credit accounts, rated as quite importantCambodian casino causing jam in immigration tated

Unethical trading practices, e.g. selling of exgifeods

as quite important.

or beverages to the Cambodian traders, and no prior The third subgroup is losing intermediary statud an
notice of price changes, rated as quite importantlack of support from relevant private concerns of

Inefficient and timely processing of small ordeatso
rated as quite important. Lastly unethical filingy ftax
refund from Thai government,
important.

Barriers related to factor internal to Thailand:

Table 8 below presents the third group of bordaddr
barriers related to factors internal to Thailandhmy are
generated in Thailand either by governmental ovapei
concerns apart from by border traders themselviée L

rated as not quite Cambodian market by products owners or

Thailand has 4 specific barriers. There is a barrie
considered as very important which is direct sglltn
major
distributors. Three other barriers are rated astequi
important. The first is the lack of monopoly povieym
being single authorized dealer in Cambodian maiikes.
second is trade obstruction by some trade or imgust
association or regional influential interest grolipe last
one is the lack of motivation to work actively for
chamber of commerce or industry association sinesst

the two former groups, this group of barrier isoals s a conflict of interest, personally versus cdiley.

considered important; yet is the least criticalcading to
most informants’ view. There are 9 subgroups ofdbor
trade barrier in this group which are describindodisw.

Table 8: Barriers Internal to Thailand
Barrier Mean S.D. Level of Importance
1. Higher cost of trade in Thailand 4.48 1.31 Vienportant
2. No strategic plan for border tradi of
Thailand 4.17 1.58 Important
3. Illegal_ trading a_nd Thai gambler 415 159 Important
crossing to casinos
4. Losing intermediary status and lack o
support from relevant private concerns ~ 4.12 1.48 Important
of Thailand
5. Out of date laws and regulatio
relevant to trade of Thailand 8.80 163 Important
6. Corruption of Thai government officers 3.68 1.5 Important
7. Inefﬂ_mem and uncooperati public 3.62 171 Important
services of Thailand
8. Poor trade infrastructures of Thailand 3.28 1.81  Quite important
9. Low competitivenes of Thai trader Lo
caused by national handicaps 290 166 Quite important
Total 3.80 1.60 Important

There is a subgroup of barrier considered very

important, i.e. higher cost of trade in ThailanthisTcost
rise is caused basically by increases of threescobt
trading. The first is oil price hike, rated as thmst
important and is the second in the top-ten listoBdly
wages surge is considered very important. Lastrast
rise is rated as quite important.

The latter 6 subgroups are rated each as impaataht
narrated as follow.

The first is no strategic plan for border trading o

Thailand is comprised of 3 particular barriers. Tinst
of which rated as very important is the lack ofiowal

128

Fourthly, out of date laws and regulations relevant
trade of Thailand consists of 4 barriers. The finse is
rated as very important, i.e. the lack of tradeusoents
and international debt enforcement process. Thensec
barrier is complicated trade rules and regulations
increasing transaction costs or limiting tradinduvoe,
rated as quite important. The third one is outatedand
not facilitating provincial regulations, rated asitg
important.. The final one is out of date, conflictj or
inflexible law relevant to trade of Thailand, rates not
quite important.

Fifthly, corruption of Thai government officers has
specific barriers. The first one is forced bribéry Thai
police officers controlling the routes to bordeorfr
transported trucks, rated as quite important. Téwoisd
barrier is no transparency in visa application prhae at
the Thai embassy in Phanom Penh deterring traders
application, rated as quite important. The last dme
forced bribery by various relevant Thai government
agencies investigating products at border passimgtsy
rated as not quite important.

The sixth barrier is inefficient and uncooperative
public services of Thailand. It is the largest sulg
comprised of 14 particular barriers of which some
interesting one are mentioned hereby. There is one
barrier considered very important, i.e. there isThi
consular office in Poi Pet to facilitate border ssing
processes, e.g. visa issuing and extending, edpeta
the Cambodian residing in the Western provinces
wishing to visit Thailand for business or touringg
international tourists wishing to revalidate theiisa
without voyage a long way to Phanom Penh.

There are four barriers rated as quite importaritkvh
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are no provincial border committee in charge ofdeor
issues from security to trade and investment, ceavd
custom pass points and
especially Klong Luek, difficulties in opening neyass
points caused by security issues, and inefficient o
practically failure of one stop service facilitieéet there
are three interesting barriers rated as not qoiportant
which are the lack of cooperation in facilitatingrer
trade transaction both among Thai agencies andelestw
Thai and Cambodia agencies; and delay
inconsistent of national negotiation on border éssand
consequently uncertainty in the border line.

overseas, domestic, and internal-firm barriers, is

sufficiently logical. The first two groups are extal to

immigration check pointsthe trading firms which mean they do not have aintr

Overseas barriers are those caused by factorsahter
Cambodia or overseas economic conditions which
Thailand does not have direct control. Domestigibey
are those caused by factors internal to Thailanitwit
is supposed to have direct fully control. Interfiah
barriers are those caused by factors internal eofitm

in andwhich it is supposed to have direct fully control.

This taxonomy is resemblance that of [11] sincehbot
studies conducted with SME contexts as a consequenc

The last two subgroups of barrier are evaluated aghe two taxonomies having domestic and overseas

quite important.

The first one is poor trade infrastructures of Tdrad
consisting of 7 specific barriers, surprisingly @ted as
not quite important, of which 4 interesting one® ar
narrated hereby. The first one is delay in consivncof
Srakaew trade distribution center caused by coateyw
over location choice. The second barrier is ignogaim
improvement and development of rail road transpioria
especially double rails transportation. The thing @ no

barriers in common. However, idiosyncrasies of bord
trading, study context of this study, making intd¢firm
barriers so eminent that they cannot be left bldnaligh
the domestic ones and that they are split out.

Such idiosyncrasies for example the inferior
competitive position caused by documentary trading
which is very unique of border trading activities
conducted between developing nations. Yet, further
subdivision of internal-firm barriers to those oa@ng

branch of Thai commercial banks operating in areasdomestically and overseas is not appropriate since

adjacent to border such as Poi Pet to facilitatemgant.
The last barrier is the lack of supporting service
industries in Srakaew especially in Aranyapratieeg.
good quality hotel and restaurant.

borderland though separated by national sovereignty
behaviorally is united in term of business patteansl
people’s walk of life. This means that the bordadlas
supposedly an economically sovereignty state wirere

The second barrier is low competitiveness of Thai considering economic activities conducting on iiorzal
traders owing to national handicaps comprised of 2sovereignty seems to be not applicable.

individual barriers, also surprisingly rated as wopite
important. The first barrier is poor labor owing ltow
productivity and short of product development skill
leading to inability to compete with cheap produfctsn
China and Vietnam. The second one is difficultias i

This taxonomy is also resemblance that of [13]esinc
both are found by studying the developing economy
contexts as a consequence the two taxonomies having
domestic and internal-firm barriers in common.
However, idiosyncrasies of border trading againseau

accessing cheap funding from bank or other findncia division of those barriers occurring outside of firen

institution owing to short of hard collaterals hyevating
on public land and getting only temporary renewabtd
contract without granting official ownership and
certificate.

5. DISCUSSION

The discussion is comprised of three basic part&hwh
are making sense of 3-group typology and compaiting
with extant literature, addressing weaknesses m th
export barrier and border trade literature as ifiedtand
strengthening by this research, justifying the tep-ist

of barriers and comparing them with extant literatin
Thailand.

Validating three major components of barrier todsor
trade, this study provides empirical support fograup
typology of barrier to border trade as found by][This
typology is supposedly the most suitable for exgort
from developing economies, basically SMEs, conahgcti
cross border trading with its neighboring countrigss
not as complicated as [10]'s 4-group taxonomy

applicable to exporters from developed countries

conducting international trading activities. At teame
time, neither it as rough as [13]'s 2-group one,
appropriate with exporters from developing cousstrie
conducting international trade.

The 3-group taxonomy of barrier to border trade, i.

into domestic and overseas ones since the Thai
government has been seen evidently that it hdsedtest
limited or temporary ability to take control ovenya
delicate issues related to national relationshim. e
national boundary issue. This is consistent withatwh
[30] argue that, in developing countries contex¢se are
barriers related to factors far deep and complitate
beyond those at the border.

Such idiosyncrasies for example alleged conspiracy
between Cambodian leaders and former Thai political
leaders in making personal benefits out of botlionat
resource deposits an incidence which widely betleve
that has dominated every aspect of national relskiip
between the two nations. Such incidence is evenhmuc
more complicated when it has been alleged thaether
secret intervention from various global mighty posve
exploit one of the world richest energy depositeTh
conspiracy issue is an obvious difference betwesults
of this study and [12]'s since Thai-Lao relationsimas
been very smooth for decades.

This study has done its best to partly move export
barrier body of knowledge toward conclusion of the
taxonomy issue as recently called by [7]. One & th
possible conclusion if it might be put forward isat
[10]'s 4-group taxonomy is applicable to exportémn
developed countries conducting international trgdin
activities. [13]'s one is appropriate with expostdrom
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developing countries conducting international trade unethical trading practices, more importantly igngr
Whereas [12]'s as empirically supported by thiglgtis outlining it.
suitable for idiosyncrasies of border trading along Barriers identified by this study were also citedthe
national border of developing countries. relevant studies in somewhat corresponding order of
Moreover, this study has attempted to take pagnn importance. In its top-ten list of barriers, 9 b&in are
endeavor to propose a uniform measure scale done bthose relating to factors internal to Cambodia and
[7]. By compiling a pool of 77 barriers variableis, overseas economic conditions. In fact, these barrie
endeavored to create exhaustive domain of measateme have also been focused by majority of study condgct
items which is the first step for development diedter in the Thailand [5], [6], [32], [33], [34], and [35It is
marketing scale as postulated by [36]. Conductingunderstandable why border traders considerably more
validation and prioritization of barrier componeisa worry about uncontrollable factors external to Ténad
preliminary fashion, this study provides a foundatfor than those internal to their countries. Coping viithse
further operationalization its results; thus alsartly obstacles, border traders have to rely on indirect
helps pushing standard scale construction possible. influence exercising through Thai government onaluhi
Furthermore, it has at its hardest attempt to nmwre they take direct control neither.
less explicate the open economy puzzle raised hy [9 There are 6 barriers of the top-ten list caused by
Chronic stagnant in unfolding the puzzle should dueCambodian public administration, e.g. poor taxation
mainly to preoccupation with econometric modeling problematic laws and their enforcement also empbdsi
utilizing macro data analysis explaining overall by [5], [6], and [35], poor infrastructure, espéadiaad
economic phenomena ignoring undertow of influential conditions, also stressed by [5], [6], and [35],dan
decision at the micro level by each business Bdtder corruption of Cambodian officers also highlighteg b
effect existence amidst trade liberalization ovee t [35]. These findings are not surprising since weskes
border and hardly any psychic distance between theof public sector seem to be prevailed in developing
trading nations leading to inferior internationahde countries where governmental agencies usually dpvel
phenomena is not surprising since those econometrienuch more slowly than those private concerns.
models have not been able to capture exhaustively There are 2 obstacles of the list induced by
micro-level factors influencing border trader’s idém. competition from the world factory, China, and its
Had such complicated yet not exhaustive model beerfollower, Vietnam also stressed by [5], and [35heir
able to capture such micro-level factors, they wichdve = competitive advantages were understandably derived
found that the costs of inter-border trade havé tstien from price sensitiveness of the poor Cambodians Thi
immense, no matter whether measured in tariffissue is very worrying since it is apparent thatdieo
equivalent quantitative term [8] or others. As a traders are preoccupied with blaming the factocepri
consequence, it would not have been puzzled atfeas hikes, oil and wages, causing their disadvantagesy
a decade why do inter-border trade is subordinate t mistakenly overlook at least two serious national
intra-border trade in such thinnest border as Northhandicaps depreciating their sustained competiéisems

America or EU. identified by this study, i.e. poor labor produity and
This research effort thus more or less helpful ininconvenient access to sources of fund.
explicate such a myth amidst global integrated eoon There is a barrier relating to Thai-Cambodia

A humble answer to [9]'s puzzle is that there anecm  relationship on the top-ten list, i.e. delay inawsg
less inter-border trade than expected along thenélst  image of problematic Thai products by Cambodian
borders because what we usually see obstructimtg tra authorities. Though finding it is important, Phitaain
over there is just a tip of the iceberg of which lituge  issue was considered relatively less critical by gtudy.
foundation is undertow ignoring for so long. Theref  This is due mainly to the fact that the specifioftioting
what was done by this research is disclosing thearea, Phraviharn temple in Sisaket province, is
underwater part of the iceberg which is identifying reasonably far from Srakaew so the eruption of Thai
possibly exhaustive barrier variables, categoriziagd Cambodia war on its border had limited effects rade
prioritizing them so that we recognize the genuinetransaction on Srakaew border as also mentiongPin
hindrance to inter-border trade. And only aftersthi and [33]. Moreover Thai border trader suspicionitén
recognition that we are able to figure out how to correlation with international conspiracy might émmd
eliminate them [4]. their judgments and lessen its critical.

Taxonomy of Thai-Cambodia border barrier found in In other studies however, Phraviharn conflict séem
this study probably captures every single barr@fas be very critical barrier in the sense that it haser
identified by studies conducting in Thailand. Y#tere frequently cited recently, e.g. [5], [6], [32], [B3and
have been hardly any attempts in classifying these[35], and causing uncertainty and anxiety. However,
barriers so that comparison can be made. Though naterm of direct loss on trading value, its effecévén still
explicitly articulated, one such attempt was doge@j been minimal [32].
to which comparison can only be made. [6]'s 5-group The Thai-Cambodia national relationship issue is
typology discussed fairly enough and touched uponworrying in the sense that its sustained soluteenss to
almost equally barriers internal to Thailand and be next to impossible and going toward it seemsite
Cambodia. She however mentioned just a few of &arri  indefinitely time frame. This is due basically theged
internal to Thai border trader, i.e. non-documentar conspiracy theory and intervention from third party
trading practices of Thai border trader, and their mighty power nations. These incidences confer g ver
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crucial policy implication in the sense that fomeig intervention.

ministry of Thailand has to take a very active rale Following [13]'s conclusion, this study’s rationdier
dealing with these serious inconveniences, if walldio proposing recommendation is more strategically fong
like to nourish Thai-Cambodia border trade. term oriented focusing on attacking barriers airttaot

There is only one barrier internal to Thailand et causes and how controllable the issues are based on
top-ten list which is higher cost of trade owing di border trader perspective not as much on urgendkeof
price hike sharply. The rise occurred not long rafte issue. It believes that this approach will leadtstained
privatization of national petroleum company (PTT) development in border trading.
alleged to be acquired by nominees of former paliti As such this section starts with what border trader
leader. Profit incentive inspired PTT to exercisiitg themselves might consider improve. Recognizingrthei
market leader position in continuously raising jilce misbehaviors and alleged unethical practices bgainat
by claiming world oil situation as its scapegoai. §lso their countries in term of taxation and againstirthe
mentioned about the issue of higher cost of tradeib =~ Cambodian counterparts, Thai border traders firstly
their case causing by higher wages. might have to prioritize these issues and determine

Those barriers internal to Thailand were mentioogd  adjust their business practices. This is certaimiych
some relevant studies. Basically focuses were oneasier said than done since the obedient and isacrif
inefficient services, specifically jam, of customasgs ones will be suffer deeply when their price
point, especially Klong Luek pass point, causinagén competitiveness is ruining by rising cost incurribyg
trade [5], [6], [34], and [35]. This study provalenly these good deeds.
partial support to the issue since it found thatdeo In fact, inducing a very constructive collectivetian
trader did not consider it that important. It igsengly benefiting a society as a whole is a major resjilityi
because most of border trader trading through ®maka of the government. However, amidst chronic polltica
border are experienced one knowing how to managecommotion in Thailand leading to political instatyi
routinely to get through the jam. It is quite sispd that  the solution then seems to be every trader’s siiéiion
smuggling is forgotten at least recently thougtwis to commence such collective change simultaneously.
found important by this study and used to be hgitigd This mission certainly requires unity among trader.

by [6] and [31] as deep rooted over the border. Therefore, an ad hoc measure to facilitate gragimiild
There is no barrier caused by border trader themsel up of unity must be figure out.
at all in the top-ten list of this study. This istrbeyond One possible way is adopting new perspective ingloi

expectation since it is believed that a human beingbusiness for sustainability based on the King's
naturally will blame others as causing him diffites philosophy of sufficiency economics and moral
prior to blaming himself. Moreover, people also alsu sentiment concept as referred and explained in |87
look at others’ mistakes as much more serious tharcreation of a very important innovation but it iemhally
theirs. In Thailand there are a few proverbs wisiteg  not materially and can be started suddenly by every
such belief, i.e. “A poor performance dancer uguall trader provided that they sincerely believe in itieg'’s
blames the orchestra for turning him down”, andhi&t  philosophy. The other is having a visionary and
people’s mistakes are as thick as a mountain nstane  charismatic regional leader who will be able toilfeate

as thin as a hair”. [6] discussed the issues afleas and  their unity.

unethical trade practices of Thai border traderlyfai Thai government might consider focusing its effomt
enough by putting them modestly under her paymentbuilding up and improving of border trader’'s suséai
issue also mixing them with the Cambodian’s mal- competitiveness as follow. Firstly, it will have poovide

practice. a typical national role model of operating ethigall
Ethical practices might have to be a national agend
6. CONCLUSIONS/RECOMMENDATIONS Government might have to generate a blueprint of

strategic development of border trade to outlagation,
time frame, and concerned agencies. It will havenéke
strategic attempt at its best to reduce costs aifetrs
business operation by focusing on three criticaliés
which are poor labor productivity, inconvenient @s to
source of fund, and poor logistics infrastructures.

For productivity barrier, the Three-High approath,
high income, reasonably high price, leading to high
productivity, if agreed by the government and ativ
implemented on a national level might well be very
helpful for this specific economic context also.

S Improvement and construction of standard logistics
fsystem, e.g. improvement of road coverage and
conditions, building double-rail transport platfgrm
construction of goods distribution center, seemetjuire
regional unity among influential entities or figaragain
once personal sacrifice might have to be delivdoed
collective progress.

This study concludes that border traders exhibdirth
concerns basically over short term factors haviimgctl
impacts on their day to day trading activities;. giging
costs, competitions by counterfeits and unfavorably
practices of Cambodian authorities ranging from
repeating tariff charging, poor bad debt suing, tmul
standard practices, to corruption. They at the same
somewhat ignore those long term oriented factors
affecting their sustained competitiveness, suclaber
productivity, logistical infrastructures, their athl
trading practices, and even sustained harmoniou
national relationship.

Moreover, it also concludes that major sources o
border trading barriers are failure of both Thaid an
Cambodia public administration to facilitate trafttevs
between the two countries since national relatigmahd
cooperation have been suffered from influential
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Government of Thailand might consider lubricating
border trade flow by restructuring of laws and flagan
systems affecting trade both on the national and[4]
provincial level. Research might be required for
investigation of those relevant laws and regulation
impeding trade so that targeting and effective axtron
of them can be done.

Government might also have to consider improve
implementation of creative service arrangement, e.g
one-stop export service, and paperless and singlefg]
window custom service, so that it is done effidigiaind
effectively.

Corruption can be effective eliminated, once
government officers are reasonably well compensiated
their duties and responsibilities as reinforcingttagder’s
determination on ethical business practice by iggitt
bribery.

Ministry of Foreign Affair of Thailand has to take

very constructive and active role in dealing witirious [8]
serious inconveniences caused by the Cambodias, side
if we would like to nourish Thai-Cambodia bordeade.
It seems that harmonious national relationship betw
the two nations is the threshold to remedy everyidra
internal to Cambodia. One helpful project possibly
implemented by Ministry of Foreign Affair. It is an
opening of a consular office at Poi Pet to fadiitaross
border transaction of those Cambodians residinthén
West and international tourists.

Interested scholars might consider conducting these

(5]

[7]

9]

from the World Wide Web: http://www.dft.
go.th.dataservicdsordertradestatistics.aspx

Bilkey, W. J. 1978. An attempted integration of the
literature on the export behavior of firmkurnal of
International Business Studi®$l): 33-46.

Department of Foreign Trade (2011). Border trade
situation. Retrieved September 17, 2011 from the
World Wide Webhttp://www.dft.go.thPortals/0/
ContentManagement/Document_Mod666/.pdf.
Yongsiri, W. 2004. Border Trading between
Thailand and Cambodia: Problems and Solutions.
Bangkok: Chularlongkorn University and Thailand
Research Fund

Arteaga-Ortiz, J.; and Fernandez-Ortiz, R. 2010.
Why don't we use the same export barrier
measurement scale?: An empirical analysis in a
small and medium-sized enterprise¥ournal of
Small Business Managemei&(3): 395-420.

Minondo, A. 2007. The disappearance of the border
barrier in some European Union Countries’ bilateral
trade.Applied Economic89: 119-124.

Obstfeld, M.; and Rogoff, K. (2000). The six major
puzzles in international economics. Is there a
common cause? (NBER working paper 7777).
Cambridge, MA: National Bureau of Economic
Research.

[10]Leonidou, L. C. 1995. Empirical research on export

barriers: Review, assessment, and synthésignal
of International Marketing3(1): 29-43.

following topics in the future. They might consider [11]Leonidou, L. C. 2004. An analysis of barriers

investigating laws and regulation system relevamt t
international trade, especially border trade sot tha
successful amendment can be made.

hindering small business export development.
Journal of Small Business Managemdg{3): 279-
302.

These academia might extend from this qualitative [12]Jaroenwanit, P. and Ratanasithi, S. 2009. Bartters

enquiry by conducting main quantitative empiricaidy

to clarify confirm and generalize the findings dfist
study is strongly encouraged. They can also study
dependent relationship between border barrierstlagid
strategic and performance consequences are also ver
interested research issues.

border trade along the East-West Economic
Corridor: The case of Thailand-the Lao PDR trade
on the border of Mukdahan province. In
Proceedings of the Fourth GMSARN Conference.
Ha Long City, Vietnam, 25-27 November.
Pathumthani: GMSARN.

[13]Ratanasithi, S. 2006. Adaptation ability and firm’s

ACKNOWLEDGMENT

The authors would like to express most sincere
appreciation to Khun Srisawang Toomdee, a custom
officer at Aranyaprathet custom office, who coresisty
assists in providing required information and givin
valuable advices relating to border trading adasit

[14]McCallum, J. 1995. National borders

export performance: A marketing perspective of
Thai export manufacturing firms.Thammasat
Reviewl1(December): 1-49.

matter:
Canada-U.S. regional trade patternBmerican
Economic Review5(3): 615-623.

[15]Nitsch, V. 2000. National borders and international

REFERENCES

[1] ASEAN Division, International Trade Negotiation
Department (2007). Greater Mekong Subregion
Economic Corridors. Retrieved September 17, 2011
from the World Wide Web: Web:
http://www.dtn.go.th/dtn/tradeinfo/dtn_3_5.php.
ADB (2010). Strategy and action plan for Greater
Mekong Subregion Southern Economic Corridors.
Retrieved September 17, 2011 from the World
WideWeb:http://www.adb.org/documents/strategy/g
ms/sec/default.asp.

Department of Foreign Trade (2011). Border trade
statistics of Thailand. Retrieved September 17,1201

(2]

(3]

132

[18] Dilworth,

trade: evidence from the European UniGanadian
Journal of Economic83(4): 1091-1106.

[16]Helble, M. 2007. Border Effect Estimates for France

and Germany Combining International Trade and
Intranational Transport FlowsReview of World
Economicsl43(3): 433-463.

[17]Alexander, K. W.; Soukup, B. J. 2010. Obama's first

trade war: The US-Mexico cross-border trucking
dispute and the implications of strategic crossesec
retaliation on U.S. compliance under NAFTA.
Journal of International Lav28(2): 313-342.

R. H. 2010. President's Economic
Recovery Advisory Board: Suggested considerations



S. Ratanasithand P. Jaroenwanit / GMSARN International Jour6gP012) 121 - 134

in fundamental reform of the United States tax World Wide Web:http://www.
treatment of income from cross border trade and http://soclaimon.wordpress.com/2011/04/26
investment.Northwestern Journal of International [33]K Bank Research Center. (2010). Border trade in the

Law & Busines80(3): 551-564. second half of 2010: A growth trend is expected
[19]Chiang, E. P. 2004. Determinants of cross-border  amidst possible barriers (Economic research paper).
intellectual property rights enforcement: The rofe Bangkok: K Bank Research.
trade sanctionsSouthern Economic Journall(2): [34]Vongwithayapanich, N. (2010). Development of
424-440. border trade market: The case of Rong Kluea
[20]Gallegos, G. A. 2004. Border matters: Redefining market. Retrieved September 24, 2011 from the
the national interest in U.S.-Mexico immigratiordan World Wide Web:http://wwwtuhpp.net/files
trade policy.California Law Review92(6): 1729-  [35]Northeastern Branch of Bank of Thailand. (2008).
1778. Thai_Cambodia border trade situation in 2008.
[21][Peberdy, S. 2000. Mobile entrepreneur: Informal Retrieved September 17, 2011 from the World Wide
sector cross-border trade and street trade in South  Web: http://www.bot.or.th/Thai/Economic
Africa. Development Southern Africa7(2): 201- Conditions/AsianEconomies/cambodia/2551.pdf
219. [36]Churchill, G. A., Jr. 1979. A paradigm for

[22] Schoenberger, L.; and Turner, S. 2008. Negotiating Developing Better Measures of Marketing
remote borderland access: Small-scale trade on the Constructs. Journal of Marketing Research

Vietham—China borderDevelopment & Change 16(February): 64-73.

39(4): 667-696. [37]Ratanasithi, S. (2010). The evolution of AMA's
[23]Kerr, D. 1996. Opening and closing the Sino- marketing definition: An important change from

Russian border: Trade, regional development, and narrow to broad marketingNIDA Development

political interest.Europe-Asia Studies48(6): 931- Journal50(1): 127-144.

958.

[24]Martincus, C. V.; and Molinari, A. 2007. Regional
business cycles and national economic borders:
What are the effects of trade in developing
countries.Review of World Economidst3(1): 140-
178.

[25]Yongsiri, W. 2004.Border Trade: Thai and the
Mekong Sub-Regiomangkok: Mekong Study Unit
of Asian Study Institute, Chularlongkorn University

[26]Office of Commercial Affairs, Chanthaburi
Province. (2007). Thai-Cambodia Border Trade
situation. Retrieved September 23, 2011 from the
World Wide Web:http:fww.moc.go.th/

[271Bank of Thailand. (2011). International trade
statistics of Thailand. Retrieved September 23,1201
from the World Wide Web: http://www.bot
or.th/Thai/Statistics/EconomicAndFinancial/Externa
ISector/Pages/StatinternationalTrade.aspx

[28] Special Scoop. (2011). Retrospective of Thai-
Cambodia national conflicts within the last 3 years
The case of Phraviharn TemplRaily Newspaper
July 19, 2011: page 2.

[29]College of Public Administration, Burapha
University.  (2009). Research  project for
management and development of Thai-Cambodia
border areas. Chonburi: Burapha University.

[30]Konan, D. E.; and Kim K.E. (2004). Beyond border
barriers: The liberalization of services trade in
Tunisia and EgyptWorld Economy27(9): 1429-
1447.

[31]Roberts, P. (2006). [Review of the book Eric
Tagliacozzo’s 2005 “Secret Trades, Porous Borders:
Smuggling and States along the Southeast Asian
Frontier 1865-1915" Newhaven: Yale University
Press]Business History Revie80(1): 227-230.

[32]Ministry of Commerce. (2011). Ministry of
Commerce confirms that closing of two pass points
between Thai-Cambodia border has minimal effects
on trade. Retrieved September 23, 2011 from the

133



S. Ratanasithand P. Jaroenwanit / GMSARN International Jour6gP012) 121 - 134

134



N. Likitwongkajon / GMSARN International Journal 6 (2012) 135 - 142

5 " Are We Walking Hand in Hand?

5 Z The Case of AEC: Accounting Harmonization in
3 LQ ) Measurement Practice

%“%a,g N. Likitwongkajon

Abstract— This study examines the degree of harmonization of accounting measurement practices. The data is elicited
from the financial year 2009 annual reports of 150 sample listed companies in five ASEAN countries, including
Indonesia, Malaysia, Philippines, Sngapore and Thailand. The degree of harmonization is measured using the | index
and between-country comparability index (C,). The results show that the values of the indices are relatively high in the
areas of valuation of inventory, valuation of property, plant and equipment and depreciation method. In contrast, the
lower values of the indices indicate a lower level of harmonization in the areas of inventory costing.

Keywords— Accounting harmonization, AEC..

greater international harmonization, is less
1. INTRODUCTION heterogeneous environmental factors within a reaion
boundary. If regional harmonization is achieved,

Economic integration of countries in the Same jyarmational harmonization would be much easier to

geographical region has increasing roles in re@ 5. omnjish [5]. Prior accounting harmonization &ad

their sustainable economic grovvth. In order to mla_et mainly concentrates on developed countries or the
goal, members of the same region economic a”'ance%uropean Union (EU) countries [6]-[8]

am to.ellmmate extant trade barriers among thenhrey ASEAN accounting harmonization research appears to
countries. The alliances have emphasized on thgyg jiye [9]-[11]. ASEAN have different environmeim
harmonization of fiscal, business, and financidaigies terms of the economic, political, culture and stie
[1]. As an increasing amount of goods, service andygeaN must promoté consis:cency in accounting

capital ﬂ(_)W acrors15 dorrr]lestlc bor_de_r in rfegmnzﬂrmrmc . practices, in order to facilitate ASEAN financiaport
community. Such as the Association of Southeastisi  sers 1o understand and compare financial reportss

Nations (ASEAN), ASEAN Economic Community o, nries. The purpose of this study is to exanire

(AEC) allows f(;ee ﬂO\l’VS for goods, ?Derwce, ca_pltalb degree of harmonization of accounting practicesh wit
investment, and people among member countries DY, iicylar focus on measurement practices of listed

enacting lenient policies, supporting fund trarsfand o hanies in AEC context. The samples are retrieved
reducing tariff tax within ASEAN [2]. The total amnt ¢, 150 annual reports of listed companies in five

of Foreign Direct Investment (FDI) flow among ASEAN (o \~der  countries  of ASEAN, namely Indonesia,
countries was 10,461 million dollars in 2008, 21fthe Malaysia, Philippines, Singapore and Thailand. he t

total FODI, increased from 2007 with 9,682 millioalldrs five pioneers has joined in ASEANor 43 years though
as 1_3A’ of the total FDI [3]. From target as AECpant_ the second group has already joined in ASEAN for 11
of investments from abroad within ASEAN will 13 15 and 26 years. If the first group is achiewed
prollfera_\tlon many nqmber of trade transaction and accomplish regional harmonization, the second group
mternatlonal_b_usmess in the future._ would be easier to adopt the accounting regulations
From decision making perspective, Investors would g study provides academic and practical

Iikedto direct their caplitzz)l ItIO thhe mostdefficie:hslk contributions. First, the findings add to the catrbody
productive companies globally. They need to undedst ¢ 5.0qunting harmonization literature by gainingren

accls untmlgI] |_nfformat(|jor;l from_other r(‘jne.mber.cour(;tfm_s_ understanding of corporate accounting practicesomth
make well informed financing and Investing decision gaqt Asia. Second, the study documents empirical
across domestic borders [4, p.2]. Social envirortmen g iqence of evolving accounting practices in AEC.

influences accounting, so the variation of coursry’ Third, the results of the study provide insight for

accounting rt_egulat_|ons_and practices  results theaccounting professional and regulators to deterrttiee
differences in financial statements [4,

2 . : p.3_]. current status of accounting harmonization in AEC.
_Harmonlzatlon of accounting practices among coestri Therefore, ASEAN commissioners can determine the
improves the comparability of financial statemerds, — gytent of discrepancies to formulate guidelines for

making them more useful to understand and interpret; e menting accounting harmonization. In additite
Regional harmonization of accounting, a step toward

Napaporn Likitwongkajon is a lecturer at FacultyMé&nagement ! ASEAN has been established by Indonesia, Malai@idippines,
Sciences, Khon Kaen University, Muang, Khon Kae@0f) Thailand, Singapore and Thailand since 1967. Brunei joined984, Vietham
phone: 66-4-320-2401; Fax: 66-4-320-2402; E-mail: joined in 1995, Myanmar and Laos joined in 1997 &@ambodia
Inapap@kku.ac.th joined in 1999.
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results could be used as a comparative model telaiev

accounting standards for other economic groupghero

world regions, such as, South America, South Asid a
Africa.

(IAS) from the difference of culture.

Legal system is another important factor relating t
accounting practices. Reference [15] discussed a
relationship between the accounting system andative

The remainder of this paper is organized as follows system. The legal system is divided into two systas
The second section presents the prior research an@ommon law and Codified Roman law. In Common law

review of literature. The third section discussesearch
methodology, including data selection and statstic
analysis and section four provides an analysishef t
results by measurement practice. Finally, the Bthtion
concludes with a summary of the findings, limitaso
and possibilities for future research.

2. PRIOR RESEARCH AND REVIEW OF
LITERATURE
Accounting Diversity and Its Antecedents

The variation of country’s accounting regulatioms a
practices results the accounting diversity. Mugl€d76)

countries, the accounting law is flexible. That tke
accounting law provides more like framework which
allows accountants to exercise their own judgmeérts.
details of how the performance and presentation of
financial reporting will be determined by the pregmnal
institutions of accounting that are independent of
government [24, p.28], [25, p.32]. Examples of
developed countries which are using the Common law
legal system are lIreland, the United States, Canada
Australia and New Zealand [24, p.28].

In countries using the Codified Roman law, the
accounting will be set out in legislation such las Code
of Commerce. In general, the law is defined astailee

discussed the impact of the environment on thepresentation on financial reporting and accounting

formulation of accounting practices in a country.

methods to be used in the preparation of financial

Conditions that can shape the accounting practicegeporting and this policy was not changed frequef2,

include culture, economy, society and political tsys

p.28], [25, p.32]. France, ltaly, Germany, Spaihe t

(see also [12]). Research has adopted and supportedetherlands, Portugal and Japan are examples of the

Muller's conceptualization. Consistently, Referefit8]
suggested that environmental factors are relatethdo
accounting system. Reference [14] proposed

countries using the Codified Roman law [24, p.28].
Reference [14] argued that the different politiegstems

thatwould cause the different accounting practicesitial

environmental factor affecting the development of system is defined in terms of power of governmert a

accounting in each country. Reference [15] propdbked
factors affecting the accounting by dividing vatealof

the culture from Gray whose variables culture didd
into four groups plus a variety of six other fastor

the authority in the country. It is indicative the
significant relationship between the political gystand
accounting system in the country.

Source of capital funding is another factor atttiiog!

Research revealed environmental factors affect theo the characteristics of accounting systems. @kpit
development of national accounting, such as culturemarket is considered a funding source for domestic

[15]-[18], the type of legal system [15], the typd
political system [19], the type of capital mark20] and
colonial [21].

Culture is a factor affecting the accounting witltie
country. Prior studies have examined the relatippnsh
between culture and accounting practices and faobatl
country with different culture has different kindf o
accounting practices [15]-[18]. Hofstede (1985)imizd
culture as “the collective programming of mind whic

companies which want to expand their business by
offering shares to public. Reference [26] commertived

the accounting practices in countries which havenst
domestic capital markets are different from those i
countries which mostly depend on funding from ficiah
institutions. Reference [20] commented that growth
capital markets also influences the development of
accounting disclosure. In countries with large tapi
markets, companies would have a higher level of

distinguishes the members of one human group fromdisclosure. On the other hand, in countries witatiee
another.” such as language, race, religion, customssmall capital markets, companies would have a lower

social roles and attitudes of people in societye (akso
[16]-[17]). The association between

level of disclosure.

culture and From the historical perspective, in the colonia,ehe

accounting has been discussed widely [16]. Referenc United Kingdom and France had spread their natafns

[16] extended the Hofstede’s cluster of culturetplain
the relationship between the characteristics diiocaland

their accounting system to various countries arotined
world. Now the British accounting still exists in

accounting called the Hofstede-Gray Model. Refegenc Australia and New Zealand. The French accounting is

[16] further explicated four characteristics of agnting

appeared in its former colonies in East Africa. Thach

Several researchers have studied the relationshigccounting was transferred to countries that usdukta

between cultures with the accounting in variousirsgs.
Reference [22] have identified the impact of Islaature
on accounting in Islam countries. Reference [23]eha
identified the impact of the languages the accognti
disclosure. Reference [17] has identified the ierfice of
culture on the financial reporting of the Uniteci®s and

colony of the Netherlands. The accounting systertén
United States colony is influenced by the U.S.
accounting systems as well. Being the former cel®woif
foreign countries would contribute to the similgrénd
dissimilarity of accounting systems of those coiastr
[4], [0, p.8], [25, p.34]. The British accountingas

the Netherlands. Reference [18] have identified thetransferred to developing countries in the ASEAbioa

differences in accounting standards by comparint wi
the countries using International Accounting Stadda
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economic integration and the spread of economicepow
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the isomorphism of accounting system within the EU, practices among countries improves the compargluifit
NAFTA and ASEAN has been observed and financial statements. Regional harmonization of
documented. For instance, the U.S. accounting syste accounting is a major means to achieve uniting nezmb
has been adopted by Canada, Mexico, and Isradlldl], countries as a single common market.
p.8], [25, p.34]. Harmonization has been defined in several ways.
Reference [8]define it as “the similarity in theduency
of accounting policy choices across countries” asd
Region Economic integration of countries in the sam “the extent of concentration around a particular
geographical has increasing roles in reinforcingirth accounting policy choice”. Reference [26] defines a
sustainable economic growth. One of the strongadet “the process of increasing the consistency and
unions in the world is the European Union (EU) RU, comparability of accounts in order to remove theibes
an international economic group in Europe, has beerto the international movement of capital and exgieaof
founded since 1950 with six member countries iniclgd  information by reducing the differences in accouomgti
Belgium, France, Germany, Luxembourg, Italy, anel th and company law”. Reference [4, p.36] define a “th
Netherlands [27]. Currently, EU has 27 member process aimed at enhancing the comparability of
countries [28]. Total value of Gross Domestic Paidu financial statements produce in different accowntin
(GDP) from EU countries was 16.4 trillion dollans i regulations”. For the purpose of this study,
2009 (28.3% of the world), which is the top regiona harmonization is the similarity in the frequency of
economic groups of the world [29]. Canada, the &thit accounting policy choices across countries [8].
States and Mexico has established the Free Trada Ar  Specifically, accounting harmonization is classifie
since 1994, called North American Free Trade into 2 categories, de jure and de factor harmoioizat
Agreement (NAFTA). The purpose of NAFTA is to First, de jure harmonization (or Formal harmonizaliis
reduce barriers for trade and investment among reemb considered the consistency of accounting regulétian
countries by decreasing the import and export tax,has been in force at that time. Second, de facto
liberating the movement of funds among memberharmonization (or Material harmonization) is the
countries [30]. consistency in accounting practice with focus on
In the Southeast Asian Region, the Association offinancial reporting [33]-[34]. Reference [1] examithe
Southeast Asian Nations (ASEAN) has been estalllishe de jure harmonization for adoption of International
since 1967 by five countries namely Indonesia, Msik Financial Reporting Standard (IFRS) in Latin Amaric
Philippines, Singapore and Thailand. Currently, ASE  region. Reference [12] examine the de jure
has ten member countries [31]. The ASEAN countriesharmonization for adoption of IFRS in South Asia
represent a significant emerging economic grough wi  Pacific region: include Papua New Guinea, Fiji,
total population of 573 million (8.6% of the worldhd a  Australia and New Zealand. De jure harmonization is
combined GDP almost 1.5 trillion dollars (2.5% bkt supported by international accounting professional
world) in 2008 [29]. ASEAN has extended negotiasion institute via IFRS so accounting harmonization dthou
to other countries in Asia. Important negotiati@ms as  concentrate on accounting practice. The occurrehee
follows. ASEAN+3 includes ASEAN countries, China, de jure harmonization among countries does not mean
Japan and Republic of Korea. ASEAN+6 includes that de facto harmonization will occur among those
ASEAN + 3, Australia, India and New Zealand. countries [33]-[34].
ASEAN+6 bundles with a population 3,240 million  Many researchers [6], [8], [33], [35]-[36] meastihe
(48.6% of the world) and a combined GDP almost 13.9degree of accounting harmonization. Reference [33]
trillion dollars (23.6% of the world) in 2008 repent a  compares the degree of material measurement
big economic group [32]. ASEAN+6 free trade market harmonization among the United Kingdom, the
viewed as a potential emerging economic group & th Netherlands and the United States by statistic oteth
world trade. The researcher takes a measure accounting
One important goal of ASEAN is to aggregate harmonization within country by H index (Herfindahl
economic groups in the region called the ASEAN index) and between countries by | index. The indexe
Economic Community (AEC) in 2015. According to the ranges from 0 (no harmony) to 1 (all companies gisin
AEC Blueprint, four characteristics of AEC to be the same method). Van de Tas index is the widely-
achieved are (1) to be a single market and proolucti accepted for measuring the degree of harmonization.
base, (2) to be a highly competitive economic neg(8) Reference [7] study accounting harmonization pcasti
to be a region of equitable economic developmemd, a based on 1991 annual reports from 413 large corapani
(4) to be a region fully integrated into the global in five countries namely Germany, France, the White
economy. These four characteristics are interedland  Kingdom, Japan and the United States. The degree of
mutually reinforcing [2]. From target as AEC, numioé harmonization is measured using | index. The figdin
trade transaction and international business withinreveal significant differences in the measuremeht o

Regional Economic I ntegration

ASEAN will be expanding in the future. accounting for inventory, fixed assets and investme
A ting H iati Prior harmonization research has concentrated en th
ccounting Harmonization EU financial reporting [6], [8], [33], [34], [36].

Environment influences accounting, so the variawdn  Reference [6] examined the accounting harmonizaifon
country’s accounting regulations and practicesltesbe =~ measurement practices in three European Community
accounting diversity. Harmonization of accounting (EC) countries, namely France, Germany and the UK,
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based on 1989 annual reports from 26 large industri actual disclosure levels among five countries beeaf
companies located in each of the three countriaedIH the national environment difference.

indexes were used as a measure of the degree of

harmonization. They reported relatively low | index 3. RESEARCH METHODOLOGY

indicating significant differences in the measurame
practices of inventory valuation, depreciation,eaesh
and development costs, goodwill, fixed asset vanat

and extraordinary items. f Philippines (PH), Singapore (SG) and Thailand (&)

Similarly, Reference [8] examined the degree o 4 ;
harmonization of accounting measurement prf';l(:ticeswe'I as among those five countries of AEC. The suefa

among eight EC Countries, namely Belgium, Denmark,measurements harmoni_zatio_n of interest are examined
France, Germany, Ireland, the Netherlands, Portagel two measurement practices includes property, PE_‘"“‘
the United Kingdom. Their study is based on 1992/93auipment and inventory. The categories of altereat_
annual reports from 217 large companies. The degfree accounting methods are based on the actual wording
harmonization is measured using | index and H index contained in the company annual reports.
Their results show a high degree of harmonizatiothe Data selection
areas of inventory valuation and foreign currency
translation of assets and liabilities, treatment of
translation differences, and a low level of harmatibn
in the areas of fixed asset valuation, depreciation
goodwill, research and development costs, inventory
costing and foreign currency translation of revenaerd
expenses.

Reference [36] examined accounting harmonization o
consolidated goodwill and deferred taxation in €&

This study focuses on material harmonization (a¢ofia
which measures corporate accounting practices ¢h ea
country, namely Indonesia (ID), Malaysia (MY),

The data are collected from annual reports availabl
during fiscal year 2008/09. The sample embodies 150
annual reports from Indonesia, Malaysia, Philippine
Singapore and Thailand. Thirty listed companiesewer
randomly selected from each main national stock
exchange.

f The annual reports are obtained from the Indonesia
Stock Exchange (http://www.idx.co.id) [36], the Bar

countries, namely Belgium, France, Germany, Ireland Malaysia Berhad (http://www.klse.com.my) [37], the

the Netherlands, Sweden, Switzerland and the Unitedbhhi“pp"?e Stock Exchanr?e (http://wv(\j/w.pshe.com.pa}[S__
Kingdom. Their study is based on 1986/87 and 1900/9 €  Singapore  Exchange and ~the  Securities

annual reports from 89 companies which influencgd b (http://www.sgx.cqm) [39], and Thai Securities and
internatioﬁal factors. The de%ree of harmonizatimi Exchange Commission (http://www.sec.or.th) [40].eTh

measured using within-country comparability index f sample represents 14, 4, 12, 4 and 6 percent dbtag

measuring harmonization within country and between-lés,‘ted compa(rjnesh '.? Igdonesm,. I\/IIaIayS|a, Philippine
country comparability index for between countri€keir ingapore and Thailand, respectively.
results showed a low level of harmonization in ®veas  Measurement of Variables

of consolidated goodwill and deferred taxation and . . -
little progress of harmonization between 1986/8# an |© Measure degree of national accounting harmaoizat
1990/91. the Herfindahl (H) index by Van der Tas (1988) and

within-country comparability indexQ,) by Archer et al

(1995) are used. For the measurement degree afagi

accounting harmonization is using the | index byr\der
gTas (1988) and between-country comparability index
(Cy) by Archer et al (1995).

The general formula of the H index by Van der Tas
(1988) is as follows:

A few prior studies investigated harmonization in
Asia. Reference [5] examine the extent of harmdiuna
of selected accounting measurement practices eethr
countries of South Asia, namely India, Pakistan an
Bangladesh. The study is based on 1997/8 annuattrep
from 566 non-financial companies. The degree of
harmonization is measured using | index and matlifie
index. Their study show a relatively higher degode
harmonization in the areas of property, plant and
equipment, foreign currency translation and lorrgate  where:
investme_nt, and a Iowerl Ie\_/el of harmolnization fe t H = the Herfindahl index
areas of inventory, amortization of goodwill anddes.

Reference [9] examined corporate annual report P = the relative frequency of accounting method
disclosure practices both de jure harmonization ded
facto harmonization among five ASEAN countries,
namely Indonesia, Malaysia, the Philippines, Simgep The general formula of | index by Van der Tas (1988
and Thailand. The sample was based on 1993 annual o< follows:
reports from 145 public companies listed on ASEAN
stock exchanges. The degree of harmonization was ;om y 1/(m—1]
measured using disclosure index. This result showed I= ( Z':ﬁi XK X f™)
high degree of de jure disclosure harmony in ASEAN L& ' s )
since International Accounting Standard Committee
(IASC) has sanctioned accounting standard settingwhere:
processes on national accounting standards. Thily stu | = thel index
found distinction de facto, a significant variation

H=1L. p @

the number of alternative accounting methods
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f, = the relative frequency of accounting method methods are reported in Table 1.
countrym

m = the number of countries. Table 1. Valuation Practices of PPE
n = the number of alternative accounting methods
Method: ID MY PH SC TH | Total
The general formula of th€,, index by Archer et al.
(5, 5, (ayj-10) Other 0 5 0 3 4 12
o= (3)
[E; (Hpal¥ism 1)) Total 30 30 30 30 30 15(
where: Hindex | 1.0000] 0.7222 1.0000 0.8200 0.7689
Cy = the within-country comparability index ,
) ber of o o Cuindex |100.00| 71.26%100.00| 81.38| 76.09
X = the number of companies in couritysing . _
accounting methof lindex = 0.8979,
i = 0, 2— - =
X+ = the total number of companies in all countries Cyindex= 84.04% y'= 9.6, p-value =0.048

using methog
J g From Table 1, the cost model is the most popular

The general formula of the, index by Archer et al. method for the valuation of property, plant and

(1995) is as follows: equipment in all five countries (92 %), while a iied
number of companies use the revaluation model (4 %)
(T Zj o -x;m) The cost model is the majority method used in |resdm
e A — (4) (100 %), Malaysia (83 %), Philippines (100 %),
o Singapore (90 %) and Thailand (87 %). The
where: measurement  degree  of national accounting
C, = the between-country comparability index harmonization is relatively high in Indonesia and

o ) ~ Philippines. The | index value of 0.8979 suggelséd &in
Xij = the number of companies in all countries using g9 79 per cent level of harmony exists among the fi
method countries on the issue of the valuation of propeptgint
X+ = the total number of companies across countries and equipment. The | index produce similar reswits
the C, index, which presents a higher level of harmony
The values of the H, the I, the, @nd the G indices  Of the valuation of property, plant and equipmditte ;*
range from O (indicating no harmony, with an inini  statistic is significant, which indicates that thers
number of alternative methods all with the same significant difference in the use of valuation nuth
frequency) to 1 or 100% (a” app|y the same acdngnt among the five South East Asia countries. After
method)_ The Chi-squarele tests are emp|0yed to excluding Indonesia and Phlllpplnes, tjefestatistic is
assess whether the pattern of measurement pradtices insignificant ¢*= 0.57, p-value = 0.749), which indicates

significantly different across the five AEC Couesi that there is no significant difference in the use
valuation methods among Malaysia, Singapore and

4. RESULTS Thailand.

Valuation of Property, Plant and Equipment Depreciation of Property, Plant and Equipment

International Accounting Standard Number 16 (IAg 16 !AS 16 prescribes guidance on depreciation for ertyp

property, plant and equipment, amended effectiv@920 Plant, and equipment. The standard requires that

prescribes that property, plant and equipment shoul companies should allocate the depreciable amount of

initially be recorded at cost. Cost would includs i Property, plant, and equipment on a systematicstmsir

original purchase price, costs of site preparatimtivery ~ its useful life. The companies should apply defztiwn

and handling, installation, related professionaisfédor ~ method which reflects the pattern of consumption of

architects and engineers and the estimated cost ofconomic benefits and should review at least afyual

dismantling and removing the asset and restoriagsite ~ [42]. The depreciation practices of property, pland

[42]. gquipment methods are investigated, which are tegor
For subsequent measurement, IAS 16 permits twoln Table 2.

accounting models for after initial recognition lunting

cost model and revaluation model. According todbst

model, property, plant and equipment is presentetst

less accumulated depreciation and impairment. Uthaer

revaluation model, property, plant and equipment is

presented at a revalued amount less subsequent

accumulated depreciation and impairment [42]. The

valuation practices of property, plant and equipimen
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Table 2. Depreciation of PPE Form Table 3, the lower of cost or net realizaldtug
(NRV) is the only method adopted in all five coursr
Method: ID MY PH SG TH | Total (100 %). All of companies in the five South EastiaAs

countries apply the same accounting method. Thddx
Straight | 57 30 30 29 30 | 146 for the inventory valuation is absolutely high @0

' which similarly suggests the highest level of hansno
Other 3 0 0 0 0 3 The results for th&€, index (100 %) are consistent with
to the index value.

Total 30 30 30 29 30 149

I nventory Costing Methods
Hindex | 0.82 | 1.0000 1.0000 1.0000 1.0000

IAS 2 prescribes measurement of inventories. The
Cyindex | 81.38 | 100.00 100.00 100.00 100/00 standard permits companies to adopt four inventory
i _ costing method includes: the standard cost andl reta
index = 0.9740, . ; L

methods, the specific cost, the first-in first-d&tiFO)
Cyindex = 95.98% "= 12.14 , p-value = 0.016 and the weighted average costs. The standard adst a
retail methods may be used for the measurement of

Form Table 2, the straight-line depreciation is rfn&st inventories which the results approximate actuadt.co
popular (98 %) method in all five countries, whildess  The inventory cost should be determined on a sigecif
number (2 %) of companies uses other methods. Theost for no interchangeable goods. For inventoeyng
straight-line depreciation is the majority method i that are interchangeable, IAS 2 allows the FIFO or
Indonesia (90 %), Malaysia (100 %), PhilippinesQ10 weighted average cost methods. The last-in first-ou
%), Singapore (100 %) and Thailand (100 %). Only 3 (LIFO) methods is not under IAS 2. [43]. The invanyt
companies in Indonesia adopted a combination of thecosting methods are investigated, which are regdarte
straight line and the reducing balance methods. Table 4.
The measurement degree of national accounting

harmonization is absolutely high in Malaysia, Table 4. Inventory Costing Method
Philippines, Singapore and Thailand. The | index
(0.9740) shows that the harmony level is 97.40ceet, Method: | ID MY PH e TH | Total
the results suggest a higher level of harmony wit
depreciation of property, plant and equipment pcast  |specific 5 3 0 0 2 10
in these countries. Th€, index (95.98 %) produce
similar results with the | index. The® statistic is |FIFO 3 10 0 8 3 24
significant (12.14), which indicates that there as

significant difference in the use of depreciatioatnods ~ Average 8 10 2 11 10 41
in the five South Ea_st _A3|a countrles_(p vaIue_@S_())_.. Other 4 7 5 5 3 18
The use of depreciation methods is not significan

difference among Malaysia, Philippines, Singapand a [rotal 20 30 3 21 18 52
Thailand.

Hindex | 0.285Q 0.2985| 0.3469| 0.4286| 0.3765

I nventory Valuation

Cyindex | 24.74| 27.25 23.81 40.00 33.99

IAS 2 Inventories, revised effective 2005, presesilthat
inventories required being valued at the lowerastt@nd I index = 0.3382,

net realizable value (NRV) [43]. The investigatetl 0 | ¢ index=30.27%;y2 = 24.08, p-value = 0.0200
inventory valuation method are reported in Table 3.

Form Table 4, the average method includes weighted
average, moving average and average methods. The
average method is the most popular method (44 %l in
Method: D | MY | PH | SC | TH |Total five countries following by the FIFO method (27 %).
Lower of The average method is still popular in Indonesia %),
cost or 21 29 19 22 24 115 Malaysia (36 %), Singapore (52 %) and Thailand%@6
The measurement degree of national accounting
Other 0 0 0 0 0 0 harmonization is low in all five countries. Thentdiex for
the inventory valuation is comparatively low (0.336

Table 3. Inventory Valuation Practices

Total 21 29 19 22 24 115 . L
which similarly suggests a low level of harmony.eTh
Hindex | 1.0000| 1.0000 1.0000 1.0000 1.0Q00 results for theC, index (30.27 %) are also similar to the |
index value. The? statistic (24.08) supports the position
Cyindex | 100.00| 100.09 100.00 100.00 100400 that there are significant differences in the irtoen
| index = 1.0000, costing methods among companies in the five Soa#t E

Asia countries.

Cyindex = 100.00%
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5. CONCLUSION International Accounting Standard Committee (IASC)
sanctioned. The study found distinction de facto, a
significant variation in actual disclosure levelschuse

of the national environment difference. Until nokist
study shows a high degree of de facto harmony i€ AE
countries. Environmental factors knowingly influenc

The purpose of this study is to examine accounéing

reporting practices in five AEC countries, namely
Indonesia, Malaysia, Philippines, Singapore and
Thailand, with reference to the harmonization of

property, plant and ~ equipment and _inventory adoption of accounting treatments across AEC castr

TSeOasHé(ta;\jencto%rag::iceis,. ;—r?r?u;at?e vzl)?trse ;:c?rlletchtgd fég?%o the variation of accounting regulations and fzes
P P Yeali, each AEC countries results in the differences in

2009/10 including 30 companies randomly selectethfr . - : -
i . ) financial statements. Surprisingly, accounting Bitg
each country. This study used | index angdi@lex to . L . .
. . . in AEC countries is low relatively to the evidermfethe
examine the differences for measuring the harmewgl| : o :
) - high degrees of harmonization from prior research.
across countries. The study also ugédstatistics to . T L .
. S . L Regional harmonization in AEC countries is achieved
examine whether significant differences exist ire th .
measurement of accountin ractices across AECb ecause most of AEC companies use the same
countries. A summary of the Igin(?ex theiadex and accounting measurement method. For investment
’ Y - (N6 decision making perspective, a high degree of

statistics with associated significance levels iigeig in harmonization of accounting practices among AEC

Table 5. countries improves the comparability of financial
Table 5. Summary statements, as financial statements become mofal use
to understand and interpret. Investors can undwafsta
Measurement Practices | | Cyoindex | ¥ accounting information from other member countiies
order to make well informed financing and investing
1 PPE 08979 8504% 960"  gecision across domestic borders. The resultsudnjec
> Depreciation methods 09740 9598% 12.14+ to limitations. First, the results of this study drased on
small sample size. The second is the limitationghef
3 Inventory valuation 1.0000 100.00% indices. This study investigates by two measurement
practice across five AEC countries. Further redearc
4 Inventory costing method  0.33§2  30.27% 24.908* should extent to investigate the degree of harnatioiz

measurement practices. The future study may conside
the degree of harmonization to cover ten member
countries in AEC.

*Significant at 0.05 levels.
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g e, Structure and Carbon Storage in Aboveground Biomassf
W . . . . .
$ 5 % Mixed Deciduous Forest in Western Region, Thailand
}"’r% Ubonwan Chaiyo, Savitri Garivait, and Kobsak Wantchai
349

Abstract— Thisstudy focuses on the structure and carbon gtia aboveground biomass of mixed deciduous forest
(MDF), located in Mae Nam Phachi Wildlife Sanctu&gtchaburi Province, Thailand. Experimental plesre set to
obtain the structure and aboveground biomass &, tsapling and bamboo. Allometric equations weetlus estimate
aboveground biomass of these vegetation typese whédling, leaf litter, twig and understory wemgdstigated using
direct harvesting method. Carbon storage in abowegd biomass was calculated following the IPCC
2006guidelinesfor national greenhouse gas inventasthodology. The obtained resultsindicated that dominant
species of tree stand in MDF are composed of \dtesscens, Brideliatomentosa, Xyliaxylocarpa,
Largerstroemiacalyxcolata, and Dalbergia cultratdich have the Important Value Index (IVI)of26.8,8b, 11.83,
11.56, and 11.04, respectively. Bamboo has the highestrelativéof 43.45, and it was found that the
Thyrostachyssimensis is the dominant bamboo spiectbe area. The number of tree individuals anglisg are 450
+218 and 383 * 225 individuals/ha, respectivelpdabamboo is 15,342 + 1,903 culms/ha. The abovegtdiomass
and associated carbon stock obtained from thisystace 77.539+ 55.161 tons/ha and 36.44+ 25.93 t@ika,
respectively.

Keywords— Mixed deciduous forest, above-ground biomass, daon stock, Ratchaburi, Thailand.

Also, it was found that MDF has high capacity of
1. INTRODUCTION carbon sink [3, 4]. In this type of forest, captwé

L . _ carbon dioxide through photosynthesis ranged albédtit
The western region in Thailand is composed of Tak, o2 (5], In 2006, FAO reported that the estimation of

Kanchanburi, Ratchaburi, Petchaburi and PrachuapKhi 2.bon stock in tropical forest is about 638Gtha year
Khan Provinces, which coversa total area of 536I8.0 5405 The diameter at breast height (DBH) of tteeds
km® The area of mixed deciduous forest (MDF) in this around 20-40 cm is considered asrepresenting e st
regionrepresents20.01% or 17,501.6 krfinatural forest of the highest capacity to sink carbon via phottisgsis
area in Thailand .[1]. MDF in Thailanq isclassifiedo process [3].However, a forest is variable in suicet
three sub-types |ncl_ud|ng upper moist, upper dW_' aN which constitutes one of the main parameters in
Iowe.r dry mlxed.deC|duous forests [2]. In Kancha_nab determining the amount of aboveground biomass. The
province, MDF is composed of these three main Sub+yra) hyman activities,such as the gathering of-non
typeswith bamboo and b_amboo forests_. It was st e forest product (i.e. mushrooms, edible @ahtel

the forest type separation of each site dependhen t wood), to facilitate hunting and agricultural debri

vegetation structure and composition, topography, gjimination are the princi

; ) ) principal causesof land usengba
altitude, and disturbance. These parameters irdiéie o4 o5 vegetation structure modification. In addifi

variation of carbon stock in aboveground biomass of\;pE is the main type of tropical deciduous forestd
S%Ch area.Knov]:/Ifedge on thfel vegetanon Smécuﬁre Mrequently subject to wildfires during dry seasoithw
ifferent types of forest is useful to better urstiend the g ficjently large amount of biomass fuel loads the

carbon storage, carbon sink and source mechanisms Qound cover. In 2000, wildfires in MDF represented

processes. about 70% of the total area of forest fire occurgein
Thailand [6]. The high frequency of wildfires can
drastically modify the structure and composition of

SavitriGarivait is with the Joint Graduate SchoblEmergy and aboveground biomass,and so play an important role i

Environment, King Mongkut's University of Technolpgrhonburi, carbon cycle in ecosystem [7, 8]. Generally, tijsetof
Bangkok, Thailand. Center of Excellence on Energghhology and  forest is located at an altitude from 50-1,000 rova&bsea

Environment, S&T Postgraduate Education and Rekdaevelopment level, with precipitation not exceeding 1,200 mnr pe

Office (PERDQO), Commission on Higher Education (GHHinistry .
of Education, Bangkok, Thailand (Phone: 662-8724081ext, 4134:  Y€&r, and the period of drought should not be ntioae

Fax: 662-872-9805; E-maisavitri_g@jgsee kmutt.ac)th 4 months. During dry season (from December to April
UbonwanChaiyo is with the Joint Graduate SchooEnérgy and the tree stand shed their leaves leading to acaiionl
Environment, King Mongkut's University of Technolpdrhonburi, of biomass on the ground cover, which served asfdue

Bangkok, Thailand. Center of Excellence on Energghhology and . i e .
Environment, S&T Postgraduate Education and Rekdaevelopment forest bummg' Wildfiresinfluence  the structure dan

Office (PERDO), Commission on Higher Education (GHEinistry ecosystem because it can burn the_ seedling withedex
of Education, Bangkok, Thailand (E-maikhaiyo@hotmail.cojn at root collar less than one centimeter complefély
KobsakWanthongchai is with the Department of Silitire, Moreover, they affect the soil properties and nesjain

Egggg{ V?If@FI?J?é% Kasetsart University, Bangkdkailand (E-mail: - ca5ses as well as its nutrient dynamics [10].
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However, data on vegetation structure and carbonwere from foursub-plotsof 10 m10 m size. The data on
storage in aboveground biomass of the MDF are stillseedling with total height lesser than 1.3 m, other
limited, and the existing information does not coué understory (grass, herb, shrub, climber) and ligteth
regions of Thailand. In this study, the MDF in |eaf and small twig) were collected from four 1x m
Ratchaburi province was investigated, and the obthi  subplots (Fig. 2).
results from field experiments were then preserted

discussed. Quialitative and Quantitative Analysis of Vegetation

All species of vegetation in the study plot wereorgled.
2. MATERIALS AND METHODS For each species, general information of forest
Studysite vegetation including plantfamily, scientific nanas, well

as common name, were logged. Theoretically, the
The study site was set up in a natural mixed detidu evolutioncharacteristics of trees, shrub, ivy, ,ettffer
forest in Mae Nam Phachi Wildlife Sanctuary Rataltab by the growth patterns and vegetative individual
province(13°32 N — 13°64N latitude and 99°49  composition. The differences rely not only in thewth
E — 99°82E longitude) (Fig. 1.), located in Baan Beung, dynamic pattern but also in the variation of enmirent
Suan Pheung District, Ratchaburi province, abol 21 parameters suitable to each plant species. Infosman
km west of Bangkok, the capital of Thailand. It e  species and its evolution pattern is useful to epett
atotal area of 489 kiyand includesdry dipterocarp forest, understandthe plant growth and species density
mixed deciduous forest, tropical rain forest andepu influencing the amount of above-ground biomass and
stand bamboo forest. The altitude of the highestbiomass fuels during forest fires.
mountain peak areas located in the western pathef The structure of the MDF was quantitatively
province, i.e. Suan Pueng district, Khing AmphoenBa characterized by investigating the Important Vahaex
Kha, and Park Tho district, close to the borderthsf (IV1) of the plant species. The parameters quatifin
country with Myanmar. The altitude ofthe study area relative IVl are relative density, frequency, and
ranges from 200 to 1,400 m asl. It has been corid#s  dominance, of plant species.
“the rain shadow zone” since most of the rain ckéd The important value index (IVI) of vegetation
by the Tanowsri Mountain Chain. The average total structure was obtained based on equation of CU59
rainfall of 959 — 1,285 mm and mean temperature ofas
28°Care observed during the year, based on data
OfRatChaburi‘S meteorological Station durln92005 to ]‘],-']‘;rgfj[:i;gjgr“l;:[_'l'+ rgf;[:;g_frgj_ugm’_‘,'+rgf;[:i;gj';r;q:ru-_,' (1)
2008. The highest temperature during dry season,
especially in April, situates between 30.3 — 31.3°C where
December corresponds to the coolest month with

i ° NUMSET O] IRGIFITLGL Of TRE Spaclas]
temperatures interval of 24.5 - 26.9°C. Januaryggigipe pensicy = — i bl Rt 100
represents the driest month with only less thannenb Number of individual of all the species
rainfall, and October the wettestmonth, withrainfavel o i wumasr of occurrencs of wnsspsass:
Yalatria Fragrency = - — kS
of 117 to 441 mm. e *  Number of ocowrrance of allthe specias
Belative Dominacs = 1 0TS BOSGL GF9 G Of THE SPICIas | 100
T T Total basel area of oll the spsciss
E
. Mogkus Uypersiv ol
Teclmeloz Thenarl
£
Source:An Inventory of air pollutant and GreenhouWSas Emission and Concentrations Bambeo and Fole siage, 20m < Z0m
inRatchaburi province, Thailand, ESS (Earth Systeftience), KMUTT (King o K
Mongkut'sUniversity of Technology Thonburi). -

R . . . . . . Sapling stage, 12 x 10m — 4
Fig.1. Field experiment study site inRatchaburi preince, :
Thailand TRERT T ¢

> 10m
= 2n
P|Ot %t Up ¢ > a0m

Fig.2. Plot set up for aboveground biomass estimain in

The study site was located in a mixed deciduoussior MDF at the study site in Ratchaburi province, Thaibnd

(MDF) of the Mae Nam Phachi Wildlife
Sanctuary,Ratchaburi  Province, ThailandThree study _
plots were setup at a terrain with slope <20%. Bzloh ~ Estimation of Above Ground Biomass and Carbon Stock

has a size of 40 m 40 m. The number of individuals pgH and total height were recorded for all treelisey
and associate aboveground biomass of tree at DBH>4. 5,4 hamboo.Above-ground tree biomass was estimated
cmand bamboo were collected in the sub-plot of 286 m ysing the allometric equation from [11], and dedfiria
20 msize located at the left corner of the maimv® 40 (2) The estimation of aboveground Sap”ng bionsass
m plot, while sapling of DBH< 4.5, and height > T8 apove-ground bamboo biomasd. (siamensis were
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obtained from the allometric equations from [12[dan
[13], and indicated in (3) and (4), respectively.
W, = 0.0396D?H %%

W, = 0.003487D H 1027
280

()

W, = (52 + 0025)™

tc
W, = 0.0893059D *H %%t
W, = 0.0153063D2H 98255
W = 0.0000140D2H 044363

®3)

where:
D is the diameter at breast height [cm],
H is the height of tree stand [m],
W; is the mass of stem [kg],
W, is the mass of branch [kg],
W is the mass of leaf [kq],
W, is the total mass of stem and branch [kg],

W, = 0.0691512D2H °79%0
W, = 0.0883689D 2H °7793
Wow =W, —W,

(4)

where:

D is the diameter at breast height [cm],

H is the height of culm [m],

W is the mass of culm [kg],

W, is the total mass of culm, branch and leaf [kq],
W,4is the total mass of branch and leaf [kq],

The understory fuel biomass including seedlingsgra
shrub, climber, herb and litter (leaf and twig) was
determined directly using gravimetric method, cstisg
in measuring the fresh weight of the biomass jtist és
cut. Then, samples were oven-dried at 70 °C fdeasdt
48 h, and weighted again to determine the fuel s
content and the dry weight. The total dry weight of
biomass fuel as live and dead parts were convéntead
fresh weight and dry weight ratios from the sanwplin
area based on (5).

Total DW (kg m?)
Total FW (kg) x Subsample DW (g)

- ©)
Subsample FW (g) x Sample area (m?)

The carbon stock in the aboveground biomass was
calculated based on the IPCC 2006 guidelines for
national greenhouse gas inventory by multiplying th
0.47 conversion factor to the biomass [14].

Table 1. The Structure (Abundance, Basal Area (BA), Blative Frequency (RF), Relative Density (RDen), Rative
Dominance (RDo), and Ecologiacl Important Value In@éx (IVI) of Vegetation Plant in MDF Plots Located inthe Phachi
River Wildlife SanctuayRatchaburi Province, Thailand.

Species ?mﬂ/d?hr;;e (mBz;?\a) RF Rden Rdo VI
Thyrsostachys siamensis 15,342 6.8966 8.550 97.202 24.502 130.343
Vitex canescens 75 6.4477 2.850 0.158 22.991 25.999
Bridelia tomentosa 25 8.9419 2.850 0.058 15.942 18.845
Xylia xylocarpa 50 4.9757 2.850 0.10p 8.871 11.8p7
Lagerstroemia calyxcolata 50 1.5844 5700 0.211 5.650 11.561
Dalbergia cultrata 33 0.4251 8.550 0.211 2.274 11.085
Millettia brandisiang 63 0.9729 5,700 0.264 3.469 9.4B33
Bauhinia saccoclyx 50 0.8505 5,700 0.211 3.033 8.944
Lannea coromandelica 38 0.6889 5,700 0.158 2.456 8.3[L5
Vitex peduncularis 50 0.4077 5,700 0.211 1.45%4 7.3p5
Stereospermum neuranthum 25 0.0784 5.700 0.106 0.279 6.0B85
Terminalia pierrei 50 0.7923 2.850 0.10p 1.413 4.368
Bombax anceps 13 0.6832 2.850 0.058 1.218 4.1p1
Gratoxylum formosum 25 0.6707 2.850 0.058 1.196 4.008
Heterophragma adenophyllum 25 0.5014 2.850 0.058 0.894 3.797
Xanthophyllum lanceatum 75 0.4233 2.850 0.158 0.755 3.763
Atalantia monopylla 25 0.4210 2.850 0.058 0.751 3.6b3
Bauhinia variegata 25 0.3887 2.850 0.058 0.693 3.5Pp6
Pterocarpus macrocarpus 75 0.2349 2.85( 0.158 0.419 3.4p7
Diospyros castanea 25 0.2437 2.85( 0.058 0.435 3.3B7
Bauhinia glauca 50 0.1823 2.850 0.10p 0.325 3.2B1
Croton oblongifolius 25 0.1408 2.850 0.058 0.251 3.164
Terminaria triptera 25 0.1165 2.850 0.058 0.208 3.110
Lagerstroemia loudonii 25 0.1052 2.850 0.058 0.188 3.080
Shorea obtusa 25 0.0733 2.850 0.058 0.131 3.0B4
Arfeuilea arborescens 25 0.0645 0.251 0.058 0.115 0.4(19

Total 16,354 37.7741 100 100 100 300
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Table 2. The vegetation density,diameter at breasteight (DBH)andheight (Ht) in the study site

. . DBH (cm) Ht (m)

Vegetation Category| Density mean range 3D mean range S

Tree 450 +218 11.13 4.77-38.20 5.65 10.53 9.25-24.30 4.23
individuals/ha

Sapling 383 +225 3.02 0.57-4.20 0.85 4.23 1.30-7.80 1.37
individuals/ha

Bamboo 15,342 + 1,903 2.44 1.29-5.87 0.48 7.43 2.00-21.70 2.36

culms/ha

Berryacordifolia with 19.62, respectively. Moreover,
3. RESUTLS AND DISCUSSION there were two dominant families of bamboo in
. . . Kanchanaburiprovince, including species such as
Structure of the studied Mixed Dediduous Forest Bambusatulda, Gigantochloaalbaciliata, G. hasskadia
The vegetation of the studied MDF was composeddof 1 and  Cephalostachyumpergracile Actually,  the
families, 21 genus, and 26 species. The family ofdominance of tree and bamboo species in MDF in the
Fabaceae was the dominant family, and included 7western region varies with the topography, weather
species which constituted the highest speciesiulision conditions (e.g. amount of precipitation relatedthe
in the area (Fig.3.). Another dominant family wag t rain shadow area of our study),altitude, and distoces
family of Gramineae. This result is in good agreeme including forest fires in particular.

with the other studies related to MDF, which fouhdt Diameter at Breast Height (DBH), Height (H1), and

the dominant family in MDF in the western region of Basal Area(BA) Distributionof the Studied MDF
Thailand consists in Fabaceae and Gramineaespecie\%gett,m0n

[15].
Species with more than 50 individuals per hectareTable 2 displays the data of DBH and Ht obtainedlie
were Milletiabrandisiang, Pterocarpusmacrocarpus, T. studied MDF.
siamensis, Xanthophyllumlanceatand Vitexcanescens The number of individual trees, sapling and
(Table 1.) In addition, Brideliatomentosa covered bamboavere 450 + 218individuals/ha, 383 + 225 and
23.672% of the total basal area, followed Ay 15,342 + 1,903 culms/ha, respectively (Table 2)isTh
siamensis, V. carnescens, Xyliaxylocarpaand result showed that this area had a high variatibn o
Largerstroemiacalyxcomata vegetation composition. The mean DBH of tree, sapli
and bamboo stem were 11.3, 3.02 and 2.44 cm,
respectively. The mean height (Ht) of tree, sapkmgl
bamboo stemwere10.53, 4.23 and 7.43 m, respectively
(Table 2). The DBH distributions showed higher nemb
of individuals of small size classes (4.5-20 cragulting
in a small basal area as indicated in Table 1.5taeds
with DBH in the range of 20-40 cm are considered as
having the highest capacity to sink carbon via
photosynthesis process [4].
The DBHand Ht of each vegetation category from
Table 2were used to estimate the above-ground lisma
using the allometric equation (2) and (3).

DBH size distribution of tree in the
e studied MDF
Fig.3. Mixed Deciduous Forest at this Study Area _
ﬁ 12
The bamboo T. siamensis scored the highest VI s,
(130.343), followed by. canescens, Brideliatomentosa, | €
X. xylocarpa, L. calyxcolata, and Dalbergiacultrata | Z ¢
respectively (Table 1)Based on the IVI results, it was % .
found that these species constitute the dominastiaep a
of the MDF in this area. Other species than thesbax o
always an IVI lower than 10 (Tablel). 4510 1020 Y04y 3040 4050 560
It should be noted from [15, 16] that for the MD¥F i DBH (em)
Kanchanaburi province, tHe.macrocarpugias observed
as the dominant species with an VI of 34.40, fotdl | MDFi 8 MDF: B MDFs
byX. xylocarpa with 26.82, Schleicheraoleosawith Fig.4. Tree DBH Distribution in MDF Plots

25.18, Holarrhenapubescens with 24.30, and
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it should be noted that the carbon stock resulteh this
study is significantly lower than those found ii]%&nd
Gf19]. This result confirmed the important role afrést
structure and vegetation species composition in
influencing the amount of above-ground biomasstaed
associate carbon stock.

Above-Ground Biomass of Trees

The above-ground biomass of tree and sapling wer
estimated from 3 parts, i.e. stem, branch andresafses,

of which the weights were 22.850 + 18.095, 2.520 +
2.006, and 0.477 + 0.550 tons/ha, respectively IErah
The total above-ground biomass of tree was
therefore25.847 + 20.651 tons/ha.

In addition, it could be expected that the vegetatn

this area should have an important potential obaar

Table 3. The Above-Ground Biomass (AGB) of Different

Vegetation Categoriesin MDF

sequestration, since trees were still young, anshsaild Category Sub-category AGB (tons/ha
grow up to reach the adult size. In order to eualuhe Stem 22 850 + 18.095
future capacity of vegetation in carbon capture,dtoss : >
and net |?ima)r/ rod%ction should be estirrr)1ated Tree Branch 2:520 £ 2.006
primary p ' Leaf 0.477 % 0.550
Above-Ground Biomass of Bamboo Stem 0.491 + 0.021
The results showed that tfle siamensisas the major Sapling Branch 0.075 +0.004
bamboo speciesin this study area. The densityT.of Leaf <0.0001
siamensiwas 15,342 + 1,903 culms/ha, of which | Bamboo Culm 34.981 + 25.148
theDBH and Ht ranged from 1.29-5.87 cm and 2.00- Branch and lea 7.625+5.197
21.70 m, respectively. The number of clumps were59 _ Understory 0.110 + 0.060
32 clumps per plot, and each clump wascompose@ of 1| Biomass fuel | Litter 6.150 + 2.640
+ 4 culms. The total aboveground biomass Bf Small Twig 2.160 +1.440
siamensiwas42.606+30.345 tons/ha, including 34.981 + Total AGB, ton/ha 77.539 +55.161

25.148 tons/ha of culm, and 7.625 + 5.197 tons/ha o
branch plus leaf (Table 3). Another important parameter in varying the amount o
above-ground biomass is the age of the forest. From
Table 4, it could be indicated that the MDF in thisdy
The understory vegetation was composed of seedlingcorresponds likely to a secondary MDF, whose carbon
herb, climber, and grass. The height of seedling tha stock never exceeds 50 tons C/ha. This finding is
highest, followed by that of herb, climber and gras Pplausible, since the studied MDF was frequently
respectively. Their height varies with the struetand  disturbed by rural communities, consisting in sefti
composition of living and dead vegetation typese Th fires to facilitate their activities (e.g. gathegiof non-
litter was consisted in leaf and small twigs, vatbout 4-  timber forest product, preparation for hunting,.)et®

6 and 1-4 cm depths, respectively. The ground waghis parameter, should be added the influence ef th
almost covered by bamboo leaves. topography, altitude, ecological structure of the

i vegetation, and the vegetative compaosition.
Carbon Stock of Above-Ground Biomass

The obtained above-ground biomass in this study4. CONCLUSION
resulted in a carbon stock of 36.44 + 25.93 torisaC/

which is of the same order of magnitude as thosedo  .,mhoseqd of 14 families, 21 genus, and 26 spedies.
in previous studies [3, 17, 20-22]. The compariebthe qjamensis the most important species in Mae Nam

obtained above-ground biomass and carbon stock wittbpachi  wildlife Sanctuary, Ratchaburi Province
those from literature is summarized in Table 4. B  Tnailand. The results of DBH. Ht and density of
the conversion factor of 0.47, which represents anvegetation showed that the forest area is mainly

average value of carbon content in biomass, wad useqqngsituted of young trees, which is very charastierof
following the IPCC 2006 guidelines [13]. From Taldle

Table 4.Above Ground Biomass (AGB) and deduced CarlpoStorage of Mixed Deciduous Forest in Thailand

Above-Ground Biomass of Understory and Litter

Thestructure of the MDF investigated in this study

Study site AGB (tons/ha) C-stock Ref.
(tons C/ha)

Ratchaburi Province 77.54+ 55.16 36.44+ 25.93 Thidy
Kanchanaburi Province 68.52 + 48.36 34.26 +24.18 [17]
158.68 74.58 [19]

Kanchanaburi Province 96.28 + 33.44 45.28 £ 15.72 3] [
311 146.17 [11]
Chaingmai Province 49.63 23.33 [20]
49.60 20.49 [21]

Lampang Province 57.50 27.03 [21]

. 104.59 49.16

Phetchabun Province 50 9% 2395 [22]

a bprimary and secondary mixed deciduous forest
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a secondary forest. Additionally, the above-ground
biomass includes high density of bamboo and abou 5

of tree stands. The total carbon stock of the above
ground biomass in this study (i.e. tree, saplirgnboo

and biomass fuel as leaf litter, twig, seedling and
understory as climber, grass, herb) amounts 36.44 9]
25.93 tons C/ha.
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An Investigation of Hg Deposition Using MM5/HY SPLIT-

$ < Hg: A Case Study on Contribution of Thermal Power Rants
3 5 - in Thailand
}"’r% Pham Thi Bich Thao and Savitri Garivait
a,9

Abstract— Mercury (Hg) is one of hazardous air pollutantsvdfich the deposition results in both carcinogenid a
non carcinogenic adverse effects to human healthenosystem. In Thailand, Hg anthropogenic emissame from
several sources, as for coal-fired power plantsoacted up to 30%. To investigate Hg deposition Itiegufrom coal-
fired power plants in Thailand, 7 coal-fired powglants were included in this study. Firstly, Hg esmns of each
plant were estimated for year 2010 using bottonapproach. Then, a coupled-model of MM5/HYSPLIT adapted
and adjusted in order to investigate the contribntbf each coal-fired power plant's emissions tceygor. Two set of
one month simulation were performed for 2 episqdes April and August, 2010), to investigate #ffect of dry and
wet seasons to the depositidareliminary results indicated that Hg depositiomsemble with source locations, due to
high portion of H§" in Hg emissions. The EGAT#Lignite and IPP#Coal high potential contribution to deposition
in Thailand for both dry and wet season. The sealseariation presenting the higher deposition wasrfd in August
(i.e, more than twice of those in April) which wasstly caused by Hfemissions. Even though no direct evaluation

with observation data was performed, output from #hudy had a reasonable agreement with literature

Keywords— — Mercury, deposition, coal-fired power plant, maleling.

1. INTRODUCTION

Mercury (Hg) is one of hazardous air pollutantswbich

deposition results in both carcinogenic and non
carcinogenic adverse effects to human health
ecosystem. Particularly, in early 1900s, the Unii¢ates
had warned people about the risk in consuming
which contain Hg [1]. In the 2Ddecade, one of well-
known cases was found in the Miamata Bay, Japa
where people and other living creatures nearby ha

and remove/deposit near the emitted sources. Sipmila

Hg" can be interacted with other particle and depdsite
near the emitted sources. The concern of Hg is lynost
after deposition, where inorganic Hg is converted t

dgrganic Hg (i.e., methyl Hg) under the present of

acteria. Such organic Hg are persistence and
accumulated in ecosystem and cause adverse eftects

fiShIiving creature and higher level predators [4].

Recent studies on Hg fate in the Northern Hemispher
ndicated the relatively high deposition of totaf hh
any regions of Asian countries, including sometsar

neurological to dead syndrome due to severe Hgg g " Northern region) of Thailand [5], which hassed

poisoning [2]. Main sources of Hg contamination
originated from anthropogenic including the intentl
use of Hg in industrial processes and unintentiarsa
(due to impurity of combusted fuel) [3]. Once eitt
from the sources, depending on its speciatior?,(Hg’",
and HJ), it has different characteristic and atmospheric
lifetime. Hd is insoluble in water and quite inert
therefore it has a longest atmospheric life timmen(f 0.5

— 2 years) among its speciation. "Hg also subject to
long range transport. In contrast, #igs water soluble
and reactive; therefore, it is subject to quickngfarm
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questions about potential emission sources and thei
contribution to Hg deposition in Thailand. In this
country, potential sources of Hg anthropogenic siois
are combustion processes from power plants, ingioes
as well as industrial processes such as cement,aind
steel, etc [6]. From the recent estimate for y&d)52[3],
emissions from stationary combustion accounted
almost 60% of total Hg emissions in the nation imck
coal-fired power plants were major contribution.

In order to reduce effects of Hg, the understagdin
its evolution in the atmosphere and other ecosysisra
must. It also includes knowledge of other processes
effects such as emissions, meteorological and aami
driven. In this study, a coupled-model of meteogglo
and air quality was adopted and adjusted, in otder
investigate the contribution of different emissions
sources to receptor. In this work, only Hg emissifrom
major coal-fired power plants (i.e., 1, 1, and aldoed
power plants from the Electric Generating Authorty
Thailand-EGAT, Independent Power Producers-IPP and
Small Power Producer-SPP, respectively) were iredyud
since they constituted the major contributor to tibigl
amount of anthropogenic emissions in Thailand.
Location of emissions sources are shown in Figure 1

Outcome of this study includes maps of Hg depasitio

for
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that document the hotspots of Hg environmental annual Hg emissions.

contamination. The seasonal variations of deposiie
also presented. The involvement of each thermalepow
plant and the contribution per capita to the total
deposition due to electricity consumption will be
discussed.

Fig. 1: Location of coal-fired power plants includedin this
work.

2. METHODOLOGY
2.1 Background

Thailand locates in the Southeast Asia region (feidy),
under climate condition which is influenced and
characterized by monsoon [7]. According to the wsial

of key meteorological parameters, 2 episodes avseth
which are one month in April (1 April OOUTC — 30 Ap
00UTC) and one month in August (1 August OOUTC —
31 August 00UTC) for the purpose of seasonal vianat
investigation.

To assess Hg deposition in a receptor location,

information on Hg emissions, transportation of ra@ss
and Hg chemical evolution are required. Each offrtlie
presented in the following section

2.2 Emissions

Emissions from coal-fried power plants in Thailamere

2.3 Meteorological model-MM5

To simulate the transport of air mass, the fifth
generation of Mesoscale Model developed by
PSU/NCAR, namely MM5 was used to perform the
atmospheric transportation in order to obtain trafiles

of keys meteorological parameters, i.e., wind speed
wind direction, pressure, temperature, precipitatio
Domains of this work were set to capture effectsvinid
field to Thailand. The coarse domain covered the
Southeat Asia and some parts of Southern China and
Eastern India, consisting of 17,424 cells with & gize

36 x 36 kmi. The finer domain covered Thailand,
consisting 20,736 cells with a grid size 12 x 12kithe
study domains were in Lambert conformal projection
centered at Bangkok (i.e., 1318 and 100.5E). Input of
MM5 was from 1x 1 degree global re-analysis data and
for each episode; simulation was performed for one
month period with spinning up 10 days.

2.4. Transport model - HYSPLIT

Finally, Hybrid Single Particle Lagrangian Integmt
Trajectory Model with Hg extensions (HYSPLIT-Hg)
developed by NOAA/ARL was used to understand the
fate of Hg species from sources to deposition. HMSP
had been developed to have a capacity to simulgte H
transport and deposition [10, 11]. Theories and
assumption of the work which can be found in litera

[10] is briefly described here. Hypothesis emissiarf
each Hg species were released as a hybrid puff, to
transport and transform under the chemical and
deposition mechanisms and to receptor. The actual
deposition of each source at receptor was estimesied
actual emissions and its speciation profile based o
chemical interpolation.

3. RESULTS AND DISCUSSION
3.1. Hg emissions

As seen in Table 1, total Hg emissions fr@rooal-
fired power plants were 662.51 kg. It is in confamoe
with value found in literature review (i.e., 700.@00.0
kg of total Hg from coal-fire power plants in Thaid)

developed by using bottom-up approach, which was[12]. The possible reason for small discrepanayuis to

described in a previous work [8]. Annual emissiorse
first processed by distributing sources spatialing
geographical coordinate systems, and allocatingnthe
temporally using fuel consumption rate [9] for wean
input into the model. Hg was speciated into 3 sgci
elemental Hg-HY reactive gaseous Hg-Hg and
particulate Hg-HE based on the general Hg speciation
profiles was obtained from literature [3]. In ordg&r
input into HYSPLIT model, hourly Hg emissions otha

emission control efficiencies applied for large Icfied
power plants, e.g., 40% was used in [12] and 67% wa
used in our study- resulting from onsite stack damgp
[13]. For sectoral contribution, Hg emissions were
mostly from the EGAT, followed by the IPP, and the
SPP. For speciation, FgHg?", and H§ accounted for
20%, 78%, and 2% [14].

Spatial distribution of Hg emissions from coal-fire
power plants indicated that most of the sourceatémtin

source were prepared. The hourly emissions of anhe Central region. However, highest contributioasw

interested hour of a source were calculated adupt
of hourly ratio with annual emissions of that pautar
source. According to the estimation from literature
review which provided non-specific-species temporal
allocation profiles for emissions from power getiera
[9], hourly Hg emissions from coal-fired power pisum
Thailand were ranging from 0.0416 % to 0.0675% of
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Table 1: Hg emissions from coal-fired power plantsn
Thailand (unit: kg/year)

Power plant a
HgT Hg!? Hg-=* Hg?
# Fuel 8 8 8 8
EGAT#Lignite 38554 77.11 | 30092 7.71
IPP#Coal 145.72 2914 | 11366 291
SPP1#Lignite 5713 1143 44 56 1.14
SPP2#Coal 4243 8.49 33.09 0.85
SPP3#Coal 21.74 4.35 16.96 0.43
SPP4#Coal 7.29 1.46 5.69 0.15
SPP5#Coal 2.65 0.53 2.07 0.05
Total 66251 | 13250 | 516.76 | 1325
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Fig. 2: Wind speed and wind direction in a) April,2010
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Fig. 2: Wind speed and wind direction in b) August2010.

3.2. MM5 results
MMS5 results were analyzed and presented for 2 sehso

episodes during April and August for the year 20ih0.
the following, discussions of key parameters are
presented.

Wind: Figure 2 shows typical wind speed and wind
direction in Aril and August. As seen, in April, nds
were calm and prevailing winds are originated nyostl
from the northeast and east while in August, wiretev
stronger and originated from the south, southwest a
west over the country

Ground temperature:  Simulations shows that in
April, monthly average ground temperature was 26.1
which maximum daily was 32.%C and minimum daily
was 17.7°C. While in August, monthly average ground
temperature is 27.8C which maximum daily was 32.4
°C and minimum daily was 22.3C. Figure 3 below
shows an extraction of comparison between simulatio
and observation during second week (i.€" 814"
August, 2010) of each episode for the Suwanabhumi
airport station. The comparison of ground tempeeatu
shows encouraging agreement, in which correlation
between simulation and observation for each episade
in acceptable level, (i.e., larger than 0.5)

PO n = e o 9,

I
= 20 ——0bs
5
(7]
&

—=— Sim

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55
Time step (3 Hours)

N
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D\é./ZO’ —e— Obs
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1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55
Time step (3 Hours)

Fig. 3: Comparison of ground temperature between
observation and simulation during 2¢ week of a) April,
2010 and b) August, 2010.

3.3. HYSPLIT results

Table 2 presents transfer co-efficient (depositibn
emissions) for each Hg species from each souregitoc

to the receptor. For example, that transfers ciciefft of

Hg® emitted in source location of EGAT#Lignite was
0.01 indicated that 1 g of Mgmitted from that source
would lead to 0.01 g of Hg deposited in the receptas
noted that there was no real emissions information
(including magnitude and speciation profile) hacerbe
incoporated. As seen, among three specie8 hdd less
contribution to the deposition at receptor compated
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Hg?* and H§. In general, in April, it was Hgthat had  Table 3: Contribution of each power plant to Hg depsition

highest contribution to deposition while in Augustyvas in Thailand (unit: g/month) during a) April, 2010 and b)
Hg?*. This was expected and could be generally August, 2010
explained by the driven of dry deposition in Apaihd
wet deposition in August. a)
- Power plants T Dep Dep Dep
Table_ 2: Overall transfer co-eff_|C|ent for Hg (g _oftotal Hg “Fuel Dep Hg") | Hg™) He)
deposited /month)/ (g of Hg emitted/month) during g April, TSR
2010 and b) August, 2010 EGAT#Lignite 249 73 161 15
IPP#Coal 228 11 203 14
a) SPP1#Lignite 100 14 82 4
SPP2#Coal 73 10 60 3
Source e SPP3#Coal 42 5 36 1
Location Hg' | Hg™ | He’ SPP4#Coal 14 1 13 1
EGAT#Lignite | 0.01 0.01| 002 SPP5#Coal 5 b 4 b
IPP#Coal -2 0.02| 006 Total 711 114 559 38
SPP1#Lignite 0.01 002 | 004
SPP2#Coal 0.01 002 | 004 b)
SPP3#Coal 0.01 003 | 004
SPP4#Coal 001 | 003 0.04 Power plants DepT Dep Dep Dep
SPP5£Coal 001 | 002] 004 #Fuel P | mgy | g | H)
-2 Less than 0.005 EGAT#Lignite 1212 138 1.053 21
IPP#Coal 487 35 443 9
b) SPP1#Lignite 172 24 143 5
SPP2#Coal 128 18 106 3
Source . SPP3#Coal 73 9 62 2
Location Hg' | Hg™ | Hg? SPP4%Coal 22 2 20 1
EGAT#Lignite | 002 | 004 | 0.03 SPP5#Coal 8 1 8 -
IPP#Coal 0.01 0.05 0.04 Total 2.102 226 1.836 40
SPP1#Lignite | 003 | 004 | 005 -*- Less than 0.5
SPP2#Coal 0.03 0.04 0.05
SPP3#Coal 0.02 0.04 0.04 . o .
SPPAZCoal 0011 004 | 004 _ The .spatlal distribution of accur_nuIaFed Hg depositi
SPP5%Coal 002 004 | 004 in April and August are shown in Figure 4a) and b)

respectively. In general, deposition was resemble
emission sources well, which could be explainedHhzy

Table 3 presents contribution of each power plant t high portion of H§" in emission sources profile,
Hg deposition in Thailand. It was calculated frohet resulting quick removal process. In April, depasitivas
transfer co-efficient and source characteristice.(i. Well distributed around the sources due to calmdwm
emissions magnitude of each plant and speciationthis episode while in August, deposition was lardtbe
profiles particular for coal-fired power plants)s&een  upper east of the sources due to relatively sty
in Table 3, EGAT#Lignite and IPP#Coal had high from the west, south and southwest has been oluserve
potential contribution to deposition in Thailand fioth  this eposide. Maximum monthly accumulated depasitio
dry and wet season. The seasonal variation shoats th Was found in Northern region, particularly surroumg
higher deposition was found in August (i.e, up tinges  Of EGAT#Lignite plant with 0.59 g/kfin April and 1.1
as much as those in April) which was mostly caused ~ 9/kn in August.

Hg?* emissions. Evaluation between observation and simulation is

Given that population in Thailand was approximately crucial to assure quality of model's output. Howeve
70 million, country average capital contribution g~ output of this work was not directly performed lypiair
deposition due to electricity generation from coal comparing with observations because firstly, theres
combustion was estimated as 0.12 - 0.36 pg/yeatdcap NO records of Hg concentration or deposition indgtu
Acording to [13], electricity generation from coal domain; secondly, this work focused on the contiiru
combustion were about 29,020 Gwh for the year 20100f coal-fired power plants to the deposition inetor
therefore, it can be estimated that Hg depositmmsed and we did not include all the sources therefore th
by electricity generation from coal combustion were deposition presented here was expected less cothfmare
0.30/GWh - 0.90 g/GWh. the ambient situation. In addition, to the bestothors’

knowledge, our work was the first modeling attertgpt
assessment of Hg deposition in Thailand. In anrefto
roughly evaluate the output of this work, we estada
annual accumulated Hg deposition and compared our
value with literature, i.e, global scale modeling
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application [5]. Annual accumulated Hg depositions Thailand for both dry and wet season. The seasonal

from our work and literature were 7.1 — 13.2 gikrear

variation showed that higher deposition in Augukiol

and 50 g/krfiyear, respectively, for a same hotspot was mostly caused by Fgemissions. The output from

location in the Northern of Thailand. It is same&er of

magnitude with a less value in our work as expected future work, more other

Given that coal-fired power plants accounted fov636f

anthropogenic emissions in the country, and we dido
not include Hg emissions inflow from outside Thada
(i.e., India and China) into the domain which pbhsi
leads to higher deposition flux in the Northern of

Thailand, our work shows a reasonable agreement.

a)
3
RSN A
= 12107 glem” 4 ey
> =107 gk ,-f_w‘ : Cf
| > 1=107 glem” ]
> 1=107 g'kem®
b)

> 12107 g/l
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> 12107 g/km?

Fig. 4: Monthly accumulated total Hg deposition in
Thailand during a) April, 2010 and b) August, 2010.

4. CONCLUSIONS

This paper investigated Hg deposition in Thailand

resulting from emissions from 7 coal-fired poweamnik.

Couple modeling MM5/HYSPLIT was used for 2

episodes (i.e., April and August), representatiwe dry

and wet period to investigate the seasonal coret@or
and deposition variation. The results showed thgt H
deposition ensemble with source locations, dueigh h
portion of HG" in Hg emissions. The EGAT#Lignite and

IPP#Coal had high potential contribution to deposiin

this study had a reasonable agreement with litexafor
major sources such as
incinerators, large industrial facilities should ladso
included in up coming modeling performance so that
deposition is more realistic.
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Estimation of Emission from Open Burning of Sugarcae
Residues before Harvesting

Kanittha Kanokkanjana and Savitri Garivait

Abstract— This study aims to estimate emission of gases anmsals from open burning of sugarcane leaves én th

field before harvesting. The information of emiadiactor an
area is obtained from combining of national statistata an

d amount of biomass is obtained by nteasent. Burned
d sugar factory report. Field experimewere conducted

to measure amount of biomass in sugarcane fieldulRef biomass load is 1,007+295,¢m and residue to product
ratio is 0.2840.05. The measured emission conceiotna consisted of PM, CO, and CQ, which were calculated to

obtain emission factor. Results of the EF are saefgat into
phase, low emission released so the EFs are loffeflence
open burning of sugarcane leaves released CO 92D£3

two categories: flaming and smolderingiring flaming
of the EFs in both phases is significarEkyy, s Annual
4, CQ 8,864+1,863 Gg, and PM 152+113 Gg. High

standard deviation was presented because the va@leded flaming and smoldering phase. Flaming ghbarning
can reduce emission of gases and aerosols, espye&idd, s can be reduced for five times of smoldering phase.
Therefore, the control of open burning in sugarcéialel represents a significant global warming retlan option.

Keywords— Sugarcane residues, open burning, climate changemission inventory.

1. INTRODUCTION

Sugarcane is one of major economic crops in Thailan
Thailand is the forth sugarcane exporter of the lavor
with market share 11% [1]. Sugarcane can be plainted
nearly all regions of Thailand, except south. Ritiah
area of sugarcane is increasing because Renewab
Energy Development Plan (REDP) of the government
promotes renewable energy utilization i.e. gasohol.
Gasohol is a renewable energy that can reducel@etno
import and increase agricultural production price.
Gasohol (E10, E20, and EB85) is made of mixture
between benzene and ethanol, which is pure alcoho
produced from crops production i.e. sugarcane,as@ss
sorghum, rice, and corn [2]. The demand of ethaasla
result in increasing price of the agricultural pwod so
trend of sugarcane cultivation is increasing. Ridrdrea

of sugarcane is expanded from 942,468 ha in 20@fe to
1,093,924 ha in 2008 [3]. The sugarcane field was
increased so rapidly for 16% in three years. Tioblgm

of harvesting sugarcane in a large area was lactifng
labor. Consequently, burning of sugarcane before
harvesting is more frequent in order to remove shar
foliage and harvest easilBurning of the agricultural
residues in the field is uncontrolled conditionasdarge
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amount of gaseous and aerosols is released into the
atmosphere. These air pollutants are leading toaté
change problem that affect large areas of the wiorld
global level, long-range transport or transboundary
problem in region level, and health problem in Idegel
[4]-[5]. Therefore, this study aims to estimate ssion

of gases and aerosols from open burning of sugarcan
)2aves in the field before harvesting.

2. METHODOLOGY
Quantification amount of biomass burned

The selected area is main area where sugarcane is
blanted for input as a raw material to the sugdt imi
western and eastern region of Thailand. Field
experiments were conducted in sugarcane field gtant
traditionally by the farmers at Danmakhantia distri
Kanchanaburi province in 2008, and Banbueng and
Nhongyai district, Chonburi province in 2009-20Fg(
1).

Sampling area was 2 m x 2 m randomly for four
replicates in each area. The sampling size covanealt
of one row of sugarcane. The above ground bioméss o
sugarcane was cut at ground level and moved otlteof
field to separate leaves, stem, and top (Fig. 2t W
weight of the biomass was measured at the field and
brought back to the laboratory to analyze for most
content.
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Chonburi

in Kanchanaburi and Chonburi

Fig.1. Studied sites
province.

Fig. 2. Sugarcane biomass collection at the field

Residue of sugarcane considered in this study is

sugarcane leaves because leaves are the most lparied
of open burning in the field before harvesting. The
biomass load was calculated from dry weight of
sugarcane leaves in one square meterjg/fine residue
to product ratio (RPR) is the ratio of dry leavesl avet
weight of cane production.

Total amount of biomass burned was obtained from

information of biomass load in this study, plantaga
from national statistic data (Office of Agricultlira
Economics, OAE), and fraction of burned production
from sugar mill (Office of the Cane and Sugar Beard

OCSB). Calculation of burned sugarcane leaves befor

harvesting was done by

M = Ax BLx FBxCE 1)

whereM is total amount of sugarcane leaves open burned

in the field before harvesting obtained from infation

of total area burnedX( unit nt) calculated from planted
area by national statistic data (Office of Agricuél
Economics, OAE) and fraction of burned production
from sugar mill (Office of the Cane and Sugar Beard
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OCSB), biomass loadB(, unit g/nf) is the amount of
sugarcane leaves per area obtained from field ewrpat
results in this study, fraction burned (FB, unit 9§)
accounted for burning fraction of the leaves rernmgjrin
the field after utilization or moving out of thield, and
combustion efficiency (CE) is the percentage ahbkd
leaves after burning.

«

where Bperore IS @amount of biomass (sugarcane leaves)
before open burning anB, is amount of biomass
(sugarcane leaves) after open burning. Total amofint
sugarcane leaves burned was used for estimatiad) tot
emission load released from open burning in the
sugarcane field before harvesting.

Boefore ~ Batter

efore

}X100 )

Measurement of emission concentration

In order to estimate the total emission from opeming

of sugarcane leaves, burning experiments were
conducted in the simulated open burning chambee. Th
real fire at the sugarcane field is quite harmfuld a
difficult to measure the emission concentrationtlie
plume because top of the flame range is higher fitan
m; therefore, burning in the chamber was conduated
this study.

The chamber was designed to simulate open burning i
the field, which was observed in the field expernise
that meteorological condition was calm wind. The
chamber is located at King Mongkut's University of
Technology Thonburi Ratchaburi campus. Figure ef th
chamber is presented in Fig. 3.

Fig. 3. Simulated open burning chamber.
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There are two main parts of the chamber: combustiomearly twice because of soil type. The soil type in
zone and chimney. Total height of the chamber58 &n. Kanchanaburi province is Kamphaengsan brown dul, t
The combustion zone is Imx1mx1m size made of steeiost suitable soil for sugarcane plantation, wherea
plate that can resist fire and high temperaturee@lsides  Chonburi is Banbueng grey soil, the second suitabie
of chamber are closed and one side is openedtfairla for sugarcane plantation. The result of sugarceages
or out without any control. The position of emissio to product ratio (RPR) is 0.28+0.05. This valuénighe
concentration measurement was set in front of ffeno same magnitude as other research 0.17-0.30 [7]-[9].
side of the chamber. However, most studies considered top and trash;

The samples of sugarcane leaves fuel were collectedvhereas, this study focused only on leaves becthise
from the sugarcane field at the studied sites. Rage part was burned in the field but the top was nanéd
residues samples were dried naturally to prevengifu  because of high moisture content.

Preparation of biomass was done by weighing the From the statistic of Office of the Cane and Sugar
biomass, placing the biomass on the 1mx1m tray, andBoard in Thailand, season of operating sugar mdsw

placing in the chamber. Amount of samples in eachduring November to July. Therefore, sugarcane
experiment were between 100-208.9 harvesting was in the same period because the

Types of the air pollutant that we measured comgist  production could not be stored so long before rsglli
carbon dioxide (Cg, carbon monoxide (CO), and The report of Sugarcane Statistics year 2008/2009
particulate with diameter less than 2.5 micrometerspresented total area of sugarcane planted forngelli
(PM,s) measured by real-time with 1 s frequency product to the sugar mill 1.03 million ha [3]. Tbtane
through air quality monitoring equipments consigtof input to the factory was 66.46 million ton, which
DustTrak (model 8520 TSI Inc., USA, measure M composed of burned cane 42.25 million ton so
and Quest Suite IAQ monitor (model AQ5000Pro Questpercentage of burned product was 63.57% [10].
Technologies, USA, measure CO and ,JfCOrhe air  Therefore, total burned area of sugarcane field was
quality monitoring was conducted before the experim 653,542 ha.
to obtain ambient air concentration and during dpen Field survey results showed the farm that burned
burning to measure emission from open burning ofbefore harvesting not utilize or move the sugarcane
sugarcane leaves, respectively. The measured emissi leaves out of the farm. It means all sugarcaneelgeav
concentration unit of PMy was mg/m, but unit of CQ were burned in those burned areas. Therefore jdraof
and CO was ppm so the unit was converted to rhgym  sugarcane leaves burned (FB) was 100%. The main
the temperature was taken into account and themrreason of burning before harvesting was to be quewne
calculated to obtain emission factor. Time of bogni for harvesting, which was decided by the harvesting
was recorded to obtain burned rate. After combuostio labors. Due to lacking of labor, the farmers countut
ash and unburn were collected to analyze for ma@stu decide the way of harvesting. The farmers did atis#y
content to obtain dry mass for determining CE. with burning before harvesting because they losheso
weight of production, and the burned productionldou
not be stored so they needed to sell to the swgdory
The emission load of gases and aerosols releaset fr as soon as possible. The lower of production wesgiak
open burning of sugarcane field before harvestimg w unable to store caused lower income to the farmers.
estimated by using emission factoEF| that have been However, they still prefer harvesting by labor etthan
developed in this study and total amount of biomassmachine because they believed that harvesting by th
burned M) in Thailand. machine lost more juice than harvesting by labors.

Estimation of emission load

Emission concentration from open burning of

E =M xEFR (3)  sugarcaneleaves

The simulating open burning in the chamber was
conducted for seven experiments to measure
concentration of Cg CO, and PMs releasing from
open burning of sugarcane leaves. The ambient air
concentration of CO and PM were not significant;
whereas, the concentration of €®as significantly high

in the atmosphere. Therefore, only the ambientC&i

3. RESULTS concentration was removed from the emission
Amount of biomass burned in sugarcanefield concentration when we considered the emission
concentration results and the emission factor. The
obstacle of the measurement was occurred when the
maximum concentration is over the maximum detection
limit so the peak concentration could not be detbct

The emission factorsEf) are the emission factor of
each pollutant i, consisting of Ef,, EFRco, and Ekyy s
with unit g of pollutant per kg of dry sugarcanaves;
and amount of biomass burned)(is obtained from Eq.
(1). This calculation is the same as IPCC, 2006 [6]

Results of the field biomass samplings consisted of
biomass load (BL) and residue to product ratio (RPR
From four experiments with three replicate in each

sampling site, result of sugarcane leaves bionwss is The average maximum concentration of £00, and

1,0074295 g,/nv’. The highest BL was found in the PM, s was calculated from average of the concentration
sample that collected from Kanchanaburi province. , 2° : ; 9
.above ambient air level. Results of the average max

Although, type of sugarcane planted in KanChanabu”concentrations were presented in Table 1.
was the same as in Chonburi but the BL was higber f P '
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Table 1. Emission Concentration from Open burning 6 From Table 2, the EFs of open burning of sugarcane
Sugarcane Leaves leaves are in the same magnitude as open burning of

— ) other agricultural residues [4] and [11], excepghtir

Sampling Emission concentration (mg#n EFpwzs result in this study. However, Efpsin flaming

sites | Value dominant phase is similar to the dk 5 of other studies.
CO; CoO PMs Average EFs of open burning of sugarcane leaves in

the field in this study are 1,181+248gkg, 124445

KB | Max | 6,664 325 77 Y &gk

dco’kg, and 20+15 g, 4kg, respectively. Results of the
EF contain high variation because they are sephiate
2 categories: flaming and smoldering. During flagnin
phase dominant, Eb,is 1,037.92+213.40 g/kg, EFis
60.70+26.75 g/kg, and ks is 5.21+1.70 g/kg;
Avg | 1,321+39| 163+22 25+3 whereas, during smoldering phase cEBF is
1,237.61+237.82 g/kg, kb is 148.98+19.30 g/kg, and
NY Max 7.956 951 187 EFemz5is 26.35+13.67 g/kg, respectively. When flaming
phase dominant, low emission was released;
Avg | 1,320+245| 184+23| 44+1§ consequently, the EFs are low. Difference of the &F
both phases is significant in glps Lower PM s was

Note: KB = Kanchanaburi province, BB = Amphoe €mitted in flaming phase than smoldering phasefiter

Banbueng in Chonburi province, and NY = Amphoe times. _ _
Nhongyai in Chonburi province The results of average EFs in this study are used t

estimate emission load from open burning of sugerca
From Table 1, average values of £@nd CO leavesin Thailand.

concentrations are the same magnitude among thregmjsson load of open burning in sugarcane field,
samples; whereas, BM concentrations are varied by Tpgjjand
combustion phase. Flaming phase is more dominant in . ) )
experiment of KB samples burning, noticed from lowe Annual open burning of sugarcane leaves in thal fiel
CO concentration than BB and NY experiments. The'€léased CO 929+341 Gg, ¢@,864+1,863 Gg, and
results of PMs concentration depends mainly on PMas 152+113 Gg. High standard deviation was
combustion phase. Lower RMconcentration was found Presented because the value included flaming and
in flaming dominant in KB experiment and higher PM smol_derlng phase. From the literature review, bigsna
was found in smoldering dominant in BB and Ny Purning released 4,213 Gg CO and 514 Gg2].

experiments. The maximum value of Pjoncentration ~ Fraction of emission from open burning of sugarcane
reached maximum detection limit so the results weee ~ COMpare with biomass burning was 22% CO and 30%

Avg 1,385+64 | 111+18 942

BB Max 6,746 494 187

same in BB and NY experiments. PM. Larger fraction of PM should be presented bseau
o ) we considered PM, a fraction of PM,. There is no

Emission factor of sugarcane leaves burning reference for CQ released from biomass burning

Results of emission factors are presented in Table because it is supposed to be nutral by sinkingutito

photosynthesis process of crops in the next ctitiva
Table 2. Emission Factors from Open Burning of

Sugarcane Leaves 4. CONCLUSION
; : - Sugarcane is one of the major economic crops of
Sasrirgggng Blg/nggss Emission Factors (g/kg) Thailand. The harvesting of sugarcane is stiII_ na&nu
co, co PMs and hence open burnings of sugarcane fields are
' generally conducted before harvesting to reduagyrtp
KB Sugar 1,449.85| 117.25| 9.59 workers from sharp foliage. Open burning of crogdla
leaves +198.53 | +29.79| +2.69 an uncontrolled combustion, and leads to a largeusn
of reduced or incompletely burned gases and aerosol
BB Sugar 1,111.84| 137.13| 20.96 released into the atmosphere. This study aims at
leaves +26.22 | +18.98| +2.54 estimating the emission of gases and aerosols @pen
burning of sugarcane fields before harvesting. ITota
NY Sugar 1,157.99| 161.80| 38.77 burned area of sugarcane field was 0.75 million ha,
leaves +184.88 | £16.24 | +13.36 which contained 7.5 million ton sugarcane leaves.
Emission factors were 1,181+248..gkg, 124445
[4] Agricultural | 1,515 92 +84| 3.9 Oco’kg, and 20+15 gy.4kg. Therefore, annual open
residues +177 burning of sugarcane leaves in the field released
9294341 Gg of CO, 8,864+1,863 Gg of £Cand
[11] Rice straw | 1,147 | 978 | 8.3 152+113 Gg of PMs Fraction of the emission from
*169 2.7 open burning of sugarcane before harvesting covered

22% CO and 30% PM released from biomass burning.
High standard deviation was observed because tlie va
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included both flaming and smoldering phase emission School of Energy and Environment, Bangkok,
Flaming phase burning produced lower emissions of  Thailand [in Thai].
gases and aerosols compared to smoldering. Flaming®] Department of Alternative Energy Development and

phase burning can reduce emission of gases anslad®ro Efficiency, 2009. The study and evaluation of
especially PMs can be reduced for five times of biomass resource potential: final report. Departmen
smoldering phase. Therefore, the control of opemnihg of Alternative Energy Development and Efficiency,
in sugarcane field represents a significant global Thailand [in Thalil.
warming reduction option. [10]Office of the Cane and Sugar Board, 2009. Sugar
factory production report year 2008/2009. [online]
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g e, Quality Assessment of Soil and Rice from Good
W . . .
LQ % Agricultural Practice Rice Crops
}"/m% Khin Moe Phyu, Pravate Tuitemwong, Kooranee Tuitemgy Worapot Suntornsuk,
349

and Panthira Ketkaew

Abstract— Good Agricultural Practices (GAP) stands for food safety and quality, and the environmental sustainability
of agriculture. Residues testing and certification are some of the main challenges related to GAP implementation. In
this study a multiresidue method for the determination of 16 organochlorine pesticides in soil and rice using gas
chromatography with electron capture detector (GC-ECD) was achieved and validated. Samples were prepared by
QUEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) method. The linear range used in the calibration curves
was from 0.01 to 1.0 mgkg™ and the results showed that the calibration curve linearity was >0.99 for all target
analytes. Analyses of fortified soil and rice samples were performed at different levels (0.05, 0.25 and 0.5 mgkg™®).Mean
recoveries from five replicates ranged from 70% to 120% for most target analytes except endosulfan-sulfate and
endrin-ketone in both rice and soil. The RSD values were <20% for all compounds. Thirty samples each of soil and
rice from GAP crops of northeast region of Thailand were analyzed by this method application.

Keywords— GAP, GC, Pesticides, QUEChERS.

nervous system, mimicking hormones causing

1. INTRODUCTION reproductive problems, and also causing cancerreThe
are strong evidence for other negative outcomes fro
pesticide exposure including neurological, birtledes,
fetal death, and neuro-developmental disorder [4].

Persistent ogranic pollutants (POPs) are organic
compounds. They can resist photolytic, biologicall a
chemical degradation. POPs are often halogenatdd an

Good Agricultural Practices (GAP) is a collectiofi o
principles to apply for on-farm production and post
production process [1]. The benefits of GAP fomfars

and consumers are, to meet with specific objectofes
food security, food quality, production efficiency,

livelihood and environmental protection, economitia  .o.aterised by low water solubility and high dipi

social sustamabll|ty_[_2]. - . solubility. They are able to enter human food chhio-

_ The use of fertilizers and pesticides has steadily,.c mylation ‘and mamalian toxicity. POPs are semi-
increased year to year for sustainable high crefdyi  \|atile compounds, so their mobility through the
Pesticides may contaminate to soil through directaimagphere that is sufficient to allow relativelyeat
application, accidental emission, and. rpn—off frptar_n amounts to enter the atmosphere and be transporerd
surfaces or.from absorpt!op of pesticide contaneithat long distances. OC insecticides such as, aldrinTDD
plant materials [3]. Pesticides may cause acute andye|qrin endrin, heptachlor are POPs compounds [5]

delayed health effects in those who are exposed. rng Thajland Department of Rice GAP program aims
Exposure of pest|C|_des can cause a variety of a_dver to guide to the proper rice plantation resultinghigh
health effects, ranging from simple irritation detskin quality rice that is safe from chemicals and

and eyes to more severe effects such as affedtieg t contamination, with high yield and high head ridée
program includes 3 on-site inspections and thentgstf
physical (percent head rice, contamination of otfies
species and red rice), and chemical (pesticidalues)

Khin Moe Phyu is with the Department of Microbiojod-aculty of

Science, King Mongkut's University of Technology oFtburi, qualities of soil, water an_d_ rce, in the certifiom
Suksawads 48, Thungkru, Bangkok 10140, Thailandmai: process [6]. Therefore pesticides residues testiaged
khinmoephyu@gmail.com N an important role to this program.
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expensive and produce considerable amounts of svastemin™ and raise to 275C at 4 'C min'. The injector
Furthermore, the traditional methods often give rpoo temperature was set at 2C0and split ratio (2:1) with

quantitation and involve a single analyte or aredyftom

injection volume 1uL. The detector temperature les

a single class of compounds. QUEChERS (Quick, Easyat 300C.
Cheap, Effective, Rugged and Safe) method for the Analytical balance (A&D Company and DENVER

multiclass multiresidue analysis of pesticidesrintfand
vegetables was developed in 2003 by Anastass@&dés

QUEChERS method have become the main analytica(Scien-tific

tools in most pesticide monitoring laboratoriesnteet
world standards as a result of the wide analyticaipe
and high degree of slectivity and sensivity prodidsy
gas and liquid chromatography (GC and LC). Lehatay
al. modified QUEChERS method to used relatively
strong acetate buffering conditions and Anastassieid

al. chose to use weaker citrate buffering conditiand
both methods successfully met statistical critefoa
accepatibility from independent scientific standard
organizations. Acetate-buffering version became A0A
Official Method 2007,01 and the citrate-buffering
version was named European Committee for
Standardization (CEN) Standard Method EN 15662 [8],
[9].

This paper describes a method for the determination
organochlorine pesticide residues in soil and ficen
GAP crops from northeast region of Thailand by
QUEChERS  (EN-15662) method  using gas
chromatography with electron capture detector (GC-
ECD).

2. MATERIALS AND METHODS

2.1. Materials and reagents

Certified pesticide reference standards of high typuri
were purchased from Dr. Ehrenstorfer (Germany).
Acetonitrile (Pesticide residues grade) was puretias
from (RCI Labscan Limited). Disodium hydrogenci&at

sesquihydrate was purchased from (MERCK 1.122
64.0500). Trisodium citrate dihydrate was purchased

from (Sigma, Aldrich 32320). Bondesil-PSA 40 pm
(Varian article n0.12213024) was purchased from
Crawford Scientific Ltd. Magnesium sulphate anhydro

coarsely grained were purchase from (Merck 1.06067)

Magnesium sulfate fine powder was purchased from

Sigma-Aldrich. Formic acid (85% extrapure) was
purchased from (QReC BRIGHTCHEM SDN BHD).

Pesticides analyses were done in RADAL (Risk and
Decision Analysis Laboratory) Laboratory, Microlagly

Department of King Mongkut's University of
Technology Thonburi.
2.2. Samples

Soil and rice samples were obtained from GAP riops
of northeast region of Thailand.

2.3. Apparatus and conditions

Gas chromatographic analysis was performed usin
PerkinElmer Auto-System XL GC-ECD with a fused
silica capillary column (SPB-1701, 30 m x 0.32 mm X
0.25um film thickness). Helium gas (99.9999% purity
was used as carrier gas at a constant flow-rate ot
min. The oven temperature program was GGt 4C
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Instrument), refrigerated centrifuge (ScanSpeed0158
MGR), shaker (New Brunswick Scientific), vortex
Industries) and dispersing homogenizer
(ULTRA TURRAX IKA T-18 basic) were employed.

Fig.1. Chromatogram of organochlorine mixed standads
at 0.1ug mi*

2.4. Sample homogenisation, extraction and clean-up

The QUEChERS extraction method was used for samples
preparation. Dry samples with water content of lowe
than 25% like cereals, dried fruits and spices ewesed.
The sample amount may have to be reduced and water
has to be added to make sample pores more aceessibl
the extraction solvent [8]. For the rice samplegy bf
previously ground samples were weighed in a 50 ml
centrifuge tube and added with 10 ml of cold deedi
water (<4°C). Homogenized for 2 minutes and added
with 10 ml of acetonitrile and shaken by hand for 1
minute. Four (4) g of MgSQ 1 g of NaCl, 1 g of
trisodium citrate dihydrate and 0.5 g of sodium foggn
(NayH) citrate sesqui-hydrate were added and vigorously
vortex for 1 minute and centrifuged at 3000 rprd&E
for 5 minutes. After being centrifuged, 6 ml
supernatant (acetonitrile layer) were transferrgd L5
ml centrifuge tube containing 200 mg of primary
secondary amine (PSA) and 900 mg of MgSO
Vigorously shaken by vortex for 30 seconds and
centrifuged at 3000 rpm for 5 minutes aiCG4then 4 ml
of the cleaned extract were transferred into ave@ap
vial and adjusted to pH between 5 to 5.5 with 5o¥fnic
acid in acetonitrile. The extract was dried undeldm
stream of nitrogen. The dried extract was recansiit
with 500 pL acetonitrile and analyzed by GC/ECD{8]
[11].

For the soil samples, 20 g of soil samples were
weighed in a 50 ml centrifuge tube. They were added
with 12 ml of DI water and shaken for 4 hours. Th2d

of

Ynl of acetonitrile were added and shaken by handl fo

minute. The supernatant was transferred into anseco
centrifuge tube containing 6 g of MgaQ.5 g of NaCl,
1.5 g of Na-Citrate dihydrate and 0.75 g of pM&
Citrate-sesqui-hydrate. They were shaken for 1 teinu
and centrifuged at 3000 rpm for 5 minutes & f12].
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Clean-up step was followed as of the rice samples Table 2. (a) Average recovery % and RSD% from rice
samples spiked at three levels (n=5)

preparation procedures and analyzed by GC/ECD.
2.5. Method performance and validation

Sixteen components of mixed organochlorine pesgid
standard, containing Aldrin, 44DD, 4,4-DDE, Diel-
drin, alpha-Endosulfan, beta-Endosulfan, Endosulfan
sulfate, Endrin, Endrin-ketone, alpha- HCH, betaHHC
gamma-HCH, delta-HCH, Heptachlor, Heptachlor endo-
epoxide (trans-, isomer A), Methoxychlor were ufed
the validation of the QUEChERS method.

For linearity study, the calibration curve was enzaéd
in the concentrations 0.01, 0.02, 0.03, 0.04, 04,
0.25, 0.5 and 1.0 pg hl

For recovery study, (accuracy and precision) known
pesticide concentration initially added to the smitl rice
samples at three levels (0.05,0.25 and 0.5 iy mhd 5

No. Pesticide's name Average recovery % + RSD% for rice
0.05 mg kg! 0.25mg kg' 0.5 mg kg'!

1 alpha-HCH 79 5 5.5 82 + 0.6 80 + 69
2 beta-HCH CIVIGE T Y 85 + 1.8 BIEE 52
3  gamma-HCH 69 = 6.6 99 + 2.7 104 £ 5.2
4 delta-HCH 10720 1E2 114 + 3.6 108 = 5.2
5 Heptachlor 73 =& L7 80 + 7.8 80 + 98
6  Aldrin 70 + 3.8 88 + 2.1 T2 = 52
7  Heptachlor-endo-epoxide 61 =+ 8.1 78 £ 33 84 + 44
8  alpha-Endosulfan 90 + 113 95 + 33 87 + 6.9
9 44-DDE 82 = 3.5 85 + 4.6 79 = 63
10 Dieldrin 114 + 438 (R R 83 &+ 133
11 Endrin 72 + 187 94 + 1.9 98 + 50
12 beta-Endosulfan 85 + 141 Q9 3:6 97 + 6.3
13 44'-DDD 79 £ 1.0 b + 2.7 101 £ 5.1
14 Endosulfan-sulfate 67 = 1.8 66 + 3.6 68 + 9.2
15 Endrin-ketone 64 + 59 66 + 1.9 67 = 1.0
16 Methoxychlor 74 = 74 86 + 2.0 & 5

Table.2. (b) Average recovery % and RSD% from soil
samples spiked at three levels (n=5)

replicates each. No Pesticide's name __Average recovery %  RSD% for soil
0.05mgkg’  0.25mgkg’ 0.5 mg kg
1 alpha-HCH 111 = 11.1 80 + 182 98 + 9.6
3. RESULTS AND DISCUSSION 2 beta-HCH 66 + 4.6 92 + 106 106 + 110
3  gamma-HCH 55 + 13.7 77 £ 52 96 + 8.1
H H : 4 delta-HCH 105 = 18,0 79 £+ 16.0 97 £+ 89
3.1. Chromatographic determination by GC-ECD S Heplochlor ey e T
. .. . . 6 Aldrin 91 + 10.6 8l =+ 2.7 91 + 3.6
A good resolution of all pesticides studied wasiedd 7 Heptachlor-endo-cpoxide 118 + 104 111 + 49 114 + 32
i i 8 alpha-Endosulfan 61 £ 155 72 + 41 101 + 48
as shown in the chromatogram (Fig.1). T TR g T
10 Dieldrin 1 {115 S 79 = 40 110 = 4.1
11 Endrin 98 + 85 95 + 30 104 £ 3.5
Table.1. Determination of coefficient (?) 12 beta-Endosulfan 82 = 189 104 £ 1.6 5] [R5 el
o 13 44'-DDD 82 + 174 99 + 1.7 102 + 3.8
- = 14 Endosulfan-sulfate 54 + 18.0 57 4 39 58 = 23
sty amecoreancehlotines Coefficient (1) 15 Endrin-ketone 56 + 40 60 + 50 63 = 29
1. | alpha-HCH 0.9999 16 Methoxychlor 78 = 167 98 + 22 107 = 74
2. | beta-HCH 0.9998
3. | gamma-HCH 0.9998
4. | delta-HCH 0.9998 3.3. Method application
5, | Heptachlor 1 .
o A 0599 The QUEChERS method was also applied to the
A T T determination of pesticides in 30 samples of soid 80
8. | alpha-Endosulfan 0.9990 samples of rice from GAP crops of northeast regibn
9. |44-DDE 0.9984 Thailand. The results showed, for the rice sampiest
10, | Dieldrin 0.9990 of the analytes were MRLs (maximum residues limits
12, | Endrin - 0.9999 of EU) except aldrin for all samples and 4,4'DDE fo
t2 | et endosdfon 09958 some samples (Fig.2). For the soil samples, althef
B 0.5999 analytes were not detected for all samples except
14, | Endosulfan-sulfate 0.9988 H
15 [Endrinketone 5955 heptachlor but the concentrations were less thasetlof
16. | Methoxychior Y5595 the MRLs for all soil samples (Table 3).
3.2. Method performance and recoveries €))
Calibration curves were linear over the range 6fLGo
1.0 pg mitt with correlation coefficients of y >0.99 for o1t Organochlorines analysis n rice samples
all analytes (Table 1). 014
The recoveries of the studied pesticides at theeel$ 2 02
(0.05, 0.25 and 0.5 pg Ml were checked by spiking to § 008 | a THEUMRLS
. . < 0.06 /\ ——-R1
the soil and rice samples. Mean results showed § ., JAWE 2 ——
. . o B i
recoveries between 70% and 120% in most targel = oo Mﬁ + géj& / g v
. ERSgEes e A O = ——R3
analytes except endosulfan-sulfate and endrin-keton 007 TEEEG ciEmcciaeoes o
both rice and soil. The RSD values were <20% for al FiiiB=iziziicii: i,
compounds(Table 2). 22e8g 2E° ETEL S
* £ e g 25 =
£ % 2 3
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14 years after its initial application [13]. In ostudy we

(b) ®
Organochlorines analysis in rice samples Organochlorines analysis in rice samples
0.11
0.12
0.12 i
o 01
} 006; R _g 0.08 N —4#—LU MRLs
® 0.00 f\ —H-LUMRLs E oo —=2
s 0.04 A\ —B-16 5 Vo4 .
5 0.02 _"FA\:!- S 0.02 =de=R27
9y s W= e u _ ——R28
- L e e we e € 2 g = 1121 I I I I 5L S ®wEECCOy T 5
u.u;§§§§225§355§§%§§ :ng 0.02 gggg%gggg-‘%é%ggg% —#—R29
[ R S T B FTRE @ oL@ & © R B T N
SEEIE SRS OECiiE SECTE 8EVC geiiE vw
P g T Eu =33 § T ©+ =S E
% £ f: g = Eg £ é gz
Fig.2. Determination of organochlorine residues inrice
(© samples (a) rice samples R1 to R5 (b) rice sampl&$§ to
R10 (c) rice samples R11 to R15 (d) rice sampl&l5 to
Organochlorines analysis in rice samples R20 (e) rice Samples R21 to R25 (f) rice samples RZO
R30.
0.12
0.1
%zgz A \ U MRLS 4. CONCLUSION
E . .
¢ 004 ."IA —ERL As shown above, the establishment of GAP standard i
o . . . g
o 002 S TR important to significantly promote and encourage th
.= _ A . . .
s s TRt quality and safety development of the rice producin

iy OO O O = & B = g 2 —f— . . .

2 ETEIszc3 SEE3IFEE order to be accepted for both domestic and intinmal
£ 8 =37 58 38 ST LE s . . . s
SEESE =£8°7 EYEEE trade. GAP concepts in Thailand rice about thecieffit

& 8 & & s 2 2 . . . . . .
2 £ g 892 production of rice with high yield and safe fronmxim
I ™ = . . ..
“ chemical residues. Improper use of pesticides can
contaminate the environment or leave potentially
(d) harmful residues on the crop. High levels of pédic
residues on crops can control by GAP implementation
Organochlorines anulysis in rice samples Appropri_ately use of pesticide, such as fqllow five-

0.12 harv_est interval (PHI) and the pre-grazing mter(\mBI)_ _

01 R requirements on the label, keep record of pesticide
T [;Z: I\ e EU MRLS _application are some important _p_oints (_)f GAP
?n_m I\ =0t —m—R16 lmplementagon. rI;hgh Jetvelr? of pestﬁnde {etﬁduesdo
§ crops may be a hazard to humans who eat the produce
S o2 ——R17 .. L . . .

o e Ria Thus, pesticide determination is playing an imputrta

o B EZITEEoSHEESER SRS role in food safety and international trade.

L.ozﬁl—d—u—u———h—u—ﬁ—ﬂ—h—h—ﬂé—m—ﬂ—-zzrrﬁgzggzﬁaﬂtsg =#=R19 . .
Peps8TEegSELREE i The QUEChERS extraction method used in our study
a < g T T & £ £ & e . .
= = E% £ =5 ETEES minimized the time, labour consumption and costhef

T © ] @ = . .
5 £ ; g4s¢= sample preparation. In the rice samples we detected
* i aldrin residues and also in the soil samples héfac
residues were be detected. Both of aldrin and bbfia
(e) are POPs compounds. POPs are characterized by their
lipophilicity, persistence and semi-volatility. Ttsemi-
Organochlorines analysis in rice samples volatility of these substance_s facilitates theindarange
0.12 transport to and accumulation, far removed from any
01 x source of use. Aldrin residues bind strongly tol soi
% 22: A e EU MRLs particles and is very resistant to Ieaching into
; 001 |\ o——y 21 groupdwa}ter. Even though, they can loss from thiqbyo
S oo —R22 volatilization. Conversely, the heptachlor has H-lia
0 g ——R23 of approximately 1.3 to 4.2 days in air, 0.03 tb1l0years
I T 5 £ 6t WSS cao g ey . ; ’

B = tEf353E£8 &85 ——Ru in water and 0.11 to 0.34 years in soil. Some study
T & &8 © & v by 2 5 D 32 > . . -
s2:tzy =% 87 g3 iy o described that heptachlor residues could be fonrsbil

25 = 2
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detected aldrin and heptachlor hence they are POPs
compounds.

This paper showed QUEChERS method was suitable
for organo-chlorines pesticide residues analysisrife
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and soil in routine work.
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Litter Production and Decomposition in Dry Dipterocarp
Forest and Their Responses to Climatic Factors

> Phongthep Hanpattanakit and Amnat Chidthaisong

Abstract— Understanding carbon processes in tropical foréstsrucial for evaluating their sources or sink eajty,
climate feedbacks, and hence the overall globabaarcycle. One of the important porcess of tropaabon cycle is
litter production and decomposition. The objectivd the present study are to quantify litterfalbguction and litter
decomposition rate constant in a dry diptercarpefirand its responses to environmental factors. Sibhdy was
carried out to determine the annual litterfall praetion by using litter traps method and the decosition constant (k)
of 4 dominant tree species of dry dipterocarp forészelia xylocarpa,Barringtonia acutangulaDipterocarpus
obtusifolius, and Dipterocarpusiberculatns. Litter decomposition was carried bytusing litter bag method during
June 2009 — May 2010. The average annual litterfadls 7.26 torha® year®, of which 87% was leaf litter. Litter
production occurred throughout the year but thehhigte was found during dry period (November — BpriThe
maximum litter fall was in January, 2010, which W& ton nif year' or 34% of total litter fall during a year. The
high soil temperature and low soil moisture havsutegd in high total litterfall production in thirest. It was found
that the litterfall production was positively colaged to soil temperature (y = 52.46 x — 953.53,=R0.37) but
negatively correlated to soil moisture (y = 136&%°, R2 = 0.32). Based on the number of data poinésius these
regression analysis, these correlations are stiaédlly significant at p< 0.01. Investigating the litter decomposition
reveals that decomposition rate of leaf was highan branch in all species. The average decompuositite constant
(k) of leaf and branch of 4-main species was 0.26 @.14, respectively. The leaf of Afzelia xylgpaashowed the
highest and leaf of Dipterocarpus tuberculatns tbevest decomposition rate constant. In contrasg ktmanch of
Dipterocarpus Obtusifolius and Barringtonia acutamg shows the highest decomposition. Both compasitof all
species were positively correlated to soil moistarel soil temperature. From these data, it wasnested that
7.2640.94 ton dry matter hyear® of litter was decomposed annually and subsequeelyased 13.32 tonGMa’ to
the atmosphere..

Keywords— Litterfall Production, Litter decomposition, Dry Di pterocarp Forest.

MDF shed leaves while in DEF did not.

The Litter on the forest floor acts as input-output
system of nutrient and rates at which forest lifedts
and subsequently, decomposes contribute to
regulation of nutrient cycling and primary produdi,

1. INTRODUCTION

Litter production and decomposition are the impairta
components of carbon cycling pathway in the forest
ecosystem. They are directly related to photos@®he ,n4 g the maintenance of soil fertility in forest
and microbial respiration wh|ch_play an importagierin _ ecosystems [12, 21, 23, 24, 28]. Plants and micrabe
the global carbon cycl@he tropical forests also contain ¢t get benefits from nutrients released frotterli

higher carbon storage thaq other regions, apprdeigna decomposition. Therefore, it is critical to undarst the
60 percent of total carbon in biomass stock onB&&h 50,0 \ht and pattern of litterfall in tropical forest

[9]. It has annual net primary production abou¥a3af ecosystems [3, 15, 17, 18, 22, 32].
global terrestrial photosynthesis [11]. Dlioksumpairal. During litter decomposition, chemical compositians
(2009) studied the net primary production (NPP)he_ litter are converted from fresh litter to humus.
Sakgeral Dry Evergreen (D.EF) aqd the Maeklong M'XedMicroorganisms start degrading plant litter as saerit
Deciduous Forests (MDF) in Thailand. They foundttha o< fallen to the ground and been invaded by
. - _1 .
NPP_'ln I?lEF (15.3 C hayr ,) Was_h|gher than MD_F (6.2 decomposers, that is fungal mycelium and bacténia.
tC ha yr )- However, the litter blg)mass product in MDF_ tropical forest ecosystem, decomposition processes
was higher than DEF about 7% because the plant inyer gre rapid [30]. Glumphabutr (2004) studiduk t
annual CQrelease of litterfall in Moist Evergreen Forest
(MEF), Dry Evergreen Forest (DEF), and Hill Evergme

the
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Forest (HEF), Chanthaburi Province, Thailand. Their
results showed that the decomposition rate of DNHEF-
and HEF were 7.44, 5.86, and 2.80 ton dry mattéiyha

! respectively. These indicate that decompositiare
different in each forest type depending on comnyuoft
plants and climatic condition. The important issues
related microorganism activity to biomass deconipwsi

is physical and chemical properties of biomass agh
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the value of C/N ratio. Furthermore, climatic cdudi
affects to the activity and amount of microorgargsm
The important components of climatic condition are
temperature and moisture [33]. These factors iidch
the development of vegetation and microbial agtivit
which decomposes organic matter on surface [27].

In the tropics, our understanding of carbon cycle
responses to both short-term as climate variabditg
long-term changes as climate change is still veygrp
Therefore, improving our knowledge on carbon
processes in tropical forests is crucial for evihgatheir
sources or sink capacity, their climate feedbacky]
hence the overall global carbon cycle. The objestiof
the present study are to quantify litterfall protime and
litter decomposition rate constant in a dry dipaepc
forest and its responses to environmental factors.

2. MATERIALS AND METHIDS

a. Site Description

This study was carried out within dry dipterocaopest

of King Mongkut's University of Technology Thonburi
Ratchaburi Campus in Ban Ranbua, Tambon Rangbu
Chombung District, Ratchaburi province {13’ 13.3”

a

* Soil temperature at 10 cm
" Soil moisture at 10 em
=

Sail terprature ( °Q) and Soil noisture:
(PANFPS)

50 150 200

Julian (days)

250

Fig. 1 Seasonal variation in soil temperature°C) (10 cm
depth) and soil moisture (%WFPS) (10 cm depth) at iy
dipterocarp forest, Ratchaburi site in the year 200.

b. Litter Collection

Litterfall was measured from June 2009 to May 26¢1
using permanent litter traps. Thirteen litter tragpach of

1 nf area, were randomly placed in 2508, lBach trap
consisted of 1-mm mesh nylon netting (on a PVC &pm
suspended from a wire hoop and was raised 1 meter
above the ground. The litterfall was collected @iday
intervals. The collected litter at each time wasrodried

at 80 °C to constant weight. The dried litter was
¢ombined by month and plot at the end of each month

N, 99 30’ 3.9” E, elevation of 110 m above mean seac. Litter Decomposition

level). The total area of dipterocarp forest usedhis
study covers 187.2 ha. This area has been kepteas t
dipterocarp forest for approximately (more than) 50
years. Communities around this forest have utlite

for energy (wood and charcoal), timber, and Otheragominant species in dry dipterocarp foregtizelia

products such as mushrooms and local hunting. As
result, most of the trees are those from the resgeed
ones after being cleared occasionally by villagéns.
2009, aboveground trees were 6-7 years old with th
average height and perimeter of 5 m and 16 cm
respectively. This forest ecosystem has been preder
and protected, and cutting of trees is no longempted,
allowing forest to grow and recover towards becamin
an undisturbed ecosystem. According to Phianchasben
al., (2008) there are about 77 tree species foundi@ t
study area. The main species af@ipterocarpus
intricatus, D. obtusifolius, D. tuberculatusShorea
obtuse and S. siamensi$his forest ecosystem is unique
that while the aboveground biomass is periodically

by villagers, the belowground biomass stays intact.

Therefore, the aboveground to belowground biomas
ratio for most of dominant species is <1.

The annual average of precipitation, air tempeestur
and soil moisture at the study site during May, 200
April, 2010 were 102.47 mm/month, 7.33% (%WPFS)
and 28.50°C, respectively. The annual average of
precipitation, air temperatures, and soil moistatehe
study site on wet season (during May — October9200
and dry season (during November, 2009 — April, 3010
were 194.62 mm/month, 10.47 %WPFS, 27°38 and
11.32 mm/month, 4.14 %WPFS, 29%2 (Fig. 1).

170

S

Branch and leaf litter decomposition was studiethgis
the standard litter-bag technique [10]. Freshliefaleaf
litter was collected and air dried for decompositgudy

in April 2009. Leaf and branch decomposition of 4

xylocarpa Kurz , Barringtonia acutangula Lin,
Dipterocarpus ObtusifoliudTeijsm., andDipterocarpus
fuberculatnsRoxb were measured at the soil surface with

e

three replications (36 bags per sample type of éeaf
‘branch). The biggest size of leaf and branch of 4
dominant species werdipterocarpus tuberculatn$26
wide x 40 lenght cm) and smallest of leaf and binanc
wereAfzelia xylocarpa4.5 wide x 6.5 lenght cm). One-
hundred gram of air dried leaf and branch litteresrev
placed inside 30cm x 30cm nylon bags with 1.0 mm
mesh. Litterbags of each treatment (three plots)ewe
randomly placed on the surface of forest soil imeJu
2009. The bags were attached to the forest floanétal
pins to prevent movement and to ensure contactdsatw
the bags and the litter layer. Tweenty-four litb@igs per
month were brought back to laboratory. The coliécte
litters were oven-dried at 7@ for 48 hours and brushed
for cleaning out the soil contamination. The realdu
litter in each litter bag was weighed to find obhiet
weight of biomass left or loss.

The study of leaf decomposition measures the lost
weight of leaf through the period of time. The siegb
model possible used to describe the decomposiitenis
the exponential model or often called Olson’s mgaé]
and the decomposition rate constant value (k) edsobe
calculated from this equation (Eq. 2.1).

Y, = Y,.e"
Y, = initial weight of litter,
Y, = weight of litter at time t

(2.1)

where;
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k = decomposition rate constant
e = natural logarithm

t = time of decomposition

The forests in equatorial zone or tropical zonedpoe
more litter product than temperate zone and pabaiez
[4, 14]. The comparisons of litter production inl al
regions of the world are done by O’ Neill & De Atige

Nevertheless, decomposition rate value may be showrf1980) used woodlands data set from International

in the form of percentage of annual decompositign b
calculating the initial amount of litter and the aumt of
residual litter in the period of study time to shdke
value in the form of percentage of decomposition.

3. RESULTS AND DISCUSSION

a. Litter Production

Annual litterfall during June 2009 to May 2011atydr
dipterocarp forest varied from 137 to 3583 § year"
(Fig. 2). The mean annual litterfall at this forests 726
g m? yeaf'or 7.26+0.94 ton dry matter Higear’. The
contribution of litterfall portion in total littedil was 87
% or 9.06 ton dry matter Hyear” of leaf, 11% or 1.17
ton dry matter hayear' of branch, and 0.29 ton dry
matter hd year® of others including flowers and fruits.

Dry season

Wet season ‘Dry season Wet season

| |

Weight (g/m?)

3000 4
2500 -
2000 -
1500
1000 4

500 |

o

Jun Tul Aug Sep Oct Nov Dec Jan Feb Mar AprMay Jun Jul Aug Sep Ooct Nov Dec Jan Feb Mar Apr May

2009 2010 2011

Fig. 2 Monthly litterfall in the dry dipterocarp fo rest
during June 2009 to May 2011.

Seasonal variation in litterfall at the dry dipteaop
forest was showed in Fig. 2. Litterfall occurred
throughout the year but the maximum rate of leafdsh
occurred in cool and dry period (November - Aprihe
maximum litter fall occurred on January, 2010 ambun
3.6 ton dry matter ihyeai’ or 45% of total litter fall
during a year.

Branch.

G.33ton
dana

Oither, 0,14
ton . Jha

0. 78tonvha
tonclnsha
87

Fig. 3 Fraction of litterfall in the dry dipterocar p forest
from June, 2009 to May 2011.

Biological Programme (IBP). They reported that the
averages litter production in arctic zone, coolirape,
and warm zone were 3.30, 4.60 and 4.70 tohymd,
respectively, and the highest in tropical zone ®&89
ton.ha".yr™. The results are different depending on the
temperature and precipitation in each zone. Nogmail
tropical zone is higher temperature (approximat2y,

25 °C) and precipitation (more than 2000 mm.) than
other zone.

The litterfall in the present study was concenttate
during the cool and dry period (November-April) tbe
year and about 85% of total litterfall occurredidgrthis
period. Pattern of litterfall in this study was cuanable
with other results in other tropical forest in Thand [5,

17, 18, 29, 32]. The tendency of litterfall to be
concentrated in cool and dry season is related to a
combination of decline in temperature and lowereill s
moisture during this period. Pascal (1988) had also
reported that heavy litterfall of leaf occured dgrithe

dry season in evergreen forests of Attappadi, Wieste
Ghats, India. This pattern can be explained by ahnu
cycles of moisture and temperature. Leaf fall would
occur to avoid seasonal moisture and temperatogesst
during dry period [15]. As mentioned above the ainu
litterfall in the dry dipterocarp forest was ocance in

dry period because the trees must adapt themstdves
conform in dry-air condition by shedding their leavto
reduce evaporation so the amount of litterfall lmst
period is high. In the wet period which has highishoe
content in the air, the trees do not need to reduce
evaporation so the amount of litterfall is low.dddition,
water stress could cause to synthesize abscisglcirac
the foliage of plants which could stimulate senaseeof
leaves and other parts [19].

There are strong (99% confidence level) relatigmshi
between soil moisture{r0.32) and soil temperaturé (r
=0.37) with litterfall, as shown in Fig. 4-5.

y = 52.456x - 953.53

4 1,200.00 _
o R 503736
S1,000.00
£
< 800.00
£
2 600.00
=
‘= 400.00
e
= 200.00
19 21 23 25 27 29 31 33
Soil Temperature (C)
Fig. 4 The relationship between litterfall and soil

temperature (n = 14;p-value = 0.01).
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y = 1363.78 078

R =0.3234
3500 *
H‘{; 3000
[=
o
E 2500 LS
€ 2000
=
@ 1500 .
% 1000 *
500 * * *
o * e e% % *
0 5 10 15 20 25 30
Soil Moisture (%WFPS)
Fig. 5 The relationship between litterfall and soil

temperature (n = 19;p-value= 0.008).

b. Litter decomposition

Mass loss of leaf and branch was significantly {paslly
correlated ¢ > 0.93, p-value < 0.05) with the time
elapsed in months (Fig. 6-7). The decompositioa odt
leaf litter in the dry dipterocarp forest was irased in
the order: Dipterocarpus tuberculatns (DT) <
Dipterocarpus obtusifolius (DO) < Barringtonia
acutangula(BA) < Afzelia xylocarpa(AX). However,
the branch litter decomposition rate was increaethe
order: A. xylocarpa< D. tuberculatns< B. acutangula
and D. Obtusifolius The leaf and branch litter
disappearance was 13-16% during the first montpidRa
decline in leaf residual weights were noticed dyrihe
rainy months of July-October, nearly 55% iB.
acutangulaand A. Xylocarpa 40% of D. Obtusifolius
and 25% oD. TuberculatnsIn addition branch residual
weights were noticed during the rainy season, n&s0Pb6
of D. Obtusifolius 30% of B. acutangula and D.
Tuberculatns and 20% ofA. Xylocarpa The leaf litter
were faster decomposed than branch litter of ahipl
species (Table 1). The relative mass loss trendmgst
species observed during th&year but some of species
were decomposed completely before a year.

Table 1. Decomposition rate constant (k) of four sppes leaf
and branch litter in dry dipterocarp forest

Scientific name k value of leaf (per
month)
Leaf Branch
Afzelia xylocarpa 0.36 0.10
Dipterocarpus
Obtusifolius 0.29 0.17
Barringtonia
acutangula 0.21 0.17
Dipterocarpus
tuberculatns 0.17 0.13
Average 0.26 0.14
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Fig. 6 Decomposition pattern of four species leaitter in
dry dipterocarp forest.
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Fig. 7 Decomposition pattern of four species branclitter in
dry dipterocarp forest.

In tropical forest ecosystem, decomposition proegss
of litter are rapid [30]. For example, the annualsslose
of hill evergreen forest, Doi-pui, Chiang Mai it sv&6%
per year [31]. In the dry evergreen forest, Sakaera
Environment Research Station, Nakhon Ratchasima was
48.77% per year [6]. Mangrove forest, Chanthabwas w
54.90% per year [1]. Tropicacal rain forest, Traddwas
100% [7]. Our results show that the annual mass tds
the dry dipterocarp forest was 83% per year. Galyer
the average value df-value was calculated in each
region of the world such as; in boreal region khealue
was in the rage of 0.223-0.446, cold temperateoregi
was in the range of 0.140-0.693, warm temperajmmne
was in the range of 0.162-0.751 and tropical regias
in the range of 0.162-2.813 [19]. The averagealueof
four species in leaf and branch litter at dry diptarp
forest were 0.26 and 0.14, respectively (TableThe
variability of decomposition rates is also hightriapical
forest ecosystems but variability was not strorrglated
to site conditions and litter quality [3]. The high
temperature and moisture ranges are probably the ma
driver for leaf and branch litter decompositiontlie dry
dipterocarp forest. There are strong (95% confidenc
level) relationships between soil moisturé % 0.22-
0.96), soil temperature {=0.23-0.58) and litter mass
loss as shown in Fig. 8-9.
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Fig. 9 The relationship between branch litter massass and
soil temperature (n = 7;p-value < 0.05).
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(8]

In addition, litterfall production and decompositio
rate in each forest are related to Q@oduction and
emission from soil surface. If litterfall produatioin
forest is quite high and decomposition rate isdapie
CO, emission to atmosphere is rapid, too. From the
amount of litterfall and its decomposition rate,was 9]
estimated that 7.26+0.94 ton dry matter’ hgear of
litter was decomposed annually and subsequently
released 13.32 tonG®a* to the atmosphere.

4. CONCLUSION

This studies as dresses the litterfall pattern and
decomposition rate constant in the dry dipterodarest.
The average annual litterfall was 7.26 tail year®, of
which 87% was leaf litter. Litter production occendr
throughout the year but the high rate was foundndur
dry period (November — April). The litterfall prociion
was positively correlated to soil temperature 246 x

— 953.53, R2 = 0.37) but negatively correlated ¢d s
moisture (y = 1363.7 & R2 = 0.32). For litter
decomposition, the average decomposition rate aohst
(k) of leaf and branch of 4-main species was 0.26 an

Mongkut’'s University of Technology Thonburi, The
Royal Golden Jubilee (RGJ) — Ph.D. Program
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Removal of Methyl Orange from Synthetic Wastewateonto
Chitosan-Coated-Montmorillonite Clay in Fixed-Beds

% C. Umpuchand S. Sakaew

Abstract— The removal of methyl oragne from ageous solutitio chitosan-coated-montmorillonite (CTS/MMT) was
studied in this work by using fixed bed adsorpttofumn. Experiments were carried out as a functbimlet methyl
orange concentration ((£50-200 mg/L), liquid flow rate (Q: 3.60 - 9.25 frlin) and mixed sand-clay bed height (H:
15-25cm). The breakthrough characteristics of tHeamption were investigated. The breakthrough papyears faster
with increasing liquid flow rate and inlet methylmge concentration, but more slowly with incregsthe bed height.
It was found that the highest bed capacity of fri8flg was obtained at the condition: 200 mg/L imhetthyl orange

concentration, 15 cm bed height and 3.60 mL/miw flate.

The adsorption data were fitted to thred|-established

fixed-bed adsorption models namely, Adam’s-BohEttgmas and Yoon-Nelson models. The results fiteddtavthe
Thomas and Yoon-Nelson models with coefficientemélation R>0.9415. The adsorption test shows that CTS/MMT
can be used as effective adsorbent for adsorptidheomtheyl orange using fixed-bed adsorption ewiu

Keywords— Methyl orange, chitosan-coated-montmorillonite, dsorption, fixed-beds.

1. INTRODUCTION

Presently, textile industries are much larger scglgo

interaction between the negative layer charge and
cationic dye molecules, for example, natural MMTh ca
adsorb high amount of cationic dye such as metlylen
blue with the monolayer adsorption capacity of 8229

increase the amount of products. An azo dye such aﬁye/g clay [3]. Although high amount of cationic edy

methyl organe, which contains at least one azo Kend
N=N-) bearing aromatic rings, is the most commoe dy

loaded on MMT was observed, anionic dye uptakehen t
MMT is very small because of electrostatic replasio

used due to their advantages such as b_right colorSthe yse of modified MMT for anionic dyes has been
excellent color fastness and ease of applicatidis [ widely considered in recent years by a number of

Many azo dyes are toxic to some organisms and maYegearches [4], [5]. The coated catioic surfacanthe

cause direct destruction of creatures in water.yTdre
hardly biodegradable in the natural stream coditiro
dyes are highly soluble in water, their removalnfro
effluent is difficult by conventional physicocheraiand
bilological treatment methods [2]. The removal of
methyl orange from wastewater by adsorption teakaiq
using low-cost meterial could be an alternativehodtto
handle this problem.

Montmorillonite clay (MMT) is a natural matter, lew
cost and high spport in Thailand. It is a larmitacture
with 2:1 silica. The clay inner layer composes of a
alumina (ALOs;) complex octahedral sheet, which is
sanwhiched by two silica (Si{ptetrahedral sheets. The
substitution of AY* for Si** in the tetrahedral layer and
Mg?* or Fé" for AI*" in the octahedral layer results in a
net negtive charge. In nature, the permanant nagati
charge on clay surface and lamella interlayer
compensated naturally by accomulation of catiof, Na

Cd" on the layer surfaces. The MMT is water swellable limitation. it can be immobilized on the

which is due to the proton can be loaded in theriayer
resulting in larger basal spacing. The adsorptagracity
of cations dye onto the clay is high due to elestatic

C. Umpuch is with the Department of Chemical Eegiing, Ubon
Ratchathani University, Warin champrap, Ubon Ratwa, Thailnad
(Corresponding author to provide phone: 66-4-536133ax:66-4-
535-3333; e-mailJaggrit@hotmail.coin

S. Sakaew is with Department of Chemical Enginegridbon
Ratchathani University, Warin champrap, Ubon Rattéai, Thailnad,

is

clay surface colud affect the clay structure which
echances adsorption capacity to methyl organeTbég
MMT activated by hydrochloric acid promotes the
uptake of methyl orange on the modified clay as
compared to the untreated MMT [6]. It can be memdb
that the modified clays display higher dye adsorpti
capacity than that of the original clay.

Chitosan (CTS) is the N-deacetylated derivative of
chitin and the second most plentiful natural bigpur.
As a well-known sorbent, CTS is widely used for the
removal of heavy, transition metals and dyes bex#us
biopolymer chain of CTS contains amine group (;NH
and hydroxyl group (-OH) which can bind with cafion
and anionic molecules [7]. Therefore, the CTS ¢goad
adsorbent for methyl orange adsorption. On the rothe
hand, CTS has some limitation that is the weak
mechanical property and low specific gravity seviells
and floats when it is dissolved in water. To imprahis
MMT surtato
form a composite such as CTS/MMT. Therefore, the
objective of this research is to study adsorptiaf
methyl oragne onto CTS/MMT in fixed-bed column. The
important design parameters such as inlet condentra
of methyl orange solution, flow rate of fluid andlemn
bed height were investigated. The breakthrough esurv
for the adsorption of methyl orange were analyzedgi
Adam's-Bohart, Thomas and Yoon-Nelson models.
Further, modeling on the adsorption dynamics of the
fixed bed was presented. Finally, the correlatietwieen
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the model and the experimental data were compared.

2. RESEARCH METHODOLOGY
2.1 Materials

The methyl orange (GH1sNsNaG;S) obtained from Asia
Pacific Specialty Chemicals Co. Ltd., is a monowmtle
anionic dye with molecular weight of 327.33 g/nmibhe
dye stock solution was prepared by dissolving ately
weight methyl orange in distilled water to meety/LL of
the dye concentration. The experimental solutioesew
obtained by dilution of the dye stock solutiorecturate
proportions to needed inlet concentrations. Thenite
structure of methyl orange is shown in Fig.1. CTS
(C12H24N2Og) obtained from Aldrin  Chemistry has
molecular weight of 340.33 g/mol.

0
\ vNOé%O
/N@N OH

Fig.1. Molecular Structure of the Methyl Orange [5]

The MMT used was supplied by Thai Nippon
Chemical Industrial Co. Ltd., Thialand. The cherhica
composition of MMT in weight percent is 56-60% of
SiO,, 16-18% of AJOs, 5-7% of FgOs, 2.4-3% of NgO,
1.5-2% of MgO, 1.9-2.1% of CaO, 0.3-0.5% of(Xand
1.2-1.5% TiQ. The cation exchange capacity (CEC),

data from the supplier, is 80 meq per 100 grams of

MMT. The chemicals and clay were used without furth
purification.

2.2 Preparation of chitosan-coated-montmorillonite

An amount of 1 g of MMT dissolved in 100 mL distidl
water and 100 mL of 2 g/L CTS solution were addgd i

a batch reactor. The mixing was done by stirring at

analyzed by using UV-Vis-spectrophotometer at
maximum absorbance wave length of 536 nm. The
experiments were carried out at temperature of 25+1
without pH adjustment.

2.4 Analysis of fixed-bed column data

The time for breakthrough appearance and the sbhpe
the breakthrough curve are very important charestier
for determining the operation and the dynamic raspo
of an adsorption fixed-bed column. The breakthrough
curve shows the behavior of dye removed from the
aqueous solution in a fixed-bed column and is Ugual
term of adsorbed methyl orange concentratiog)(Ghe
initial methyl orange concentration {)C outlet methyl
orange concentration {Cor normalized concentration
defined as the ratio of outlet methyl orange cotregion

to inlet methyl orange concentration/) as a function

of time or volume of effluent for a given bed heigh
Effluent volume can be calculated by multiplyingato
flow rate (Q: mL/min) and total flow timeyt;: min).

The total adsorbed methyl orange quantity (maximum
column capacity) or g, was determined by integrating
area under curve of the plot betweeg @ng/L) versus t
(min) multiplied by mean flow rate velocity (mL/min
The area under the breakthrough curve (A) obtalmed
integrating the adsorbed concentration,4(Cmg/L)
versus t (min) plot can be used to find the totHaabed
methyl orange quantity (maximum column capacity).
Total adsorbed methyl orange quantity.q(mg) in the
column for a given feed concentration and flow riate
calculated as:

Q t=tigtal
=—— |C,dt
qtolal 1000 t;[O ad

1)

Equilibrium uptake g(mg/g) or maximum capacity of
the column is determined by division of the totadcaunt
of adsorbed (g.) per gram of adsorbent (w) at the end
of total flow time.

constant speed 200 rpm for 1 h at room temperature

(25°C). The pH of the suspension was adjusted B

by adding 0.1M NaOH and/or 0.1M HCI solutions and
left it 30 min for gel formation. The formed comjtes
was filtrated and washed with distilled water ahent
dried at 40°C for 12 h. The dried clay was ground a
sieved to 200 mesh sieve to obtain particle sizange

of 300-600 pm. The CTS adsorbed onto MMT was
confirmed by using CHNS-analyzer

2.3 Column investigation

The CTS/MMT clay was mixed with quart sand at 2%
weight of adsorbent and then it was loaded intoglass
column (1.2 cm inner diameter and 40 cm in height).
Glass wool was inserted in the column as suppdre T
column was loaded with different initial methyl age
concentrations, different flow rates and differemiked
clay-sand bed heights as listed in Table 1. Thiuexft
samples were continuously collected at the bottbthe
column every 5 min in order to obtain breakthrough
curve and the collected time was noted to deterrttiae
mean liquid flow rate.The dye concentration was
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3. RESULTS AND DISCUSSION

3.1 Breakthrough characteristics and adsorption
capacities

A plot between the effluent volumes against thestinas
constructed. It was found that the plot was linkae
with correlation coefficients of R 0.9999 showing that
no blocking of mixed clay-sand in the column. The
liquid mean flow rate velocities (Q) are shown iable

Fig. 2 shows the effect of a variation of the inlet
methyl orange concentration of 50 to 200 mg/L oa th
adsorption characteristic was carried out usingxedf
bed height and a solution flow rate. The normalized
concentration (@C,) initially increases with time t and
then remains constant. Moreover, it was obserhet! t
the slope of breakthrough curve obtained at 50 mg/L
initial dye concentration was steeper than thos@ 10
mg/L and 200 mg/L, respectively. At lower inlet dye
concentrations, breakthrough curves were dispeased
the breakthrough points were reached slower. Tais c
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be described that a lower concentration gradiemses a
slower methyl orange transport with a small diffusi
coefficient or mass transfer coefficient. The largdet
concentration provides steeper breakthrough cung a
faster breakthrough point which is a result frone th
greater concentration gradient promoting the stitura
rate. As the inlet methyl orange concentratiomeaases,
the methyl orange loading rate increases, so dogsgl
force or mass transfer increase, which in a deeré@as
the adsorption zone length [8].

Table 1. Column Data Parameters obtained at Diffenst
Inlet Methyl Orange Concentrations, Bed heights and-low
Rates

CO H Q tb Vb Grotal Ce
(mg/| (cm) [(mL/m| (min) | (mL) | (mg) | (Mg/g)
L) in)

50 15 3.60| 1.78 3.79 224 3.78
100 | 15 3.60| 272 929 326 544
200 | 15 3.60| 210 759 441 7.34
100 | 20 3.60| 228 821 378 4.7p
100 | 25 3.60| 297 821 421 4.21
100 | 15 720 193 10y 2.6y 4.4b

100 | 15 9.20| 1.43] 13.191.87 | 3.12

! T H e G0
0.8 -
0.6
~ 04 - < 30mg/L
&
& O100mg/L
0.2 g A200mg/L
&
0 ﬁ T T
0

20 40 60
Tiume (min)

Fig.2. Breakthrough Curves for Methyl Orange Adsorgion
at Different Initial Concentration (15cm Bed Heightand 3.6
mL/min).

Fig. 3 shows the breakthrough curve of methyl oeang
adsorption on the mixed clay-sand bed with vamatié
three flow rates such as 3.60, 7.20 and 9.20 mL/thin
was observed that breakthrough generally occuastkif
with higher flow rate. Breakthrough time reaching
saturation was increased significantly with a daseal in
the flow rate. At low flow rate, the inlet methytamge
has more time to contact with bed resulting in bigh
capacity adsorption of methyl orange in columncdh
be described that at higher flow rate the rate aksn
transfer gets increase with flow rate leading tetda
saturation. At a higher flow rate, the adsorptiapacity
was lower due to insufficient residence time of sbéute
in the column and diffusion of solute into the mood the

adsorbent, and therefore, the solute left the conlum
before equilibrium reached.

o o
o] O < o
04 | & ¢ 3.58mL/min
<& o
O7.15mL/mun
02 4 © A9.19mL/min

0 g T T
0 20 40 60
Tune (min)

Fig.3. Breakthrough Curves for Methyl Orange Adsorgion
at Different Flow Rates (100 mg/L Initial Methyl Orange
Concentration and 15cm Bed Height).

Fig. 4 shows the breakthrough curve of methyl oeang
adsorption on the mixed clay-sand bed with difféeised
heights of 15, 20 and 25 cm (0.6g, 0.8g and 1.0gg
breakthrough increases with increasing the bedhieig
As the bed height increases, methyl orange had more
time to contact with the bed resulting in higher
adsorption capacity of methyl orange in the colurfime
slope of breakthrough curve decreased with incngasi
bed height, which results in a broadened mass fenans
zone. High adsorption capacity was observed at the
highest bed height due to an increase in the suidiaea
of adsorbent, which provided more binding sitestfer
adsorption.

1

H B B B @
08 -
06 -
&) <15 cm
04 4 0O
& 020 cm
02 - g A25cm
F |
0 20 40 60

Time (min)

Fig.4. Breakthrough Curves for Methyl Orange Adsorgion
at Different Bed Height (100 mg/L Initial Methyl Orange
Concentration and 3.6 mL/min).
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Table 1 shows not only the liquid mean flow rate After applying Adam’s-Bohart model to experimental
velocities but also the breakthrough charactegstic data, a linear relationship between IfQg) and time (1)
adsorption capacity and exhausted time, of methylaccording to Eq.(2) was constructed for the retativ
orange in the mixed CTS/MMT-sand clay beds atconcentration (@Cy) up to 0.5, i.e, 50% breakthrough.
different inlet methyl orange concentration, diéfet For all breakthrough curves, respective values HfaNd
flow rate and different bed length. The breakthtoug kss were calculated and presented in Table 2 together
point (the position at £C, = 0.05) appears faster with with correlation coefficients (0.8727). The values of
increasing liquid flow rate and initial methyl ogm  k,g decrease with inlet methyl orange concentratiath an
concentration, but more slowly with increasing thed solution flow rate, but it increases with bed heigrhis
height. The highest of breakthrough timg) fvas 2.97  shows that the overall system kinetics was domihbte
min which obtained at condition: 100 mg/L inlet imgt external mass transfer in the initial part of agson in
orange concentration, 25 cm bed height and 3.60mim_/  the column [10]. Although the Adams-Bohart model
flow rate. The highest breakthrough volumey)(\Was provides a simple and comprehensive approach to
13.19 mL which obtained at condition: 100 mg/L tnle running and evaluating sorption-column tests, #fdity
methyl orange concentration, 15 cm bed height &owd f  is limited to the range of conditions used.
rate of 9.20 mL/min. The highest bed capacity (s
7.34 mg/g obtained at the condition: 200 mg/L mkthy
orange concentration, 15 cm bed height and floe it Thomas model [10] assumes plug flow behaviour & th
3.60 mL/min. bed, and uses Langmuir isotherm for equilibriumg an

. second-order reversible reaction kinetics. This ehdsl
3.2 Modelling of Brakthrough curves suitable for adsorption processes where the extanth
It is necessary to fit the adsorption data usirigldished  internal diffusion limitations are absent. The &nieed
models and subsequently determine noticeableform of Thomas model can be expressed as follows:
parameters associated with these models to determin
their influence for optimization of the fixed-bed C
adsorption process. | {EO 1} =

t

3.2.2Thomas mode

KnllgW _ K Cot ®)

3.2.1The Adam’s-Bohart model

Adam’s-Bohart model [9] established the fundamentalwhere ki (ML/min.mg) i )
. . . . .mgq) is the Thomas rate constant; q

equations describing the relationship betweg@and t it i

in a continuous system. The Adam’s-Bohart model was(mg/g) Is the equilibrium methyl orange uptake gest

. . o the adsorbent; w (g) is the mass of adsorbent, Q
applied to experimental data for the descriptionthef L ) .
initial part of the breakthrough curve. The expi@sss (mL/min) is the flow rate and total time (min) stisnfor

following: flow time. The value of {@C, is the ratio of outlet and
inlet methyl orange concentrations. A linear pldt o
In[(Cy/C)-1] against time (t) was employed (figure not
In & :kABCOt_kABNO E @) _shown) to determine values ofj.kand @ from the
' intercept and slope of the plot.
where G and G (mg/L) are the inlet and effluent methyl Table 3 Thoma_s quel Parameter_s at Dn‘fer(_ant
orange concentration, Ak (L/mg.min) is the kinetic Conditions Using Linear Regression Analysis
constant, F(cm/min) is the linear velocity calcathtoy Co H [Q (MU knx10 | qo RZ
dividing the flow rate by the column cross sectaea, (mg/L) | (cm)| min) | (L/mg |(mglg)
Z(cm) is the bed depth of column and (¢ng/L) is the min)
saturation concentration. A linear plot of IG) 50 15 3.60 9.750| 2480 09797
against time (t) was determined values Q& land N) 100 15 3.60 7.343 4.137 0.9629
from the intercept and slope of the plot (Figuret no [—5qq 15 360 6270 5600 09608
shown). 100 | 20| 3.60 | 7.349] 2.984 0.9794
Table 2. Adam’s — Bohart Parameters at Different 100 25 3.60 8.359| 2.489 0.9822
Conditions Using Linear Regression Analysis 100 15 7.20 10.117 3.173 0.9415
Co H Q KaoX10° No R2 100 15 9.20 11.462 2.624 0.9601
(mg/ | (cm) | (mL/ (L/mg (mg/L) )
L) min) min) The column data were fitted to the Thomas model to

50 15 3,60 9048 94410 09128 determine the Thomas rate constant)(lrnd maximum
100 15 3.60 T 462 182.907 0.9049 solid-_p_hase concen_tration g The dete_rm_ined
500 15 360 5377 220 652 09033 goef‘flments and relative .constants. were obtainsiehgu
100 50 3.60 6.089 118.848 0.9261 linear regression analy3|s accordmg to Eq.(3) trel
100 5 3.60 8.170 90 iG? 0'95,30 results. are Ilsteq in Table 3. It is found that the
100 15 7'20 9.036 121‘ 96-2 0.87\>7 determined coefficients @R are among 0.9415 to

. - . — 1 0.9822. The values oftkand @ are presented in Table
100 15 9.20 10.440, 99.738 0.8939 3 Ag fiow rate increases, the value gfdipcreases but
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the value of k, increases. As the inlet concentration orange concentration, 15 cm bed height and 3.60mimL/
increases, the value of decreases while the value gfk flow rate. The fixed-bed column adsorption system
increases. The reason is that the driving force forcontaining mixed CTS/MMT-sand is effective to
adsorption is the concentration difference betwden  removal methyl orange from aqueous solution. The
methyl orange on the adsorbent and the methyl erang column experimental data were analyzed by the Adam’
solution [8]. As the bed heights increase, the eafiq, Bohart, Thomas and Yoon-Nelson models. For methyl
increases significantly while the value of,ldecreases orange adsorption, the column data were fitted weell
significantly. Thus, lower flow rate, lower initimhethyl the Thomas and Yoon-Nelson models.

orange concentration and higher bed heights would The use of MMT modified with other chemicals, for
increase the adsorption of methyl orange on the bedxample, cationic surfactant and strong acid migt
column. The Thomas model is suitable for adsorptionfurther studied for the pollution control.

processes where the external and internal diffgsieif

not be the limiting step [10]. ACKNOWLEDGMENT
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