MEOWPILE Tb ENMpLELIEGIULANEIY
WLONEITILE § MARULLTINILULARLNLY

_ 1,
ZBLO0 | 628920 ¥80000 | 599107 ooroEe | 20000 otoLeap it 2 wrebu
¥2800°0 LZZH0 | 9r0000 |  ¥9R000 | £8roL'0 2¥000°0 ~ | cacoppruLiiuee, 1 unbu
” _ LALLBLATALU
¥YBOOT 895040 080000 08000 085E1°0 sio000 | b ahEAGTRNCARLINNG
126100 Legyo0 | 810000 ¥8210°0 £86bF'0 | 020000 90°7ES - 86°62 T RLUALASLUAE
) - £ prunniLtsLUGLLN
961000 029200 100000 £8100°0 ££RZ0°0 POOOD 0 o PELUEMILLN QLR DR
009000 L7500 2L000°0 185000 PESEDD ZB0o0"0 80°0L — 8B'EL wpLRALAEUNY
. , z prebunpuansiugngloe
¥2020°C LT 0 $8000°0 LLBLOO 68ZIZ0 0£000°0 DRI TRTL I E  TTRE
9ZrZL'D 0398 91000 raliio 8ZEPI'E Z9100'0 00’088 — L&°2L) Ml e,
N + inbusjwngissuyyLon
RgoILY | ehefLe | wiLuLy - --i.-n.wd_r_. edediy :vr__,..rm (erejaawcus) |
—_— = [-[® A a.-h-r LRUE MK
nLaf o Erﬂ”stwﬂrw e
] {nemeuaymeauga

5cmﬁﬁ.ﬂhm—$ﬂ3‘_—. E‘mn.i.jr.m_ Zl aiW @ Fﬁﬁhrﬁr.ﬁanrvr??ﬂ Pﬁ:rﬁhtc?rﬁatcwfp.ﬁrh;_nm_uhrﬂrk gz _om I m_raﬁu,.s_-E&.rErE#‘_F JELN UERILRLT £ E._...._..PPE




R R R R R R R R R R BRI =™~
b-b |

%tﬁ# Zh BHMPLULISSANANREINLY <

. .:.._._..nﬂ,_.gﬁu_.n\h. e tﬁﬂrliﬂngvﬂﬁﬂrw -
694100 054840 990000 |  BELLOD vasgle | 2000’0 o ‘.‘.,Eiw_.._.?_.‘aamm z f:.wz..
S0800°0 £2980°0 62000°0 00800°0 71600 rE0000 o= nhpr_.ot.rﬁraa.mmﬂ b _w_._w:
LOLLBUANMLU

o d w10 £0000 |  €95000 pigEOC |  LL000D | (PELULTILUBEORLETORY
gLzioo CLIBTD : €1000°0 LEZH00 YLSOE'D 910000 86'vEE - 9682 | LML
_ T R . | £ YHBunpaILsLULnILOR

821000 908100 900000 £2100°0 grizoe | 200000 SELUETLUNORLERGR
88E00'0 929200 0r000°0 ZBECO'0 £0980°0 9ro00D | s0°0L - 88'E) SMELpALBILUNG
- . Z preunrupuiLugngLue
LZEND L9720 250000 BLZ100 TLHLL'D 62000'0 o ELULMBLONCORLLNALY
ZE1800 ¥i605'} §L100°0 284100 1F8ED°L 901000 00°099 = L8 LLL TELIALALY
il | o N o prebunjumpsLugnplue

oy wieliLy srr“.rt REOILY el ...rrw_rv (erjesaoucuy)
_..rnm ‘ 9@:.@ e — ”hr”rwwﬁ&rﬂ LRUELNM
_ - . LA gLy
(wemeuvjumzugen)

LALGURMISUIN] NEBUME]EE ZL DLW § BIRELELIZNIELEN] BALMLLUBLATLUALERLFANLUCLILE [T 9 0 2 wraewﬂwrrcrns._. JOLN LAOLRLT R YRl



MLOPRMILE TL AP RGRULNLILY
= _ . ) ALANERILE § SAILBLIANIULARLALY .
E.FE._U WZBIC | #50000 | ELZIOD 10810 8E0000 T —
809000 POLE0°0 BZ0000 19000 . 0B¥E0D ¥2000°0 _ ....!St__.a_:a Nopger, & b
EELLBURTMLL
12900°0 112800 | 9100070 #2500°0 800 81000'0 ARSLUBLUNCTRLENRY
192100 1 ZB485°0 £4000'0 LOELOD 806LE0 | FLOOOD 86'PEE ~ 86'6 LI
i - 1 | | ntawfi?u..ﬁ..c:w:ﬁrcu
WZL000 r0910°0 #0000°0 0E100°0 288100 PO0C0°0 LPELULARLOGCRLLLMBAY
LBEDO"0 EBFZOD LEOO0'0 LOF00 0 ZL0E00 SWRD 900 - 881 LAY
- : 1 | zpnbunparussLugnyon
S0EL0°0 B5ETE0 L0000 BLELD'0 EPSSL’0 150000 , ﬂ?wrﬁmﬂﬂrﬁ.ﬂvﬁg%nmn.ﬂ.
10800 6veeTZ 8210070 19Z90°0 4285TT #5000°0 00°099 = 18'LL1 s |
= 1 = - \_wlt:wcxe:\_qrmrcw:ﬂrck |
AETILY winliLy gLy AEDILY witedie by (erjegowsuy)
wR) ofouh B LRugpnp
T LfastILY
(namteuagu/meugar)

tmcwmsﬂun_uz_#ﬁ s...m.ntq:wrh. T} BLW § BMRELELIZALCLEAN] p___arsnregartqrm..n_rm_:mchcaﬂ AR w_.aawfﬁrcrnﬁ JALIN SLETULIEM 5% PMLLS



MAHWIN A

darnnizededunneildlsun (Hazard Quotiont, HQ) dess MTBE Tuema

-y ; 3
TwutmiwAdnen




MLOPTICE Z) MRPLALINALULINEILY

[ °8

MLOMETE|LL § BEMHUBLITRULMMENLY
8410 POILIED vL0°0 r0-3062'L £91°0 PO-2015° 6000 y0-3608 ') JsLap Lty z wnbu
$90°0 ¥0-30+9°2 9800 #0-3890°} 620'0 ¥O-360E2 €E0°D - §0-3720°6 Joueap o 1 ynby
LELLBUANILA
9£0°0 90-32£0'8 g0 | seams ceo'o PO-3F00'L rLO'0 so-3eaLy (HELULBLULBRLEROAY
ZLE0 ¥0-3508°4 0€4 0 90-38h°5 19%°0 #0-350¢°) VBL'O 90-38EY'9 SRELOLAILY
_ _ _ . £ ,E:T_..:—_:Err:waur:_.
800’0 50-3800'F £00°0 g0-319¢°¢ 20070 $0-3800T | £00°0 80-3L9E°8 o PELULANLOSTGRLLNARY
8200 FO-30.0°E Zio0 rOo-32L9°L 4200 Lati= 10 Lh0'0 #3221 W THELRELAALUY
B 4 ﬁ:rcﬁﬂﬂwﬁrfcm:urcl
Zao'n ro-3L18°7 L FO-ILLL L €200 rO-3808°2 0R0'0 90-32Z8'6 G PELUEMNLUBEONLLNGRY
188°) EO~3FLL'L Lz FA ¥O-3r o’y 1719 $0-3BESE £Z8'0 FO-3RL0E wTUILRBLAILNG
I grlunrpLs LU LR

wielLy aw{...___ wiacluy ,crrw..__u ehediy uhLuLe ) ebebLe ..r...._-_,.,__.
R{OpIRLIUnG MEWTTBIALLENG FLBLIRLL UMY WEMNRBIALLSHE LRUggv
ALgH ofni
MNP 2L .t:....wwc@:cam:rﬁ IWHOND PIVIRH Ly

