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ABSTRACT
TITLE : PROFENOFOS DEGRADATION UNDER CO-SUBSTRATE
CONDITION
BY : WARAYUT PATICHOT
DEGREE : MASTER OF ENGINEERING
MAJOR : ENVIRONMENTAL ENGINEERING
CHAIR : ASST. PROF. SUMANA SIRIPATTANAKUL, Ph.D.

KEYWORDS : PROFENOFOS / BIODEGRADATION / CO-SUBSTRATE

The objective of this research was to study profenofos biodegradation using mixed
cultures under co-substrate-supplemented condition. Mixed cultures used in the study were
enriched from profenofos-contaminated chili farm soil. The study included 3 parts of
experiments: 1) characterization of the mixed cultures, 2) investigation of profenofos degradation
under co-substrate-supplemented condition, and 3) demonstration of profenofos removal from
groundwater using the mixed cultures under co-substrate-supplemented condition. The result from
the first part showed that the mixed cultures consisted of four pure isolates (designated PF1, PF2,
PF3, and PF4). All isolates were gram negative and rod shape bacteria. It was also found that all
isolates could degrade profenofos of about 90 percent. For the second experiment, sodium
succinate, sodium acetate, and glucose were tested as co-substrates. The result showed that types
of co-substrates, concentrations of co-substrates, and concentrations of profenofos affected
profenofos degradation performance. In the test with sodium succinate supplement, the mixed
cultures gave the highest profenofos degradation (80 percent) at the initial profenofos
concentration of 20 milligram per liter with the specific degradation rate of 1.88x 10 s
ng/CFU/Mhour and the specific growth rate of 1.715 per hour. For the final experiment
(demonstration of column system for profenofos removal under co-substrate-supplemented
condition), the result showed that synthetic groundwater infiltration rate influenced profenofos
degradation efficiency. The higher infiltration rate resulted in the lower profenofos degradation.

The test at the infiltration rate of 25 centimeter per day performed the highest profenofos



degradation (90%). All results indicated that the mixed cultures efficiently degraded the
profenofos pesticide. The supplement of the co-substrate could accelerate the profenofos

degradation.



My

fnfnssudsema
unfiademuing
UNAALMBIBINGY
U
sy
MUY
arstggam
4
unn
1 Unin
3 o o
1.1 anuilumuazganudinguelgm
o o aw
1.2 Jagiszasnvesnuive
1.3 UOUATDIIUINY
PR ’ o
1.4 dszTeminaanazlasy

1.5 Ao uUNNINSIY

v
S AdA

2 NgufuazuIsefingItes
2.1 asmvauyas Insiluvea
2.2 madesamomsiyidoumeianw (Biodegradation)
2.3 MINAUANDAFNIT I (Co-metabolism)
&’ { o -~
2.4 msﬁmjwuﬁﬂmﬁaumswyﬁ'atﬁ%ms*nNmmw
(Bioremediation)
add o oy o) QW
3 IFAUHUMIIVY
3.1 NIBUMIANEI
a0 & a o
3.2 IEANUUNIUITY
4 wam3I98 vazendnena
= =y ' a ~ Jd' 1
4.1 HaMsANEIMSIASEUNQUYAUYIEN1F lumsdesaniy
15 1w Turesa
4.2 wamsAnywaveIMstesaaiems InsA Tuneanield

ANNIZAITOINITTIN

2 & D

10

12

17

21

27

31



ry

MY (610)

a o 1 A 4 ¥
43 msfnylssaniamlumstesamuiisegmuldaniie
Atiens TwsW Tured uasumasmiveu Tuseduniu
A
U 9
a 4 3 P
44 msmisaszuuitetszgndlslunsiupihldad
vudloums Insii uvto
= 1 o~ J
4.5 wamsanszIamsdesaarvas Insi luneaiiasdy
5 agidwanisIsuuazderavonmy
5.1 a3wamsvy

5.2 YaiauBLu

Yy a
PNAITONOY

MANUIN

n Mo MISATe

¥ MMIZITedIomATIANIINALAe (Spread plate technique)

