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PLEURODIRA
Carapace Plastron

pleural marginal humeral marginal abdominal

SCUTES

BONES

epiplastron mesoplastron

MAT 4 MINLAAIFOVUNAA (horny scute) HATURUNTEAN (bony plate)yBINTzABIATIUBUALLDY
1 ¥ =1 : L
waTs'las1 : 4he. NTZABILY, Y21 NTZABIAN, ASIUM. INAANITEABA (horny scute), ATIAN,
LA N3N (bony plate) (910 Halliday and Adler, 2002)

LEYFIULIKA

. A =1 ' ' o a1
NMNN 5 NMNLAAIFDUUNAA (horny scute) UazuHUNIZAN (bony plate)ﬂuﬂQﬂ'j:ﬂmmﬂuauﬂuﬂﬂu
asnInlast : 418, NTZABIVY, VI NTLADIAN, ATIVN. INAANTZABY (horny scute),
A39814. LINUNTZAN (bony plate) (31N Halliday and Adler, 2002)




UNANU MIFHTINENAINAT 4. UN 34 aUun 1 19

Man 1 waaamslgnszaesuunandunquaeg (Aaulasnin Halliday and Adler, 2002 1ae
Pough et al., 2004)

o d
Susiuten (Suborder) | B89 (Superfamily) 236 (Family) AR08
1. Pleurodira 1. Chelidae
- Plastron 3 mesoplastron 1 ) - HUABY 130 MATIBE-HINIM (Austro-
- wana lunueu American side-necked turtles)
(horizontal) - 14l neural plate #3 0l 1mIuT0Y

I= "
- U cervical scute

2. Pelomedusidae

b

- W URBY 1901158 M (African side-necked turtles)
- |

- 1l neural plate

- i3 cervical scute

S INTHAL 519

3. Podocnemididae

- I UNOA 1813 N (American side-necked turtles)
- 1l neural plate

- T4 cervical scute

S IMHAY 4 19

2. Cryptodyra 1. Chelydroidea 4. Chelydridae
- Plastron 143) mesoplastron - carapace Anud Y | - ehamaltls (Snapping turtles)
iR (vertical) | - 3 bridge 1A - carapace UAUAIMOI 3 10D
- plastron A1)
- bridge UAUNIN
5. Platysternidae
- 19111)g (Big-headed turtles)
- carapace 51 1ﬂﬁﬁuﬂmﬂﬂ
- plastron A
= bndge 111l
2. Chelonioidea 6. Cheloniidae
- carapace 1Y W3umi1 | - 1w meia (Seaturties)
- 11 bridge 14 - NTEABINUAIOINAR (horny scute)

- carapace IUNAUMUETI, FBUAUNTEAN

Gt G -EI.
ﬂﬂﬂﬂillﬂﬁﬂﬁﬁﬂﬂmiﬂi |

7. Dermochelyidae
- Eﬂ'mztﬂﬂ (Leatherback seaturtles)

- NIZABINVAIINITS (leathery skin)

- carapace NAUAINON 7 102, iFouN

L3 ! |ﬂ'
¥ ﬁﬂﬂﬂuﬂﬂ ilkﬂl’ﬂﬁﬁﬁﬂﬂﬁﬂ'j 4 Dermochelvs coriacea
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dusudon (Suborder) | Mo (Superfamily) 338 (Family) MNFIBL1

2. Cryptodyra (#9)

3. Trionychoidea

A
- carapace UM Hiﬂ]'ﬁﬂ
-4 bridge w50 hill

8. Kinosternidae
- i Ipaua3 N1 (Central American river turtles)
- NFZABINUAINAA (horny scute)

- 31 bridge HAVIAZDOUHGY

9. Dermatemydidae

- Y80 9 MR (Central American river turties)

- N32ABILAILINGA (homy scute) N
uazi¥ouiu

- 11 bridge A1

10. Carettochelidae

- 191193 N 1YY (Pig-nosed turtles)

- NFEADINUA I (leathery skin)
- 1 bridge N3

11. Trionychidae

- ﬂ:ﬂ’iu% (Soft-shell turties)

. ﬂﬁﬂﬂaﬁuﬁmﬂﬁ’i (leathery skin)
- T bridge

4. Testudinoidea
- carapace ‘iﬁi

-1 bridge

12. Emydidae

- I THUB4Y) (Pond turtles)
o

- carapace 1114

- marginal scute 12 HHY

13. Bataguridae
- W;'ﬂi‘laﬁ ( Eurasian turtles)
- carapace ILE

-1 marginal scute 11 (H

14. Testudinidae
- 1IN (Tortoises)
- carapace Thaun

-1 marginal scute 10 - 11 AU

Creopherus agassizii
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2 113 (310 Wermuth and Mertens, 1961)
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MUN 7 NMWLAAIIIVBANAANTLADIVDUA. T8, NTZADIVDAAMLIANT Y (Desert tortoise, Geopherus

agassizii), U3, ﬂﬁmmﬁhwmaﬁiﬂﬂaumﬁm (Yellow mud turtle, Kinosternon flavescens) LA

¥
N340 24 (annuli) Ya¥dam T luudazll (MWeg10910 Stebbins, 1985, NTWY21910 Halliday

and Adler, 2002)
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Abstract

Human handedness which is inherited by
solely genetic factor or cultural factor or environ-
mental factor remains controversial among geneti-
cists, behavioral social scientists, and psychologists.
Prevalences of left-handedness vary among populations.
This pilot study aimed at investigating a proportion of
left-handedness among Thai students living in the
northeastern region. The instrument used was the
modified Edinburgh Handedness Inventory by
researchers appropriated for the northeast Thai
culture. The handedness questionnaire comprises 17
items concerning hand using in several activities such
as drawing, throwing, cutting by scissor/knife, sticky-
rice eating, sweeping etc. Subjects were 743
students in secondary schools located in Khon Kaen
province, Ofthose, 33.5 percents were males (n=249)
while 66.5% females (n=494) with age ranged
between 14-17 years. Results revealed as follows:
1) a prevalence of left handedness among total
subjects was 10.9% (n=81); 2) males were left-
handers significantly greater than females (X?' =7.33,
df=1, P=0.006); that is among 249 males, 18.3% were
left-handers while only 8.7% of 494 females. These
results of a pilot study could be useful for a future
study for investigation of analyzing sex difference

among Thai left-handers.

Running title: Left-handedness prevalence among

Thai students

Keywords: handedness, prevalence, Thai student,

pilot study
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The Impacts of Natural Leaching and Production of Salt
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Abstract

Water samples were collected from 13
stations between Ban Dung (Udornthani province)
and Ban Ta-sa- ard (Nongkai province) in Febuary,
May, August and December 2002. The collected
samples were determined for the content of some
anions, cations and heavy metals including CI, NO}',
SO %, PO, Na, K, Mg, Ca®", Pb, Cd, Mn and
Hg. The results revealed that there was salt

contamination from natural leaching at station 1
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during early rain, The impact of salt production
activity on water quality in Songkram river was
clearly shown during dry season. Because salt
production was allowed only from November to May
each year. Two major sources of salt production
areas that contributed to Songkram river salt
contamination were supposed to be Ban Dung area
which resulted in maximum content of 3,207.3 mgL"
NaCl in Ta-ma-now reservoir and Ban Ta-sa-ard
where underground saline water was taken from the
middle of the river and transported to boiling
factories on the nearby Songkram river shore. The
content of salt in Songkram river at this station was
974.1 mgL" NaCl in February. The content of some
heavy metals, in all samples were normal according

to the standard of surface water quality of Thailand.
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wiin laun aeia uasley Luamia vazidsony
9
azane luuiaInI 1y uazajlnansgnuves

MIFLANNABAIUTITUIIN LALNITHAAINADAD
2 3
AuNWI luuiaens 1

15N1579 Y
VEMINITANYINANTENUVOINIT¥E A
uazmsiunae USnuRuRThge Siningassiil
uazthu Tunnaue S Sagassiil) thumueanda
(Faraanauns) vazliunIgzo1a (I9nia
HUBIAY) ﬁmmﬁuﬁ’wti":»ufﬁmiwﬁ'nﬂ ‘)
3 i@ow Ul 12 Wou MnaaiinudlIeg1
13 @019 MnsnIzimlsuaneu leesu
18un aae'lsd Tuwsn wazdama Tae1933 ton
Chromatography (1C) Tavenun 1dun ﬂﬁf%’l]
uaadiey Uson nazuuaniia IaslHmatinOn line
analyte preconcentration Taeld Flow Injection
Analysis System (FIAS) 59UNY Flame atomic
absorption analysis (FAAS) vlson 1ael¥ Flow
Injection mercury hydride method (FIMH) Li@¢
Twaon Tueadeon upaen uuntiFey ey
3% Flame atomic emission 18z 1auIF FAAS
absorption spectrometry !.!.ETﬂ%ﬂ?‘lﬂﬂlﬂ'ﬁ ﬂutﬁau
Y94 1na0 NaCl TumsUsziiunansenuusy
mswﬁ’wu.axmﬁﬁmnﬂﬁﬂﬁﬁﬁaﬂmmwgﬂu
AR
mandl: mseinlFlunisiseldud
MIALAWUIATFIU NaCl, KCI, MgCl, MnCI,
CaCl , HgCl Pb(NO,), and CdCI, (1000 mgL™")
spectrosol grade Carlo Elba, Italy. HCI, HNO}, 65%,

