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Abstract

Acid deposition is a very important issue of air pollution due to its trans-boundary
nature and its possible great impact on ecological acidification. This study was focused on the
effects of acid deposition to soil acidification in Thailand. The study focused first with soil series
in the Northern and Northeastern Regions where acidic soil are prevail. Wet deposition in urban rural
and forested catchment areas in northern and north eastern parts have been measured during
2008 to assess deposition strength for the present situation. Generally, precipitation samples were
collected by automatic wet-only collector except for forested catchment area where bulk rain
collector was used. Ionic composition of wet deposition was analyzed by Ion Chromatography
such as Na” NH ' Ca™ Mg™ NO; CI' and 8042’ The volume weighted average pH in urban and
rural areas ranged 5.03 to 598 and the one for catchment area was 5.15. The deposition results
in 2008 of well known acidifying compounds such as SO42' and NO, found in urban areas were
32.0 and 55.4 mmol/m’/year, in remote areas were 12.1 and 23.8 mmol/m’/year and in catchment
area were 8.3 and 6.3 mmol/m’/year, respectively. These deposition data were utilized as reference
level to determine the effects of acid deposition to soil acidification by using soil leaching column
technique. The soil samples were obtained from the agricultural areas at different soil series namely:
from the Northeastern Region were Korat, Polpisai, and Pakchong while at the northern part soil
series were Banjong, Hangchatr, and Chiangrai, including soil sample from the catchment area at
Sakerat Silvicultural Research Station (SRS). According to the weighted average pH value found in
the precipitation samples, the synthesized rain water with a pH value of 4-5. Acidification of the
synthesized rainwater was gradually increased between 10-1000 times of the reference precipitation.
The soil column packed with different soil series was eluted by these series of the synthesized
rainwater. The results showed that soil series of 2 parts of Thailand have a good holding capacity
to acid deposition as high as about 10 times of the acidity in rainwater presently collected. Soil
series can remain their acidity as well as their sensitivity and vulnerability properties as moderate
to low acidification with the present amount of acid rain. However, the characteristic of Korat soil
series showed a high potential to soil acidification from the moderate acidity (pH = 5.1-5.5) to
severely acidity (pH = 4.5-5.0). Likewise, the characteristics of Chiangrai soil series showed high

sensitivity to soil acidification, especially for rice paddy soil.

Keywords:  acid deposition, soil acidification, soil sensitivity, soil vulnerability, agricultural soil,

Northern Region, Northeastern Region, Thailand
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meAusagwuUaunneululel M5 AURIRE LU WD HLEL ST
( Throughfall ) ( Stemflow )

P

MSNUAIBE1SHIE1579 msfusatvienanluaInIA
( Stream water ) ( Passive samplers )
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2.2 Anwiprrusaulwiussiuranis
PNRLRNYDINTAAILWIALA soil column

nsANEIAINE DUlMIvBYAUR BNIY
ANSzANYBINTA [RYNSAnsIANSNEENIY
neMwLazLATitsyRunanunAwiauay
mAngTueandsomilafiinuseulnranis
ANSZRNYDINTA FHNDRIUANYIANNSUANUS LAY
AN onlysuasUSNnNISANEYaNYBINIAKD
AN saluy ARumaNiiLe sistimsfneas iy
nssuTtayauruign Audnuassywalng
WaldJudayalunisidonysiulidusuny
YpgWRazNIATYINISANEY Inunauayn19mn
szanupenImIrmienihlfiAnn1swdsuudae
AoaNBNoATvosAufissansIa Tals wu
n1sansrsuavrsanunUapss1np s
Uszquan [durd Na” K NH" Ca™ Mg (base
cations) n1sUaaUspysIgMduiy [Fud AP
masnMsazanalivaslavemin Wy Zn Cd Mn
Cu Ni sy naanaunisazauvaalulnsau (N)
wagmugdi (S) Tumu m'ﬁmﬁiamma\a@mmuﬁ’ﬁ
AudlaliSUNaNIENUIINNITANELENYBINIAIL

[
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A0 UNsuanasuUszauIn (CEQ)
wazAN AR YeansAilusng (Base Saturation:
BS) wavfiu sutiuisiFusnansaliiFn CEC uay
BS dnsesiurnulidensnanydufiunsals sioil
snunsViNEATINEBulnY By RRuBNSNaTY
Jufunansiuaun1sontinAandilaain
HayanamaapesIumaiANTYr&19Aul soil
column Iarnisidanyniuddudoiiniiu
wansuiuwaAmANRlunIsuanAYY cation
(CEC) Usznavagiuluszsiusm (< 5 meq/100 g)
FEAUUUNE (5-10 meq/100 g ) WAESLAUEY
(> 10 meq/100 g) WpUszTUFURULYBYAIIN
fuiusserieuSinomasnsafinnayauiusesiu
yaurmAuunIA-AsvaviuiuSuanasdials
SuUSnununsaf Fuedvlusesununnsneiu
(WA 4)
TunsFenyamuialFidushumpasiii
Fltvhmsnenaislumane Fusendvomile wax
mawmiafifinudunsnroutneguusy yaiug
Fensaenwusnniudeiud (9) ulilumsmne
ﬂgﬂﬂﬁﬁﬁhﬁﬁy q a1 SudhUzuds $alwe
908 #0191 484 wasHRNLRNFAIYTuYDY
AAuglunIsuanlsueavUsyauIn (CEC)
dalWwmwzunnslduszidumgluuuuag
ANNFIRUSsErivUSINBYNIATinNa LAY
fusziurpsufiseniu (Soil pH) AiUsusnag
Solisuusunneenunsnitlduraolusyfud
wAnsioil semnnafing1y yaiuiEend
Dusunuuasiunsaluniane Tuoonidoewiio
Toud (1) ?;mﬁu'[m”m (Korat Soil Series) tTu
Fauneauhiunsnfififin CEC 2 - 5 meq/100g
() qmﬁufwuﬂé’a (Phon Phisai Soil Series) &
A1 CEC 5 - 10 meq/100g usg (3) YmHU
UnYay (Pak Chong Soil Series) §iF1 CEC > 10
meq/100g ViuiiAwis 3 ym TRLATINAUINNNT
15 &uls wwizlunangTusanidvowmils
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suiunuasRunsaluAwialiu (1) yaiu
W91 (Chiang Rai Soil Series) #F1 CEC 4 - 6
meq/100g (2) yRAWGsIRS (Hang Chat Soil
Series) §iA1 CEC 7 - 9 meq/100g uag (3) ¥nhu
U748y (Ban Chong Soil Series) A1 CEC
Uszanoe 11 - 15 meq/100g Nuifivihnisifu
ot vynRuiRenldduiumiessiiunanly
mpzTuean@vswile wazlumawilousnaly
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fraction FBEvALENsMmMHsazTUIIashl
soil column wagyNNI5BEaNY (leaching test) 73
THudIRT e TS FuAHdunTRsgY
(artificial acid rain) US3nouWunsadildlunis
yed il rfiFununaniiaguusuin
WuLaraAUTEnaUNIgIATiuBeR 19N TRy
il Pwiawazn ARy Tupanduomile
PaugIveuaziinaususmuiowindoulsdnuly
Duwnawl Inelidiurnududuosiunsnoy
sgn310 10-1000 WinwewUSunansamiuiid
Tumswedhuuyase o Allunsaapeil fus
(acid-basic indicators/parameters) PaynTIaTn
nvuEDE 19U soil column sue Wadugn
ML IRUAIYHUNIAUSEFURIY T WazaTn
an9aray (leachate) Muinliusznaussngy
basic cations NH ", K, Ca™ usy Mg” T2
WowinlugUifiupadulsF wanantisyiunny
Funan (pH) Adiusnndulupiuiisefuanudn
B9 9 280 soil column wazlu leachate [Fvin1s
nyIantadiniuty afeusinunisrasuiiey
yaosnsuluguaslanesminfiazarenlél (acidic
indicators) 817124 Al, Fe, Mn, Zn uaz Cu Iz
Yn1anTI sl leachate WRgAnNRzaLRNANG
g luAutuuLLazAUtE Y9 soil column
s maapy wdsantutioyailfainniangia
TrluszauiosufuRntssenatusuazgni
nlFaafuaunsmondnmansfiouse iy
sUMUUYRSAINFLTUE S S DB IN SRR
pndzauiuszsuauANNTuNTR-AsYDIRAY
HSuanay
NI9NARBINITYLR IIAUR IBHUNTR
Tneldwmnalian Soil Column (Soil Column
Leaching Experiment) Iﬁgﬂaammuimﬂiﬁ
YIBNAIANNTINTLUBNHVUIAAIINYTT WAL

uruANENa10euIR 35 URy 15 U, mNy

[

SsuthuedauiInylus eI vas By
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U3D9AI8UHY Geotextile W3BHNTYAYNTDY
Welddunvus /mionaassluased Tnuls
IRMIVUNUILNARDY  (Soil Column Unit)
Sumovun 90 wide Walddmsuussyiiv
INNY 2 MIAY MARE 45 vy udESEe
WU ILNAABITINE 139z AIINIuB ANl
wdheag 8-9 Alan3u (Pilot Scale Unit) I3y
YDIVILVAABY WATN1IAABY soil leaching
column wanul3unnd 6 uaz 7 muasu,

T : - 0-10 cm

3 em

10200 ey

i _— Geotextile

2030 cm

Rumsia
60 ¢ et

Jem

3em : ) - i
fiuaidem @ 10-20 mim

siuvmy & 2350 mm

23 pm

uHuszARAR (acrylic)

IOLA I (TEU (resa)

wo Pve sl @ 1.3cm

MWD 6 MWLERIUIENAADY Soil leaching

column

MWA 7 MWLERINISVARBY Soil leaching

column
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3. NAMSANYILRLIIITOI

3.1 US1noumsAN e aNUDuNm

N9PFITAUINIUNITINALRUYDINTA
Tuwangumsnuasduswmasnsanzas
Tundios dwsumsanasauupennfiunusil
waz@uyvsazduimunuuaenisnnssany g
nan sy ludiuepsiuisni R
i luaaduinideazunsueensulsl
HuiuiAnu netilsihdoyansiatalul wa,
2551 iadudiayaildudaatuanniigalunsh
lFIRs1zinanisAne s iaanadaiu
MSUSLEUNANIENUNIANRLRNYDINTA LURU
TnefisuazBunsiodl

311 USHNaumSaNReRuuona i
wRdey waviuTiwRgLun

HoyauUBinanheusioifouyedd wa. 2551
Tunwsruwu I luiuidnugonaduluniy
RANA NATIAD OREL BIWAFBLWa AN - AP
AU WA LA U ASN B - ey (e
nquwmwavuAsTiluAn 62 fu TRuunaniisu
T 1776 findwns faduusinasieufiinn
fignludnouanidfivieisluiuiifne us
finuuUsusuanhius e aurAputeun
Mutionadums1eBn3waney heat Island effect
Tuwnidios Asoifiusiegro@esivyd Taunn
132 $u Yaussnoshnusnly 12864 Safuwme
fusufigadifiuiioyvuusilfidunn 108

Hu fusinasheusls 16703 Tafwns oy
Teuv1ndutandoeyuna Ny Se1dny
FounsngiaL-Rovnan Usinashsuiufininy
§1ARYDHIININEINTUNITUIEHUNITANTE Y
Yaunsm o NUSuInINISANSEINYBINTA
Junswiasnanaaneasasduiu ey
auAUsznaumunilhrufuUSnoshs 518
avlBunUSinashiuneFeuluiuiiundoouss
waruun wanulilunmi 8 Tusduwasrin
\unsm-se (pH) wudwheuiigafiusaegng
nyowwe Waslil uasUnusil e pH oyl
%29 4.6-6.6, 4.8-65 Uaz 4.3-57 mUEIHFU Mty
Fheuluynituinufinudunsagelugaogg
waty Fofimrudullsnhuehegguivussened
msUudougy @Wovanussenneliimssydiy
sethdumiioulugneu Tavazdiulinnnmn
omrazAtulungrudafisuiuggude™ uas
ffadanaim pH luhiusedeuluendiag
finuiuuUsgoniluwneuuyn YetTounas
MllafnensauomAfiva e s uayifuaIn
malgndoruluendos Wi nsaas udu
wanaNfin1Tnszaefwave Nl fluim
daodladisuiuiufivuuniduamnlim pH
fAulsUsInguld ity suazdunnis
Wavuuaue pH Tuidauluiufifnyiuany
Blunmit 9 dwsuevAusznaumaaiiinii
LarUSinumsnnazauraunn uiuiwndiag
uazwRUUDST w.A. 2551 uamlilumisi 1

97 1 USHNmmSHNasauyaenIm LN e Eing R L RtuUY

US1NanMamnasasuaenan ( Taaa/mMI1ng)

NIINWHITUAST 32.0 554 20.1 95.5 17.3 3.6 28.7 42
Begl 6.4 11.7 59 256 34 34 8.6 23
ﬂVIqlJﬁ’l‘ﬁ 17.8 359 11.0 49.6 10.0 25 194 2.8
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USinasiiuseibiow (uu) veugnnsinianqummevuns  gondpuAusEnauvnuAiifiBug Ui
. wsorfinyovnaRusuiiovnainns
- Tdwdoonluwnifion §wsu NH® 1l

360

w00 Ugnaugusnnluwnifipsinfiwaoiidin

W INRanTauTiu il el mafvuey

Ay |
150 waznIstvezyuey udu Usuo
' y I I N1IANILANYBUNTH  SDIRUNINUT
a = @ anfiuiag1ounusuazidulng
‘P a o_ v a s (3 o
ff@f*&f‘af@*ﬁfﬁf S t“” muasy Inefiu3inaepsauAUsznou

MmMARanEInlUtdey Hwn NH’
> NO, > Ca” > SO42' > H> Cl >

£ 8

USunashwusnaiiion (uu.) veuaansiaiai@evinl

250 ) =
Na" > Mg* > K" §wiudyusiil uag

|
i NH > NO, > Ca* > SO* > CI >
"1 Na“ > K> Mg* > H' §wiu@wsln
100 'I  m agiiiuld Y lufufivuuniyae vl
50 |‘ ' ' ' NH," NO, uaz Ca™ HupvAusznaundn
B - (b) Tuseyesiiy vedduuna i

@ - '&) a o ' o a o
ﬁﬁf,ﬁ’ \?x‘:ﬁfﬁe“'fe’,‘f%ﬁ gg ,‘f“ MINGITUY IR LIL AR INTURANNIIN

AanssusuneaInssy Wy nslddy

L]

USinanhuseiou (wil.) 209qnnTIa Tanuyusnd T UL L T oTC Ty ppiig, oy, 19T L)

¥ 4 (s

400 | _

a0 | 3.1.2 Y3Naumamn gz a@xuaunam

00 S T 2 S

= | TuiuU s

w0 4 o a -

503 §1UUIHI I U LAERITY
L & ' 3 Wy Y

’:: 11 ' l l Funam-sw (pH) vasheuluaiiah

LY AudITyuardnausududowInd oy
\’F -%‘) A.SF J!S f & . £¥ A r { ¥ o o & = o
PP T Y & o é? o [vinamsaaTaunsousit 2549 neld

MWl 8 USnoshWuuiow @afwme) 7 i IbiuUsnAduly

TA99n15 “The Joint Research Project on

(a) NFumWNIIUAT (b) Baulmi uaz

(©) Unusnil Catchment Analysis in Thailand” Wu1

Usinasheuiimswfsuisemungna
NANSANEINUTIUFINIINNSANaraNYaYnTA  Inefuinoahiuniy 1382 daAwns/d
Tungumwumiunsfivsuingegn Iasduduineee  waswuUSinoahedusnnni 200 fiadns
ssAUsznaumataiilhsuaninn iy Toun NH Tuifaufugisunazaaianwond
>>NO >80 > Ca” > CI' > Na’ > H> Mg™> K’ TuazidnusnashiussFeuluiiui
MsTUaMIIMsANazaNYBY NO, usz SO fuFum tsshuanellunmd 10
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Tushuwaern pH aashshdluivdithsiah
wufimaglugie 41 - 68 usnswasuuag
YpYA1 pH munaNIaiANLLANFIYAINATTINY
Tuiuiinidioouasumauun namFewuim pH
firnslungaudrsUsznousaunaAtyaeny
sewhdenanfivinafing (it 11) veddy
mMaWawILaRInaInszegmslng (long range
transport) HIHNILUIUNITIA
L2l (rain out process) dlannag
wdunwduiinnudunsng
Laziflofisuiuusunaninu
wuh pH Srnshfiousinaain
WINBoFDARNBITUNANTTANE
it

g WU pH 1hsiiinn
wulUlET (Throughfall) wazihsiu al
(Stemflow)
wufraglugie 5871 uay

Py | % 1] 00
Anne1us L]

6.0-8.0 PINAIRU N1TNTEINYHN
YpuA1 pH flowiuuiiisy
FLNTNINITNTLITYFIUDY
Adunsm-alufiagy

ey (Rainfall) Throughfall B
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Wl wazsulyd dodlosimruiauiinnacn
VT e A s isduniud su
n13n5a1ufaneA pH Tufisy siiny
ddufinnenluly waziduinnausuld
wanylilun i 12 uwazoorUsznounigipdl
ypun1ganazaNwuuLD unluiuiv 1 fuinlu
T .. 2551 wangl3lumsod 2

i 9 A sdunsa-ag (pH) luhasuluiudisngg [Hwn

Yaunuma Unusih) suum (Geoslni) uszwndiag

(NFUINUIIUAT)

aanhedy (ladwagluuiuadinihsssdsmdlng

WY Stemflow WUINHLUUNIT

iy 01

nerauFfirdwARIAY TRyl

AN pH 7wusiAud (frequency)
WINNgnAD 50 6.2 uaz 6.8
mNsIaU ofiaziiiuladen

Sepligd

SXRG-L- Ot

pH fiAAnadustvifindu e m L ﬂ' | [ }
5 R 4 13 1 . 311 41 5 -

- .\‘,\. 8 ,@ A Y oo ¥ g.'f' N ‘_J\' & ’# b8 -‘i\ M _‘ii-"
USUTUNITANTLANY DY TaT Te T8 T By T 1

puAUIzNaUNIaIATNTUTET
UIN (Cation) 1 Ca™ Na* Mg™
sy K Tusog1e Throughfall
w8z Stemflow NHUINIUgY
FuiiooanguiinnA1uniu

AWN10 USHNondus 1emau (HaRWmRs) NaoTnuimuiay

ATWNSIY  (WUNTHFAUN) A RauRiNuEwmany
SERIDILABUNHUSHI N AUNIN
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Avaauil unsa-sne (pHludre vuStamdvduduesdssvelne

&0

7.0

\}*‘M WW‘\ s

Ol 6.2
10

2.0
10

0.6
KoL A [ 5 oadh A
Gosi" \d‘@" ‘#df ‘a‘dﬁ d’-‘w & ‘#cs &

oAt ot

A
B Y b P e

Jubos 2

B Ot .2
ol 172

o {#:\ @’5 @r\ d’:‘-

i 11 Arnudunse-se (pH) Twhduaafihuianiss szunsiy @Wunithsuh)

Tusdwesnnnmaimaluwminfunh
ann1ansIaTafiignsnluainiAs 1ewAiln
Ogawa passive sampler Wui1 fng SO, unz NO,
fifnaglueag 0-1 ppby uaz 05-2.5 ppbv BsH
Tnpsindirgolugauds (wordnew - wwew) 8
Usinaufiwuzay SO, uax NO, Tusnimitusian
Uil fAdeuniAsnsgununmeaInA
wovUszmAlnesmsuAety 1 9 deudhuunn
T6uri 40 ppbv U8y 30 ppbv MUEFU Uuilis
AoWeNMAR AU A INUa s fiau R

P5199 2. USHNnunISenNaLanyaunsnuNud wmin#ui (catchment area)

Fanyluiufiuansivanusuawesfielalou
finudndusunoAouduguey lugie 20-120
ppbv Tnemuiiriguanalunguay Tnsmwizly
Weusunavweund Yaatudszmalnedicn
wnsg A wemAsmsuinglolow Aar
@&y 1 930wy (100 ppb) uay 8 F3luy (70 ppb)
fowsfintunsfnuntiasyhmsifiusetonn 15
Tu wilugauavsona s Usunfielaloudian
WauuUasluoguds 30-120 ppb Fedmlig
wuhfiUSnauAuFNRsgIwioaae Usinnfing

US1NaMImnasasuaunan ( Tasa/m5ns)
‘fﬂ W 8.3 6.3 18.7 6.1 16.8 6.2 13.0 3.8
(Rainfall)
WeuAnnsluls 89.9 80.6 263.2 119.0 51.0 716.3 130.8 114.8
(Throughfall)
Tinnsnusule 3.0 18 7.2 4.0 17 819 49 148
(Stemow)
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ToloufigeiivoBiedndnavovasuaiuyfugii
ﬁﬂ’lﬁWWW’m’W’mﬁIﬂE\l(long range transport) prrcisifiution of Ramfal sample
wananiorafiunduidinunainnisinitiuay

ML lRYYBYEEINYAINTIY Businmuyay
Tuituilng\Awslugunguivsons

32 anudunsnuaviu Aull uay
Anugaubniansnaudunsm

32.1 NsdRTEAUATINULIIIUNISAIR

funsmuaulsewnalng g
'y PN ¥ 425
Usewanelnynsuwmunmule e en
, = . o o PHRF
Adunan-Aslufiu (Soil pH) Muuamsls

pH distribution of Throughfall sample
(b)

Tumswd 3 il TmasuyasanuguusIYey

MufuluUszmalny Soibimauh o degtiu
Usemruaasiiiufisbauszanomislusy
wpsiLToUsrmAduRunsnwsTszRuAy
nsmAwthetipy-tdorsnn namme Avwaamem

agdlin pH wRvupsivssme agening 6.1-
S Dow s 24

6.5 AnuiuAiTIuAuUszu 108 &uldann Mesn =832
gy v . . & JE QR g M1 =T200
NuAnevam 32127 auls aglsAmununns : 35 650 875 100

5.e8 838 8] LR T3

ans

anudunsnquussnmdaduRunfimugnze
o : s A o = PHTE
YpuAuiBEN I 4.5 wuhdnunTiuiute 21.41

pH distribution of Stemflow sample
(€)

&uls v3oAnduSouay 6.66 YuNUTIIUSIZ WA
QWIzAARE U RNy wiTawuRUAT ALY

N9m JuuIeEINGe 13.33 & mls se0aun [
mald @ suls) meanyiusan (292 &uls) uay
mawmils (1.11 §wls) mussu

A5 3 Msh AU EW SoilpH) s Eifiadnsz siu

ANUgUUsTuMsfinAunsauasUszmAlng

FEAUAINTULTY FUNS815U (soil pH)
JFUKIIUIN (very severely) <45
UL (severely) 45-5.0 o o . y
NN 12 mMsnseaemIvasAl pH Tasielu (a)

UIUNR1Y (moderatel 51-55 ¥ g, o ¥y

( ) wsudpnaululel (b) uaz druiinn
1o (slightly) 5.6-6.0 o
7yIN (very slightly) 6.1-6.5
Junagwidasoguuss > 6.6
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9197 4 sUuuurasMsInturasnguyRRuisaubnsansfinduiunse M

CEC Base Saturation (%)

(meq/100g)
< 10 | II I \'
10-25 I I v \Y%
> 25 Il v \ \'

Note: Vulnerability Classes = 1, I, III, IV, V whereas I = Very severely and V = Very slightly

usnaniLauisEiuANLTULsylung
\AansmupsiuiusemelneaansmhiUseyns
Waldhhue (Predict/Forecast) Ausaubmung
AuFBNISANAzaNYBYNIA (Soil sensitivity and
Vulnerability of Acid Deposition) I8 unils
MeilimzUfAsuAunsen S AnnInup i
PRDAIUNIIANNZELYDINIALANUTURUS DL
Indgnfunuaudiiniviaivesiugn 2-3 oiln
Miuinduserusznaundn wavwuldluusaz
yniu SuUEoATIRS Ay AazfasisRasn
Silunsdntiu/fsu vasanugeubnluna
denanlsiuanal3umssi 4 lHuninnuglosau
vnfiuanifsuliueeiu (CEC) wazAnudum
FRYFYBIAY (Base Saturation: BS)

MeiiauaInnN1TANRINIDINTRIL
witlsphiFiinANuRsuUasnnaudiingead
ypuAnBeansanTaalssasaluil

(1) mMsansziuansonunlluousi
pnsfvfifivazauin 91wy Ca*, Mg, K,
NH4‘, Na" (Base cations)

(2) nwmAuthevasagiti (A1) panin
aglugUansnzanzunoiiu

3) AinmsazavvoslulngEy (N)
Muztu (S)

(4) Wun1saza1ylauaelaneuiin
soralusl Zn, Cd, Mn, Cu, Ni, etc.

mMawWasuwavAnandRny donsalva
Buavgivazguusvnaziinduiunsnunnioy
weslsTetiupyiu Arwaninsalunsuanuavy
Uszquin (CEC) warAuduswausnsiusg
(Base Saturation: BS) waufiusiuioy sty
g1unsaliFn CEC uag BS Snsesiunuiidegse
msnaegnmwidunsaavszuu dnalasnsie
mouana(3lumaeit 5

597 5. AnuliwavyaRy (Sensitivity Classes) sianisiimdupunsnuasszuuiivg ™

CEC Base Saturation (%)

<10 | I I I Vv
10-25 | I 11 v \
> 25 II I v A Vv

Ecosystem risk class I = Very high risk, II = High risk, IIl = Medium risk, IV = Low risk, V = Very low risk
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FaunuwpuyARUR LU INALTYINN 1S
nwsrsuaanAnz Juaendpomtie (lur ynkiu
Ty yaRulnuide uazypRungas) uaz 1A
witle (lFud yaduiudag, Fodes wasfugay)
ansiuluguthanam i imuideazuny
IAgmisndmagimomi-menwetivazidun
Snpsundle wurudunsn-sovaviu Ay
anananlunisuanasulazquan (CEC) uay
ABNFYasaafiduR1e (Base Saturation:
BS) Wauszdiurnubisanisnaiudunsnuay
Al (Soil sensitivity class) uazAINSaUlIIsE
msnaedunsnuesiu (Soil vulnerability class)
paly

3.2.2 annugAudunsnunediu (soil
acidity) Al (sensitivity) wazAIINTDUIN
(vulnerability) sanisnasidunsnuoviiulunia
wilakaezN AR JUaDNERBIMilD

31NN TRAIUGATY AT U
NIA-A19YBIAY (Soil pH) IMNYARUAILNY
woluniangTueanduowmilauazninwmile
vinldnsudinuguusvusviuyaiidunsn
9y Uindau Inuidy wavlpsiy Tunim
nriupanidvemie lWlamInnuguusefiniy
m0ishy Fuio 3 qmﬁ\ﬁmmﬂquﬁuﬁwmﬁmwm
TumanyTusan@uemilonnnii 15 §uls nau
fiF pH woviulunirsuy (Field pH) Q\Tﬁu
s¥wig 050-1.0 mbeEawisudisuiu pH vag
Audle 30 Uriou wawasAnyvhis pH vaviuly
Mt Tt Wesmmhyuweuafitiundas
AUNSNYRT DINRIU NTUFILRIUNITINYRT
naNAENTIRY nandsIMsnums wazAudide
Wau1n19n15nens LA s 1udofusasun W
nuRang WuAnanwlunmswinlnedilnsonis
USutqueinqeiuvsneniuuetvsaiioy dulu
way 9 [AsumsusuUguiqeuiasiinslayy
nslddudunsd nislonaunadundsainnis

fufeansugnfisnsepanadfialdnguiu uay

q

6 o/

ymalonauiiaiiudumssimnl

q

Yo a

URNU PIBDRIU

= =9 o

nafiunsldyusiuiudend Seviiagiu
souzvsAMsfunsanauuFty e fu
yalp1y waznges Ganudunsadey (pH
5.7, slightly) futiaasnn (pH 6.3, Very slightly)
Tuwneiiuyn wuRdundusangniidunaersu
Tumushegau (pH 722, alkaline) agnalsfiniy
WINYARURINETI YIANsUIguguantsinage
wnliufawis 3 yrazndulufisniwidunsns
TUUIY (pH 45-50) wazguususn (pH<45) fi
Wululsigy Metlddesanlnsannsssumives
fRueeiiogiiu (Al) uazmin (Fe) \uouA
Usznauagluilafurswinenn Fedufiinves
AunsafiarueuIunsyzdluggeuluann
Soudusouiinululssmelnyg Measazais
pgfiluuazmaniaziniili pH vauiiu anr1ay
at sy uaznaeanmunsndawumy
saugmuasAdunIa iy nRu
vpunAwiau Auyatudeedydufumiien
Ty wiliBunIdingroutiugy (2.31%)
WawWsvuifisuiuypiusumudn 2 ga F9
songnaidunsatiounin (Slightly) Tuunidinu
YAy (pH 4.99) uazAuynvieans (pH
4.87) fomufianiusuayaududunsnays
JUUSY (Severely) 9108 (iaoanAuyadisese
ey ednsfic eld pH Wansainsiumis
nh 50 visegithuazminifiogludu (Jusd
Usgnaumuusuaeiu) fazazarsliAsasnun
agluguvavasazaiy wazdudunaiesenis
Wi iulnuauivnapnaudolidindug wanain
iRt 2 YR (Wyos18uaziiing) AR
\Wunsnguusy (pH < 50) Iwavihiiuns@oy
(K) Bofusimamnasnaniidfylungusieaiu
Woawass wazlulnsauiudunumbifsomess
natgnfiednsitey senelsfinu Auyniiusdng
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Fonuduiunsadnififnenmwliunswanmilani
Auyalasy Buulifugalas ezl pH figend
(pH 5.7) wiinaudiA1 CEC, Soil organic matter
waeUSumusiuwiies (Clay) ﬁ?*nmf*uﬁm;m
udhsatoeuda willeRarsannishunld
Usglowinudn Auyahedmalinnudeogendi
Augnlasiy (Al 0.7 mg/kg) wazlasazay
pafidiunnimalsfuwi (44 mg/kg) ot
Tumsifenefinvasiieiivgnazfoadufisiivay
ANTWAUNIATULSIURETIUAD RN IHR Wy Ay
Tunguwas w1 nMu dushuzwds aflon1sugnity
TngsnAannsusudguqedu wu nslayu
wsanslEadun3d Safudun3dTnnuiine o
AazBodoiasulinumdunsnraudioazquusy
nanwanidunsaguuseunnds 9 Fuly
fusunanamuU e iy
AzunBHINWIUAUNTATURTY — TULTINN
TrufiFn pH aeiu snd 5.0 Aoagsewing 41
- 47 SowunoagiriuuazminlugUveansazay
Aufiusiougesnn Trewugogasniio 869 mg/kg
uazsngad 157 mg/kg Mutliasanmuuinm
a0l azunsiy lifinslowsiumifulign
sumu uazlimeriutiumaunsUSUYgsthyemn
i nslaty Yu viatuduid sedunnsdndu
wauAunTn neanauANbLarAINE DY
Dnsamanauduiunen Sulifidadunisuen
9 15unIu wanwilsanAuauTRvashudy
DJunalaensvunainuuIunms gzang uwaznis
W9 An Auluan WeHe Avinis (Natural
processes on soil development) HILMRAHINGTI
Aungoiy azunay fanmgaudunsnatiy
U3y (severely) [aunseioidunanguusomn
(very severely) BnvioAumarifidnunwlung
maligur pH TunmauurAautos (BS A
ABUTUA < 40%) Fuiin11ul (sensitivity) uay
goubn (vulnerability) gusnnsionianaiuidu

funsm swneANd Bu faalls szunay Iz
fiF pH wavAusnaslasnagany ok
yumMsYEaEEHY Befintuieemussuei
wiaufvazfiansnzawegiiuuazman Wy
yinszauiduayludndmierfufunsanay
upuAn pH ypuiuiuee usnantinmstosaany
wouBwEd Tnguiu SulidnaAowihegeliayidu
snawmamilsiazidnsdfuid1 pH anay
wanznanBwaduiiney 4 NgnuanUdayasni

[

dedwisdinggnessaaietiuay

4. sUuaINSANHILRTTDIEUBUUY

NI9ANYINANTIIANFERNYBDINTAG D
AnNdunsaluiudmsuinlunmawiisuaznia
nyTupanfoowmiovagUsymalng wudian
ANNdunsa-A1g (pH) Twiegaisudnny
WisuuUastueyiuiuiivug Tasluwnfiosuay
wauuniAadsandunsa-relngusung
(volume weighted average pH) g/lug9 5.03-
598 wariuAivnseihiiAmisasdunan-sg
TneUSsnmswhiu 515 §SwsuasAUsenaumawmil
wudill NH ' NO; Ca™ SO Cl' udz Na' llu
avAUsznaunanlumag 1t HuTinnagumy
59957 MTUSININTRnazaNYBINT ALY
Fuusunasiniuiinnaosnluudaeiug Tuduam
auAUsEnaUMowREl Maniuiag el
F19e) USHIUNITRNRLANYDY SO42'LL€\]3 NO,
fadndusmananiunaiinWiAnansnlaiey
wazfaasanisinnsdunsnlufiu Fuais
yafiwionauiiFfnsnnazaumisdmsud w.a.
2551 Tumidioy 32.0 ua 554 mmol/m? luium
PUUN 12.1 wae 238 mmol/m’ uae luwmthsiah
8.3 A% 6.3 mmol/m’ MUFIFU UFUIUNITHN
sravupuNIAlUALss « dlagmisnduinasi
TumseanuuummassyAusaulnyaghiuse
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MIANAENYBINIAMIYWMATA soil column YBY
gaRuaniuAviawazmAnz uesndvowmile
Tnelfdiumudiufuussaunsnagszniig 10-
1000 wihwpvussnnnsmmaviedlunisyedny
ARG
nuansAnIasnsasaguliidmsu
AulumAng fupenidvowmile (B Jagiu
fifiame Tumsnaredunsadasay Boidiuls
FnanyaRuFIDtsiTRTIEive 3 4a (Auyn
Twuiidy pH 7.22, fiugatndas pH 63 uaziu
ynlAa1y pH 57) lwnedinulumamiisgnim
wpvpsduiunan (uiduiud) INNIIGY
Tneilayfypausiuuwui Sanmwessaiy
Wunsnrpwinuguuss Inswufudunsnguuse
10 (pH < 5.0) Tiv 2 Ymdiu (Auym@uysIy pH
499 fiuynvingsing pH 4.87) iivemiuynthudag
Weoyniyd wisluany) widdidanudunss
oy (pH = 6.03) naABAUYAIsEInIIzisn
21113 (K, Ca, Mg) gﬂ“ﬂjzéll’l\ﬂugﬂﬁa\j leachate
IAfnIfiugmduesuaziiuday wazni1sgn
syivazdutiubstudeful FSuhnuiiuunn
nsantu FousTuBonilsvinsinemsmu
3 yn WUl TRshee) 2oumAmionauunT I
Audszanm 7 duls widwinnbifinsusudqe
Uqsiniayzaadomanayduiunsnluswiam
(10-20 T) mMpdagwuRunInguLsg Wisanndudn
dauAuaInnARs Susendsamilowu ynmu
mmj'a\jLLazIwuﬂﬁfaﬁaﬁﬁWﬁJBWMWﬁ (K, Ca, Mg)
Tufuninndt Fefilenagnezdrvsenly
WaAunaredunsalduinniifuynlpsuid
AINgANENYsalAT (CEC 1.58 meq/100g)
Morun1sgyivsinewnsioangndidusig
YavAuyAUINY puuazlwuAdy s wauIunIg
P RN IMISUN IR ANSuTiunnIAuye
Tsovaewh dwsuduluiuivnsshianm
Hudunsnguuss-guusesn Iaedir pH yashiu

pnd1 5.0 SFudpsanainwmunisfiamudull
ANLRNTWEITLU AW (Natural processes on
soil development) SnvisAuBaNHIANEAMWIINS
pal3Born pH TunirsuwAswinus (BS i
ABUTUA < 40%) Fuiin11ul (sensitivity) uay
goubm (vulnerability) gusnnsionianaieidu
AUNTA e MUIRURoTY szunsiy Ayl
A pH wasiuanaslidnatnaime devhwudi
pnavndrdunsafisdudainanme st
YBu19NIRUUTIEINIA uazfloiufinudy
nsmnnduashliegiduuazminannsnazay
augAudinduansysiuiduayludnaumaiu
funsamavuaur pH Tufiu
MSNAABYNIBLANAUFILMATIRA soil
column FwdunIaFILATIER ARG IR T
funsmaniia 2 masidnanmiinssessunenn
AzauYauNIAlHABUINYANS 1IABENIINTBISY
nsafinnsutuesAulFgeu 10 whuesuiunn
dunsaiwuwlsagludagtu uagolsimumu
yalasy dlomagesnniiazifisansdunant
lugn 1 sgduamnmadunsnumnais (pH 5.1-
55) [Ufuiunsnguusy (pH 45-50) Twiuag
Weniu dwsuanuh uavaugaubnsans
nawidunsnupsiuaIniy 2 ANAIYENNIn
T09SURUNIANTBNITANNEINYBINTA LI U
Uaqtufie 10 wih Inudumeaninaudunsn
whiduuazaglutumudiiinng huasauseubn
Tusgautunang-Siousnn (dass I - V, Moderately
Slightly) nviusiugmn@pesy (Fiuw) YRl
TndAveAuAuypiazfinuhuazAugauln
Tumsnangduiiunsnguusy
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5. ApANssuUseNA

AMzEANYIYBYBUANS §1INIANTEINA
wazLdug NsuAIUANNERY ALATAINEYRT I
foyanaTanisnnazanvaonsai@evln uay
nuwmavuAs Bovilimsuszifiunansznuuay
NM3ANELINYDINIAFLISAATBUARLANLTAANY
Tamuinguszased wonainid AnzdAnuiue
YOURM A9, UM wWINies LavAuy NAN
NIWINIMERsuarn1sInns anuwalulad
wivtedy §msuarusudislunisfneiay
doulmweviudanisanazanyaunsnlunin
willouszmAng Jusanifivywiieniymaila soil
column Filsnsneassivioryniie Wistoya
favidun uaziduifagdu Fuiiuszloeiotun
dmsumsAnutl
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(Linkage of Volatile Organic Compounds in Ambient Air to Global Warming)
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WOFANEU 2549 - HBURNALE 2551 3uIu 11 9a wleesniduuinaiuowu 5 an uSnn
fiagefy 5 30 uazusoofill 1 9n Iaglfimala canister-preconcentrator-GC/MS #aaquain
wanafnw U iiaedunddermedieiingiatnldduim 53 win weosndu 5 ngu [Fud nguas
Usznauezafnlalasmsvau nguansusznauazlsinfnlalasmsusu nguansusznauasanisn
aladuwmlalasmsveu nguasusgnavazlsninanladuemlslasmsveu waznguaissznay
sandlmmlalnsmsuou BeanswsntiunesneliinlsnuziSy esinadasyuumMefiunela
syuudaram szuusiuuazln veidusnsiineliiinfinslelaw anmsdsynanadufudnenm
nmsiiafelplauluusseimmnasuddsymeds 5 ngud wuhusnasundansuwiEdssmede
ftinanmlunisinfieloleuluusseinia 5 susuwsn [6un Propene, Toluene, m-, p-Xylene,
12 4-Trimethylbenzene U8z o-Xylene uazdioiwisufivuaslunguazlsninisluuinaGunuuuas
U3nnfiaganfy wuii Toluene uay m-p-Xylene fiunumlumsiiazisliininelaleuluussenie
gonhasuiiadulunguezlsindn wenanil Tuussmansduddsemehelungualansuauiisndu
fmEaunszanuazyhatetuusssmalelsuy wui 815 CFC-12 fnnudutiugsluu3nnbunuuuas
a3 HCFC-22 fimnuidiudfugeluuinadiogendy sthulsfimuifiovanansduidssmpiasona i
Huasisilamasiemsiianmzlaniou sudmsiaciinsinmunsaseuiieihse foseAvasans
sonanluussenmefiadanisuaraiuauanunasifiasaly
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Abstract

This study was conducted to determine the linkage of VOCs in ambient air to
global warming. The measurement of VOCs concentrations in Bangkok’s ambient air
was carried out at 11 sites during November 2006 to February 2008. The sampling sites
were divided into 3 groups ie. 5 roadside areas, 5 residential areas and 1 background
area. The analysis was performed using canister-preconcentrator-GC/MS technique. The
results of this study indicated that there were 53 VOCs compounds found in Bangkok’s
ambient air, which belong to the 5 groups, namely aliphatic hydrocarbons, aromatic
hydrocarbons, aliphatic halogenated hydrocarbons, aromatic halogenated hydrocarbons
and oxygenated hydrocarbons. Some of these compounds are carcinogenic, some have
effects on respiratory system, nervous system, cause kidney and liver malfunction and
some compounds are precursors to ozone formation. High concentrations of VOCs
were found in roadside areas which are known as precursors of ozone formation such
as propene, toluene, m-, p-xylene, 1,2,4-trimethylbenzene and o-xylene. The aromatic
hydrocarbons found in roadside and residential areas especially to toluene and m-, p-xylene
highly contribute to the formation of ozone compared to other aromatic hydrocarbons.
Besides, high concentrations of CFC-12 were found in roadside areas while HCFC-22
concentrations were high in residential areas. These compounds are known as
contributors to global warming, therefore, their concentrations in ambient air should be

monitored and controlled.

Keywords: Volatile organic compounds, VOCs, Global warming
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1. unih

a158unstaemudiy (Volatile Organic
Compounds; VOCs) usgisfianusnsemels
drefigugiivey uasifinsueuiusd
Usznoundnuarfisinduiusvhvsznous
agmy Wi lolnsau sandau Aaasu Husu
g198unsgszwmpdiefiinnuienatengy Run
pzdvhinlalnsmsusu azlsundnlalnsmsuou
g ladunnlolnerisuau uazaandlaiuLmy
lolasmsuon Husu Allewesoaisdunsd
sempdy FuiuTnguszavAYBsnMINBURRY
Uszma Wy aunwglesy Bifewdndu
asUsEnoUBWEINTaAFeR iy 250 porm
waBs NnNFuUTIEINIA 1013 Alavama
awsgawamrdsuiidussusznaudunad
Tne fimsuandupAvsenauitaiulunmsvin
AnufAsenwlmadifaluusseinia Inelisw
fufimu adusunauenler Amsusulnaanles
misuefinuedn lavzmislus  uazinde
msuaun? Jsrlpwlvosansdunddsrmedis
TWowldagrontrowae wu arwisasunld
Tuauaunsw@nmogaamnasusiieg 1Hlunis
Usuugsnimwaskaniowt THdudomas 19
snuwanasuludiu Wi angdeyadnainis
syupadwiRdsrmudielsemalne U wa,
2540 wWuNFRIINITITUIEEIBUSESTmpdY
VINGTWWMILE SoUTirdRuEzyaReY wiseiin
oy afiuansweamas seocugnavnssy
wazeIMIAYIY ARDW 52.2%, 39.75%, 5.22%,
221%, 0.45% uaz 0.16% musisu® ogsls
Anmy  §19Bur3dasmedisaninToundnazay

[

gRowndeulilnenssvdalnemsdon Tusgiu
Trsuasvuaznuaudinioiniiopsasdunsy
sywpdpusiazefin SnnfinmslEinldumanya

La¥NIIAIUANEEMITAN1STlGWD anadowa
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Vinyl Chloride® 5aastsrinsuneniinas Jodmsu
ssdunddszmedeluussemalpeilulune
24 lug Swau 19 oiln [Hun Acetaldehyde,
Acrylonitrile,Benzene,Benzyl Chloride,
1,3-Butadiene,Bromomethane,Carbon
Tetrachloride,Chloroform, 1,2-Dibromoethane,
1,4-Dichlorobenzene, 1,2-Dichloroethane,
Dichloromethane, 1,2-Dichloropropane,
1,4-Dioxane, 2-Propenal (acrolein),
Tetrachloroethylene, 1,1,2,2-Tetrachloroethane,
Trichloroethylene ua¢ Vinyl Chloride” i
i lumsmauAuifuguaUSiue198un3d
semedeluusssnma Weldlfdunansenuse
guniwaudeyavUsyyy Jaguulomuaiy
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Tnyawgluandiog Maundudgymaveiyie
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Wnmsuihsz Teuazdosiuidaynannimenie
dululdogufivsz@nsnw Teediinguszae
WaAnsaaunsalansdunsdszwesiuuiing
fdnanmlunsnelfiinfinalalouluusssinia
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2. 35MSANW

2.1 MSAURIDEN

Viushaghyansdunddsewmedeluainie
FuwAila canister Wuna 24 $7lug Houas
1 Afs F1uu 11 9, sevoifauwnAInou
2549 - NuAWUS 2551 uuvaaniuusnnEunum
5 3n liwn a0idnsIatnRmuIweINIARLLAY
sonisnliated dihuemnaudios Ny
wugeeun warlseduuthuniaousy USnm
ag1AY 5 90 [Fui andnganinnmnweIna
TsoBguuiumsinen TsySeuinde Tsodeu

mseh 1 sliswasasdunadsympdenguanlamsvsuuazinumwnshaeguussenialalyy

URYaya1s VOCs Ozone depletion potential®” Lifetime (U)

CFC 11* 60
CFC12* 0.82 , 0.90 120
CFC113 0.85, 090 90
CFC114 0.60 , 0.85 200
Carbon tetrachloride 11,12 50
HCFC22* 0.04 , 0.05 15.3
Chloromethane 0.02 1.5

1,1,1-trichloroethane 0.14 6.3

Note: * #131&/59 Greenhouse gas
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FouliFn ¥ > 0995 AasiBudiduouusnnsgu
funsuoy Relative response factor < 20%
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nowhUiunguayserinonsuugnedaiu
fagsamAssuilunAsuLauisiauUfUR
M9ABUHAYBYNTIAT Instrument quantitation
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9189 UNa LA FpulA1NINNIIAT Method
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o-Xylene, Styrene, 1,2,4-Trimethylbenzene
W8z 1,23-Trimethylbenzene Tunguazlsunsin
lolnsmsuau gondszmanmauazUszma
PUu grsmanfifuasidinmnainleldy
snuur BunpnAdpuiu Source profile ARNWY
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lluna 17 dfmuedmsulsemnalne THun
Vinyl chloride, 1,3-Butadiene, Dichloromethane,
1,2-Dichloethane,
Trichloroethylene, 1,2-Dichloropropane Way

Chloroform, Benzene,
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8719 13-Butadiene UZInudunuY LAUAILNA
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wazANAsgIusDwsdsswedsluussemalpeililune 1 U Advun

Swsuuszwalny
AgUSE WA
sl Berlin™ | Brazil™ | Korea” | Taiwan" | Japan"
snasBWsY | 30 | vsnw GRFRlZeL il
gE Nl floy | Swouu | 1996 | 1997 | 1999 | 1999 | 2004 |Uszwrlny®
DAY
(n=70) | (n=70)
Propene 8.6 19 34 3.6
Vinyl chloride 0.19 041 10
1,3-Butadiene 0.22 0.59 2.6 0.33 0.33
Pentane 5.0 9.8 6.3 3.8 5.0-9.0 44
Dichloromethane 2.3 2.0 0.10 1.8 14 22
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1599 2 () wWisufisuAIau Ut uyauR1sBunI sz wedreRlaannisAneIuny

sUsEmALIEANASTIMETBWSEssmedhaluussemAlaelulune,

1Y Arwvius s wsudsewalng

FuUsEmA
nsnuil Berlin™ | Brazil™ | Korea” | Taiwan™ | Japan"!
yinansBunse wsno | oo FINIRS§IU
Sympdy floy | Swouu | 1996 | 1997 | 1999 | 1999 | 2004 [ Usewrlng®
D7FY
(n=70) | (n=70)
Chloroform 0.17 0.19 0.060 0.49 043
Benzene 41 7.7 48 12 32 4.0-5.0 23 17
1,2-Dichloroethane 0.11 0.13 0.060 12 04
Trichloroethylene 047 048 0.14 2.0 11 23
1,2-Dichloropropane 0.19 0.56 4
Toluene 32 39 17 21 24 18-30 19
Tetrachloroethylene 0.19 0.32 0.19 72 0.68 200
Ethylbenzene 2.6 42 3.1 5.8 3.0 4.0-9.0 BY
m/p-Xylene 5.5 11 9.2 14 10 4.0-9.0 46
o-Xylene 18 3.8 32 55 35 3.0-80 1.7
Styrene 0.50 090 0.44 25 13 0.38
1,2,4-Trimethylbenzene 25 6.7 5.1 7.8 BY 4.0-12.0 20
1,2,3-Trimethylbenzene 0.52 12 0.97 0.50

1,3-Butadiene Annual Average
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deawsvuidivuastunguszlsinansluuinm
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nelifinfhalalawluussennmageniiansuiingu
Tunguezlswnfin Boaoandpuiunanisfing
wpy Hoshi J. tudszmagiu " aily felalou
Tutuusssmrlusssusndlasunafinnudiudu
Uszanau 10-20 ppb wiifnalolewuiingiainluii
Anuuasiuivansuwieliwangemwasuasau
Tunifrmaudiutiugnnndt 20 ppb uazluusay
Uiimawadufitirianudiutiuiannnid 100 ppb
FuiiuinaiAnnsgu (Aunsguiislola
Tuussememas 1 flug wihifu 100 ppb) "5
3INN5AN®IYBY Ramannathan warAtuy 1987
wui maistuwesieloleuluduusssinim
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o-xylene
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formaldehyde
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Integrated radiative forcing, mW m? yr per 1Tg

MWD 4 wEAYANN DN lyasBus sy msdisiunTIMsainiafalalausazlaniansiin
mmzlan3au @n: Dick Derwent, R dScientific, UK, June 2009)

M 3 Usediudngmwnmsiiaimalslsuannansdunsdey mﬂ\i'm‘lumimmﬂ‘lumm

nyumwasnuRsuazdislnfien Usswadily

Ozone generation (T,ufmﬂ%u ADRNUIA Aums)
¥ilpregsns VOCs AN AN MNATTAS U3nadduouy dovlnifie
USI0BN0UY U3nndiagende Uszmmdiu "

Propene 224 106
Toluene 154 128 220
m-,p-Xylene 81 40 120
1,2,4-Trimethylbenzene 48 18 80
o-Xylene 29 13 44
Isobutene 25 6.9 29
Cyclopentane 21 11
Hexanal 17 17.8
Pentane 15 7.62 3l
1,2,3-Trimethylbenzene 14 59 34
Ethylbenzene 13 7.6 32
Isoprene 11 12 29
1,3-Butadiene 8.0 29 22
Benzene 6.3 3.2 7.0
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ANy AN gomnAURS U3nnsunuy Way
¥inuBus1s VOCs ushniftey USn USn Tofies Usewagu®”
917 SuouuY Vil
CFC11* 14 15 14 1.6
CEC12* 3.6 39 3.3 3.1
CFC113 0.56 0.57 0.57 0.71
CFC114 0.08 0.09 0.10 0.16
Carbon tetrachloride 0.54 0.56 0.53 0.64
HCFC22* 3.2 29 22 19
Chloromethane 25 23 22 15
1,1,1-Trichloroethane 0.04 0.06 0.05 021

Note: * 113185y Greenhouse gas
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Seasonal and Diurnal Concentrations of Carbonyl Compounds in Bangkok

Ambient Air

Daisy Morknoy, Wanna Laowagul, Plernpis Pongprayoon, Hathairatana Garivait

and Onjeereeya Rinsarn

Abstract

The concentration level of carbonyl compounds in Bangkok ambient air were measured in
5 roadside sites and 5 residential sites during July 2007 to April 2008. About 250 samples were
collected and 10 carbonyls were identified. Formaldehyde and acetaldehyde, were the most abundant
carbonyl compounds found in Bangkok ambient air. The ambient concentrations of formaldehyde
at the roadside areas in Bangkok during July 2007 to April 2008 ranged from 5.14 to 17.2 pg/m’
(average 11.53 pg/m* ) while, the ambient concentrations of formaldehyde in residential areas during
the same period ranged from 3.06 to 199 pg/m’ (average 9.65 pg/m’). The concentrations of
acetaldehyde in roadside areas ranged from 1.59 to 7.95 pg/m’ (average 3.51 pg/m’) while at the
residential areas the concentrations of acetaldehyde during the same period ranged from 1.07 to
8.05 pg/m’ (average 3.11 pg/m®). Other compounds showed low concentrations. The concentrations
of formaldehyde and acetaldehyde were low during the rainy season due to rain washout since
these compounds are water soluble. The concentrations were high during the cold season due to
stable conditions during these months. Formaldehyde and acetaldehyde showed good correlation
during 05:00 P.M. to 05:00 A.M. due to absence of solar radiation that may enhance photochemical

reactions and mobile sources may be the sources of emission in the environment.

Keywords: Formaldehyde, acetaldehyde carbonyl compounds, ambient air
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1. Introduction

Carbonyl compounds are emitted into
the atmosphere from industrial sources and
automobile exhaust through incomplete
combustion processes. They are also formed
indirectly by atmospheric photo-oxidation
of volatile organic compounds emitted from
anthropogenic and natural sources as explained
by Possanzini, M., et al, 2002; Grosjean, E., et.
al. 1996. The presence of carbonyl compounds
in the atmosphere has been related with health
effects especially formaldehyde and acetaldehyde
which were classified by Cogliano, VJ. et al., 2005
as carcinogenic. According to Finlayson-Pitts
and Pitts (1986), carbonyl compounds and their
reaction products participate in the formation
of peroxyacetyl nitrate and ozone which are
recognized as signicantly potential contributors
to photochemical pollution. Since some carbonyls
such as formaldehyde and acetaldehyde are
water soluble, significant concentrations have
been measured in fogs and clouds as experimented
by Grosjean, D. and Wright, B., 1983. Photolysis
of aldehydes can be a major source of hydroxy

radicals during the day as observed by Possanzini,

M, et al. 2002: Hellen, H., et al,, 2004. Considering
the important roles of carbonyl compounds
in atmospheric chemistry and their negative
impact on human health, the concentration of
atmospheric carbonyls and their variability can
be an effective indicator reflecting the status of
local photochemical activity and air pollution.

Bangkok, is a highly populated city,
therefore air pollution from the transportation
sector is one of the major problems, especially
volatile organic compounds particularly carbonyl
compounds. Since 2004, Thai government
introduced ethanol blended fuel or gasohol
(ethanol 10% and gasoline 90%). At present most
cars in Thailand are fuelled with ethanol-gasoline
blended fuel, and it is quite difficult to find
regular gasoline sold in the gas stations.
Research study conducted by the Pollution
Control Department showed that up to 127%
of acetaldehyde was emitted directly from the
exhaust pipes of vehicles fuelled with gasohol
as shown in Table 1.

Product studies showed that the major
product from the reaction of ethanol with OH
radicals is acetaldehyde with a formation yield of

about 80%. The other possible minor products

Table 1 Emission of toxic air pollutants from cars using gasohol in Thailand

Air Toxic Pollutants

Emission changes from cars using gasohol compared to gasoline

Benzene -12.86%
1,3 Butadiene -55.71%
Ethylbenzene 122.34%
Xylene 177.07%
Toluene 6.20%
Formaldehyde 20.72%
Acetaldehyde 127.27%

Source : Measurement of toxic air pollutants from gasohol fuelled cars. Executive Summary.

Pollution Control Department, April 2008.
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include formaldehyde and methyl nitrate (Grosjean,
1998). Once formed from the atmospheric reaction
of ethanol with OH radicals, acetaldehyde is
rapidly consumed by photolysis and by reaction
with OH radicals. Photolysis leads to formation
of CO and formaldehyde while reaction with
the OH radical leads to PAN by the following

process:

CH,CHO+OH —> CH,CO+HO (1)
CHCO+0, —> CHCO, )
CH,CO+NO, —> CH,C(O)OONO, PAN) (3)

The acetyl (CHSCOg) radical also reacts
with NO to form CH,CO, and NO, In addition,
PAN decomposes back to CH.CO and NO, in
a reaction that increases at higher temperatures.
Ambient concentrations of PAN are a function of
ambient temperature, the NO -to-NO ratio, and
the concentration of the acetyl radical precursor.

Unfortunately, there were no measurements
performed on the ambient concentration of
carbonyl compounds before the introduction of
ethanol - gasoline blended fuels in Thailand.
There were several studies conducted for many
air pollutants, however, no reported studies has
been done for the carbonyl compounds especially
their characteristics in a tropical country where
heavy rains were experienced during the rainy
season, and extreme temperature during summer
season. This study was conducted to measure
the spatial concentration of carbonyl compounds
in Bangkok as well as to determine their seasonal
and diurnal variations which will serve as
preliminary information for carbonyl compounds

during the introduction of ethanol blended fuels.

2. Analytical procedures

2.1 Site description

Bangkok is the 68th largest region in
Thailand covering an area of 1,568.7 km® that
lies about 2m above sea level Geographical
location of Bangkok is 13° 45’ N, 100" 31’
E. Absolute maximum temperature is 40 °C
and absolute minimum temperature is 18 'C.
Bangkok’s temperatures range from 28-38 C
in summer March to June. The cold season falls
in November to February and the rainy season
begins in mid June and continue through to
October.

2.2 Sampling and analysis

Ambient air samples were collected
at 10 sites in Bangkok urban area. The sites
were divided into 5 residential stations namely,
Bangkapi Sukum School (RS1). Bodin Decha
School (RS2), Wat Singh (RS3), Bangkok Naval
base (RS4), and Prachanukul School (RS5). The
roadside areas were: Don Muang District Office
(RO1), Department of Transportation (RO2),
Chokchai 4 Police Station (RO3), Dindaeng
(RO4), and Bannongbon School (RO5). The
criteria for selecting the sites are traffic density
for roadside and population for residential sites.
Map of the sampling site is shown in Figure 1.
Ambient air samples were collected using a
mini pump (Sibata 230, Japan) through the
active DNPH cartridge (Wako, Japan). An ozone
scrubber (Supelco.Co., USA) was attached to
the upstream of the DNPH active cartridge
to protect from ozone interference. A heater
(GTH 100, GL Science, Japan) was also provided

to the collection system to prevent moisture
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during sampling. Samples were collected for
24 hours at a flow rate of 100 ml/min. After
sampling, the samples were extracted with 5
ml acetonitrile (HPLC grade, ]T. Baker, UK).
The extract was collected in a 5 ml volumetric
flask (grade A Pyrex, Germany) and adjusted
the final volume to 5 ml by acetonitrile (HPLC
grade, J/T. Baker, UK). A 25 pL aliquot was
injected into the HPLC system (LC Solutions,
Shimadzu, Japan) through an autosampler.
The HPLC column was Discovery RP Amide
C16 reverse column 250 cm, x 4.6 mm, 5 pm
packing (SUPELO, USA); the gradient mobile
phase 55/45% ACN/Water. The mobile phase
flow rate was 1.0 ml/minute; the detector was
UV detector and the wavelength was 360nm.

Carbonyl standard solution was purchased from

SUPELCO company which consisted 15
carbonyl compounds. A 5 point calibration
curve was prepared for the analysis.

2.3 Quality assurance and quality control

For every analysis, all solvents used
were tested for carbonyl impurities. Three blank
DNPH active cartridges were also analyzed for
every new lot of cartridge. Any new lot of
cartridge containing carbonyl compounds
above the detection limit will be discarded. For
every sampling period at least 2 sampling areas
should selected for duplicate sampling; 1 site for
residential area, and 1site for roadside area. The
percent difference for each duplicate sample
were within 20% difference. Identification
and quantification of carbonyl compounds were

based on their retention times and peak areas.
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The calibration curve used for quantification
consists of 5 levels ranging from 0.005 pg/ml to
1.0 pg/ml and the R>>0.999 for all the carbonyl
compounds under study. Daily calibration was
done to check the stability of the instrument by
injecting the 3" level of the calibration standard.
Instrument Detection Limit (IDL) and Instrument
Quantification Limit (IQL) were determined by
injecting seven replicates of 0.01 pg/ml mix
carbonyl standard solution. The SD was
calculated and 3SD was set as IDL and 10SD
was set as IQL. The IDL under this study ranges
from 0.01 pg/ml to 0. 05 pg/ml and the IQL
ranges from 0.03 pg/ml to 0.10 pg/ml.

3. Results and discussion

3.1 Spatial concentration of carbonyl
compound in Bangkok ambient air

The carbonyl compounds found in
Bangkok were formaldehyde, acetaldehyde,
acetone, butyraldehyde, propionaldehyde,
crotonaldehyde, benzaldehyde, isovaleraldehyde,
valeraldehyde and hexanaldehyde. The most
abundant carbonyl compound found in roadside
and residential areas was formaldehyde,
acetone and acetaldehyde. The ambient
concentrations of formaldehyde at the roadside
areas in Bangkok during July 2007 to April 2008
ranged from 5.14 to 17.2 ug/m’ (average 11.53
pg/m °) while, the ambient concentrations of
formaldehyde in residential areas during the
same period ranged from 3.06 to 19.9 pg/m’
(average 9.65 pg/m’). The concentrations of
acetaldehyde in roadside areas in Bangkok during
July 2007 to April 2008 ranged from 1.59 to

795 pg/m’ (average 351 pg/m’) while at the
residential areas the concentration of
acetaldehyde during the same period ranged
from 1.07 to 8.05 ug/m’ (average 3.11 pg/m’).
Formaldehyde concentration constituted about
35% of all the carbonyls, Acetone ranked the
second which constituted about 30%, while
acetaldehyde ranked the third which constituted
about 11%, other carbonyls showed low
concentrations.

At the roadside areas, formaldehyde
and acetaldehyde showed high concentrations
especially at Dindaeng and Chokchai 4 due
to high traffic density in these areas. This
would imply that the formation process of
formaldehyde and acetaldehyde would come
directly from vehicle emission as well as
products of photochemical reactions. Therefore,
in areas where high traffic density was
observed such as Dindaeng and Chokchai 4, the
concentrations of formaldehyde and acetaldehyde
would be high. Relatively, at the residential
areas, where traffic density was low it was
expected that formaldehyde and acetaldehyde
showed lower concentrations, however, there
were possibilities that high concentration
of aldehydes in these areas were caused by
photochemical reactions. The concentration of
carbonyl compounds in the roadside area is
shown in Figure 2 and the concentrations of
carbonyl compounds in the residential areas is

shown in Figure 3.
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Figure 2 Concentration of carbonyl compounds

in roadside areas in Bangkok.

The concentration distribution showed
that the highest frequency of formaldehyde and
acetaldehyde were 9, and 3 pg/m”, respectively
about 21% and 25%
respectively of all the aldehydes data, as shown

which constituted

in Figure 4 and Figure 5. In areas where traffic

25

Frequency

Figure 4 The concentration frequency of

formaldehyde in Bangkok.

B Farmuaihyde g /m’

Figure 3 Concentration of carbonyl compounds

in residential areas in Bangkok.

density was high and the ambient temperature
was high, formaldehyde concentration increased
up to 18 pg/ m®, which constituted about 7%
and acetaldehyde concentration increased up to
12 pg/ m’ , which constituted about 5% of all
the aldehydes data in Bangkok.

Frequency

Figure 5 The concentration frequency of

acetaldehyde in Bangkok.
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3.2 Correlations of formaldehyde and
acetaldehyde in roadside areas in Bangkok

The correlations between formaldehyde
and acetaldehyde at the roadside areas were
also measured by collecting ambient air samples
at different time periods. Good correlations
between formaldehyde and acetaldehyde were
obtained especially during 17:00-05:00 as shown
in Figure 6, which may explain that these
two compounds were produced by vehicular
emissions. It was also found that the concentration
of formaldehyde and acetaldehyde were 2 times
higher in the daytime time as shown in Figure?.

These findings coincides with Possanzini, M.,

16.00
14.00 -
12.00 -
10.00 +
8.00 -
6.00 -
4.00
2.00 -
0.00

ug/m?

Time

et al, (1996) explanations that formaldehyde
showed high concentrations in the daytime due
to vehicular exhaust as well as the reaction
rates by photochemical generation under high
solar radiation, while during night time period
there was no solar radiation and in turn least
photochemical reactions making vehicular
emissions the major source. Possanzini et al.1996,
further explained that high correlations between
most carbonyl compounds were found during
18:00-21:00 which was the time period with the
lowest solar radiation that enhance photochemical

reactions.

—a—Formaldehyde

- Acetaldehyde

Figure 6 Correlations between formaldehyde and acetaldehyde
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Figure 7 Diurnal concentration of formaldehyde and acetaldehyde in DonMuang
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Seasonal Variation of Formaldehyde and Acetaldehyde in Bangkok
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3.3 Seasonal variations of carbonyl
compounds in ambient air

Bangkok has a tropical monsoon climate
under the Koppen climate classification system.
Absolute maximum temperature is 40°C during
summer March to June and absolute minimum
temperature is 11 °'C during the cold season,
November to February. Bangkok is said to have
the highest average temperature of any city in
the world. The rainy season begins in mid June
and continue through to October. The average
monthly rainfall in Bangkok during the rainy
season is 399 mm.

Under this study, the concentration
of formaldehyde and acetaldehyde were low
during the rainy season (July-October) which
is maybe due to rain washout. Some studies
revealed that wet precipitation may give a little
effect to the concentration of carbonyl compounds.
However, in this study it was found that rain
signicantly decreased the concentration of carbonyl
compounds in the ambient air in Bangkok.
These findings implies that wet precipitation

plays an important role in the removal of

Figure 8 Seasonal variations of formaldehyde and acetaldehyde in Bangkok

stable which favors
photochemical reactions. As explained by (U.S.
EPA, 1993), that under clear sky conditions, the
residence time of formaldehyde and acetaldehyde
is determined primarily by their reaction with
OH radicals, with photolysis accounting for a
negligible percent removal. The concentration
slightly decrease during the summer
season (March-June) which is maybe due to
photochemical reactions or photolysis under
high temperatures during the summer season.
Factors influencing carbonyl compounds’
atmospheric lifetime, such as time of day,
sunlight intensity and temperature, also include
those affecting the availability of hydroxyl
radicals and nitrate radicals. Some studies
conducted in temperate countries explained that
the concentration of carbonyl compounds were
higher during summer than winter, which is
quite different from this study (tropical country)
in which the concentration of carbonyl
compounds were high during the cold season
and decreased during the hot summer. The
seasonal variations of formaldehyde and

acetaldehyde in Bangkok is shown in Figure 8
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3.4 Correlations of formaldehyde and
acetaldehyde with CO and Ozone

The correlations among formaldehyde, = i: .
acetaldehyde, ozone, and carbon monoxide Eum : _ /-/'/
was evaluated from the samples collected at ; ;: / '
Dindaeng since this site has a high traffic density. gé 8 3 ,«”: /- 3.00%x
The results showed that good correlations E i . ¢ / ' K=o
between formaldehyde and ozone was observed, %
as shown in Figure 9. This may explain that ﬁ{'} ; ] : 4 )
formaldehyde was primarily produced by CO (ppmi)

atmospheric photo-oxidation processes, of

volatile organic compounds emitted from vehicles. ST U@V EGT R @0t s (307 AT 1 W 60

Formaldehyde is also emitted from vehicular in Dindaeng

exhaust as shown in Figure 10, Acetaldehyde

showed good correlations with carbon 700
monoxide, as shown in Figure 11, which may E 6.00 -
explain that acetaldehyde was emitted from B 500 - y=0.8171%
- F
vehicular exhaust due to incomplete combustion o H00 =kl /
o
process of ethanol blended fuels, since the fuel z 300 Y
v
used in Thailand were mostly ethanol blended = Ly /
fuels. ﬁ el
0.00
000 1.00 200 300 400 500 €00 7.00
€O (ppm)
18-0 . . .
y=0.9274x Figure 11 Correlation of Acetaldehyde with CO
ol R?=0.9524 '
= 140 + ' in Dindaeng
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= 100 1 4. Conclusions
T 80
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g 40+ The concentrations of formaldehyde
£ 204 and acetaldehyde in Bangkok ambient vary
e e e e

according to season which explains the effects of
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Ozone temperature, humidity, wind, and precipitation.

Wet precipitation signicantly decreased the
Figure 9 Correlation of Formaldehyde with O3 in |EEESSNSSIRNTISpRNY: carbonyl compounds in the

Dindaeng ambient air in Bangkok. These finding implies that
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wet precipitation plays an important role in the
removal of atmospheric water soluble carbonyls
in tropical countries where heavy rains occurs
during the wet season. The concentrations
of formaldehyde and acetaldehyde were high
especially during cold season due to lower
temperature and more stable wind velocity
that allow minimum dispersion of pollutants.
The concentration of these compounds during
summertime slightly decreased maybe due to
photolysis of these compounds under extreme
temperatures. The concentrations of formaldehyde
and acetaldehyde were 2 times higher in the
daytime which may explain that photochemical
formation may contribute to one half of the total
concentration of these compounds in Bangkok’s

ambient air.

5. Recommendations for the improvement

of air quality in Bangkok.

The government’s policy to replace the
conventional gasoline to gasohol will cause high
concentration of carbonyl compounds especially
formaldehyde and acetaldehyde. In order to
improve the air quality in Bangkok, some strategy
and mitigation measures should be emphasized
such as:

5.1 Agenda Setting

Emphasis was given on health effects
since air pollution has a direct impact on public
health either acute or chronic effects. In Thailand,
the major groups affected by air pollution are
those people living in highly congested urban
areas which constitutes a large portion of the

population. Many researches revealed that drivers

of public use transportations, traffic policeman,
sidewalk vendors and people living near main
road and streets in urban areas in Thailand has
been experiencing serious health impacts due

to air pollution.

5.1.1 Cost and Benefits

Costs

Cost to develop technology in the
development of alternative fuel.

Cost to adopt new technology for
maintenance and inspection of in-use
vehicles.

Cost for consultants and experts on
biodiesel.

Cost to develop technology, intensive
campaign and promotion on the use of
alternative fuels.

Benefits

Air quality in Thailand will be improved.
Decrease the number of respiratory
illness in Thailand.

Vehicular accidents due to visibility
problems will be reduced.

Attract more tourist to visit Thailand.
The government will save some budget
that are used for curing sick people
and enormous research project on air

pollution monitoring.

5.2 Policy Formulation

In order to reduce vehicle emission that
could impact the health of the people, we as
policy makers propose the following policies.

For in-use vehicles, which requires a system of
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engineering approach that includes a rigorous
Inspection/Maintenance program, proper catalyst
or other effective device, optimized catalyst
location and appropriate quality of fuel.

To ban the entry of polluting vehicles in certain
areas.

To enforce manufacturing companies
to manufacture additive’s effectiveness
corresponding to the vehicle types in which it
will be used to avoid the introduction of new
pollutants.

Age limits on public transport vehicles, other
commercial vehicles, and motorcycles. And

government should provide adequate incentives

to encourage such phase-out programs.

Policy legislation

After the policy has been initially
reviewed to check its relation with existing
national policies, the policy makers will invite
interested citizens to express their ideas and
opinions to the proposed policy. This may take
several weeks to get a complete information
from the public. After all the ideas and opinions
has been compiled, it will be again be reviewed
by the policy makers to make some changes
or improvements which are deemed necessary.
Then the proposed policy is submitted to the
congress for discussion and debate. Whatever
changes or additional information the congress
requires, the policy makers will take action
after it is returned to the policy makers. After
making the necessary corrections the proposed
policy is again submitted to the congress for
final checking before submitting to the King for

approval and signing and finally countersigned

by the Prime Minister before its implementation.
5.3 Policy Implementation
Thailand has a large volume of in-use
vehicles that are very old but still in use in
both urban and rural areas. These vehicles are
obviously identified as the major sources of
pollution. In order to get an effective policy

implementation the following guidelines are set.

5.3.1 Inspection and maintenance
(I/M)
1. Strict enforcement of inspection and
maintenance every 6 months for vehicles
that has been in-use for more than 10
years.
2. Strict enforcement of inspection and
maintenance once a year for all vehicles
that has been in use for 5-10 years.
3. All inspection and maintenance
procedures concerned should be
conducted by the government agency
and no private companies should be
involved.
4. Inspection and maintenance programs
should include measurement of CO,
HC, NOx, PM,

Acetaldehyde form the exhaust emission

Formaldehyde and

of the vehicles.

5. Vehicles that fail to meet the emission
standard are not allowed to apply for
vehicle annual registration until they
meet the emission standards.

6. As vehicle technology advances more
sophisticated more tests procedures are

necessary.
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5.3.2 New vehicle standards
New vehicle standards based on a type
approval process tend to be the main
force that stimulates the introduction of
cleaner vehicle technologies and most
effective method to reduce average
emissions over time. With regard to new
vehicle standards for motor vehicle, the
following policies are recommended:
1. The government should adopt type
approval standards for new vehicles.
2. The government must look beyond
standards and should consider
leapfrogging
to emissions standards adopted by type
approval standards for new vehicles.
3. Develop Standards to enhance
environmentally friendly vehicles that
reflects the lowest levels of technologically
feasible should be adopted; vehicles
meeting such standards should be
encouraged through incentives.
4. The responsibility for issuing new
vehicle emissions standards should rest
with the national government.
5. Development of new vehicle emissions
standards that are based on transparent
processes, which promotes broad based

participation in their development.

5.3.3 Alternative fuels
In addition to conventional gasoline and
diesel fuels, many countries around the
world have identified significant benefits
associated with a shift to alternative
fuels, especially CNG, LPG, gasohol and

biodiesel. Besides CNG (mainly composed
of methane) and LPG (composed of
propane or butane), alternative fuels
include methanol, ethanol, hydrogen,
electricity, vegetable oils (including
bio-diesel), synthetic liquid fuels derived
from coal, and various fuel blends such
as gasohol.

Natural gas

Natural gas (85-99% methane) is clean
burning, and cheap. Because natural gas
is mostly methane, natural gas vehicles
(NGVs) have much lower non-methane
HC emissions than gasoline vehicles, but
higher methane emissions. Since the
NGV fuel system is sealed, there are
no evaporative emissions and refuelling
emissions are negligible. The use of
Natural gas reduces both VOC and CO
emissions.

Liquefied Petroleum Gas

Engine technology for LPG vehicles is
very similar to that for NGVs. As a fuel
for spark-ignition engines, it has many
of the same advantages as natural gas,
with the additional advantage of being
easier to carry aboard the vehicle. The cost
of conversion from gasoline to propane
is considerably less than conversion to
natural gas, due primarily to lower cost
fuel tanks.

Methanol

Light-duty methanol vehicles have NOx
and CO emissions similar to gasoline
vehicles. VOC emissions are roughly

half those of gasoline vehicles, and
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lower ozone reactivity of VOC results
in lower ozone impacts. Emissions of
formaldehyde (a primary combustion
product of methanol) are higher than
those from gasoline or other alternative-
fuelled vehicles but can be controlled
with a catalyst.

Ethanol

Ethanol is produced primarily by starch
fermentation from grains (mostly corn)
or sugar from sugar cane. It is most
commonly used as an oxygenate in
reformulated gasoline and in a gasoline
blend called “gasohol”. These fuels
can be burned in gasoline engines, but
specialized engines are necessary to
burn pure ethanol. In engines burning
reformulated gasoline using ethanol,
VOCs and CO are reduced but NOx tends
to increase slightly. Vehicles burning
gasohol will emit slightly more GHG
emissions than conventional gasoline-
fuelled vehicles. The high cost of producing
ethanol (compared to hydrocarbon
fuels) remains the primary barrier to its

widespread use.

5.3.4 Fuel quality standards
In setting fuel quality standards, the
following general principles are set:
1. Implementing a successful systems
approach to set fuel standards requires
institutional mechanisms that include a
variety of stakeholders from government,
private sector and civil society, and allows

for extensive consultation.

2. Environmental and public health
concerns are the driving force behind
improvements in fuel quality, thus the
Ministry of Natural Resources and
Environment should have a major role
in setting fuel standards.

3. The government should develop a
short and medium-term strategy that
identifies standards to be adopted over
the next several years, so as to allow
fuel providers and the vehicle industries
sufficient time to adopt.

4. In developing fuel standards, the
government should attempt to work
closely with neighboring countries and
harmonize standards where possible.
should not, however, be used as an
excuse for delaying or watering down
requirements, as harmonization does not
mean that all countries must follow the
same time schedule.

5. In order to implement stricter fuel
standards and make associated costs
more acceptable to consumers, the
government should institute more
and better awareness campaigns. Such
campaigns must emphasize the public
health consequences of not improving
fuel quality.

6. Subsidies that favor fuels which
produce high emissions will be eliminated;
tax exemption which encourages the use

of the cleanest fuels, will be adopted.
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5.3.5 Promotion, awareness, education
Public attitudes influence politicians and
increase political will to tackle problems. The
health impacts of air pollution need to be better
understood and communicated as a means of
influencing public attitudes. NGOs and research
institutes play valuable roles in highlighting
issues, conducting independent analysis, and
advocating possible solutions to policymakers
and implementing agencies. An open media and
supporting legislation which gives the public
the “right to know” are important as well. In
addition, the process of public hearings should
be strengthened. Promotion, awareness, and
education campaigns should be based on these
general principles:
1. Integrated air quality and transport
plans based on sound analysis and
research are needed to provide better
knowledge of the health impacts of
emissions. These can enhance awareness
and understanding, influence public
attitudes and public support, and create
the necessary political will to improve
air quality.
2. Freedom of the mass media and the
right of the public to relevant information
should be enshrined in legislation. Fair
and equitable procedures for public

complaints should be instituted.

Policy Evaluation

A Public seminar will be organized
by the government and to be participated by
representatives from concerned government

and private agencies, managers form different

petroleum industries, representatives from the
different vehicle manufacturing industries,
representatives from the different bus operators,
representatives from NGOs, public transportation
drivers, professors, teachers, and interested people
to participate and discuss about possibility to
implement this policy in Thailand.

A Questionnaire will be sent to selected
provincial offices from each region in Thailand.
The representative province should be the
province that is seriously affected by air pollution
problems from the vehicles. For example, in the
north of Thailand the representative province
should be Chaing Mai. In issuing the questionnaire
to correspondents we set a definite due time for
the correspondents to return the questionnaires,
in order to have enough time to review the

data collected.
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Abstract

In the study of low frequency noise which effect to people's health in community and building
structures, aircraft noise ,train noise, noise from temple fairs and audio in car were identified to
be the sources of the low frequency noise. As the results, if noise level with F-weighting (linear)
was more than 60 dB and low frequency noise whereas less than 200 Hz, it would introduce
vibration effect to people's health in community according to ISO 2631-2 but this vibration will
not affected the building structures according to DIN 4150. The Noise Level Reduction(NLR) in 4
types of building structures were 10.2 dBA in Wood building, 21.8 dBA in Cement building, 20.9
dBA in improved building of single layer of glass and 20.6 dBA in
improved building of double layers of glass. NLR were not different among all types of building
structures except wood building which had the lowest NLR. Therefore people who lived in the
wood building would more suffer from low frequency noise. In case of low frequency noise from
train, the people who lived in the wood house would expose to noise greater than the people in
cement building. The study of low frequency noise from temple fairs shown that the average of
heart rate of samples had been increased after 10 minutes in the fairs at 0.05 significance level.
Thus, people who joined the temple fairs might exposed higher noise level than standard especially
actors and audio controlled technician. In the case of low frequency from audio in cars, it was found
that the main source was from subwoofer in the cars. The subwoofer generated the low frequency
of 63 Hertz which could transport to the distance of 64 meters from the car and caused vibration.
Therefore, audio in car should be controlled in order to protect the effect of low frequency noise

for the driver and other people who lived nearby the roadside.

Keywords : Low Frequency Noise, Aircraft Noise, Train Noise, Noise from Temple Fairs, Noise from
Audio in Cars, Effect of Aircraft Noise, Noise Level Reduction (NLR)
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sz glyphosate MRS 0.01-0.07, foeni1 0.02-0.04, doundn 0.02-0.09, feeni1 0.03-0.07,
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permethrin, cypermethrin, carbofuran, carbendazim, glyphosate

Abstract

Soil and water samples were collected from 14 paddy fields in 3 provinces located in central
part of Thailand, namely, Chainat, Suphanburi and Nakhonpathom, the main rice production areas,
during February-September, 2007, in order to analyze pesticide residue. Three pesticides found in
water samples were endosulfan, fenobucarb and isoprocarb with concentration of 0.1-0.64, 10 and
less than 20-110 Mg/1, respectively. Ten pesticides found in soil sample were endosulfan, fenobucarb,
isoprocarb, chlorpyriphos, deltamethrin, permethrin, cypermethrin, carbofuran, carbendazim and
glyphosate in the range of 0.01-0.07, <0.02-0.04, <0.02-0.09, <0.03-0.07, 0.01-0.19, 0.01-6.73, 0.01-0.03,
0.02, <0.005-0.02 and 0.01-0.21 mg/kg, respectively. Pesticide concentrationsfound in soil sample
were not exceed the Thailand’s soil quality standard for habitat and agriculture (2004).

Keywords: paddy field, pesticide, residue, endosulfan, chlorpyriphos, deltamethrin, permethrin,

cypermethrin, carbofuran, carbendazim, glyphosate
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Organochlorines | 10 | BHC, heptachlor & hept. epoxide, |In house method based on EPA
aldrin & dieldrin, dicofol, DDT, | Method 508 by GC/-ECD
chlordane, endosulfan, endrin

Organophsphates | 22 | DDVP, methamidophos, mevinphos, | In house method based on EPA
omethoate, diazinon, dicrotophos, | Method 507 by GC/FPD
monocrotophos, dimethoate,
pimiphos-methyl, pimiphos-ethyl,
chlorpyriphos, parathion-methyl,
parathion-ethyl, malathion,
fenitrothion, prothiofos,
methidathion, profenofos, ethion,
triazophos, EPN, azinphos-ethyl

Carbamates 9 | carbendazim**, oxamyl, methomyl, [ In house method based on EPA
aldicarb, carbofuran, carbaryl, Method 507 by LC/MS
isoprocarb, fenobucarb, methiocarb

Pyrethroids 7 | deltamethrin, bifenthrin, permethrin, | In house method based on EPA
lambda-cyhalothrin, cypermethrin, | Method 508 by GC/M-ECD
cyuthrin, fenvalerate

Herbicides 2 |24-D* In house method based on

Journal of Analytica Chimica
Acta 626 (2008) p.10-20 by LC-
MS/MS

Glyphosate** In house method based on

Journal of Chromatography A,
886 (2000), p.207-216 by HPLC/

Post-column derivatizer

* BmAeNilaeuien FeefiRnmsna1ensaaunAnTuriNEeIRaze NS SR

(http://www.centrallabthai.com)
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¢ LOD = Limit of Detection
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Abstract

Environmental Research and Training Center in cooperation with Industrial Standardization
committee have conducted treatment efficiency verification project of 1,600 liters household
wastewater treatment tanks. The tanks received sewage from Young Correction Offender Prison
at Thanyaburi District, Pathumthani Province at the rate equivalent to sewage of a house where 5
persons living in. There are 9 tank manufacturers joining the project. The result of the verification
will be used to support a standardization program for commercial wastewater treatment tanks of
the Office of Industrial Standard of Thailand. Operation procedure was divided into 3 phases of
test: start up, normal and stress test. For start up and normal test, the tested tanks were charged
with wastewater at a constant flow rate of 1 m’/day (+10%) for a period of 3 months of each
phase. For stress test period of 6 months, three types of wastewater charge rate: double, half and
no-charge were conducted. Each mode was run at 5 consecutive days and return to normal flow
mode. In each phase, BOD and nutrient removal efficiency of the tanks were monitored.

The result showed that for influent having BOD more than 100 mg/L, average percentage
BOD removal efficiency of normal test was in the range of 72-77 and generate BOD effluent in the
range of 52-53 mg/L. In the stress tests, average percentage BOD removal efficiency was in the
range of 61-73 and generates BOD effluent in the range of 42-74 mg/L respectively. The obtained
data indicates that there is no effect on removal efficiency of the tanks by the stress test. It implies

that commercial wastewater treatment tanks can tolerate stress conditions simulated in this study.

Keywords: wastewater treatment tank, removal efficiency of wastewater, wastewater treatment

tank standard
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(Permeable Reactive Barrier for Leachate Treatment)
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Abstract

Environmental Research and Training Center (ERTC), Department of Environmental Quality
Promotion (DEQP) has conducted a research entitled Permeable Reactive Barrier (PRB) for leachate
treatment by cooperating with Center for Environmental Science in Saitama (CESS), Japan. The
PRB systems constructed at Saraburi Municipality landfill site is the treatment system composing
of 2 model systems: tank and trench system. Tank system, a vertical flow type and trench system,
an horizontal flow type were fed with leachate at flow rate of 200 and 375 L/day respectively.

In order to select a suitable soil used in the experiment, 11 local soil types were tested for
removal efficiency of COD by using syringe test with leachate having concentration of COD and
TKN in the range of 3,627 - 4,160 mg/1 and 1,882-1,887 mg/1 respectively. Red soil of Pakchong
sery shows highest removal efficiency of COD and TKN but has low hydraulic conductivity (K).
Increment of K was done by mixing the soil with sand and iron slag. The improved soil was used
as PRB material in pilot systems.

Results of removal efficiencies for BOD of the tank system that is 89 % while of the control
is 84 %. Moreover, the system can remove nutrients like nitrogen, phosphorus and suspended
solid at efficiencies of 61 %, 88 % and 71 % respectively whereas of the control are 34, 47 %,
and 39 % respectively. Moreover, the PRB and control improve alkalinity of leachate from high
to neutral level.

Results of the trench system shows that efficiencies of BOD and suspended solid removal
are 42 % and 71 % whereas the control are 21 % and 74 % respectively. However the system

cannot remove ions like chloride, magnesium and potassium.

Keywords: Permeable Reactive Barrier (PRB), leachate treatment
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Abstract

The project on organic farming has been carried out by the Ecological Economics
and Social Research Sub-Division, Environmental Research and Training Centre, since 2005. As
part of promotion and campaign for organic farming amongst the farmers, the comparative
demonstration plots of organic and chemical horticulture were done at the Jedrew Sub-district, Ban
Paew District, Samutsakorn Province. Three kinds of demonstrated vegetable plants, i.e., round eggplant
(Solanum aculeatissimun), eggplant (Solanum melongena), and bird chili (Capsicum frutescens)
were selected for this study as local seasonal vegetable species. It was found that the organic
plots of eggplant and bird chili gave total weight of produce, 28 and 61 percentage, respectively,
more than the chemical plots. Only round eggplant that of chemical plot has total weight of
produce 40 percentage more than that of the organic one. From physical observation, the organic
vegetable plants in the organic plots appeared to be healthier than the chemical ones in terms of
produce size, leave thickness, and stem strength. Promotion of organic farming in Thailand has

been suggested for sustainability use of agricultural land and human health.

Keywords: demonstration plots, bio-insecticide, compost, organic horticulture, organic farming
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Common name: Mexican Bean Beetle

Scientific name: Epilachna varivestis

MWA 14 FROEIRIYEALYIG
Common name: Transverse zigzag-

banded ladybird beetle

Scientific name: Coccinella trasversalis
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(Comparative Demonsiration Plots of Organic and Chemical Horticulture)
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