A M5 'vi’n‘??a1ﬁu?qw§ﬁaunwﬂﬁﬂn1sn?iuxs‘§a (Steak plate technique)
1 MssmsIugAud

v Msdoudunsu

a Myunssias Insi Tued

% Joyanan13Ive

¥ wanumsduauslumsdssgudnmsszauna

40

48
53

59
60
61

67
69
72
76
78
&3
100
111
126



¢

A
A1TNN

2.1
3.1.
32
3.3
4.1
42
43
44
4.5
4.6
4.7

4.8
4.9
4.10
4.11
4.12
.1
.1
¥.2

%.3

%¥.4

MIUYAITI

Uszxmaisisandie (MRL) lue s
YANINADBIFUAYOIAITOINITIIY
$ANTNATBIAMUTUTUVBITNTOINIITT W
gamsnAaoInNUITuTUVBIas Insi Tuned
agdnyazueagduidd

= [

= = LA Y]
agUwamsAnsee 168 rDNA vogdun3duIgnsnrIunsAauen

S a

a 4
ﬁ’ﬂﬁ'lﬂ'li1‘1’15ﬂJLﬁUTﬁ%TLW'\%iIENQﬁu‘l’lﬁﬂ‘lji’c:mﬁ

A o

sammstevamues InsH Tuneasumevesydurd dusgns

sasmaies ain Tnsumzvesnguydurdmeldannsiifionsemss
sasINsesamumsSuIMzYenduy AU Snieldamaziifiasemisiau
Sasmstesamuasumzvesnguyaui sianududuvesas
UHAIASUBUAL 9
sanmasiyduladumevesnguyaunisinmududuvess

UHAINIS UOUAN 9
SanmsdesaaiensimzveanguyauYIonssAuaMutuduvesas
MYauLuAd 120 Nadnsunvdag

saninsies i TndumzveanguyduridnseAuanududuvesns
f9auNas 120 Haaniuasiang
Uszansnmmstosamoas InsH Turealunuusaesnadud anmduduy
yoaes Tnsil Tureaisudu 20 adniudedas
Uszdndnmnisdesaaodts nsH lurea lunuudrassnesusl ansududu
voam1s InsH Turleaisudu 40 TadnTuseding

Tsunsuoaumgiia 19nseaseosunu Tureanesa

wamsins audy TnveanguyBuns sinumsaauen

A

Hamstogaalvens InsW luneavesnguyduvisénsumsAauen

a o o { ¥

wamssAn Tavesnguydunidnieldannznliasemisiou asei 1

ee

a a o

wamss Ay lavesnguedunsenteldanziliasemis s ased 2

9

18
18
28
28
29
31
33
37

40

40

47

47

52

52

85

101

101

102
102



A
A1 NN

%¥.5

%.6

%¥.7

.8

%¥.9

%.10

¥.11

%¥.12

%¥.13

%¥.14

%¥.15
%.16

¥.17

%.18

¥.19

MIVYAIIN (FD)

[

W1

U]

D

wansgosaavas Ing i luneanmeldanzhliansemsiiou a
wan1svosaalsms IngH Tuneameldanizhliansemissu asen 2
a Cal ] 1
wan1s R eima lealunisdesamems InsW Iuneameldarsemsiau
] Pt d' Y 9 v I'd 1
WaN3I00aa18a13 1N W lunoaNa YN UVDIAISUHAIAITLOUAN 9
P
ATIN 1
' ~ P ¥ 9 ' P '
wan1sgasan1eas InsH Iuneana NuuIHY0Ia1HHAIN 1T UOUAN 9
¥ s
A5IN 2
= Py ] a o Je Yy v 1 '3 1
HaM 3 AL TnueIngueauy I gNANUINIHYBINTUNAIMTUBUAN 9
[] Pt P s 39 a A w t A
wan13uasaa1eals Ins i TuneannnuruduYeeeIs 40 Uaansuneans
o a ] a P Y 9 P}
wan s AL Invenguyduviasnanuuduyesms InsW luved
40 YadnTunoans
' = a YY) A a @ 1 a
WANITIEA1LENS INSH I oann N HYBIaNs 80 HaaniTunoans
~ P=y [ = o da 3 g =y
HamaIgAL lnvesnguydaunssnanunduvesas InsiWiudea
80 UnANTUADDAT
L] = a Y g a a o " A
NAN3EBUTA10E15 INTH IlunoaNa Ut HYBIas 120 UaanTuABans
a a ' a a o Y 9 =
WA QAL Invaenguydursenanutuduyesas Insi Tured
120 Haansuneans
] ~ ° o o ¥y 9
wanseeuaa1was InsH lunsalunuusiassnoduy anusuduysIas
TwsH TuveeSudu 20 Tadnsudaans
wan1sgauaa1wds InsH lunea luuuusaesnsaul anusuduvesas
1] v v
Tws W Turoaisudu 40 TadnTuradns AT 1
wanisgesaatwas Insi luealunuusiaenedunl anududuvssas