Analar grade, Carlo Elba, Italy. KMn04 ; NazCOJ
Analar grade, Ajax Chemical, Australia. CHBOH,
30 % Ammonia solution, H2804 Analar grade.
Merck, Germany. Argon gas ,Acethylene gas,
Nitrogen gas, pure grade. NaHCOJ, Analar grade.
BDH Chemical Ltd., England DDTC, AR grade,
Riedel-de Haen ag Sellze- Hannover,Germany and
Deionized water (DI).Osmo Nics, INC., U.S.A
inIoaile: inTeailef14iigeti Atomic
Absorption Spectrometer, Perkin Elmer AA winlab,
U.S.A. Mercury Hydride, Perkin Elmer AA winlab,

U.S.A. Ion Chromatography, Dionex, U.S.A ,Flow
Injection Unit, Perkin Elmer, U.S.A, pH Meter,
Denver Instrument Model 215,Conductivity Meter,
Suntex Model Sc-17A
N1TNAABI  uyuilu 3 awu
1 Sueseumanil denehlii

IATONAITATANWHANYDI  Na CO.
1.8 mM uad I‘~Ial—IC{}:i 1.7 mM mobile phase
(naulHde914 1011) a1sazats CI NO_ SO*
AZPO " Waudu 20 mgL”!  MsazaInIIAIII
Na K Ca Mg Hg Cd llaZMn WU 100 mgL" Lﬁﬂﬁl‘tﬁf
AT UUAITAZANIATTIUEINT VAT 13N IN
WnsgIuae 1l @1sazaionia HNO, | N HCI
3% (v/v) Wag NaBH 0.2% (w/v) az DDTC lu
vlines pH 9.2
2. IBINIENAIVENS

2.1 FBIMSeNMeE T IMT UM IATIZH
wilSaunameulessnlasds lon Chromatogra-
phy; 1C

fudetalduenmadniiazein nso
Zrunszaunsosloudiving 10 luasou nsoaa
3NATI8IUNTEAIUNTOINAANDT YHIA 0.45
lunsoulasld syring 1yl luviauuia 5 mi

= o = v A
ﬂﬂiﬁﬂﬂ‘l’lﬂ? NMITARNTIEHUNUN
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2.2 InASENAIBE ST IHI U I
Tarizdanilavuazdani laidinuasdivsy
mnzimlSnalaneniinlagds Flow In-
jection Analysis System ; FIAS

NUSNEIAI0019AWNTA HNO, 65 %
s ml DN WIBY1 | Ans oedaednldiinines
aulvifoail 9 yumvaelsuias 500 ml Al
Eu nspaalsulsuasdlu 1000ml hulavia
wanaanfiazeinti linsed wssuasazal
wuasn Taeldrinau 500 mi uny f1otnaids
wuRrIfUMIRI oFee i 13 sample
blank
3. 3FATIH

3.1 msvidSuianeulessulae
MAHA Ion Chromatography

IASONTITALAINIATTIUATNUD
CI' NO_ 807 uazp0 ~ Mianuiduduves
looouimazyuamIng 2 4, .6, 8, 10 mgL™" Ya3

21091 10 meL” ooz 18 TasunTnunsa
it a T vodudnazuouleoon udifloum T
Fouou'looou uazszauanududuailuais
component table 1ML Fderd 1N Maas 97U
TasiaaisazaionInsgIvuAasANdNIY
WATY 1ATDINETIMsUszanarandradians
WINTTIUVDL lBDDULABEYHA WIFITAZAY
Fregnefimion131ude 2.1 yhmsiinsevis
RINVEIVINTIIU HAAATIEH LA UL AT T
15199 2 1ag 3

32 mymngrnSinalanzoanlay
laennin Atomic Emission Spectrometry
(AES)

WS UNAITAYA0NINT I Na Liaz K i)
ANUANTWIAY 1, 2, 3, 5 mel”’ @Muaau
gamsazaomasyuduios e iasmmne
e insoazadensmuiasguld Sinsied
fetlasihmsazaiuditedeiinionlude 2.2
NNIMIIAIIEHITUREINUANTALAINIATFIU
waueauanlua13 199 4 1az 5

33 nshiasizrmidsnialany
gan1aiidin lnumatin  Atomic Absorption
Spectrometry (AAS)

NI ONATAZAIONIATTIU Ca AU
MNY 1,2,3,5mgL” tag Mginnu 0.3,0.5,0.7,
1.0 mgL”’ ‘il’lﬂlfuﬁ'lﬁﬁﬁEfl'lEiiJ'lﬁij'luﬂm‘i’f'l
in30q e daminisganau inesszadians
A3 NI ILYA9619 HEnsazaIeAl0eNg
fwsonlude 22 wnhmsieseiisudoniu
asazaounsg i (L lduaasnald)

3.4 mimdsunalansninlasns
ylvisethainnududuiu foudinsizvilae
35 FAAS

341 msdnzininansi
A58 method file !.ﬁﬂﬂ')‘ljﬂilﬂ'l‘s‘
AT IEMIAL AIAN1ILMINAABIVBUATDY Flow

injection system Aataadlumizan 1
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. & e
MM 1 LAAIEANIIZNITNADDIVDUATOY Flow injection system

Pump 1 Pump 2 Valve
Step Time (sec)
Speed (r/min) Speed (r/min) Load/Elute
prefill 25 100 120 LO E®
1 50 100 0 L® EO
2 10 100 120 L® EO
3 15 0 120 LO Ee

o

o " ¢/ o o l
0,® uaAIdIMUNIIaNMdNIueY

PR NEITAZAONINT§IMYEY Pb AfiAududi
20, 30, Az 50 pgL”' awaiau iiio optimized
I.ﬂ"?m AAS 14 sensitivity “I.uﬂ'ls"i'ﬂqaqﬂu.!.ﬁq
Suinszmsazaiouagiu Wedmsizviade
wipanzadiensminasguly Jinsizvdion
Wee1elude2.2 MM IR ITEuReINY
msadensinasguanaaslumsei 7

3.42 maaanziviUSinamnaiiens

344 D13 NATIZHHIUS
nuamialasis FAAS
ADUYIMIANTIZHANTAZ e 10613
srdedinzRasazaensguies vu 1 3neu
iorwans Tinazd ladansminas g
woanu (lulduaaanald)
3.5 3 pH 1ag Conductivity V03
213620819 WaVUDIA1 Conductivity LAAITUAIT

L)
=

‘Jlﬂﬂmﬁl.‘im!.ﬂﬂ’lﬂijﬂ“’ﬂ?(ﬂ'l‘i'lﬂ'ﬂ Dualdarly 718
Suf 2 ity 20 Suri l.ta...fﬁ'mﬂﬁ'\ﬂu'mﬁg'm
lIaols cd du 1,3 oy 5 pel’ MINTUAY  ANISIDEY

Ansrzvnreo1amasen 13 lude 2.2 wanis
i 9 o :ﬂlﬂr
naaod 11 19 aus lund
= ¢
3.4.3 mnmﬂwmﬂ“mmﬂmﬂ
'ﬁ%"n method file Lﬁamuﬂumsamiummm
NN I NANBIVEUNTET Flow injection
system U283 19031WINATTIU V04 Usen A

Wudu 5, 10, 15 ppb. HAIIATIEHAIBE1INAT BL
. [ ;
Alude 2.2 wamsnaaesluldinaueluni

Nan1sAs1EvIYSuIeu lesu
Tanzoan larl Tanemiin m pH 11z Conductivity

(m'uwayﬁmwmm?mnmmuﬂwmﬂwuﬂ
9119 )
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szll = d = o i A -
A1 1NN 2 NﬁﬂTﬁ’JlﬂﬂﬁﬂﬂﬁNWﬂlﬂﬁﬂ"lﬁﬂ (Cl-) ugaanunay HAasANUUUDVHUINTT U

23 Binanaelsd 1) et (mel )
an1in

19 QUMWUST 45 27 WEEAIAN 45 24 AIIAN 45 5 5UNAN 45
1 12.63+0.12 567.17+2.76 6.98+0.14 2.55+0.03
2 9435.67+3.21 3231.00+1.00 501.45+1.55 1839.50+10.50
3 4397.67+1.53 2664.27+1.42 2107.7+8.96 1264.00+7.00
4 - 231.47+2.12 254.13+3.88 105.44+0.94
5 129.40+0.98 63.07+0.57 18.88+0.12 63.90+0.30
6 646.13+5.08 349.90+1.91 165.69+5.77 166.39+2.96
7 311.50+3.89 171.08+1.11 121.79+2.46 187.68+5.99
8 338.07+4.99 44.22+0.43 76.37+1.20 99.77+1.99
9 309.37+0.83 75.40+0.78 74.51+1.22 103.81+0.46
10 550.30+5.82 179.87+0.48 36.86+0.10 190.15+3.05
11 194597.67+6.81 168743.33+2.89 - :
12 754.60+4.50 210.30+2.10 39.03+0.59 363.10+3.69
13 540.07+4.27 213.78+2.10 35.19+0.07 176.83+4.26

. = d & ' i ' i
M319N 3 wamsunTzHlsua lumsn (NO3- ) uaasaundo uazAudouuuNInT§Iu

Unamaelsd () Twidetha (mgL_lj

aoiin

19 NUAMWUD 45 27 WYHAIAN 45 24 qIVIAN 45 5 5UAY 45
1 12.63+0.12 567.17+2.76 6.98+0.14 2.55+0.03
2 9435.67+3.21 3231.00+1.00 501.45+1.55 1839.50+10.50
3 4397.67+1.53 2664.27+1.42 2107.7+8.96 1264.00+7.00
4 - 231.47+2.12 254.13+3.88 105.44+0.94
5 129.40+0.98 63.07+0.57 18.88+0.12 63.90+0.30
6 646.13+5.08 349.90+1.91 165.69+5.77 166.39+2.96
7 311.50+3.89 171.08+1.11 121.79+2.46 187.68+5.99
8 338.07+4.99 44.22+0.43 76.37+1.20 99.77+1.99
9 309.37+0.83 75.40+0.78 74.51+1.22 103.81+0.46
10 550.30+5.82 179.87+0.48 36.86+0.10 190.15+3.05
11 194597.67+6.81 168743.33+2.89 - -
12 754.60+4.50 210.30+2.10 39.03+0.59 363.10+3.69
13 540.07+4.27 213.78+2.10 35.19+0.07 176.83+4.26

LOD U8IMIUATIEH luasn = 0.1 mglL"
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o3

' ¥ ' '
M990 4 wansinseimysuna le@ouluidieds uaasnundouazanlouuuIINTgIu

. USinadaden (Na) Twihdeds (mgL")
annil

19 QUAWUS 2545 | 27 WQuAAN 2545| 24 FavAM 2545 | 5 FWIIAN 2545
1 717 + 0.04 3119.50 + 21.29 581 + 0.05 2.33 + 0.03
2 2267.27 + 2.64 1732.21 + 4.19 378.43 + 5.14 1373.95 + 11.93
3 1261.00 + 8.69 1513.31 + 2.32 1518.70 + 0.95 837.29 + 18.48
4 - 143.96 + 1.55 163.74 + 0.31 484.37 + 1.4
5 84.44 + 0.74 48.03 + 0.15 13.19 + 0.07 40.06 + 0.51
6 369.14 + 10.79 273.14 + 2.07 118.47 + 1.20 122.95 + 0.80
7 161.90 + 1.70 98.35 + 3.11 54.81 + 1.36 107.10 + 1.95
5 151.50 + 0.90 29.86 + 0.08 43.37 + 0.66 70.74 + 0.82
9 159.58 + 1.87 65.16 + 0.89 50.00 + 0.24 61.80 + 0.85
10 119.25 + 5.62 104.82 + 1.10 16.36 + 0.09 134.48 + 0.47
11 120618 33 +190.17 |  79260.42 +296.1 : .
12 382.96 + 1.50 112.02 + 2.12 26.33 + 0.09 548.69 + 8.72
13 286.63 + 0.73 162.83 + 2.19 26.07 + 0.50 123.74 + 1.54

‘ = a :' v i ' : " e
MmN 5 wamsunsei lduaasen TuihdeoaaasnunaoazAnsuuuLINIT§IU

. sinallem@en (k) hnihdedhs (mgL-])
aeu
19 QUMWUS 2545 | 27 WQUMAN 2545 24 GINIAN 2545 | 5 UM 2545

I 5.36 + 0.02 9.27 + 0.06 1.50 + 0.01 2.92 + 0.02
2 71.75 + 0.01 34.68 + 0.39 8.72 + 0.03 17.42 + 0.07
3 95.11 + 0.19 135.80 + 0.66 80.20 + 0.02 62.58 + 0.47
4 - 20.82 + 0.30 7.25 + 0.0.02 39.01 + 0.12
5 5.40 + 0.07 5.24 + 0.03 1.77 + 0.02 2.58 + 0.01
6 13.13 + 032 18.11 + 0.18 4.52 + 0.03 7.36 + 0.00
7 10.17 + 0.05 12.43 + 0.12 4.12 + 0.01 4.15 + 0.07
8 8.59 + 0.09 2.22 + 0.05 3.04 + 0.01 3.87 + 0.01
9 8.51 + 0.08 5.48 + 0.06 3.18 + 0.01 4.08 + 0.01
10 4.37 + 0.02 8.50 + 0.06 2.28 + 0.02 4.12 + 0.03
I 1188.25 + 8.80 786.96 + 6.05 - -

12 10.58 + 0.15 8.49 + 0.03 2.33 + 0.02 4.65 + 0.01
13 10.70 + 0.14 8.65 + 0.04 2.39 + 0.02 4.05 + 0.00
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" =y o =y fw 1 [ i [ -:i
Fﬂﬂﬂﬁ 6 fflaﬂ’l‘i’]lﬂ'ﬂﬁﬂﬁ’I‘ﬂ'ﬂﬂﬂlﬂ‘3ﬂﬂ1uu'Iﬁ’Ji']UNLLﬂ'ﬂQﬂ'liﬂaULmEﬂlmU\‘IL‘UHHW‘I‘W”{N

o YSunwsen (Hg) Turnéaedhs (LgL™)

19 QUAWUE 2545 | 27 WuMAN 2545| 24 §IHIAN 2545 5 5UNAN 2545
I 1.013 + 0.013 7.424 + 0.093 ND 0.621 + 0.074
2 1.743 + 0.001 4.033 + 0.017 ND 0.668 + 0.147
3 0.965 + 0.001 2.715 + 0.020 ND 0.348 + 0.052
4 - 6.107 + 0.015 ND 0.694 + 0.031
5 0.964 + 0.001 1.008 + 0.029 ND 0.454 + 0.037
6 0.707 + 0.009 1.025 + 0.011 ND ND
7 0.962 + 0.001 1.902 + 0.002 ND 0.089 + 0.010
8 2.935 + 0.015 0.648 + 0.031 0.060 + 0.010 ND
9 4.350 + 0.006 1.64 + 0.002 0.275 + 0.051 0.088 + 0.001
10 4.211 + 0.025 0.850 + 0.022 ND ND
11 10.040 + 0.000 * ; .
12 4.436 + 0.003 0577 + 0.048 0.416 + 0.029 1.624 + 0.097
13 4.626 + 0.004 0.807 + 0.059 0.136 + 0.022 ND

LOD wpam3unsiwrilsen =0.0300 pgL’

M319N 7 WamMsAATIEHUTuImaENa (Pb) Laan IR tazA 1l uuINAI §Iu

| YSnamzin (beluﬁ]ﬁ”mtha (gLl
aoiin - ¢ R 2
19 NUAIWUS 45 27 NN 45 24 FIWAN 45 5 5UNAN 45

1 0.007+0.001 12.445+1.005 ND 0.636+0.275
2 0.012+0.001 18.750+1.400 ND 2.981+0.380
3 0.013+0.001 13.335+0.195 ND ND

4 - 10.147+0.413 3.033+0.662 2.260+0.319
5 0.014+0.001 2.253+0.475 ND 3.641+0.656
6 0.005+0.000 ND ND 2.2571+1.972
7 0.012+0.001 2.046+0.449 1.575+0.175 1.625+0.087
8 0.005+0.001 4.223+0.631 ND 2.72140.251
9 ND 11.695+0.485 ND ND