_.——.._mmﬁ Zk t:q%.._ LanunivLe ;:wﬂi.w.ﬁﬂﬁa:_.tgsﬁ_. JELIN LLEON (TH Weony puezeH) CLITRA| N UALLONGBUCTMINLLILY  |-¥ peteLn




HEORSHILE 21 BURPLITIBSULMNLILY

._Fni_!.uu.—_.n. 8 SHtSLEEY I UL L ALY
- E] - "

0620 $0-3058°€ 1Z4'0 po-aP00’L | 1820 s 14 20 | wo-3soo JSousapuiihing z prin
LBO'D $0-300bC | 8600 90-308L'8 Lo PO-3v89°L 6900 $0-3ire'0 (Jouteppouifimr 1 undy
LeLiauEnMLLUL

gz4°0 P0-3L96°+ £60°0 039427 1800 yO-38Z4'4 960'0 90-3860°F JPILULANLUBCIRLLTONY
POZ0 $0-3E96'1 oLL'0 90-3¥62'8 S8 o000k | 1010 90-3eces | SMELALRILU
_ ¢ preBunraLLLUTILOR

I . . = s — -1

PLOO S0-3842°¥ 800°0 g0-3282'L 9100 $0-322L°T 2000 | S0-3vELL o PELULMNLUBEBILLNERY
€200 pO-3e8CE | 000 [ p0-30M¥L 9200 $0-3LL8°E Lo ¥0-3989') LR
g

LEL'OD ¥o-3ra6°e £50°0 PO-38¥TH €820 PO-310L ¥ giLo PO-IPELL ;fnrcm_ﬂmrunqwnr%::aﬁ
204°) €0-2420°} Z1L0 v0-38.2F pOLE £0-3890°t | 80 | bO-3LOFE ST
B | r_ﬁzwci_.:uwnﬁccr:ugu

§ i . - j
eizrliLy whusLy wbelup wiiLisLe whedip | whuplw | wielle whLyLy
ﬁﬂ%ﬁa;‘q—r@ iﬂgﬁ_ﬂrﬁ.‘o_—\@ n.vwﬂ.v.-ﬂrtﬁ:hu =..¢I_nnﬂa=rr§.ﬁ ;E‘Ki‘ﬂ.
mLgh - ofeuf
[ BLOM BYIULHUMINLULE DH ‘IUSIOND RIFTeH Ly

[} Buaey wgrusnupnivig i:.mu”:“,aswa:._.:rcg.__ 811 $LGB (DH WeGoND PINZeK) SLIME|MUNLISNIAUATEIRLLYLY  Z-W LrLILI




¢ u
MLOWATLE Zh prpLBCIANALILANLALY
.i TLABITILE § MUMRLALEDTULANCALY
810 ¥0-3209'Y 890°0 PO-IVFE'L 6910 ¥0-3808'p 040'0 ¥0-3625'1 oLesaphbisn 2 Msa._tﬂ
890°0 PO-I055°C 8Z00 ¥O-3500°} BS0°0 O3 1LO'T rZun FO-I990' L .._.Er_.pz__n..aemuﬁf k an.:
LoLLAUANMLL
6300 FO-3299°% ] S0-3¥P80 2100 SO-JEEE™S 00 QO-ITLFE G LULANLUBCG Hr%..E
6GE°0 #0-3000' 8vL'0 90-301 % 0820 POFILLLL #0L°0 §0-3069'y LMTALAILUY
_ € PrBURMILASLUERLUR
Yi00 00-3098°¢ 800°0 50-3025°1 91070 S0-3RTTT 1000 90-385Z°6 LPELUEMBLUBGRLLNG
S20°0 ¥0-3000'F 1100 $0-2200') 120°0 PO-IFPPE 6000 #0-39€%') STELALAILN
_  z prbunpnusugnylos
BLL'D 038429 6r0°0 0360} QLD pO-3009'E B5¥0°0 #0-2020°| GRULUEALLNCONLLLTING
£0TZ FO-382Z'6 2150 PO-3098°E e #0-2000'8 EFR'0 ¥0-305L°€ Al s ol
- b ks Lugnpes
whrfiLy LpLy wbrliLe ebLpLy wheduy whLsLe shrliLe shuaLe
eLOLIRLL UMD HEMRYIRLLENE FLOLIALLUND C MEMARDIILLWMD LAy
gl ) efimf

@20y L BLOUBITLULY D uoNONRD puvzeH Ly

gzeot fs%racwa:wé LRUMUHMIILIETHIALULIN] J0LN LLETW (DH "IUSHOND PIEzeH) PLIZRE| L ULLUNGOUCANIRLLULY  £- LPLLLM




WL LE 21 pIYLELIIAIULANLILY

I
.____.m.hi_._.ﬂwn.m. @ BHRPLAL NI UL ALALY &
9910 y0-3520°F 990°0 $0-3228'} £E1°0 YO-3LE8°E §$0°0 PO-3LLY L LSaseppuitiiyn z prbu
ZL0°0 rO-3SLPE 0900 039001 8200 e IR 200 Lite 121N seltappuiibenm | w._fc
. LOLEGURATIFLLL
0900 PO-3790°H gzoo | oco-3eevy 8000 50-30828 6200 90-3899°¢ QPLLUTILUBEORLENONY
orZ 0 FO-36£L0°) 0010 90-3697 ¥ ¥z 0 vO-IPLE'} BoL'Y 80-364¥'9 aTAaLAILNG
£ rrunjurnsLugnpLue
8100 90-3206°¢ 2000 50-3829°) £20°0 $0-2063° 010°0 90-2/0€2 L SLUGNLURARELTONY
T =moo FO-36LE'E 600°0 #0-3€8¢') 0E00 | PO-3sEEE £10'0 #0-3665'1 AMELIALAILUTY
Z yrlummrsiLugrpue
1020 yo-arecy rao'o ¥0-3009° evho v0-3v9'9 850°0 POUZLT | esLUgpLUMSeRtSnONy
EEE'L ¥0-3069°8 999°0 YO-3L60°Y E¥E") ¥O-38LL'8 0290 #3890 AIBLRALAELAY
3 | i ) L grebumneiugnyLon
wheliLw whiLisLy whelLy whLuy wiaelivy whLpLy wiseBLe wiiLsLe
PEOLIALLNG | HEMARDIGLLUNG REopIRLLING NERTAPIRLEWHE LRLE TG
m.ah E
gearyz rrncw._:w:r.n DH ‘Wwayony pJezvy Ly

goerge E%E:wuﬁms_‘c LRLLBURMICLILANMLULGT] FELW Ll {OH ‘wegonpy pEZeR) CLIRMEIMUALLURBORITEIALLULE e LUPLLLY