= A A a o 1 oa ¥y 4
s Tuneaisudu 40 Tadnsuneans AseN 2

103
103
104
105
105

106

106
107

104
108

108

109

109

110



AN

2.1
22
23
24
2.5
2.6
2.7
3.1
3.2
33
4.1

4.2

43
44
4.5
4.6

4.7
4.8
49
4.10
411

=D.

AUYMN

dnuaz Inseadevesms Ins Tued
MsMNvesTUUMSIRIEAT
AMSMUVDITZUVIZINENNTINN

ASN I TUYBITZULMTEADINIANINFINN
m3vhauvesszuusalnisidanmm

MIYINUYDITSUVNIEIFINN

9 1]
[

Y] (] 9/ o a4 o o 0 W Y A ﬁ
Feg1ems s suumisdmwd msuthiaih ldauniuddoululaseu
g
UHUN NI UABUNTITY
o o o
(HUUI1ABINDANY

[ 4
FANAAVIADANY

d =

o o £ o o/ -
dnunz InTatlvesgaunidusqns n) dnvmzalatives PF1 v) dnvmelalall

q

194 PF2 A) anyaie InTadives PF3 9) anvme Inlaiives PF4
o [ o = = A d a £ o
dnvazzlsauraduazMsARILNINVBIAUNISUTYNT (1) anynzIrag

Y o Y o o 4
4949 PF1 (¥) aN¥USI¥nnv0d PF2 (A) 8NYMUSI¥naY09 PF3 () 8nYMSIsas

194 PF4

r's
S

a a = od a
M5 AL InvoagaunIduSgNs

I a

msgesaaeas InsH luea lasgdunsdusgns

mswsadu Tnveenguydunidnmeldanzilicsemision
Msannsvees COD (gamuguilarsiy liliwad (PF) yansuguilatsAvil
% o a A Ja o aa a o
14 (CPF) yaniimswuliyad@uasmiveung lna (GCPF) ganiiaswyll
d a 3 @ aa 4 a = 4
[radANEsMI UBUNSAGREA (SuCPF) yaillasRulladiAvasnivey

T#ReuesHns N (SoCPF))

msgagaareas IwsW luWeaniwldanienliarse s

nam3desaarwas Insi lueaiin nududuvosasurasmsueu a9

o ¥y ¥ a oo 1 a

HANSANYINIZAUANUTUIUYBITNTMIALLAY 40 HaAnTuADANS

o/ ¥y 9

HaMsAnEINIZAUAMMTLTUUBITIMIALLAY 80 HaanSunoanS

NANMSANYINIEAUANUIUTUYBIANIMIALLAY 120 Uaansudoans

2

13
14
15
16
16
20
25
25

27

28
29
31
33

35
37
39
42
44
46



=h.

MA

4.12
4.13

4.14

4.15
4.16
4.17

4.18
4.19

4.20

9.1
9.2
fl.1
f.2
.1
2.2
2.1
2.2

2.3

(%4 ¥
MIUVYMN (719)

astesaasmsaan lsauaz @3 InsW lurealunuusaosneding
mstegarmems Insi Iurealunuusassnedin! mmiduduvesas
Tns#WTuvled 20 fiadnsudedas waaiEudu 10° Sovigdoiindans

(A) uaz 1wadsudy 10" HovgAedadans (B) Sasimsdur 25 wufuims
@0 3U (25) 50 truAIASADIU (50) 1A 100 IHUAIATADTU (100)
msdesaaens InsH lunealuusinesnedind anududuvesms
TnsW Tuvea 40 Hadnsudedns radisudu 10° Seovigdetiadans

(A) unz wadsuduy 10° Sovigaediaanns (B) SasmsFuriu 25 wufnns
ADIU (25) 50 IHUAIATADIU (50) LA 100 IFUAIATADIU (100)
Tassadrsvesars Tnsi Tuvloa

Tnssadevesas 4-bromo-2-chrolophenol (BCP)

msanszd BCP lums IwsH lunemnasgiu 15 indnTudedas (A) uazlu
gan1sgoudatds InsH luneannududu 40 Tadniudedas (B)
Jomsvosdarvvesds InsW luved

AT AN ITH BCP yanstesamuans Insw Tureanududy 120 fadnsuy

A0aA3 11 1UN1INABBY 3 11 1ue (A) taznanlunisnaass 6 ¥ Tus (B)

= o = t -~
msansizasdszneuiuea Tuganissesanives InsH luneannuiudu

40 HaanTuABAAS NIAISUAYU 3 $2 114 (A) el 6 ¥ 1u4 (B)
¥
YUADUNISN Serial dilution
¥ 9 v ¥
TUADUMIIHIZIFOANATIANTINAOTD
L} J =Y J
Msouredlumaiinlasatye
3’1 J = n‘ by = d' &’
TUADUMSUINTOUS TNERWNALUIAUYIFD (Streak plate)
- o o ] ' -
mMawsoue laad9819naUM ST
¥ r-|
TusouMItouAUNTY
anva lasu launsuveeas Ins luvea
Toosutuavosas IwsWluvea

anvaznIMasg L Insi luved

48

°50

51
54
54

55
56

58
70
71
73
75
80
82
85
86
86



3

1.1 anudhonuezanudngvesifam

4
Jegiiufionssuniemsnuasae 9 1wy n15dgnda win Fhe sousisiedn uas
tY) a a Y] o & a - a a el A X A
wa liivanorialinis ldmsiidadagisnarsriiasazilFmnamslynmunniu iNoaans
'3 [ A v 9 14 s @ o A4 ad 14
Mwvoauuasingie dawaldfSinumsanmevesmsmiadagnslusssumatinu vy
A A o o a " A a a =
WU (@ninanursugiomsinyas)  Tasmwizediegaliauiteluedaldszynis
¥
ﬂu;flaumiﬁﬁﬂﬁﬂgﬁwmmmﬂ‘luuﬂﬁ'ﬁu (oA 391y, 2553)
15 1n5H Tuoa (O-(4-bromo-2-chlorophenyl) O-ethyl S-propylphosphorothioate) i
) o w ' o v dAa
g lwana e C, H,,0,PSBrCl tumshsauunslunquessunulurearesaniinisidinn
= o & 1w ' a d X "o
hgariianils msngquasnananseandnlusssunatiunaumlasivegiuaniweins
4 =4 g ¥ i U \
uazan1zdu q Taves InsH lueaansaandre i ldgega 20 aauludwdin msngu
o £ 3 &’ 4 4 v o
ifignidamaneszuulszamuazndilonsluuyuduaz dad (Venkateswara et al., 2003; US
EPA, 2006; WHO, 2009) TauifSanaasnyandnegeganoousy 14 (Maximum Residue Limit;
= A v 9 [ o o a LY 1 a
MRL) ¥83a15 InsW Iuneafe 5 daulududiy @ninnududunyasuazomisurena,
4 ¥
2551) aaudessuiludesnumamesamsnmstudlouvesas Insi Turos
Y Y 2 q¥n da ad &2 A am a 2 ad o -
mitamsarsanmieluhldauiioniTnilsfoddnsnedinim F935anari
YszAniamge lifinrs1dmand duguarldnied uasifuiinsaedaunadon (M
WIUUAY, 2553; Malghani et al., 2009) 11nN1U39oA15 1435 MeTI M Iunsdosameasiiy

a s J

(Fantroussi and Agathos, 2005; Park and Kim, 2008; Siripattanakul et al., 2009) NUAUTNSE

] a A ¥ o o [ o a ] 1 g A Aac
annsadesamemsnune ldilumsemsdimiumsinsgdn In uaod lsnaiidzms
é A a & ') o ydg 4 et o 9 o AR 1
Wearudseansamlunisihialdavy 39180 swau lgnszurunsmnIue Ty Iy

. s ] | = Ao o o as =

(Co-metabolism) Iagnszuumsanaratumaanmseimsnsuiudmsunisiasguos
a P EY] v a 3 E Aaw a1 Yt =2
Pauv3d e IMnszuIUMTIRIAMIA I HUINNG VY F991n1W T8RN IUN TATin1sANEN
eanuns IEnssuumsiumueduswariulszansamlumsdosaameaishiyvale

silaru InsH Iureauos w11 1noou (Malghani et al, 2009; Xie et al, 2009) 1INWANS



p)

o J Y o T A A a U 9 a = = a o
mammnanuﬁﬂﬂﬂmummanmimnmmm15%:mnaiﬂmmmumﬂmmqaumu

Y

a [ a A 3
uazll53fﬁ’l'ﬁﬂ']wﬁluﬂ’]iﬂaﬂﬁa']ll?niwylwnn']ﬂmu

o

2 y dy 3 1] 3 1]
faiulunsanyasatifidhminoiednuinisdesaarvars Ins Tureaiionylu

o o o awv A

aamzitimsemssn Tnoldyanidisauon lnnan3sofivnan meyeun winu, 2553)

=Y = 1 4 o
whudnwsiianazTnavesasilfundemiven i IMiAamsdosnasmsiiafige

9 [Y] 1 '
wena1nilga1dtnsarsanisthtaas Insi Tuved Tuihldau Tavldansimuizaude
[ ¥ a H } 4
mstooaaiod s InsH Tuves zﬁar’i‘]ui’fagaammmsﬂszqnﬁ‘l%’ﬁuvj’uﬂﬁ'ﬂuﬁﬂuﬁlaums

TwsH Tureanas ldlusuinn

d
1.2 Tngiszasnvesnnidy

121 Wefnndnyazvesyduridiamsotosaaiwes InsH Tunoa'ld
122 iieRnInTstesamums s Tudemdoogniwlfannefifimsomisioy
1221 Anwriinvesmisemisiminsauiivhldifanisdesanems
TnsHTueadiafige
1222 Fnmanududuiimngauvesasens dmiumsdesamoms

Tnsi Tueadiang qa

v , - y
1.2.3 emSamstizyna sz uudmsunstesaaioas Insd Tuoaluild

auluszauiisesvuiain

1.3 YoUIVAYBINHIVY

o w 1 o o A o A w
131 asmiauuasnguesiunu Turoanesanldlumsiiise Ae a1s Tnsil Tuvlea
Tasmsnaasamsanyinissasaaisldms Insi Tuneatnsan1sdr daumsaiasien s
naspUINIad UM iR e
a o 9 a ooy
1.3.2 minameuilumnaassszauvisaljians
' ¢ ) A o v a . ) a a
1.3.3 uHaIMsuoUNANYIND ImAsNENFIUA (sodium succinate) 1HIAONDLHIATN
(sodium acetate) 1A% ﬂgiﬂt’f (glucose)

1.3.4 anududuvesars Insi Tureandnuyifie 20, 40, 80 uag 120 adnuse



13.5 AUSNTUVOIUNEINISUDUIINNANYING 4 40 400 Bag 500 Haansues

136 Banauradyaunisildlumsiin fe Jevaz 5 derfSnas (10° Fiovysio
innnasg)

137 madmuuunsmzidsluanziimsaiugugamgif 30 °C uaz wi
anwisa 100 seusewd et 2 $u uaz YSufesSuduvesaisneunanesiiiiey 7

138 ndnunlusedhissmnnadnnasesluuusasnedinifigauugines
a7unu LSRN TUHIU 25 50 1Az 100 IUAATADIY

139 msdmsiedainnududums Insi Tureanundelaoldinsesuda

Tnsulans W-unaann1asiing (Gas Chromatography-Mass Spectrometry, GC-MS)

1.4 dszlaviinmanez1asy

Q' =y =y 1 3
1.4.1 annsamudszansamlumsdesaaeas Insw luea ldnan

4 o H 4 a o
142 gunsolszgndTimaielddmiuiuhhldsuivudeumsividei

:i o aus
1.5 aounnmmsag

1Y a en a a = 4 = Y A
ﬁﬂﬂﬂ{]ﬁﬂﬂ']iﬂ']ﬂ')‘]ﬂ'Jﬁ'JﬂiﬁJlﬂﬁ AMUSIAINTIVAAAT HHTINYIYYUAIYEIY



b
¢

2

=.

un

o 4' I 4

nguHuazInITeneIve

2.1 MsmeanuaalnsWiuvies

2.1.1 swazdoaraly
s InsW luven (O-(4-bromo-2-chlorophenyl)-O-ethyl-S-propyl phosphorothioate)
fignsTaseardn e C,H,50,PSBrCl unglidnuas Inssadndaaastunmii 2.1 sadluaslu
ngueasunuTuneanese mﬂwsmuﬂaﬁﬁqmﬁaﬂﬁ 100 R u¥aLee (1.8 Pa) AN
nuu 1.46 n$udegaIAiTuAAT i 20 BraFUA avwannsalumsazanh
20 dalud ey fmﬂtjnéfqndnmmsnﬂﬂﬁ'w“luﬁsiumﬁn‘ﬂunmmuTﬂuﬁuadﬁ”ﬂamw
DINIAUAZANIEDY O msﬂtjuﬁﬁqw%{dqNaﬂszmudamsﬁnmmmszuuﬂixmmms

2 2 .
ndmiile naluuyubiuazda’ (Venkateswara et al., 2003; US EPA, 2006; WHO, 2009)

o ,0
\P/
| > OCH,CH,
SCH,CH,CH,
Br Cl

AN 21 anvazlassadvesms Insi lunesd

2.1.2 anpaznslFamas InsW Tuea
=4 o o et { QJ 1 z 1

a1s IsW Tudea Juasilesdumsauuasiieengnisiumasldnhaiangy
dv ] A Y 9 S ﬂ s ~ A2 Aa FY
el 1s vueu uazuuasaie q luiy i uagldwa Suiluarsinfidngiianilahiionldma
N15INEAS INaANISIAIgvesuNaIdagAshoziRaneRsNanIenIsinyas Taslu
anigonismnindosas 80 vassgnlimumzlgntheseiinis1deas TnsW Tuea (US-Epa,
2006) dau lutszme Tngens TwsiW Tuweagn1dludumsinuas 1wu nisdgansnuazdng o

swtems I9lumstiestuddaunasdagihe Wwunueuwizauethe wusunsziin nueu



X

dwluthe musuduiuly uazuiuuasthe Tasldludas 80 Nadans (nududuvesms
¥ g = é = o P
i Tueadeuas 40 wadesuns ) weani 20 Aas ddRadluilszuna 1.7 nfudeing
£ -
2.1.3 myvengnivesans InsH luded
£ Y o o o ' o
n1soengnivesds Insi luved Fudluasdidaunasngueniunly
Weanesa szsamdanueulmleziaiia Indueameisasdienns mldifansazauves
“ A o 1 1 o Aa 1 ] &' 4 Q
sziialnduiuSuae q 1dun vinuhdadessnnalszamuazndunile Fan135Iuda
] a A °o_ o 1 o o @ o P
senandemHadunss lumshisauuasnguesim Tureavesd duwulani Induemmeise
3 £ e’dy o Y a < = a A a d
seimegnieu sl ldiRansnvesfsuiavesszwiialady  Ausnadaivwag
o = o a [ = a
Uszam mldifansnszdumadiszamaaneiu Tasmwizlussuuwisdunuadn way
v [} } 4 ] = '
szuvinugumsindonlrivesineme adwiiiszaszandunneININge uANIARMY
iWuduvesezia Indvanmnu 1 wildifagniaseiny fie ifaemsesumasiusuma
¥ kY tg o y d Qo = Y A An ~
nalszam uaznduiie vialudui anuau Tadage msmeladuman uazedin luiiga
@NINNUANZNITUNITOIMITUASYT NITNITNABIIUYY, 2542)
¥ ¥
2.1.4 mytuidlouuazaruasmuvesms InsW Turealudunadon
a o ’ . o a ¥ o
a13 TnsW Turemiluansnguesiun TureavesafiuiminTuana 3736
o o ~ Y = 1 [ a a o 1 a [y
WHO faanuiuiy lusedv I Tasiia1 LDsO Tuvyminy 358 liadnusien lansy (WHO,
IS ) g ! 1 d' - ~ A
2001) