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Jeerajan Janngam 2011: Phytoremediation : Vetiver Grass in Remediation of Soil
Contaminated with Trichloroethylene. Master of Science (Environmental Technology
and Management), Major Field: Environmental Technology and Management,
Department of Environmental Science. Thesis Advisor: Associate Professor

Patana Anurakpongsatorn, D.Tech.Sc. 84 pages

Trichloroethylene (TCE) is chlorinated hydrocarbon which used in degreasing oil and
grease from process products. It was found that this chemical was contaminated in
environmental, soil and water around industrial area. Soil was collected from Pratum Thani
province which had TCE higher than the standard set by Ministry of Industry. Four ecotypes of
vetiver grass (Vetiveria zizanioides) were used for phytoremediation including Songkla 3,

Sri Lanka, Kamphaeng Phet2 and Surat Thani. All ecotypes grew up and the survival rate was
100% after planting for 1 month. Surat Thani had the most number of leaves (6.67+0.58 leaves
per plant). Songkhlar3 had the longest shoots followed by Sri Lanka (6.67+0.29 and 5.33+0.76
cm). Songkla 3 and Sri Lanka had the longest leaves (40.57+1.39 and 39.30+5.88 cm).
However, there were no statistical differences (p>0.05) in sprouts quantity and leaves width
among the 4 ecotypes. Songkhlar 3 and Sri Lanka were selected for further experiment. Selected
vetiver grass was planted in contaminated soil mixed with materials including coconut husk
chips : soil : manure in ratio 3:2:1 by weight. TCE was higher accumulated in leaves than shoots
and roots (41.66, 36.99 and 21.35%). In control group, 2.49% of TCE remained in mixed
materials and 97.51% was disappeared from the system. Comparing with the test group,
planting with Songkhlar 3 had 2.02% of TCE remained in mixed materials, 5.74% TCE left in
plant parts and 92.24% disappeared from the system. Sri Lanka test group had the same trend as
Songkhlar 3, about 2.25% of TCE still remained in mixed materials, 5.61% was in the plant
parts and 92.14% disappeared from the system. Since, this experiment was considered only
TCE, loss of TCE in the system might be occurred through volatilization, transformed into
others compounds by microbial or plant activities. The results of this research can be benefit in

alternatively applied to the existing areas contaminated with TCE.
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M9 2 Auantanemenw tagnuaiiveslasaae Islensau

Parameters Values

Freezing point (°C) -84.8 (freeze)

Boiling point (°C) 86.7 (760 mm Hg)
43.8 (1 mm Hg)

Specific gravity 1.46 (25/25 °C)

Vapor pressure (mm Hg)
Refraction index (n,)
Critical temperature (°C)
Heat of combustion (kcal/g)

Flammability flash point (°C)

Ignition temp. (°C)
Danger of explosion:

Limits (% v/v in air)

Oxidizing properties
Solubility
In water (g/1)

In organic solvents

In oil
n-octanol/water partition coefficient (log)
Organic carbon partition coefficient, K _
Bioconcentration factor, K,

Henry’s Law Constant

1.4904 (4/4°C)

69 (25°C)

1.4782 (20 °C)

271.0

1.751

Non-flammable under normal working
condition; may ignite if in contact with high

temperature heat sources

410

8.0-10.5 (25.5°C)
8.0-52.0 (100°C)
None

1.07 (20 °C)

Completely miscible with several organic
solvents

Miscible

LogK'/w 2.42

K'/w x 0.6

K'/w x 0.048

9.85x 10~ atm-m’/mol (25 °C)

131: World Health Organization (1985)
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3.1.1 phytoextraction N30 phytoaccumulation
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a 1 A tg A g 2 o o a 14 =
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Translocation into
Shoots
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1 ted
" ngj Soil Being Contaminant

Remediated

MWA 6 NTZTUIUMNT phytoextraction 130 phytoaccumulation
31 Muhammad et al. (2008)
3.1.2 rhizofiltration
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in water and ; d
pollution from cleaned up
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polluted groundwater
groundwater

2 . .
MAN 7 NTEUIUNIT rhizofiltration
1311: United States Environment Protection Agency (2001)
3.1.3 phytostabilization
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("C" Represents Contaminant Compound)

MNN 8 NTTUIUNS phytostabilization
131: Muhammad et al. (2008)
3.1.4 phytodegradation 130 phytotransformation
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O contaminant

new plant fiber

contaminant

MWN 9 NTTUIUNS phytodegradation 130 phytotransformation
131: Muhammad e al. (2008)
3.1.5 phytovolatilization
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YSunadsunisiag (%)
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MAMile 0.79 - 3.72 1.5-2.7
ﬂWﬂﬂ%%ﬂ@@ﬂlaﬂQ!ﬁﬁ@ 0.1-9.0 041-1.40
mald 1.0-3.0 04-22
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4.1.5 daialuau (soil organism)
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msaana1nale “C anududuga (560 pg/) waz anudndud (140 pg/l) szoznaRnINg
naaodludisuaazyiiaazuanaanu Ias uasenldna 61 Ju dnvulinar 31 54 wazuzie
¥ o v (a 14 " o Hq ¥ v v
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Y o @ @ - I~ - |
wenINHMIITALNE vinyl chloride ¥l U metabolize NNAINAITIOITA1BUDIATT TCE
a 1 @ {o 1 a %)
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TCE fianua msfinuas TCE Tuiindoslinauudu'lil1dens TCE onuldsugiuazadis
o o A A A A g Y1 A A o o= a I ya
nusgnuileeny wie ulydldniimsszmeesnmaluvesiiy daiudednnuiulllan

a

YA 2o o A e L 4 Y A
e lgnyruatiiniaais TCE Mudloulunuinmelaanizimunzay

F4 [l 9 v
dmSungnudminldgniiundnyuie Idhiaasdudeouludu uaz i wuiu
= Aav 1 Y dy 9 1 9 Y o @ 9 3 a =4 a =4
FanuIveneunthil lasieanud ngnudnannsaldinia lansassuniduazarsetiunsd

#nFI9E1991U3Y Singh er al. (2008) Arntanuiull1dlumsldnghudnihiaasiuea



28

§ a A o 1 1 g’ o J
uiluasounsdninduilouluunani Tasshimanaassgnughudnluanzilacaie
(aceptic conditions) WuNMeluszezm 4 Sundudnasaiidaasiluoannududu 50
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v Y
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[ 1 1 % I 1
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A A A A ' Y A [ Yy 9
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o < o [ a A
2. ginsallumainudledeau uag Wy
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3.7 Beaker 50, 100 ml
3.8 Microsyringe 1 ml
3.9 Micropipet 1000, 50, 10 pl

3.10 Volumetric flask 25, 100 m

4. w3esfion1Flumsdinaziiesad uaz iy
4.1 130953 4 §umtle
4.2 Gas chromatograph Electron Capture Detector (GC-ECD) HP 6890
4.3 Headspace sampler HP 7694
4.4 Hot air oven
4.5 Hot plate

4.6 Incubator shaker

5. iy
5.1 Deionized water
5.2 Methanol
5.3 Conc. Sulfuric acid

5.4 Trichloroethylene
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Total retention time:
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Velocity

Electron Capture Detector
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210°C

90°C

10 min

1.50 ml/min

34 cm/sec
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1 10 9 4 . L o
6.1 A1 TF nAUgaIaY (translocation factor from soil to shoot) FIANITOAIUIUN

E4

v A
aUNITANU
TF = C,,/C,

6.2 A1 TF mﬂ’ﬂﬂ’c:fﬁﬁu (translocation factor from root to shoot) FITNTOAUIUIN

v
AUNTAIY
TF = Cg/C,

6.3 A1 TF ﬁ]"lﬂauiiﬁﬂ (translocation factor from soil to root) FITWITOAIUIUIN

AUMTAIL
TF = C,/C,

Tag TF = translocation factor

o = anududuvesasTuau (mg/ke)
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) A a
R ANMUAUNVUUDIFITNUIIUIN (mg/kg)


http://scialert.net/asci/author.php?author=Abdul%20H.&last=Bu-Olayan�
http://scialert.net/asci/author.php?author=Abdul%20H.&last=Bu-Olayan�
http://scialert.net/asci/author.php?author=Bivin%20V.&last=Thomas�
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3.2 MIALauVINs TCE Tuiy
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1.4 naldlunan 1 92 Tue uiinai 1a1n hydrometer Haz Agaungionase 1ha1n
Y o 2 us.l} o 1 Ay Y ~ @ A o
la'llfuamn %sand, %silt 18 %clay 11ngas 1niuihan Id lifsunuaurasusuun

4
oAU 3 ngu 12 ¥iia

C 1annmstlaaisie T
Corr40sec  1A0INMIAMUIUAIGAT 100 — [(Hydro. + C) x 2] = %sand
Corr 1 hour 1A0INMIfIIUAIGAT [(Hydro. + C) x 2] = %clay

%osilt laninmsauudiegas 100 — (%sand + %clay)
Xa o
2. mamanuruluay

) . { a I ) ) . {
2.1 11 moisture can W10UNGUHYN 105°C 1Huran 2 ¥ T e moisture can NoULA?

9
11 1a 11 desiccator ﬁﬂ%’iﬁ’;?m

' Y ' [ v [
2.1 ¥9111150 moisture can AYATDIFINAL N 4 @KU HUNNIMITD FIaU

1 = 091 v A 4
Uszaa 5 ¢ ldaalu moisture can aptiunniming 14
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100

70 | <,
g W\/\/& X
& .
53" 60 J}{,

50
cla
silty clay
%\flayloam/\/ |0am ,\/
=Y

A “'“'M\a’\/ ~/ \/ 7 \/*’

&
loamy silt B
sand sand
\ T N N\ N \ N B
2 % B > B B B B B B

percent sand
- ~awd

Chart showing the percentages of clay, silt, and sand in the basic textural classes.

v v Y
MUEUINA 01 TurdsuSIuNTioAn 3 ngu 12 yiia

a

' ' ' Y
2.3 111 moisture can NRAUUNVod I ouNRAAN 105 °C 1T ural 24 $2 Tuane 1317

L | u L] U

< v g} v Aa @ 3
muiu desiccator Lléjﬁﬂfﬂu'lﬁuﬂﬂuﬁﬁﬂflﬂaﬂﬂiﬁ

Y Y
2.4 ﬁm’gmmmm%uﬂlmﬁu Al

Y Y
9 o v o 1T A 1 o v o 1A [
AU %) = (HIMUNAIBYNAUNDUDY — UINUNAIDYNNAUYAIDY) X 100

v
(NYUNAIBYNAUNDUDL)
a d | U a
3. Wnszr manuiunsamavesdu (pH)

' a <3| VoA dy o3| 1 a & g AAda a
A1 pH “IJi’]Qﬂ‘L!L'IJ‘Llﬂ"I‘VI1JQ°]5ﬂ’J"IllL'iJ‘LlﬂiﬂﬂNﬂJi‘NﬂuGﬁ\uﬂuﬂmﬁﬁJUﬂﬁ”l YNUBNITNAAD

Y
A1 pH 108 pH meter lnal¥dns1auau ;1 Ao 1:1 (g: m)
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3.1 HAUMTOUAIUAZLATIVUIA 2 mm FIAYU 10 g ldaelu Beaker Y110 50 ml 1AW
g’ o [ a 09/ Y] Qs: Qy { Qy I
ey 10 ml Isunaudrauldaumazaininsu daneld 30 win luvaznnana A ey

Y
ATIAI1INOUIA pH
3.2 ¥ standardize pH meter @38 buffer solution pH 7.0 118 4.0 noun15a pH VoAU
Y o 1V Ao = Y Y o 1 a T a 4 a =~ v @
uaihm pH Nuin Budnhawndsaduainsinizivesdu Taoieussaununis

WINT9IU A1 pH vo9AU TUMTINUINT N1

4 a 1 a J a
msnwuanﬁ A1 UszuummsInsIgHivesan

TAY (rating) pH
WuUnTATANIN (extremely acid) <45
unsaia (very strongly acid) 4.5-5.0
dunsaun (strongly acid) 5.1-5.5
1< .
Wunsal a1 (moderately acid) 5.6-6.0
Wunsadniios (slightly acid) 6.1-6.5
rﬂuﬂma (neutral) 6.6-7.3
11A19981900U (slightly alkaline) 7.4-7.8
I 1 .
Wuarahunans (moderately alkaline) 7.9-8.4
ﬁjuﬂ'nuﬂ' (strongly alkaline) 8.5-9.0
!,:ﬂuﬂ'N 9 (extremely alkaline) >9.0

Y
HUENYR ﬂi‘]ﬂ’imﬂlﬂﬂﬂu (Soil reaction), pH (A : 11 =1:1)
d. o
4. eJ!ﬂi]x‘ﬁau‘ﬂ%ﬂ’mq (organic matter: OM)
A o a o 4 I
1935909 Walkley and Black 11 Iagnseond lagasueuldnaailu co, de

Y o a 2- A A 9 . &£ ax
K,Cr,0, 1ag H,80, udrialsuna Cr,0.” Minae Iaons lasiasnane reducing agent 935

a 4 @ U awv a a a
3&ﬂ51$ﬁﬂ$ﬂ‘i‘umﬂﬂ'ﬁqhﬂu’)%ﬁllﬂﬁﬂu ﬂ@ﬁﬂﬂﬁ’)ﬂﬁﬂ NTNIFINITINHAT (2544)
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4.1 HIHI0619AU 1 g FITOUAIUALLATIVUIA 0.2 mm 1aad1u erlenmeyer flask 250
ml 16 1 NK,Cr,0, 2311l 10 ml 19 pipet 1109 flask 111 9 I¥auuazarsazatonauiu @y

H,S0, (conc.) 15 ml w19 1-2 wiiudldasng 1Hszana 30 uii

AL 22 < N N
4.2 1@1naN 50 ml 1adana 1315181 uaz viem O - phenantholine ¥4 indicator
{ I
aely 5 viea U suspension szuldowiluditien lamsndlearsazate Fe(NH,),(SO,) 0.5 N
= . ~ A = a A I = g’ A
IUDY end point FVoscTazavIzlasudnnddendudiinauas aa Usmas K,Cr,0,

1Az Fe(NH,),(S0,).6H,0 N 14

Y
o ] [ a Ia o o a
4.3 N1 blank FURGINUNITAATIEHAN MNUURMIUIMIYTIa organic matter

gasiualsinadunieing (organic matter: OM)

% O0C = (B-T)N/B x (100/77) x (3/10°) x (100/X)

e B = $wauiladansves Fe(NH,),(SO,).6H,0 it lamsnify blank
T = $woufiadansves Fe(NH,),(SO,).6H,0 il lamsnfudesrudy
N = anududuues K,Cr,0,
X = dhwiinvesiu (A1)

% OM = % organic carbon x 1.724
a d v q‘
5. ﬂ1§3!ﬂ51$1"iﬂ1ﬂ’Jndﬁnﬂﬁtﬂuﬂ1§!!ﬂﬂ!ﬂaﬂuﬂﬁgﬂﬂiﬂ (CEO)

A, o A A o ¢  a { 1 Aav a a
1935 1dAuduAIA28 1 N NH,0Ac Fuiluitnlunquanidaniiau nevlgiane

NIUIFINTINAT (2544)

5.1 FeAuvadurIgUIna1s 2 mm wiin 5 g 1d1u leaching tube F3309RUAIAA

UASINA1Ta 018 asbestos 5 ml

5.2 ¥£AUA201I01 1 N NH,0Ac, pH7 Y511a3 100 ml fioo 9 aeslinoaiiaziios
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5.3 @19auTu leaching tube A28 ethyl alcohol 95% 1/511@5 100 ml tWEA19101 NH,OAC

v

NwazAnegauyuveeynInoen 1inue

5.4 ¥2AUAIY 10% acidified NaCl 511015 100 ml titoh Na+ vz 1 11/1a NH4+ Niga

e

1da a a o ' o z 0 { o a <
VgAY MIrzAudei1081991 9 naenImiuih leachate 1 Idu1US USR5 200 mI
Y v

2811na U

De &

5.5 111 leachate linaudeyanadunitlSuta NH4+ Tae pipet 81302018910904 4.4
[ Y
1120 ml 1eae1u Kjeldahl flask 4&21@3 Mg0 0.2 ¢ 31 NH3 ADATUAIY 2% boric acid-
. . ) o Ay Y A A [ 3 o Y
indicator 5 ml 1 lnau ensazaie lavzlidivien nasnniuiiwn lasmsnale H,S0, 0.02
=3 . Y s = a d' 9 d'
N 9UD4 end point 92 lamsazae@usousuy Tuinilsinasues 1,50, 14 lasasmite

i ldwrmae ldawgasmsdwmn CEC
CEC = N x (T-B) x A x 100
1o N = Normality ¥4 standard H,SO, (1% 0.02 N)
= 1/5312194 standard H,SO, 14 tritrate sample

N
T
B = Sua1v04 standard H,SO, ‘7116]95} tritrate sample
A

Y
= YSuunimuavos aliquot
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1. wamsn3IalFnams TCE luaiuma q vesnaueln

M31991INN v1 USuaas TCE luaiusn d1du wazly tag A1 translocation factor from

v
d A o =

) voanaudnaeRugasaan fNlgnludunauiag

Q

root to shoot (TF,

9
YFvgedu (mungwindgy : au : flonon Tusasiau 3:2: 1 Tastimin)

USunar TCE Suduiiaiszuns 183 mg/ke

15uaeans TCE (mg/kg)

A oy :

510 AU Tu A1 TF

1 1.77 221 3.58 1.25

2 1.82 3.97 1.82 2.18

3 2.65 4.03 7.04 1.52

4 4.68 4.62 3.80 0.99
Aunde 2.73 3.71 4.06 1.48
SD 1.36 1.04 2.18 0.51

M19INN 42 USuaas TCE ludiusin d1du tazly tag a1 translocation factor from
9 4 ~ Aa o
root to shoot (TF, ) ¥anauenenewugasval 3 nlgnluaunaniag
Y
YFvlgeau (mungwindy : au : flenon Tusasian 3:2: 1 Tastimin)

UTu1a TCE Suduiinyszana 183 me/kg

151a15 TCE (mg/kg)

i — '
510 f1au T A1 TF
1 1.51 4.80 3.59 3.18
2 1.46 2.00 6.03 137
3 1.63 2.20 4.06 1.35
4 2.36 7.16 4.24 3.03
AnaY 1.74 4.04 4.48 2.23

SD 0.42 2.44 1.07 1.01
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MFTNUINT V3 WANIIAATIZHANNLANA NN EDAveILS a3 TCE inuludiusn

o ¥ S Ao A

v J o a
ardu wazluvesnghudneneiugawal 3 uazaeiugeaiain Nilgnluau

nerndaglsulyeau (muuzwingu : au : feaon Tudasidm3:2:1

9

Y v H
Taginnin) Usua TCE iSuduiinilszunm 183 mgkg Nizauisdnn

0.05 Taal4T1l5unsy SPSS

ANUTNTUVDIE1T TCE (mg/kg)

AV INY 1+ —
ﬁ'WEJWHﬁ.EWGUQW 3 ﬁWﬂWHﬁ‘ﬁiﬁ\iﬂ1
510 1.74+0.42 b 2.73+1.36
adu 4.04+2.44 ab 3.71+1.04 a
Ty 4.48+1.07 a 4.06+2.18 a

2. wamsnyadasanaes TCE luauiwaniaalsuilyeau

M319WuINT ¥4 USuadns TCE Mmae ludagilgn naza1 %TCE removal ¥09anIUANN
Tafimsgnuauen Ao Aunaniaglsulyedu (muuzningy : au : io
[ 1 oy o a Q' Y A
aen Tudasnaiu 3 :2: 1 Tagsmin) Usua TCE Guaulianlszum 183

mg/kg

Usuaens TCE Tudagilgn

fudedad %TCE removal
(mg/kg)
1 4.44 97.57
2 4.72 97.42
3 4.44 97.57
4 4.44 97.57
5 4.72 97.42
AunaY 4.55 97.51

SD 0.15 0.08
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M519muInd u5 USumars TCE imaeludaqilgn naza %TCE removal vosngiudnais
wugavan 3 Ngnludunauiagdsudiedu (muvenindu : du: e
[ 1 091 o a Q' Y A
Aon Tudnstaiu 3:2: 1 Tagrmiin) U3 TCE Fuduiian)szuna 183

mg/kg

Usuaens TCE Tudanilgn

Al w?’e)fhﬂ‘ﬁ %TCE removal
(mg/kg)

1 4.20 97.70

2 3.88 97.88

3 1.76 99.04

4 1.64 99.10

5 3.28 98.21
AunaY 2.95 98.39
SD 1.19 0.65

M319wuIndl ¥6 USuraans TCE Mwde ludagilgn uazA1 %TCE removal vosvg wdnee

[ A o

s ! a @ o a o a
wugasaan Nlgnludunauiaglsvlgesau (muvzndndu : au : fonen

Tudasradau 3:2: 1 Tagrhmiin) USua TCE Suduiianlszanm 183

mg/kg
o e .4 Ysumaens TCE Tudaaign
AUNIDYNN %TCE removal
(mg/kg)
1 3.80 97.92
2 3.84 97.90
3 1.76 99.04
4 1.76 99.04
5 3.88 97.88
Aunae 301 98.36

SD 1.14 0.62




Area 1
3500 -

3000

2500 4
2000

1500{; 2
1000 1 /

500 -]

0T
0 20 40
Amount[ng/ul]

TCE at exp. RT: 2.867
ECD1l B,
Correlation: 0.99995
Residual Std. Dev.: 26.25237
Formula: y = mx

m: 70.49705

x: Amount [ng/ul]

y: Area
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MuNni vl aasasgIuvesans lnsnas Istensaunanududu 10, 20, 30, 40 1oy

50 ppm Ipal¥ATe9 GC-ECD

~ ECDTB, (§TDTCESIGT0001.0)

SHz |
180 -]
160 -

140 -

120

100

80-

60

40

20+

™ . . ax P A
MNANUINN V2 retention time %ﬂﬂﬁ?iqﬂiﬂaﬂjilﬂﬂﬁau (2.939 UIN) Iﬂﬂlﬂiﬂ\i GC-ECD
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4 J 3 4 1 1 ' a a
MW Al (esyuamIasauUeIans TCE Tuauas 9 MIVTTHINAU 3 ¥UA

Properties of soils % TCE
Soil .
OM (%) Moisture (%) Bulk density (gem ™)  Gas Liquid  Absorbed
Rindge 11.2 354 24 5 71
Yolo 2.2 11.7 52 3 45
Reiff 14 13.9 57 4 39

1307: Fan and Scow (1993)

a a 1

d‘ =~ =) a A [ Yo =4
AT NNUINT N2 !ﬂ‘iﬁl‘]_]lﬂ/lﬂUﬂi%ﬁﬂﬁﬂWWﬂ?ﬁ@.ﬂcﬁUﬁWi TCE lagl9daoun3oriani 9

q

Organic materials %0C surface area TCE sorption
Pine 51.62 0.62 mz/g 1,076.0 ng/g
Cypress 19.05 1.37 m’/g 942.7 uglg
hardwood 43.23 1.1 m’/g 540.9 pglg

31: Wei and Seo (2010)
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M31INHINT A3 mechanism ¥YoIe15 TCE iunszuIumsiaiiialaslddu poplar

Process Pruduct

methabolism chloral hydrate, trichloroethanol, di- and trichloroacetic acid
incorporation insoluble residue

mineralization Co,

transpiration TCE vapor

rhizosperic degradation

via microorganisms

CO,, dehalogenation metabolites such as cis-1,2-dichloroethylene,

vinyl chloride, and others

1341: Chappell (1998)
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"¢ in plant

12%

B coots

D corm

B lower portion of leaves

top 15 cm of leaves

mweani a1 USua e fasranuludunngilgiiluszuy wetland

1301: Bankston ef al. (2002)

700

600 —

500 -

400 -

300

200 -

Residue Concentration (as pg-TCE equivalents/kg)

MNNUINT 92 Msazauvesas TCE Tuuziome

1301: Schnabel ef al. (1996)

Low Dose (141 pg/L)
B High Dose (563 ug/L)

Soil Fruit Leaves

Stem

Roots Weeds

78
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4 o 4 a
M3 1ewWuINd 91 gurigiimdsveaszme lngluil 2553

Average Average Thailand Average Average Wet Days  Average Relative Average Average
Minimum Maximum  Average Sea Temp  Precipitation/ (>0.1 mm)  Sunlight Humidity Wind Speed Number of
Temperatures Temperature Temperature (°C) Rainfall Hours/ Day (%) in Thailand Days with
in Thailand  in Thailand (°C) (mm) (Beaufort)  Frost
(°C) (°C)
Average
Weather in
Temperature in
Thailand in 20 31 25.5 1 9 1 S 74 - 0
Thailand in
January
January
Average
Weather in
Temperature in
Thailand in 22 32 27 = 29 1 S 77 - 0
Thailand in
February
February
Weather in Average
Thailand in 24 33 29 - 34 3 - 77.0 - 0 Temperature in
March Thailand in March
Weather in Average
Thailand in 25 35 30 - 89 3 - 77 - 0 Temperature in
April Thailand in April

08



M519INUINT 91 (91D)

Average Average Thailand Average Average Wet Days  Average Relative Average Average

Minimum Maximum  Average Sea Temp  Precipitation/ (>0.1 mm)  Sunlight Humidity Wind Speed Number of

Temperatures Temperature Temperature (°C) Rainfall Hours/ Day (%) in Thailand Days with

in Thailand  in Thailand (°C) (mm) (Beaufort)  Frost

{®) §®)
Weatherin 25 33 29 - 166 9 = 80 - 0 Average
Thailand in Temperature in
May Thailand in May
Weatherin 24 32 28 - 171 10 - 81 - 0 Average
Thailand in Temperature in
June Thailand in June
Weatherin 24 32 28 - 178 13 = 82 - 0 Average
Thailand in Temperature in
July Thailand in July
Weatherin 24 32 28 - 191 13 9 83 - 0 Average
Thailand in Temperature in
August Thailand in August

18



M519INUINT 91 (91D)

Average Average Thailand Average Average Wet Days  Average Relative Average Average
Minimum Maximum  Average Sea Temp  Precipitation/ (>0.1 mm)  Sunlight Humidity Wind Speed Number of
Temperatures Temperature Temperature (°C) Rainfall Hours/ Day (%) in Thailand Days with
in Thailand  in Thailand (°C) (mm) (Beaufort)  Frost
{®) §®)
Weatherin 24 31 28 - 306 15 = 85 - 0 Average
Thailand in Temperature in
September Thailand in
September
Weatherin 24 31 28 2 255 14 y 85 - 0 Average
Thailand in Temperature in
October Thailand in
October
Weatherin 22 30 26 - 57 5 = 82 - 0 Average
Thailand in Temperature in
November Thailand in
November

4



M519INUINT 91 (91D)

Average Average Thailand Average Average Wet Days  Average Relative Average Average

Minimum Maximum  Average Sea Temp  Precipitation/ (>0.1 mm)  Sunlight Humidity Wind Speed Number of

Temperatures Temperature Temperature (°C) Rainfall Hours/ Day (%) in Thailand Days with

in Thailand  in Thailand (°C) (mm) (Beaufort)  Frost

{®) §®)
Weatherin 25 30 27.5 - 7 1 = 76 - 0 Average
Thailand in Temperature in
December Thailand in

December

N Climatetemp.info (2011)

€8
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grass in remediation of soil contaminated with
trichloroethylene
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	Trichloroethylene (TCE) is chlorinated hydrocarbon which used in degreasing oil and grease from process products. It was found that this chemical was contaminated in environmental, soil and water around industrial area. Soil was collected from Pratum Thani province which had TCE higher than the standard set by Ministry of Industry. Four ecotypes of vetiver grass (Vetiveria zizanioides) were used for phytoremediation including Songkla 3,        Sri Lanka, Kamphaeng Phet2 and Surat Thani. All ecotypes grew up and the survival rate was 100% after planting for 1 month. Surat Thani had the most number of leaves (6.67±0.58 leaves per plant). Songkhlar3 had the longest shoots followed by Sri Lanka (6.67±0.29 and 5.33±0.76 cm).  Songkla 3 and Sri Lanka had the longest leaves (40.57±1.39 and 39.30±5.88 cm). However, there were no statistical differences (p>0.05) in sprouts quantity and leaves width among the 4 ecotypes. Songkhlar 3 and Sri Lanka were selected for further experiment. Selected vetiver grass was planted in contaminated soil mixed with materials including coconut husk chips : soil : manure in ratio 3:2:1 by weight. TCE was higher accumulated in leaves than shoots and roots (41.66, 36.99 and 21.35%). In control group, 2.49% of TCE remained in mixed materials and 97.51% was disappeared from the system. Comparing with the test group, planting with Songkhlar 3 had 2.02% of TCE remained in mixed materials, 5.74% TCE left in plant parts and 92.24% disappeared from the system. Sri Lanka test group had the same trend as Songkhlar 3, about 2.25% of TCE still remained in mixed materials, 5.61% was in the plant parts and 92.14% disappeared from the system. Since, this experiment was considered only TCE, loss of TCE in the system might be occurred through volatilization, transformed into others compounds by microbial or plant activities. The results of this research can be benefit in alternatively applied to the existing areas contaminated with TCE. 
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