n - _C.
nLBPRTILR Z) -.q:mr-a._n_.u..c;ané.{ i
ﬁngﬁh g nh.l_—*..hgu:h—.crnss_.t .
2840 PO-26r9°Y 980'0 © 0-3LEe’) §E1'0 ¥0-389€°€ £80°0 »0-366¢°) JLeusepoiiiien z yrbu
0200 vO-309YZ 620°0 v0-3520°4 00 PO-3204°2 020°0 90-385.°8 Jsicappuuhiame | yniu
] LALLOUATILL
00 PO-2E9E° 1 LEOD 90-305%'5 Ze00 #0-3820°1 900 §0-3£64'9 QSLUEGLORRORCLNDRY
88Y'0 PO-F02471 £02'0 §0-3598°F 92’0 rO-IrTL v 80-3TLL'S P o et
¢ pvbun nausLugnpLoe
Y100 90-3950'E 9000 50398} gl00 | so-3082€ 2000 90-340€") GhELULTILUEN AL NaRY
- 1200 vO-3F6L°E 800°0 FO-SLEE'} 9200 ¥0-380L°€ 0’0 ¥0-3045°F aLaLaILG
) A | Z yrbunnLnsLugnpLus |
a0 rO-29ET'G L1900 PO-3181E FEL'O ¥r3v0R'y Re00 rO-3920°¢ nrntwﬂmrsugbn%:mam
big'l €0-240L°4 2280 F0-3085°¥ L rO-3CR0'Y 0180 PO-3068°L w TN
. | L preun mansLULTHLUN
uiefiLe LY uheRiy whusLe wlerfiLye wiiLuLy whedug whupLy
TpopaLLeNg NPUMRPIELINND fL0LIALLUNG NEUMRGIALL NG LAURYT
s o
32 04 9 BLOULITLWLY DH “WoROND PIFZRY L

peiegs ,_.sﬁ.um_.ncmﬁms_‘i URUBEAHMLIENNLULON] SELA SLE0W (DH TUSHOnD PIVZRH) CRITE|ISILLUNIRNOAKINLLULY 59 [riiLe




[l

£

-

=
- B :
SE 0 e L,
4 =
= = ” ay
C "m ~on S s
m m =z = ”,.~

ad." .

3 :

&= B S

‘..H.......r hm




5-032 (0)
7 Reghomol Comfaresice on Emergy Technolapy Tawarsds & Clean s.m;‘iﬁ
12-14 Fapravry 2003, Pheet, Thoriand

Concentrations of MTBE, Benzene, Toluene, Ethyl-
benzene, and Xylene in Ambient Air at Gas
Stations and Traffic Area in Bangkok

C. Keprasertsup' V. Bashkin® S. Wangwongwatana® P. Pokethitiyook®
S. Adsavakulchai' and S. Towprayoon'
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Abstract

In Bangkok arca, the MTBE and BTEX in ambient air at gas stations and traffic
area were investigated. The air samples collected from 9 gas stations and 6
junctions by using thermal desorption tube were analyzed by GC/FID. The pump-
island means of MTBE and BTEX were 719.34+1285.45, 69.44+107.04,
216.07+257.15, 26.704+2599, and 100.68+114.03 wg/m’, respectively. The
border means of MTBE and BTEX were 44.9744%9.44, 12.45+13,31, 56.32+37.55,
7.69+9.14, and 22.86+17.23 yp/nt’, respectively. The pump-island concentrations
of MTBE and BTEX closely related to the gascline sale and vehicles (+ > 0.74).
The junction means of MTBE and BTEX were 54.B3455.35, 16.46+940,
82,54+48.41, 12,7849.22, and 54.05+49.40 ug/m’, respectively, The relationship

between the junction concentrations and the taffic volume wers not found (r <
0.24).

The MTBE percenlage of overall studied VOCs at pump-islands rclated to that at
the borders (r = 0.57) but not related to that at the junctions (r = 0.25). The
MTBE percentage at pump-island was higher than at the borders and the
junctions, significantly but the percentage of the borders and the junctions was nat
different.

Key words
MTBE, BTEX, Benzene, Toluene, Xylens:

Introduction

Methyl terr-butyl cther (MTBE) used as a gasoline additive in unleaded gasoline
10 increase the oxygen content in order to require. I[n Thailand, avsilable
chemicals used as oxygenate are MTBE or ethanol but MTBE is added almost in
overall gasoline, mnged 5.5% to 11% by volume. [n 2001, total use of unleaded
gasoline in Bangkok has been about 2,490 millicn liters calculated as 36.38% ol
total usage in Thailand. The most of gasoline sale (~80%) is the reiail at gas
stations. The 858 gas stations located in Bangkok area were reported in 20801 and
the vehicles registered in Bangkok r¢gion were more than 3.4 million.
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Because of its high volatility and aqueous solubility, MTBE can evaporate from
gasoline strongly and tend to partition into aimospheric water [1]. Furthermore,
MTBE, benzene, ioluene, ethy-benzene, and xylene (BTEX) can mainly emit
from automobiles due to incomplete combustion of fuel [2]. The high MTBE and
BTEX contaminated areas might be the areas associated with gasoline such as gas
stations, garages, gasoline storchouses, and traffic arca.

MTBE is classified as a probable human carcinogen and its degraded products,
tere-butyl alcohol and formaldehyde including BTEX are also toxicant.
Especially, benzene is a strong carcinogen. Furthermore, formaldehyde is
agsociated with photochemical smog [3). In this investigation, MTBE was a
prime target because it was never assessed in Thailand. Besides the assessment of
ambient level of MTBE and BTEX in their major sources (gas stations and traffic
area) in Bangkok area was our aims of thiz study, we also investigated the other
parameters such as the quantily of gasoline sale, iraffic volume and
mateorological data

Materials and Methods

Sampling sites '

This study was carried out in summer 2002 (during March to July 2002) at nine
gas stations and six road intersections in Bangkok, Thailand The sampling sites
were selected by considered the amount of gasoline sale, locations, and raffic
density from (otal of gas stations and junclions in Bangkok area. Gas stations:
The selected gas stations were three high sale stations, three low sale stations in
Category 1* and three stations Category 2**. Traffic areas: Traffic areas selected
as sampling sites were six road intersections having different traffic volume.
They were classified to three groups, high (Group-I), medium (Group-II), and low
{Group-I1T), by considering the traffic data in 2000 of Traffic Information System

Division, Bangkok Metropolitan Administration.

stations a&s sampling staticns. |

v 5 P -
F ‘I:E'-‘ . ‘ . ih . --—Llh.
Figure i. The locations of nine gas Figare 2. The locations of six junctions

as sampling stations.

*Conimyginry I- the yas stavion focared ou racrd widker thar 12 m.
*sCategory 1 the pos rumbion focaed an rivaed dexx tom 12 m
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Air sampling

Air samples were collected in thermal desorption tubes mounted at 1.50 m above
ground on the sampling stations. Two sampling stations were located at the
middle of pump-istand and a1 the border of the gas station. For traffic areas, the
stations were $ct at the street corners. Samplings were performed using SKC 224-
43XR pumps which sucked air through Tekmar Tube Code no.14-1677-403 (174"
0.D., 7" in length, stainless steel tube packed with Carbotrap 300) at 20 ml/min,

The pumps were calibrated before all sampling and rechecked the sampling flow
rate at the cnd of all. The sampling tube and backup tube were connected with
Swagelok®-type union and the end of backup tube was combined with the
portable pump [4]. The sampling whes were orientated perpendicular to wind
dircction. In each sampling site, two parallel samples were obtained two periods
in a day (10:00-12.00 and 14.00-16.00) for 2 hours per a period.