10 . ND ND 4.643+0.552
11 0.002+0.002 ND - -

12 10.300+0.110 ND ND 2.573+0.232
13 ND 5.134+1.018 3.242+0.188 ND

LOD ¥94m3AATIEHAZAI = 0.001 UgL’
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M319N 8 LAAINANITIAAT Conductivity

| A1 Conductivity (Jls)
moii 19 QUAWUS 45 27 WQEMAY 45 24 FavAN 45 5 FUNAN 45

1 86.80 2050.00 522.00 53.90
2 29200.00 10480.00 17640.00 5080.00
3 6700.00 7940.00 7490.00 3670.00
4 - 990.00 8590.00 2070.00
5 506.00 301.00 859.00 221.00
6 2270.00 1691.00 5480.00 583.00
7 1114.00 733.00 4600.00 532.00
8 1048.00 201.00 2970.00 356.00
9 1133.00 365.00 3100.00 396.00
10 1529.00 719.00 1381.00 609.00
11 572000.00 503000.00 - -

12 2690.00 726.00 1378.00 1256.00
13 1755.00 860.00 1336.00 664.00

HUNUING ND (Not Detect) m'w'lﬂv:u
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12 uazmingRumaasssiaveadai Usina
Tanezmin liiduseduioon 19518 lusssuna
USinwnan lsduas Tndeufimgagainylugag
Aunarufe 567.17 + 2.76 uaz 3119.50 + 21.29

mgL' awaday Aims Idhgegaminnu 2,050

us/em aAalunnmanlugdlmdounaslsq

(NaCl) 11111 935.83 mgL Unadilndifes
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duﬁqﬂﬂﬂﬁmmﬁmmmaa “lumauﬂqmmmu
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+8.69 mgL' wIoAaulSuande ladowy

Aae 13AMINY 3,207.33 meL ™ mm3ri I
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LUANLSaNld toluene LLIULRAVAUADAISUDULAS
f#13150aa18 trichloroethylene (TCE) la #uanlaaan
6553101A LA LUAYLWILAY BacAIUFINISH LUNS LAES

AUADAITUAUNIDL

"Toluene-utilizing/trichloroethylene (TCE)-degrading

bacteria isolated from natural environment and the

contaminated-water site and their capabilities in utilizing

the other organic compounds”

& ik
Unanea

Trichloroethylene (TCE) Lﬂuﬁ 15UANYTUA
MIBUNI I zIme (Volatile organic compound,
voo) vilanilsiifion ¥ lugaamnssunaoiia
nixmuﬂmiﬂﬂﬁawTCEﬁﬁ'ﬂHmmﬂuTﬂmﬂ‘ma
GEY (Cometabolism) “lmm%‘%’ﬂﬁ'lﬁmmﬁﬂﬂmﬂﬂ
waRiGefigats TCE Taoidoauazinysia

(enrichment) Tue W13 gATUSUMAT toluene 250

ppm (2.71mM) !.i'flmmfidﬁ’uﬂaﬂﬁuau nold

anziifieondiou figunail 30 eamiraidue
wuhnndothei IdnnurasiuianE suna
S MUWUT Ao T1/2, T1/3, T1/4, T1/8, ag T5/10
a mmmmumﬂmﬂawimuwmj Ao T4/1, T3/
5. T3/9 1z T3/13 HamsusneNdnyRive e

U1 daunIane’ uag g tlenaun’

(= =T =

Tavl¥anuauzniaaiseIne ua“ﬂgnwwamn
WU T1/2,T1/3, T1/4Uag T1/8 ad8n Pseudomo-
nas putida 99.6% T3/9 ANBNY Rastonia picketti
92.4% T3/13 AANGNY Acinetobactor Iwoffii 91.7%
Iae T5/10 At Comamonas acidovorans 99.3%
MIANYIANNAINITDVRILUANG Y UM Iaa Y
trichloroethylene A28NANA Head space L1AZATID
a911/5u1%1 TCE A8 Gas chromatography ‘ﬁﬁ FID
Sy detector ¥ Taoms Midefiate lumsazae
omgastiummeldanneiteendinuiiszes
late log phase WU T1/2, T1/3, T1/4, T3/5, T3/9,
T3/13 NUAD TCE 1994 10 ppm 1AOWLIAINTT
a1t TCE o413 T3/9, T1/4, T3/5, T1/3, T1/2,
T3/13, T1/8, T5/10 way T4/1 muldanazidl

IMAINT R ANSINGIMNANT NH1INGIFEVR LAY

= = = = i = o '
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pondmduna 18 ¥2lusfiquugil 30 o
waiFed Iauasaaatw TCE #i 10 ppm 14
MINY 20.01,17.07, 16.56, 16.56, 12.12, 7.04, 3.78,
2.24 1182 0.91 ppm/mg protein A1UAIAL Fawams
INTIEHNADANUIN T3/9,T1/4,T3/5 iaz T1/3 1
Usz@nsnmgegalumsaais TCE (p < 0.001)
AUHAMS AN NI VDT T1/3.T3/5.T3/9
wag T3/13 Jumsivasdunenisuou 11 ¥ila
18un toluene, benzene, ethyl benzene, o-cresol,
m-cresol, p-cresol, o-xylene, m-xylene, p-xylene,
phenol a2 ethanol ﬁmmﬁ’fu%’u 1 iag 5 mM
muldanazifieondouiiquugil 30 e
wardoa Sunan 24 2109 nag 48 ¥ T wuh
fszduanududuvesmsdunenfvoulu
US1nae 1 mM ¥ T1/3 T3/5, T3/9 awsn 1%
adunemiven Iditeunnaiia ualussduding
fu daufiszduanududuresasduneniiuo
Tuilsuiuge 5 mM Fomuisolduiiaveams
Aupansueu laviosas 1aun T1/3 awsold
toluene ﬁ 2. 71 mM L Hf cresol, phenol, benzene
1A ethanol 1l 5 mM 1. T3/5 waz T3/9 awisold
toluene, benzene, ethanol (8% phenol "lb?l), T3/13
1115014 ethanol, toluene 1102 benzene 14 i¥oyn
AuWUT @150 1% ethylbenzene L@ xylene
TRenduunseneiuf 1918 Tesanniinududu
fﬁ%‘l I mM

Abstract

Trichloroethylene (TCE) is a toxic
volatile organic compound which using in many
industries. TCE degradation is occurred by
cometabolism. In this research, toluene-utilizing/
TCE-degrading bacteria were isolated aerobically
at 30 °C by enrichment in minimum medium supple-

mented with toluene 250 ppm (2.71 mM) as a sole

carbon source. T1/2, T1/3, T1/4, T1/8 and T5/10
was 1solated from natural soil and water. T4/1, T3/5,
T3/9 and T3/13 was 1solated from contaminated
water. Physiological and Biochemical test indicated
that T1/2, T1/3, T1/4and T1/8; T3/9; T3/13 and T5/
10 were similar to Pseudomonas putida (99.6%),
Rastonia picketti (92.4%), Acinetobactor levoffii
(91.7%) and Commanonus acidovorans (99.3%).
TCE degradation capability studies of those isolates,
cultured at late log phase under aerobically 30 °C,
were conducted by head space technique with Gas
Chromatography equipped with FID detector. The
results showed that T1/2, T1/3,T1/4, T3/5, T3/9 and
T3/13 could tolerance to TCE 10 ppm. TCE degra-
dation of T3/9,T1/4,T3/5,T1/3,T1/12, T1/13, T1/8,
T5/10 and T4/1 at 18 hours was 20.01, 17.07, 16.56,
16.50, 12.12, 7.04, 3.78, 2.24 and 0.91 ppm/mg
protein respectively. By statistically indicated that
T3/9, T1/4, T3/5 and T1/3 got the highest activity
(p<0.001).T1/3,T3/5, T3/9 and T3/13 were studied
on utilization of the other organic compounds as a
sole carbon source : toluene, benzene, ethylbenzene,
o-cresol, m-cresol, p-cresol, o-xylem, m-xylem,
p-xylem, phenol and ethanol at 5SmM aerobically
30 °C at 24 or 48 hours. The results showed that T1/3,
T3/5 and T3/9 could utilize almost all kinds of those
organic compounds at low concentration of 1 mM
but at different capabilities. Those isolates could uti-
lize some organic compounds at 5 mM as following.
T1/3 could utilize toluene at 1 mM and cresol,
phenol, benzene and ethanol at 5 mM. T3/5 and T3/
9 could utilize toluene, benzene, ethanol and phenol.
T3/13 could utilize toluene, benzene and ethanol.
Every i1solate could not utilize ethylbenzene and

xylene accepted for some isolates could utilize very

little at | mM.
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Trichloroethylene (TCE) l.ﬁuﬁ 15591K 8
(Volatile organic compound, VOC) ﬁiﬁﬂﬂﬁﬁﬁﬁuu
1 dudrrzdranialugaavnssudianing
dnuaziaiesna uazldifudrvhazaiely
gammnssud 1Hudu 1ailse maluglsduas
ﬁﬂigmmm Suwuiriimsudlou TCE Tni
A1 (Goeptar et al., 1995) INTWIIUMIITHVDA
Montani and Lefimine (1974) W11 !.ﬂﬂ TCE 1§15
Juilouas T udunazrimas fdurihlda
Tuszuufilseineendiou Suuaiiseuiawiie
aunson/aou TCE Woglugilued vinyl chloride
FellnuandAiumsnonz siiguuse

NSTUIUMSHBEARIY TCE Janymy

Wy Tnmmueadu (Cometabolism) AUNT o 19

A3yt uaIAuABAIT B 19U metane,
= 3

propane, toluene 1138 phenol tHuAY Ao

lun1sdesaais TCE 1da28 (Ensley, 1991)

Tuanizildoondiou gaunidaziiniinaa

Lﬂu'l“liﬁii”lﬂ’m oxygenases ‘Hﬁﬂﬁ'ﬁ"]ﬁﬁmﬁﬂ%
o | et o
msaupemsveuminthunguninumuiluesn

Usgnounagannsnaals TCE 1@ nazld
waasus gaton luilumsneuse 1wy nuna

W58 Burkholderia cepacia G 4 ﬁl‘i]?igq[ﬁtlﬁl%

toluene 11U ENTAUABAIT VBN T1U1TDAAW TCE
18 Tas141e% Tarad toluene 2- monooxygenase 0
nannuagametunamiueuueuen lud (CO)
formate 1A glyoxylate (Newman and Wackett,
1997) 1tag WU toluene YA iy o-cresol 17
Yeaaoae 11151 3-methylcatechol (Shields et al.,
1989)

Shields et al. (1991) $1891471 LUANITY
Aarinvziliou 13 toluene oxygenases HANAT
fulunsaate toluene HuunaIdunonITUBY
Yooz linanduauanaiu 5 vile Taoow o]

5 %11 1ALLA toluene 2-monooxygenase, toluene 3-
monooxygenase, toluene 4-monooxygenase, toluene
methyl-monooxygenase 118% toluene dioxygenase
a8 toluene I HAAS UATUANA AR o-cresol,
m-cresol, p-cresol, benzoic acid wazaslszney
toluene diol MUAA éd Wanner and Mccarty
(1997) vlﬁﬂm'l‘iﬂ‘i’ﬁlﬁ'ﬁﬁﬂmﬂﬂﬂdmuIl“lill toluene
oxygenases TN 5 WA %1ﬂqauﬂ5ﬂﬂﬂ1ﬁﬂﬂ@u
unanianmsuilen TCE 1o1% DNA Probes
ﬂl'lﬂiﬂﬂl%ﬂ Pseudomonas spp. WU IULAAZ LN G
SaumaInvasvesriiaveowlanl o lda
toluene 1A% phenol IWHUYAIAUABAITUBY LA
W11 toluene -2-monooxygenases I uaTiA I WLN
figa (dominant) Fujita uaz Ike (1997) 1&vims
ANYIANNAINITDLALANYMLNITEA18 TCE Y83
WouuafiGovatoyiian e phenol (Huunady
ABAI UOU ué"muu'u%ﬂuﬂ'z'luﬁ'lu'lﬁ AR@1Y TCE
1Ruaneneiy sadnuue My ganefinmaay
TCE "Lﬂﬂwfmmmum'lmuusmmnmanu %
mﬂmammﬁmnﬂmﬂuummmu"lwmmnmq
A

MNFBNUMIANIvBIER U WAL
I8 (Thailand Environment Institute, 1998) W31
s¥r191 Af. 1993 89 1997 IMsHWU1 TCE D4
59,914 A %&ﬁﬂﬁ'umaﬁuﬂmﬂ1ﬂ1ﬁﬂutﬁau
TCE fvzifatuludunadeuluouing i
T ldvmsuonuasfadenidouunfiGeninim
13135019 toluene WuumasAuaensueu wazll
ANANNTREA1 TCE 1MINMSANEINNUE T
Tumsaais TCE nazms1¥asauaenii uoua?
ou ivesziluilse Temilunsanymediu ns
1.I‘l‘l.|ﬂ$Jﬁ'H‘lelIﬂU‘iI‘]’]'ﬁ (eremedlatmn) FIEIVI.‘IJ 1u
msAny a3 Iusnuazfaidenideianuse
19 toluene 1Huuvasduasmsusu Haziniy
A14150@a10 trichloroethylene 19 LaZANYINIY
‘i’f'lﬂJ'l‘it’Hlﬂdlgﬂﬁluﬂ1ﬁ1%ﬂ1iﬁﬂﬂﬂﬂ1§ﬂﬂuﬁ?éuﬂ
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w - R o,
1. MsugpuazfAaiaonuuANnGanaINITaly

1 d o ¢§
toluene IHUIHAIAUADATUDOH IALAZMITINUIYD

W1 mixed culture 5 ﬂ‘]ﬂﬂ'ld'lﬂuﬂ Tl T2Z;
T3, T4,108 T5 mﬂmmummﬂumamm Vs
TudavdadoaIng, hiiinsdwileu TcE
99 ECIII, shiimsudleu TCE 99 ECI +11 11ag
auluthausu aesdunuuy muddy #9145y
ﬂ':nuaumﬂ:14mﬂﬂuﬂﬁmmﬁlﬂﬂmuﬁmm
nadon nsuduasuguamdunaden ims
feiden Taun1s1ii@ae619 mixed culture AN
s luiiesdu luomisgasiiua (Fauas

910 Yeager, 1999) N1 toluene Wuunasdunems

YU (enrichment) 1d72 TAoAUETIILA 11N
I.I.Elmm“"ﬂﬂtﬂﬂﬂéﬂﬂii‘[ﬂﬁ1ﬂﬂ1ﬁ1il£ﬂﬂﬁﬁ‘iﬂﬁﬂﬂ‘l
i toluene 50 ppm mu%mnnmzmawmuﬂ
QUUNN 30 BIF AT msfadenidonu

o

SnumzTaTall & vuia Auanaraiu tazda@en
ynmswsaydn Tad luesmadgasysumid
toluene AU LA AU fiD 50, 250 LA 500
ppm (1111 0.54, 271 1AL 5.43 mM AWEINY) &9
@valuvaafitladaorh teflon Hag aluminum cap mJ
neldanneiitieondion TaoweR 180 rpm 7
30 pasarea Wunal 1 3y nSsufieun
AUV UTAAT OD 600 nm

2. 1MI3IdB T

ﬂ1ﬂ1i!§ﬂdl§ﬂﬂﬂﬂ1iﬂﬁﬁﬂﬂ 9o misgas
ﬂi'Uﬂ"l basal salt medium (ﬁﬁl.l.ﬂ‘ﬂdi]'!ﬂ Yeager,
1999) Taoiidauisznoudail daudt 1 msaza
1 an5 Usznovuda (NH,) SO, 0.5 g, CaCl .2H O
0.05 g, MgSO_7H,O 0.5 g NaCl 0.1 g, FeSO,
0.005 ¢ @3UN 2 1M Phosphate buffer (pH 7.0)
Usums 1 ans ‘Llﬁmﬂil‘l_lﬁ’lﬂ K HPO, 8.71 g,
KH PO 6.80 g i‘l“]'NTIS trace element solution 1

Ans UsznouAIu H BO_ 0.143 g, MnSO, 0.005 g,
ZnSO_4H O 0.032 g, CoCl .6H O 0.010 g,
CuSO4.5HIO 0.008 g,INaIMnO4.2H10 0.005 g,
EDTA 0.0001 g @34 4 Stock vitamin USu1a3
100 ml 15£noURIE Biotin 200 mg, B12 400 mg,
Thiamin hydrochloride 0.1 g, Ca DL-pantothenate
0.1 g, Nicotinic acid 0.1 g N1SIATIUDINITINA?D
qmﬂium 1 803 1990318 IUVDIANTALA DN
Fail dauf 1:2:3:4 M0 940:50: 10: 0.5

=1

= [~ i
fiaaans Mmaw3oulue1sudeld bacto agar 2%

-=;. 3/ o ' o
FIUN 5 a1sauasmsueu 1aun toluene ¥IBAS

ot

A10u 1wy luvuznemIsgu

' s d &

3. MIUIUNIBNANHUVD YD

vuaiGeuen lduminisdeunnsy

' a g g d o w
wazqilinugadnislanasiganssAmasvens
1,000 1M1 MINSNATOULUANITINIATITLING
HaURNToMINTAANANA Tﬁﬂ‘lwﬂmmﬂau API
system memﬂmﬂtﬁI.'E]ﬂaﬂ‘}slm‘llml‘ﬁ‘ﬁlﬂu Bergey ’s
manual (Holt et al., 1994)

4. M3ANEINMIAAIE trichloroethylene (TCE)
MNISANEIAINE ISR lUNITEaY
TCE vouuuniissiuonld @r0maiin head space
azasvaaulIuw TCE A28 Gas Chrnmatngra-
phy (GC)TﬂtlﬂﬁtﬂUdlﬂfﬂ1uﬂ1ﬂ‘liq'ﬂﬁ"lJ‘J"IJﬁ“l'ﬂiJ
toluene 250 ppm Wuunadunensuou m!.‘i'?ﬂﬁ
3¢8e late log phase WIANEINITAA1e TCE Tu
YSunmfiaefiufie 1,5 uaz 10 ppm (IN1NU 7.6, 38
Hag 76 mM MUAIAY) IHYIAVUIA 20 Haaans
(U511@3501W15 : 129 = 1:5) Uaaaueh Teflon 11az
aluminum cap nwldanzifesndioulasu
uumwm 180 rpm qtum)u 30 DIFIYALFYA
#2901 12 w30 18 99114 111 2 31 AnINANAEA
WUY CRD WSsutmeuanuaiuisalunmsaaie
TCE (TCE degradation) 14¥478 ppm/mg protein
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Taginadn Gas Chromatography 1119 detector ¥
FID, capillary column ¥19 DB-624 YHIA 0.53 mm

o | 4 Ao 5
x30m YHIAAIDUNUNANRA 0.1 ml carrier gas (o

He 10 ml/min 1@ Uﬁqmﬂqﬁ Column, Injector Ha¥
Detector 11111 65, 200 LA 250 DIFUTALTIT A1
ey Ml ldsau lasmsiansazay
@9 0.5 ml ALY 1 N NaOH 0.5 m1 1 Tdu i
woa 10 Wi neudn I iadsum TisauTae7s
Y049 Lowry et al. (1951) uaz1¥ Bovine serum
albumin (BSA) 1Wunsminasgivuesldsau

5. MaAnIANNaINIeveawelumslTmsau
AT UD U DY

suuafisefdaden 1@unsAny
anuansalums lFasdunemsueurliagn1ee
Tﬂuﬁmmgw%ﬂﬂlumm*iqmﬂ%’uﬁwﬁﬁ;mﬁaﬁu
ABAISUBUYLAAIIG 11 ¥HA 1AUA  toulene,
benzene, ethyl benzene, o-cresol, m-cresol, p-cersol,
o-xylene, m-xylene, p-xylene, phenol 118 ethanol
fnnududuaesszauie 1 uaz s mM luaaad
Yadueh teflon L1ag aluminum cap vunelagnng
fioondiou Taowerd 30 oesmaiFoa Huna
2492104 1y 48 92119 111 3 1 udF I ImHAN
anauuy CRD 13 Uﬂmﬂummmw JEITGL Y

ﬁ']um OD600 nm 'If'iL‘HlI'lI‘LI ‘il"1ﬂ!.'l'ﬁ\"ll‘§1lﬂﬂ

HAaN1SI98

1. mIsaBemyenuaRiGafianseld toluene
Wunvasdunensueu

91N mixed culture 5 #9819 1AL T1, T2,
T3, T4, 188 TS ﬁnmfvfmﬁnmﬁ'ufmﬂm,1511?{{1
TudanTagoa v, 1f1ﬁﬂmiﬂmﬁauTCEqﬁ
ECIIL, mﬂumsﬂmﬂﬂu TCE 9@ ECI + II uag
auluthaudu aossumu muddy u1vims

A
ﬂﬂl'ﬂﬂﬂﬁfﬂﬁﬁﬂﬂﬁ Tﬂﬂﬂ'lﬁ'l-l'lﬂ’]ﬂﬂ’lﬂ mixed culture

Faldvhmsmusin (enrichment) 1U®1M13 AT
ﬂsumml toluene L{Immmﬁuﬂamww"lu
iinad TaugudIve YA HEnIRE RAdeNIYe
v a3 luemsudegasdsumiid toluene 50 ppm
neldanziifieandiouiiguvgil 30 oaen
waidoa aunsadadenide Idsaunile an
dnvaiz InTadl & vine Auandiadu uaziimsinsay
Aulad uazdiod lisadennsny@u Ta Tae
14 toluene ﬁm'lmﬂffn"lmiwq AU AD 50, 250 Lag
500 ppm (N1 0.54, 2.71 118 5.43 mM AUA 1A L)
Tuemisimargasium aeldaniazid
oondiau Tasvuuuuve 1 30esraioe iy
na1 1 5u wdulSsufsumanuyuveuradn
OD600 nm WL/ mmmﬁ’mﬁaméﬁﬁ toluene
250 ppm ‘148 $117u 9 10 1uAvINEI06T 14
NNUNAITTTUYIA S TOWUT Ao T1/2, T1/3, T1/4,
T1/8, 1Az T5/10 uazanunaauidon 4 SRULATS
Ao T4/1, T3/5, T3/9 uaz T3/13 Tauwu T3/5 uae
13/9 winAnInld5anga TaeiimsnSyiula
$1qsue stationary phase mulu 1Ian 9 FTua
uaz 1A OD600 nm 0.190 ULALIIA doubling
time 131 1 a2 0.8 %1 T ey seaaauilu
T1/3,T3/13, T1/4 uag T/2 lasimswsy@ la
1415202 stationary phase NuluIa1 12 #2134
uaz 11A1 0D600 nm 0.100, 0.100, 0.090 1AL 0.085
AR Liaz A doubling time 114 3, 0.5, 3 LAy
1.2 %2 Tuamuadu dau T1/8, T4/ wae T5/10 19
szoza IumMss YAy Tadngseoe stationary
phase Mulual 16 $2Tus uaz A1 OD600 nm
0.070, 0.080 1@ 0.080 MWAIAL UA1 doubling
time 1514 5, 4uag 2 F2Twammardy fagUi |
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0.20

* T1/2 W Y343

0.15

A T1/4 EBEX3T1/8

OD 600 nm

0.10 " _" — X T3/5 @ T3/9

© T3/13 B T4/1

u‘n5 N ——

® T5/10

0.00

0 g 10 16
a1 ( ¥alue )

20 25 30

jUN1 wamsnsyay TnvesuanGsmewuga1e Meigyluemismalrgasydiuani toluene 250 ppm

(2.71 mM) Wunvasduaemiven vumeldanizilioondoy uuuwe 180 rpm Nl 30 DA

LY ALY

2. M3vuendnuaive e

diouuaiGens 9 AWAUTUINING
gouunsunazgiliuradnielandosganssd
MaaveIe 1,000 40 WU T1/2, T1/3, T1/4, T1/8,
T3/9, T3/13, T4/1, uag T5/10 iWuuuanEounsy
auxig1)319 coccobacilli d3u T3/5 iWunuaiiiG oun
suvanuaziiglsiauiiu coccus iiloinistudiu
wan1sdeunsy Taonsi@oudo 1 Mac Conkey agar
ﬁﬂu'i1s§aﬁni‘luuﬂmﬁummsmﬁm"tﬁuh"15
n“maﬁ%ﬁtﬂmmmmﬂ"lﬂmuﬁmﬁmtﬁuiﬂﬁ
aeandonunamsdoungy ldmstuendnyel
wm.%mmﬂﬁﬁ'uﬂlu ﬂ'ﬁjij non-enteric Gram-negative
rod 1ALA T1/2, T1/3, T1/4, T1/8, T3/9, T3/13 Iag
T5/10 Taeld API 20 NE system

HAMIDUUNLUANIS 891N APT WU T1/
2, T1/3, T1/4 uag T1/8 Uanulndifeeiy
Pseudomonas putida \W Jounu (%identity 99.6) T3/
9, T3/13 uaz T5/10 UANUInAR8INY Rastonia
picketti (%oidentity 92.4)  Acinetobactor lwoffii
(Yidentity 91.7) wag Comamonas acidovorans
(%identity 99.3) MUAIAY HIUHAVDINTUIVDN
ANHUZYDY T4/1 uag T3/5 o3 lidaou 9
109U

3. MIAn¥IANNETINITavRUTBlUMITTa Y
trichloroethylene (TCE)
INMITANEIANNAINITO IUNITA Y
TCE mmumﬁﬁﬂﬁ:ﬂﬁm 9 130 fip T1/2, T1/3,
T1/4 , T1/8 , T3/5 ,T3/9 , T3/13, T4/1 uaz T5/10
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HANSNAABINLINUUARISsNAEIIRUT AN
asalumsaale TCE 1 ualidse@ninnua
nuge TCE TudSinaiuand1eiu Taowuiude
T1/2, T1/3 , T1/4, T3/5 ,T3/9 , T3/13 NuA® TCE
1889 10 ppm sazfivsz@nsam lunmisaare TCE
duTuiier S TCE Wyt fmsaats TCE
VOUND T3/9, T1/4, T3/5, T1/3 T1/2, T3/13, TI/8,

T5/10 wag T4/1 Aszdunnududuves TCE 10
ppm N 20.01, 17.07, 16.56, 16.56, 12.12, 7.04,
3.78,2.24 I.!.‘EI“" 0.91 ppm/mg protein ﬂmmmmnm
18 $2Tu9 FaHAMIIATIZHNARANYIUDE
T3/9, T1/4, T3/5 wag T1/3 Nilszansnmgagalu
A3ea18 TCE (p < 0.001) ﬁ'auma'lugﬂﬁ 2

n. TCE 1 ppm

& o © O o
|
|

TCE degradation
(ppmimg protien)
£h

o

HEE - a5 @

T2 TU3 T4 Tv8 T3/5 T3/9 T3/13 T4/1 T5M10

u. TCE 5 ppm

TCE degradation
mg protein)

%

|

T2 T1/3 Ti/4

PBemag

T8 T3/5 T39 TINI T4/ TS510

A. TCE 10 ppm

L

-
1
|
|

o
{-
|

o

TCE degraaalion
(ppmVmg prqlien) |
o O

= O

T1/2 Tv/3 T1/4 T1/8 T3/5 T3/9 T3/13 T4/1 T5/10

51N 2 wavesnsaa1e TCE vonuniioemenuiaeg luemsgasUsuaiil toluene 250 ppm (2.71mM)
UuIUUYEN 30 oraries 1 180 pm e 18 42 Tua ield TCE AvSumidneeg dag
N. TCE 1 ppm 9. TCE 5 ppm 8% f. TCE 10 ppm

—
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4. MIANBIANNTINITOVBINUANITHU DY
s Y Vv d -
WuglumslymsaunensuauaIau
HANISANHEIANUAINITOVDUTOUADS
aoWug lumsldaisauaemsuouslan1e9
| A 3 Y d e
wuude T1/3 ensaldmsdunemsuau lann
¥uaNszAUAMUGNIUAT 1 mM uag awsold
toluene #1 2.71 mM (250 ppm) 16 (31N 3 n.) AN
FLAUANUINTUVDITITAURDMTUOUNNTIATYY
= ; Yy ¥V A '
09 5 mM 1¥eeusn 1% a3 lunguues
cresol, benzene, phenol 1A% ethanol (E‘lj'ﬁ 39.) @9U

10 T3/5 annsal¥aisauaenisven laineunn

(N) 1%8 T1/3 | mM

T

“Te

=
=

b

OD800Am

Toluene Benzene Ethyi o-Cresol m-Cresol

bBEeniens

1
(W18 T1/3 SmM

o ow
0Onm NINNYY

m_
13

Q15

QD
o
(=]

Tohuere Hervere Hind

ereere

siianszauadudua | mM sndulunguves
xylene Aaufiszdun St 5 mM iFoamnsn
1%1@1!.?1&!4 toluene, benzene, phenul I1AY ethanol
it (317 4 0. uaz 1) dnude T3/9 aunsnlé
arsdunemivenidifeunnyiafinnuidudue
1 mM onduas TUNGUYDA cresol LAY xylene 114
¥iia dufsrduaududugs smviFoannse
o lAiiea toluene, benzene, phenol AT ethanol
i (307 5)uaz T3/13 Fudeiiannsaldms
Funeafuendifios 3 ¥ilanad | 1oz SmM fie

toluene, benzene LIAY ethanol (‘g‘, Un 6)

Bl -4 'ﬂ"ﬁ.ﬂ-l

B a8 0

p-Cresol  o-Aylene m-Xylene p-Aylene Phenol Ethancd

e

ol miesd plesd oXdee mHAaw pdes Pl Hhenol

31111 3 mm'smmﬂmqqﬂ (OD600nm AIAYTL) Vo ie T1/3 mamuﬂumw'ﬁﬂﬂﬁﬂwmwumﬁfﬂuﬂa

msnﬂu‘mqu N1781 24 11ag 48 ‘H’ﬂllﬂ UNLIULE 180 rpm 'FI 30 DA YA ‘I"Iﬂ'l'li]!.“l]ll‘uu

(M) 1 mM iag (¥) 5 mM
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MIANEANATNI RS T1/3, T3S, T39S
T3/13 ﬂﬂ‘ﬂqﬂumshﬁﬁﬂuﬂaﬂﬁuawuﬂmm
mnﬂ'ﬁmmmmaﬁﬂﬂ wu edannsald
toluene MszuadudU 5 mM 18ATigade
T3/5, T3/9 wag T3/13 vfm]ﬂmuﬁ‘uﬂﬁ’ufi T1/3,
T3/5, T3/9 uag T3/13 @11150 1% benzene Hag

(N) 1%¥® T3/5 1 mM

ethanol 169 wu*in%anﬂmﬂﬁuﬁmmm“l%’
ﬂmylbenzene Hay xylene 1dvieeunnialy li'la
mmmﬂmmwuwm | mM 130 T1/3 aunsald
cresol 1@AN YA 1Az e T1/3 fiu T3/5 anseld
phenol lg\lﬁiﬁl'lr'lq«‘»l

B4 il

B 24 4770
B 458 491

ﬂ.m i‘_ B
g OB
-~
E 0.20 |
=
- 015
S
- 0.10
a
®) 0.05
0.00
Toluene Benzene Ethyl o-Cresol mCresol p-Cresol o-Xylene m-Xylene p-Xylene FPhenol Ethanol
benzene
a
(V) 1%© T3/S SmM
0.30
0.25
-
o 4
= 0.20
e
- 0.156
c
-
§ 0.10
O 005 |

0.00 4

Toluene Benzene FEthyl o-Cresol m-Cresol p-Crescl o-Xylene m-Xylene p-Xylene Phenol Ethanol

pensens

' - - - J ¥ v .:IH o 0 e
sl 4 m3soau Ingaga (OD600nm MWNAY) VO UFD T3/5 irasd luemisgaslsumntiamsdune
AN UDUFHAAIT NIA1 24 Lag 48 ¥ T3 LNLUVIUE 180 rpm N1 30 DR UFALTEE NANUAIU Y

(N ImM tay (¥) 5SmM
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(N) léﬂ T3/9 1| mM

0.30

0.25

&
YINLTU

0.20 ;
B 24 9210

- -

0.15 -

B 48 $90u9
0.10

ODB00Nnm

0.05

0.00

Toluene Benzene Ethyl o-Cresol m-Crasol p-Cresal o-Xylene m-Xylene p-Xylene Phenol Ethanol

benzene

(V) I.‘fﬂ T3/9 5 mM

- o A

CDB00NM T NMTU

' & 4 2 & & 4 o
71U 5 mynTyaulagaga (OD600nm NWNAY) YBUFD T3/9 IBidedluevisgasiuam Nlas

L]
s |

AUADATTUOU ¥HAAIIY NIA124 18z 48 %3 T1a VUM UUET 180 rpm 1 30 BIFKFATI AW
WYY (R) 1 mM Hag (V) S mM
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(M) 143 T3/13 1 mM

3§ § 6

Q10

ODB00NM FiRAY

g &

(V) léﬁ T3/13 5mM

: e o Ay A 4 o o b el
3UN 6 m3nsyaulagega (OD600nm MWL) VO T3/13 Weesluemsgasdsua i
a =9 L] :i Ill.l' [ L] a=i = d'
AUADMTUOUYHAAIY NI 24 18 48 32 THY UNLUULYE 180 rpm 1 30 DIRUFAHEE AW
WU (N) 1 mM 1ag (¥) 5 mM




70 KKU Science Journal Volume 34 Number |

Research

%’il‘]ifliﬂﬁﬂ'l‘iﬂﬂaﬂﬂ

lumssadonidouuaiide wuhawiin
L!,tlﬂl,é}ﬁ]‘n'lﬂl.“ﬁﬂﬁﬂl%’ toluene 250 ppm (2.71 mM)
nuldaneifesndiou At 30 seriaiFea 910
Fpt1uFe R I4NUMAIBTTNIIA 5 MUWUT AD
T1/2, T1/3, T1/4, T1/8, uag T5/10 AT INLYAY
Juidlon 4 euWUT A0 T4/1, T3/5, T3/9 uag T3/13
namstuenenanYslvouseNy T2, TIA,
T1/4 1azT1/8 A1® Pseudomonas putida T3/9 A0
Rastonia picketti T3/13 A0 Acinetobactor Iwoffii LI
T5/10 7D Comamonas acidovorans Wan13ANYI
AU INITDVRIUANIS 8 TUNITHAY trichloroet-
hylene ABINALA Head space uazasIvaoulsun
TCE 970 Gas chromatograph WU T1/2, T1/3,
T1/4, T3/5, T3/9, T3/13 Nu#© TCE 1904 10 ppm
TaowuiiAmsgats TCE veuido T3/9, T1/4, T3/

5, T1/3, T1/2, T3/13, T1/8, T5/10 1ag T4/1 nmuld

annmzineendinuiiung 18 $2 Tusfigaingi 30
parIraIFa AN 0aa 1w TCE R 10 ppm
18mAY 20.01, 17.07, 16.56, 16.56, 12.12, 7.04, 3.78,
2.24 1182 0.91 ppm/mg protein FamamsIns i
ADANUI T3/9, T1/4, T3/5 uaz T1/3 Nilszaninn
gagalunsaaly TCE (p < 0.001) ANUTAINIID
voelumsaaie TCE fuon’ldi flszansnm
UINATT Acinetobacter sp. P4 Lla¥ Alcaligenes sp.
P2 uay P7 dauonvinauluninazuseniio
witioveasumelne Tasns14 phenol iiluumas
Fudemsveu Fafinwannsalunisaaio TCE
W89 0.43, 0.86 LA 0.56 ppm/mg protein NG 1Y 18
F1Tus Annududu TCE 10 ppm wudoaiu
(Millintawisamai et al., 1999) ttazllszansnIn
qam'w Pseudomonas cepacia G4 ﬂ?uﬁu;gaﬁuuﬂ
nnunaaiuiionTaold toluene iunmasdy
ADMTUDY FIa1LIT0da0 TCE 1& 20 mM (2.6
ppm) (Krumme et al., 1993) ey 24 ‘f;‘rﬂhi U

HAMIANEIANUANITOYBUTD T1/3, T3/5, T3/9
waz T3/13 lumslyasduaemsvou 11 ¥ia
14un toluene, benzene, ethyl benzene, o-cresol,
m-cresol, p-cresol, o-xylene, m-xylene, p-xylene,
phenol L181& ethanol ﬁmmﬁi’nﬂu | A& 5 mM Y
Idan1ziifieondioui 30 mmwmﬁ?ﬂﬂ Hunan
2442 Tua uaz 48 92 Tus wuitse ﬂummwmu
vosmsdunemiueuluSime 1 mM e T1/
3 T3/5, T3/9 anunsa l¥asduasnisuen laneu
nnwiiauafiszduaeiu daufiszdunnududu
vosmsdunemivenlfnugadoaunsald
PUAVDIAITAUADAII UBU IATIDERY 1ALA T1/3
mmini%’ toluene ﬁ 2. 71 mM Liag Hf cresols,
phenol, benzene L1a1& ethanol "ﬁ 5mM 18 , T3/5 llag
T3/9 @111501% toluene, benzene, ethanol L1AZ
phenol 19 davide T3/13 Hudenannioldas
ﬁuﬂaﬂﬁmu'lé'ﬁﬁua 3 ‘ﬁﬁﬂﬁa toluene, benzene
Li91& ethanol mwmmmuwm | mM Llﬁmqmd 5
mMﬂamiﬁﬂu1m'1:uffm':'imwmmﬂwqﬁ"luﬂﬁ
T¥msAuaemIUaUIAAI9 A toluene 13unido
T3/5, T3/9 11aag T3/13 benzene LAY ethanol 1Aun
T1/3, T3/5 T3/9 uay T3/13 unwui-ﬁanﬂmu
wuﬁ"‘lnmmmh ethylbenzene LY xylenﬂ 15a
1518 pemnugfnnududue 1 mM i T1/3
am130ld cresol 18Afign Lazi¥e T1/3 fu T3/5
a11150 1% phenol 1ﬁﬁﬁqﬂ Zaitsev et al. (1995)
SIWUN Rhodococcus opacus GM-14 2NI0aAWY
benzene, phenol LIA¥ benzoates 8 ﬁﬂfmmﬂ‘ﬁﬁﬂ
mwﬂ"lﬁ'“luﬂﬁwmﬁ'lm VINUHAITITUYIALAL
iwnaaluiloumaril dnsiilse Tenflumsinu
mmmﬂmmawﬂﬁwnﬁ (bioremediation)
Twusnafinmsdudlen (site remediation) lALLA
trichloroethylene, benzene, toluene, phenol La¥
Modern gasoline Eﬁdﬁ ethanol (HUaUHAY %ﬂu
’1‘]51qummm‘lmﬂﬂﬂmﬂﬂummmﬂ'[ﬁwﬂﬂu
'ﬂu‘nﬂuﬁ]au Tudszimaneosnuviie
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UNANED
m3d1sa0 Ins Indaluiotiainde
A iejaaine suneiod T iaveuuny
SHINUADUNGUIBY 2545 DI 1ADUNGHAIAY
2546 5IUTTELIAT 12 10U WU INT INg 14 class
s2umady 100 ¥iia 1808 (1) Class Karyorelictea 3
‘Hﬁ'ﬂ, (2) Class Spirotrichea 17 ‘Hﬁﬁ, (3) Class
Prostomatea 4 ‘Eﬁﬂ, (4) Class Litostomatea 4 ¥UA
(5) Class Phyllopharyngea 8 %1®, (6) Class
Nassophorea 2 ¥UA, (7) Class Oligohymenophorea
8 %119, (8) Class Colpodea 1 ¥18@, (9) Class Diniferea
2 %119, (10) Class Euglenoidea 26 ¥4, (11) Class
Phytomonadea 4 %19, (12) Class Cryptomonadea
| %9, (13) Class Lobosea 15 ¥1@ 1ag (14) Class
Heliozoea § ¥iia Tws Indadu lngjfinuiinisuns
m:muﬂﬁ'wﬁunmma‘nfwnﬁu'[mTﬂﬁi"ﬂu
Class Karyorelictea 11i& Class Diniferea WUABUY
Fou Tws Indafimummz luderiudoneu 185y
ﬂ1§ﬂ1ﬁﬂ11ﬁh~1€]ﬂu5iﬁ1¥dﬁnﬁ 13 A laun

Acineria incurvata, Echinosphaerium sp.,

Anthophysis vegetans, Arcella vulgaris, Ceratium

furca, Epistylis sp., Loxodes striata, L.vorax,

Metopus sp., Paraurostyla weissei, Phacus ramula,
Sphaenophrya sp. \@& Stentor polymorphus Tws Inan
mation 1 iludriitedundeun

Abstract

The species diversity of protozoa was
investigated in wastewater treatment ponds, including
pretreatment and six posttreatment ponds in
manucipal region of Amphur Muang, Khon Kaen
province between June 2003 and May 2004. One
hundred species of protozoa belonging to 14 Classes
were recorded; (1) three species of Class Karyorictea,
(2) seventeen species of Class Spirotrichea, (3) four
species of Class Prostomatea, (4) four species of
Class Litostomatea, (5) eight species of Class
Phyllopharyngea, (6) two species of Class
Nassophorea, (7) eight species of Class

Oligohymenophorea, (8) one species of Class
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mAdndnaine aaeInemans uM1INEBUINEATIIAAT 99INT NTUNN 10900
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Colpodea, (9) two species of Class Diniferea, (10)
twenty-six species of Class Euglenoidea, (11) four
species of Class Phytomonadea, (12) one species of
Class Cryptomonadea, (13) fifteen species of Class
Lobosea, and (14) five species of Class Heliozoea.
Almost protozoa recorded in this study had a similar
distribution at all sampling sites, except members of
the Class Karyorelictea and Class Diniferea were
rarely found in this study. Protozoa found only in
pretreatment ponds during the dry season (October
2002 - May 2003) period were as follows; Acineria
incurvata, Echinosphaerium sp. Anthophysis
vegetans, Arcella vulgaris, Ceratium furca, Epistylis
sp., Loxodes striata, L. vorax, Metopus sp.,
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Paraurostyla weissel,

Sphaenophrya sp. and Stentor polymorphus These
13 protozoa species may be use as an indicator for

waste water.
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