Afier sampling, the sampling tubes were scaled with brags screw caps combined
PTFE ferrules, and placed in the zip plastic bag added activated charcoal and
silica gel. The bags were stored in iced box until analyzed by uvsing GC-FID with
thermal desorption unit within 2 days.

Dunng air sampling, air temperature, air pressure, relative humidiry, wind speed,
and wind direction were measured at the sampling stations. The volame of
gasoline sale {G-95 and G-91) and the amount of vehicles in the gas stations
including the quantity of cars and motorcycles pass the junctions were also
recorded in sampling period.

Sample analysis

The devices applied for sample analysis were a Chrompack gas chromatograph
(CP-900i) with flame ionization detection (FID) equipped with a Tekmar
automatic thermal desorption unit (AeroTrap 6000).

The sample tubes were heated to 180°C, flushed with helium o transfer the
samples to a cryo-trap in liquid nitrogen (T=-165°C) for 11 min. and it was
rapidly heated to 180°C, and then the samples were automatically injecied into the
GC column [4}). The GC column was an EC™-WAX capillary column (30 m =
0.32 mm ID x 0.25 zen). The GC temperature program consisted of an initial
temperature at 40°C held for 10 min followed by a temperamure increase of
4°C/min to ramp to 180°C. The temperature of GC injector and FID detector
were 150°C and 220°C, respectively. Mosaic software was applied to control the
GC operation and ini¢grate the peak areas of chromatograms. The mixed gaseous
standards for MTBE and BTEX were prepared from neat liquid standards into a
canister followed by application notes of Tekmar-DOHRMANN [5,6]
compendium method TO-14A [7]. The detection limit were 0.004 ug for MTBE,
benzene, and toluene and 0.006 ug for ethyl-benzene and xylene that
comresponded to atmospheric concentrations of 1.7 my/m’ and 2.7 pg/m’
respectively, for 2.4 liters air sample.
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Results and Discussion

The average gasoline sale of Category 1-high sale (750 lit) was higher than that of
both Category 1-low sale (193 lit) and Category 2 (192 lit) significantly, But that
of the Category 1-low sale group and the Category 2 group was hot different. The
MTBE concentrations in individual samples of the pumnp-islands (n=18) and the
borders of the gas stations ranged from 25.50 to 4,577.74 ug/m’ and 1.56 to
21005 pg/m’, respectively.

The means of MTBE and BTEX at the pump-islands and the borders in each gas
station groups (Category |-high sale, Category 1-low, and Category 2) are shown
in Table 1. In this study, the gas station having the highest sale (975 lith) has the
highest pump-island concentrations in MTBE and BYEX.

At the pump-island, the average MTBE and BTEX concenirations of high sale
group were higher than both low sale groups significantly (p 5 0.008) and they
highty correlated with the amount of gasoline sale (r = 0,754, p < 0.001). Atthe
borders, the means of MTBE and benzene between the high sale group and two
low sale groups were also different (p < 0.009) and they also cormrelated with the
gasoline sale (MTBE: r = 0,48 and benzene: r = 0.69). The border level of
wiuene, ethyl-benzens, and xylene in overall gas stations wer¢ not different
significantly and did not correlated with the volume of gasoline sale.

The studies m Finland [8,9] reponted that the volume of gasoline sale related to
the perimeter concentrations of MTBE (0.5-121 pg/m®). However, they indicated
that may be also affected from the atmospheric condition, the traffic density, and
different activity in gas stations, Furthermore, the pump-island concentration of
MTBE (97-1,790 wpg/m”) and benzene (5-17 wg/m’) did not relate clearly to the
volume of gasoline sal¢ that were opposite the result in this study. The differsnt
results might be effected from the dispensing pistols equipped with rubber "splash
collars" used generally in Finland but not applied in Thailand. This rubber might
be equipment to decrease the evaporation of hydrocarbons during refucling.
Morcover, the higher ambient temperature of Thailand (summer in Thailand
=30.8-39.7°C and summer in Finland = 20.0-26.6°C) would be an important
factor to induce the higher MTBE and BTEX level.

The average MTBE concentrations in air at the strect comer of the six road
intersections ranged from 5.16 to 198.19 gg/m’.. The means of MTBE and BTEX
of the three junctions groups arc shown in Table 2. The traffic volume of Group-1
(9,779 vehicles/h) was higher than that of Group-[1 (4,322 vehicles/h) and Group-
I (3916 vehicles'h), but that of Group-Il and Group-IIl was not different
significantly.
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Table 1. Concentrations of MTBE and the other VOCs {up/m") at the pump-
islands and the borders of gas stations
 Gss stations

Category 1*-High sale  Cuiegery 1*-Low sale  Calsgory 2%+
Pomp [slands fuwyg

MTBE

ramge 182.33-4 3714 55.60-135.78 25.50-319.95

meoa +50D 1.953.40 & 164145 DIAE+ LS LU LS + 120048
Benzenc

roiyé 47.24-385.55 3.07-28138 LG38-34.43

st 5D 17519 + 1 36.64 14.68 * 2.61 IE46 £ 8.62
Tolweiva

rasge 148 4497508 44.27-131.39 16.78-217.01

meant 5P 450,46 +333.46 K309 + 11B0 99.65 + 7096
Eiyt binzene

rarpe 231 83-89.48 5.06-36.17 132-2519

mean + 8D 528542716 2031 3 1027 1344942
Xyleme

rangs 17.03-362 41 160595 40 4.87-M 56

srecm+ S _212.84 £ 13547 6164 +225) 1557+ 2724

Borders of gas stations w=1r)

MTBE

romge 329724005 5953759 ) 56-43 37

v SU 9072 4 642§ 22964 1275 21.24 4 1597
Baapene

rangpe 6944704 0.684-1307 4.14-9.32

et SD 250211689 394+ 492 620+ 185
Toluene

range 316.59-£29.08 207212809 E2.27- 1006 66

wrovi+ SD T0.04 + 41.65 44,18 + 41.48 .15+ 30.53
Ethyl btnztue

ratgr ND-22.82 HD-26.48 ND-11.05

! + & 12,40 + 1055 731 £1017 13 495
Xylene

rangs 1231-65.53 4.59-50.18 ND-28.0&

e 1 S 3343 4 188) 23133+ 1678 1183 + 9.67
Casolime sake  howr (tir) 474,731,100 92.71-393.58 91.41-335.64
Vehicles / bour 67-177 i) 40-63
Wind apeed (')

renge 3.0 3.0 040
Tempersture *C)

Range 143.29.1 13.0-389 30.2-36.2
Alr bumidiry (% RH)

Ranpe 41 45712 40 5667 44.2-68 6

¥ Coveyory I: the gox sumion lovated on rond wider tan | 2 m
o8 Catepoyy 2 the g atation locmied on road ey thow {2 m,

Among the three jumction groups, the average concentrations of MTBE and BTEX
were not differcot significantly (p = 0.5). At the junctions, the relationships
between the overall concentrations of MTBE and BTEX with traffic volume were
alse not found {r < 0.24). The air conceniration of MTBE and BTEX at the high
traffic junctions were less than the low traffic junctions that might be effected
from expansive open area of the junctions and the lower emission of running
automobile, Because the high traffic junction &5 the large junction have cross-
bridge including no stoplights.
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In Brazil and Korea, the levels of MTBE and BTEX in traffic ares wese about
563, 30.3, 104, 95, and 53.1 wg/m’, respectively [8,10,11]. Because the
ancmometer applied 1o measure the wind speed had low seasitivity, the measured

values were not available to be interpreted appropriatety.

Table 2, Concentrations of MTBE and BTEX (4g/m’) in traffic areas

) Junctions
Group | -High Group 11~ Medbuna Group I -Low
fn=1) fard)y ~ fn=l)
MTBE
‘ 27479109 8492-198 19 5.16-180.14
mreaa-+ S0 W08 + 2435 TI.15 + 6959 37.16 + 80.39
Benzene
ranye T.78-23.84 L1.45-30.49 1212543
w50 17785 120 2249 + 10.89 10.95 + 7,12
Tolsene
rodpe 05412768 434213034 10.70- 190,49
mgw+30 BE5 219 9821 + 3511 6920 & 69,64
Edyy! bemzene
e 3.69-30 96 477-11.71% KD-17.32
mem +50 1391 2940 124+ 440 S.58 567
Xyleme
raipn 13.87-148.74 46.91-212.60 5. 58-§43.19
i+ S 5&.{:?_;48_3'1 13051 + 66.40) 37.61 +4527
_ Vchiclat J bour TLET - L5120 IN2-5344 I605-4373
Wind epeed (i)
ramge 0-4.5 05 4.5
Tanpetature (*C)
ramge ¥4-3s10 3246378 3236
Ajr husoidicy (3BH)
rampe 49 3-60.5 437597 40.3-61.1

The means of MTBE and BTEX level at the pump-islands were higher than at the
borders and the junciions significantly (all p < 0.008) but that of borders and the
junctions was not different. The means of MTBE and BTEX at the pump-islands
highly correlated with that at the borders (» = 0.74 and 0.72, respectively). The
comrelation between the borders and the junctions in MTBE and BTEX were not
found. The laghest level of MTBE and BTEX at the pump-islands indicated that
the volaiilization of MTBE and BTEX from the gasoline dunng fueling was the
major source of their contamination in air compared with the vehicle emission

The average MTBE percentage of ovenall studied VOCs (MTBE and BTEX) at
the purnp-islamds, the borders and the junctions were 42.99+17.35, 27.06+12.76,
and 20.61111.78, respectively. The MTBE percentage al purmp-island was higher
than at both the borders and the junctions, significantly (p < 0.001) but the MTBE
percentage between the borders and the junctions was not different. The MTBE
percentage at the pump-islands related to the percentage at the borders (- = 0.57)
but not related to that at the junctions (r = 0.25), significant]y,

At pump-island, ths MTBE concentrations were higher than the BTEX
coacentrations including the highest MTBE percentage measured at the pump-
island that might concemn the different chemical propertics such as vapor pressure,
water solubility, and degradability etc. The vapor pressure of MTBE at 20 °C (27
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kPa) is the highest in overall studied VOCs followed by benzese (10 kPs), toluene
(2.9 kPa), ethyl-benzene (0.9 kPa), and xylene (0.8 kPa).

Conclusions

The human exposure to MTBE and BTEX in air occurs in the gas station,
especially at pump-island zome, and traffic areas. The MTBE and BTEX emission
occurred during refucling in ges stations are more dominamt than in traffic arca
occurred from unbumed fuel in automobile. The maximum concentration of
MTBE and BTEX assessed in both gas stations and traffic area were still Jower
than their short term standards (STEL for benzene = 3 mg/m’) and 8-hr threshold
limit valoes (TLV= |44, 1.6, 188, 434, and 434 mg/m’, respeciively).
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Objectve

I whis study, MTBE, benzene, toluene, ethylbenzene, and xylene wb gir were investigmed
™ gas stations nd traflic ares in Banghok area includmg the ather paramveters such as the quantiy
of gascline saie, traflic volume and metearodogical data.

Mamods

The concentrations of MTBE and BTEX (benzene, woluene, ethylbenzeric, and xylene) jn
ambrient alr were investigated by using breathing-zone samplings, They were collected from ¢
£ stations (st pomp-islands snd borders of gas suatbons) and 6 junctions (st streex comers of
enid-islands). The air zamples were collected by dvenmal desorpaon whes (Carbousp 300) and
analyzed by using GC/FID with thermal desorption unat,

Rasults

Al the gas stanons, the pump-island means {(n=18) of MTBE and BTEX were 719,344
1,285.45, 69.441107.04, 216,07£257.15, 26.70425.99, and 100.68£114.03 pg/m?, respeciively
The border means (ne18) of MTBE and BTEX were #4.97445. 44, 124541331, 56.32437.55,
7694914, and 22 B6E17.23 pgfm?, respectively. The pemp-island concentrations of MTBE and
BTEX chosely relaned 1o the gasoline sale and vehicles {r = 0.74). At walfic areas, the junction
mears of MTBE and BTEX were 54 §3155.35, 16.4649.40, 82.54248.41, 12, 7844 22 and 54.034
A0 pgim?, respectively. The relationship berween the junction poncenratkons and th vallc
volume was not feond (r 5 0.24).

The MTBE perocniage of overall studied YOCs at pump-ishands related 1o thar a1 the
borders (r = 0.57) but not relared to that &1 the jancions (F « 0.25). The MTBE percentage ai
pump-island was higher tham at the borders and the junctions significantly bet the percentage of
the borders and the junerions was nog diffesent.

Conciision
The boman cxposure 1o MTRE and BTEX In air occurs 1o the gas sistion, especially ar

pump-island zone, and wallic areas. The MTDE and BTEX emission accurring daring refuching
in gas stanons is more dominant than i trallic area occorming from asbarned fuel in suterobds

Keywords: MTBE, BTEX, benzenbe, tolvene, xylene
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Absfract

In Bangkok area, the MTBE in ambient air al traffic area, gas stations and gasoline
storehouses were investigated. The air samples were collected from 6 junctions, 9 gas
stations and 2 gasoline storehouses by using thermal desorption tube and were analyzed by
GC/FID. The ranges of MTBE concenn-atmns at traffic a:ca. gas stations and - g:asohne
storehouses were 0.006-0.251 mg/m’, 0.001-4.616 mg/m®, and 0.069-28.216 mg/m’,
respectively. The relationship between the junction concentrations and the traffic volhmme
were not found (7 < 0.16) but they highly related to traffic speed (r = 0.74). The airbomne
MTBE contents at the pump-islands, at the borders of gas stations and at the loading area in
gasoline storchouses correlated with the amount of gasoline sale (r = 0,505, 0.458 and 0,885,
respectively). The aithorne MTBE concentrations at the pump-islands were higher them that
at the border and at the junction {¢ < 0.0!), but the MTBE contents at the borders and at the
junctions were not different (p = 0.083), significantly. The proportions of MTBE in ambient
air at the storehouses were the highest and followed by the pump-island, the border of gas
station, and the junction in traffic area. The ratios of M:B, M:T, and BTEX:M indicated that
gasoline evaporalion during distribution period was the major source of airbome MTBE
contamination more than exhaust emission from automobile.

Keywords: MTBE, Benzene, gas station, gasoline storehouse, traffic area
Introduction

Methyl rerr-butyl ether (MTBE) used as a gasoline additive in unléaded gasoline for
increase the oxygen content in order to require. In Thailand, available chemicals used as
oxygenate are MTBE or cthanol but. MTBE iz added almost in overall gasoline, gasoline
octane 95 (gasoline-95, added MTBE in range 5.5 - 11% by volumne) and gasoline octane 91
(gasoline-91, added MTBE in ranged 0 - 5.5% by volume). In 2001, total use of unleaded
gasoling in Bangkok has been about 2,490 million liters calculated as 36.38% of total usage in
Thailand. The most of gasoline sale (~80%) is the reiail at gas stations. From the report m
2001, there are 853 gas stations located in Bangkok arca and the vehicles registered in
Bangkok region were more than 3.4 million,

Because of its high volatility and aqueous solubility, MTBE can evaporate from
gasoline strongly and tend to partition into atmospheric water [1]. Furthermore, MTBE can
emit from automobile by both evaporative vehicle emission and driving vehicle emission via
vehicle tailpipe {2). The high MTBE contaminated areas would be the areas associated with
gasoline such as gas stalions, gasoline storehouses, and traffic area, etc.
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MTBE is classified as a probable human carcinogen and its degraded products, tert-
butyl alcobol and formaldehyde are also toxicants, Furthermore, formaldehyde is associated
with photochemical smog [3]. In this investigation, MTBE was a prime target detected in
ambient air in the major sources of MTBE relating to gasoline. Airbome MTBE including
benzene, toluene, ethylbenzene, and xylene (BTEX) in ambient air were detected in gas
stations, traffic arcas, and gasoline storehouses in Bangkok arca. We also investigated the

other parameters such as the quantity of gasoline sale, gasoline loading, traffic volume, traffic
speed and meteorological data.

Materials and Methods

Sampling sites

This study was carried out in summer (March 2002 - July 2002) and winter (October
2002 — January 2003) at nine gas stations, six junctions, two gasoline storchouses, and two
public parks in Bangkok Thailand. Air sampling sites were selected by considered the
amount of gasoline sale, locations, and traffic density from all of gas stations and junctions in
Bangkok area. Gas stations: The selected pas stations were three high sale stations, three low
sale stations in Category 1* and threc stations in Category 2**. Traffic areas: Traffic areas
selected as sampling sites were six junctions having different traffic volume. They werc
classified to two groups, high traffic density and low traffic density, by considering the traffic
data in 2000 of Traffic Information System Division, Bangkok Metropolitan Administration.
Two gasoline storehouses having vapor recovery system in Bangkok area were available 10 be
air sampling sites. Two public parks, Saun Thonburirom and Saun Laung Rama 1X, as
sampling sites were investigated to be background level of Bangkok area (Table 1). The
location of selected gas stations and junctions were shown in Figure 1 and 2.

Table 1. MTBE contaminated area as stiudied area

Studied area _Sampling sites _

Traftie ares 2 Juncrions High traffic densaty (J-1) At shreet ormer

4 Junctrons Low trafiic dengity {J-2}
r G5 station 3 nations High sale, Caregory 1# (I5-1, Bd-1) At pump-izland
¥ stations Low sale, Category 1* (Is-2, Bd-2) At border of gy station
_ 3 stalions Low sale, Category 2** (I5-3, Bd-1)

Gasoline stereliouse { ssarehouse Vapor recovery gysiem Al lowding area

| sterehouse High gasaline bading Al surreniidifng aren
Low pasoline loading
Background 2 publsc parics  Center of park i

* Categovy /- the gas station located on road wider thau 12 m.
**Catepory 1: the gas stovion locgted on road etz than 12,

_R4 -
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_ _ . Figure 2 The locations of six junctions as
Figare I The locations of nine gas stations sampling stations.
as sampling stations.

Air sampling

Sampling unit: Air samples were collected in thermal desorption tubes by personal
pump ar they were mounted at 1.50 m above ground on the sampling stations. The sampling
unit was petformed using SKC 224-43XR. pumps connected with two Tekmar Tubes (Code
no.14-1677-403, 1/4™ 0.D., 7" in length, stainless steel mibe packed with Carbotrap 300). The
flow rate of pumps was calibrated at 40 ml/min before and after every sampling time. The
sampling tube and backup tube were connected with Swagelok®-type union and the end of
backup tube was combined with the portable pump {4]. The sampling tubes were orientated
perpendicular to wind direction.

Sampling station: Two sampling stations were located at the middle of pump-island
ard at the border of the gas station. For traffic areas and the public parks, the stations were
set at the sireet corners and the center of parks, respectively. At gasoline storehouses, the
stations were sct at gasoline loading area and at appropriate place near the loading area
{sum)unding area, far distance ~ 25 -50 m). Air samplings at the loading area were operated
in both loading and non-loading period.

Sampling time: For gas staiion, iraffic area, and public pm‘ks, two parailel samples
were obtained two periods in a day (10:00 a.m.-12:00 am. and 2:00 p.m.-4:00 p.m.) for 2
hours per a period in each sampling site. Because of the gasoline loading in the storehouses
operated in the night-time (2:00 p.m. — 2:00 a.m.), air samplings were done in the mght-time
for not exceed 1 hour per a sampling penod and were obtained 3 penods in & day.

Sample storage: After sampling, the sampling tubes were gealed with brass screw caps
combined PTFE ferrules, and placed in the zip plastic bag added activated charcoal and sihea
gel. The bags were stored in iced box until analyzed by using GC-FID with thermal
desorption unit within 2 days.

During air sampling, air temperature, air pressure, relative humidity, wind speed, and
wind direction were measured at the sampling stalions. The volume of gasoline sale, gasoline
loading and the amount of vehicles in the gas stations including traffic density and traffic
speed were also recorded.

Sampie analysis

Chrompack gas chromatograph (CP-9001) with flame 1onization detection {FID)
equipped with a Tekmar aulomatic thermal desorption unit (AeroTrap 6000) were applied to
detect MTBE and BTEX conteat in the sample tubes.

« RS .
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The sample tubes were heated to 1830°C, flushed with helium to transfer the samples 1o
a cryo-trap in liquid nitrogen (T=-165°C) for 11 min. and it was rapidly heated to 180°C, and
then the samples were antomatically injected into the GC column [4]. The GC column was an
AT™M-WAX capillary column (60 m x 025 mum ID x 0.50 gm). The GC temperature
program consisted of an initial temperature at 60°C held for 10 min followed by a temperature
increase of 3°C/min to ramp to 200°C. The temperature of GC injector and FID detector were
150°C and 220°C, respeciively.

Mosaic software was applied to control the GC operation and integrate the peak areas
of chromatograms. The mixed gaseous standards for MTBE and BTEX were prepared from
neat liquid standards into a canister followed by application notes of Tekmar-DOHRMANN
[5, 6] and a compendium method TO-14A [7]. The detection limits wete 0.004 g for MTBE,
benzene, and toluene and 0.006 g for ethyl-benzene and xylenc that comresponded to

atmosphenc congentrations of 0.00085 mg.’m” and 0.0014 mg/m’, respectively, for 4.8 liters
ait sample.

Results and Discussion

Alrborze MTBE in contaminated area

The range and average concefitrations of MTBE and the other parameters, including
their standard dewviation (SD), of all samples were shown in Table 2. Maximum
concentrations of each studied area, traffic area, gas stations, gasoline storehouses, and public
parks, were 0.251, 4.616, 0,230, 28.216, and 0.0004 mg/m’, respectively. The areas having
the highest mean of MTBE (10.415 mg/m?) and the lowest mean (0.00013 mg/m’) were the
loading area at downwind of gasoline storehouse in loading period and the public parks,
respectively (Table 2). The results of this study were similar to the other studies (Table 2).
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Table 2. Concentrations of MTBE (mg/m’) in ambient air in the conlaminated
arcas and other measured parameters

Number of MTBE concentration {mg/m’) Number of
sampling air smmple
slte Rampe Mean SD {n)
Traffic srea (the junction} 6 0.006 - 0,251 D.064 0059 44
Gas station ¢
punvip-{zlamd 0.011 - 4616 0.454 0924 »n
barder of statian 0.001 — 0.230 0.047 0.054 37
Gasoline siorchouse 2
loading area
- upwind 0.121 - 0842 0.328 0,296 s
- dowmwind 0123 =28.216 10415 10,945 9
surroundisg area 0.069 = 11.528 1.657 3.737 9
Public park ) 2 ND = 0.0004 Q.00013 00001 6
Jusoiisn
Traffie voluane (vehiclen) Ja0m - 208115 TMS6 4801 4
Triffee dpoed (krmvh} 2 46-61.35 2042 24 .68
Road wadik 11-64 ki) 17.34
Gas staflon
Gaspline sale (linhy)
gasoline-91 1557550 178.56 150.71
pasobine-95 LR98 - 6% 10598 13384
_ gasolkine.91 + gasoline-95 29.55- 1,100 384.55 32585
Vehache in | hour 9— 1165 64,19 475
Saatlon prea (m%) 200 - 5000 1,5002 I 4094
Gasaline sioreheuse
Gasolint loadwng (livh)
gasokine-9| 57,143 - 216,000 130,440 50,696
pasoline-95 36,000 - 294,000 163,500 17807
gascling-91 + gasoline-95 B 90,141 = 510,000 e 1 LR 7 Jr 4 1
Teamperanare (°C)
Surmmer 362 -3970 36.16 2.99
Winter Hdg - Mt 4 1.95
Air barmdity (% BLH) 26,40 - 6670 51.64 9.8
Wimd speed (nfs) e 0004237 1038 Q.85
Other studies Range Mean SD Reforence
Traffle area
b mniddte of highway, Porioa D 0563 %]
Alegre, Brazil.
Highsray toll s1aticm , Taloan, o3 el
Gias statiom
Prampeisiamd, Fintand. 0.097 3485 {19]
Vicinty af staticn, Finkand 0.5 121 {10
Punap-island, Finland 0.059 — 0.060 [11]
GCasslime starchomse
Loading area, Fenlimd. 057-137 (12}
Losding area, Finland. 0.1 —28.0 BWO B4 fraf
Traffic area

The average airborne MTBE concentrations at the junctions ranged from 0.006 o
0.251 mg/m’. The relationship between the overall concentrations of MTBE with traffic
volume was also not found (& = 0.16) but they highly related to traffic speed (r = 0.74).
Moreover, there was not the difference air MTBE content between the junctions in Group J-H
(traffic volume = 13,078 vehicles/h) and in Group-J-L (traffic volume = 4699 vehiclesth),
significantty (Table 3). Because of the high traffic junctions are the large junction having
cross-bridge and no stoplights. i might be influenced from expansive open area of the
junctions and the lower emission of running automobile.

The traffic speed at the junctions in Group J-1 (55.96 km/h) was higher than in Group
J-2 {3.92 km/h) becanse the junctions in Group J-1 are highways having no stoplight but
Group J-1 had more traffic volume than Group J-2. The airborne MTBE content of Group J-1
and Group J-2 were different, significantly {p = 0.02) (Table 3), and they closely related to
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traffic speed (r = 0.74, p = 0.046). These results indicated that the traffic speed was the major
effect to airbome MTBE concentration in traffic area.

Table3. Comparison of MTBE content and some parameters between groups
of junctions and gas stations
p-values from analyzed by tndependent-sample i-lest
MTBE
Jumciian &1 32 Jusctlcn J-H J-L Ares Jumction | Border Isfand
21 ' J48 Junction
52 |oee L 044 Border 058
stalion 5 ] .
Bd-1 | 802 | Be3 | B4t | Ba2 | maey | 41 high imdlic specd (no mapdighv)
) ~ J=1: Low traffac speed (stop Liphn)
- I J-H : high taffic volume
Bd-1 7 JL1 Lowiraflic volune
Bdz | 0008 | LTI Bd-: the bonder of gas sixtora
{ =+ | * ' ) Is-:  ihs pump-istand
Be3 | et |oum sooo1 | 0083 | 1 =hugh gasoline sale, Category |
* . 2 = low gugplkine ke, Caicgory 1
et | g2 | owes | a2 | ey | 27T eRseling sl Caicgory 2 t
= . i * 1 The mean differenee is significant ai the 0.05 |
— andior 0,01 level.
| b2 | ee0r (0001
13 | 0005 | 0.734 2001 | 0083
Gas station

The average gasoline sale of gas stations in Group | (Category L-high sale, 773 livh)
was higher than that of both in Group 2 (Category 1-low sale, 103 lith) (p < 0.01) and Group
3 (Category 2-low sale, 225 litvh) (p < 0.01), significantly. But that of Group 2 and Group 3
was not different (p = 0.083), significantly (Table 3). The airbornc MTBE contents st the
purnp-islands and at the borders of gas stations in Group 1 were higher than that in Group 2 (p
< (.01), and Group 3 (p < 0.01), significantty, but that of among Group 2 and Group 3 was
not different (p > 0.05), significantly (Table 3). Furthermore, the MTBE contenis at the
pump-islands highly correlated with the amount of gasoline sale and the pumber of vehicles (r
= 0.505 and 0.578, respectively, p < 0.001). The MTBE contents at the borders correlated
with the amount of gasoline sale (r = 0.458, p = 0.004). These indicated that the airborne
MTBE content in gas station related to volume of gasoline sale.

The airbome MTBE concentrations at the pump-islands were higher than that at the
border and at the junction (p < 0.01) significantly, but the MTBE contents at the borders and
at the junctions were not different (p = 0.088) significantly (Table 3). The means of MTBE at
the pump-islands highly correlated with that at the borders (r = 0.74). The comelation
between tli¢ borders and the junctions was not found.

The high MTBE level at the pump-islands and at the loading arca in gasoline
storchouses indicated that the volatilization of MTBE from the gasoline during fucling and
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loading was the main source of their contamination in air, compared with the vehicle
emission.

— The studics in Finland {10, 11] reported
500 that the pump-island concentration of MTBE
. *lLidmms]l | did not relate clearly to the volume of gasolinc
450 ol i___wl . sale that were oppuosite the result in this study.
| & 4. Bd-wister J The different results might be effected from
400 ;f;“:":;“T | the dispensing pistols equipped with rubber
o 388 —= "gplash collars™ used generally in Finland but
"i not applied in Thailand. This rubber might be
E 30y equipment to decrease the evaporation of
5 . hydrocarbons during refueling. Moreover, the
E o higher ambient tcmperature of Thailand
g 200 (sumnmer in Thailand =30.8°C - 39.7°C and
E . summer in Finland = 20.0°C - 26.6°C) would
Bl be an important factor to induce the higher
100 o MTBE level.

o Stump F.D., et al [2] reported that
450 . MTBE was ocmntted from vehicles by
_ ' g § 2 4 evaporation and exhaust cmission. The MTBE

0:66 | _ | " ] ) .
¢ 1 2 3 4 5 @& T | emission will be very highly increase when
Amphing area-soason temperature increase (Incréase emission ~ 5 to
Figuse 3 Concentrations of MTBE st the juncuonsand | 10 time when temperature change from 23°C
A MR S NTHAN S | to 32°C). During this air monitoring, air

temperatures at sampling stations between
summer {33.22°C ~ 39.70°C) and winter {(30.48°C - 37.12°C) were different (p < 0.01), The
sirborme MTBE content at the pump-island in summer and winter were different (p < 0.01),
significantly but that at the border and at the junclions were not different (p > 0.05)
significantly (Figure 3).
Gasoline storelouse

The high aitborne MTBE contaminated area in air at gasoline storehouses was the
loading area at downwind (0.123 — 28.12 mg/m®). Although the two gasoline storehouses
have vapor recovery systems for protect the gasoline vapor emission during loading,
inoperative system and the leak of their pipe and connecter were the causes of vapor leak to
induce air contaminated MTBE increased. The aicborne MTBE contents at the pump-islands,
at the borders of gas stations and at the loading area in gasoline storchouses correlated with
the amount, of gasoline (r = 0.505, 0.458 and 0.885, respectively, p < 0.001).

Table 4 shows the regression results for predicting MTBE content relative to measured
paramelers.  The regression coefficients in all regression models for waffic atea were not
statistically significant (p > 0.05). Temperature, air humidity, wind speed, station area did not
have a significant effect on MTBE content in gas stations. The regression coefficients in
regression models for the gasoline sale, gasoline loading, the number of vehicle passing in the
gas stations were statistically significant (p < 0.05). They had positive valucs indicating that
the increase of the gasoline sale and gasoline loading would lead to the increase of the MTBE
concentrations in air. At the loading area and pump-istand, the R*-value of gasoliunc-95 was
more than that of gasoline-91 indicating that the effect of gasoline-95 to MTBE content was
more than gasoline-91. It is not surprise because the MTBE percentage in gasoline-95 is

more than in gasoline-91.
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Table 4. Regression results on relating average MTRE concentration {mg/m®)

10 the measured parameters
Area M eatured resai -
paramelers Regression 3 pevalue
Traffle arca TrafMic vl 0.0000002, + 007 0099 0924
Juecron Traffic spond 00006X +0.07 0435 00
R widah DHNIN + 007 0.18% D&aM
Wind gpoed 0.024% + (.09 (N}« 0143
Tefuperature: HDO1IX + 043 0,130 0135
Relanive husidity DO01IX 40,12 a0i7 0.187
Cas statlen )
Al purnp-island gasaline-91 000X <013 DATS 0024+
gasiime-95 0003 - 0.16 0.544 G006
G-91 + G-95 DOx2X <017 0590 0.006+
Wehichs in 1 hour 012K -03 0.503 020"
Tengwratere 003X - D&Y 050 0840
Relative bunmdity LOTIN + 4224 G163 0.054
_ Wing speed Q2B4AX + D24 Q.72 6.711
Al iha border pasodine-91 D0001SX +0.02 0579 0010*
jasoline-9% 0001 EX + 001 Q.5x2 H.017
G491 +G-95 Q.00008X +0.01 0.4717 001
Vehicle im 1 hour Q00063X + 0065 0504 Q.09+
Station wres 000001 X + 0.064 0,190 (k]
Temperature DO022X . 1434 i (a] 0H?
Rslavive huynnixdity DO0IRX + 0248 D253 GH19*
Wind speed 0D059X +0.050 0139 0B
Gusoll#é-storchodtie
Logding area
Lipwsind gasoline-51 003000 X + 0.3 0331 49T
gasoline-95 CLOMOTE X + 018 0.253 0963
G491 + G985 D006 +0.16 DR 0.753
Bawpwind gZasoliw-91 00002X - 10.06 0.325 Q064
gasoline-¥5 Q001X - 482 0581 (E D
G-91 « G.9S§ Q.0D00RY — 11.23 0.232 Q.02
Surmournding ares gaslime-9) G00003X + 512 0087 0.226
yasalive-45 AKX + 5.06 0.0% 0578
G491 + G935 0 00002X + 5.74 0.001 0.35%

The proportions of MTBE content to other VOC contents (benzene, toluene, and
BTEX) in ambient air were shown in Table 5. M:B ratios and M:T ratios of storchouses
(loading area-downwind}, gas stations (pump-island and the border), and traffic area were
5.71, 5.88, 3.99, 3.66 and 2.55, 1.59, 1.29, 0.66 regpectively (Teble 5). BTEX:M ratios of
storehouses (loading area-downwind), gas stations (pump-island and the border), and traffic
area were (.89, 2.21, 3.05, and 4.27. These results showed that the proportions of MTBE in

Table 5. Means of VOC relative ratios by reference to MTBE content

Sampling grea M:B M:T BTEX : M
Traffic area 3.6h Q.66 4.27
Gaz station

Border 3.99 1.29 3.03%
Pump-ishant 5.58 159 221
Storchouse

Loading arca

- Upwind 4.93 452 0.63
- Downivénd LN ]| 2,58 0.89
Sormounding area 504 2.5¢ 1.37
Puhfic park 1.45 1.94 3.39

ambient air at the storehouses were the highest and followed by the pump—island, the border
of gas station, and the junction o traffic arca. It indicated that MTBE contaminated in aic by
gasoline evaporanon during distribution period was more than by exhaust emission from
automobile, Purthermore, The MTBE contents contaminated in ambient air were higher than
the othcr VOCs (BTEX). These might concermn the different chemical properties such as
vapor pressure, water solubility and degradability etc. The vapor pressure of MTBE at 20°C
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{319 mBar) is the highest in overall studied VOCs (BTEX) followed by benzene (99.5 mBar),
toluene (29 mBar), ethyl-benzene (9.3 mBar), and xylenc (6.7 - 8.2 mBar) [i4]. This data
showed that the vapor pressure as the importanl property indicating the potential of
evaporative emission.

Conclusions

The human exposure to MTBE and BTEX in air occurs in gasoline storehouses, gas
station, especially at pump-island zone, and traffic areas. The high-risk areas to MTBE
contamination are the loading area in storehouse and the pump-island in gas-station. For
traffic arcs, traffic speed effects fo the quantity of contaminated MTBE in air higher than
traffic volume. At the gasoline storehouses and gas stations, the volume of related gasoline is
the main factor to induce the MTBE contamination in air. The MTBE emission, occurring
from evapotation during refuelling at gas stations and gasoline loading in storehouses are
more dominant than occurring from unbumed fuel in automobile in traffic area.
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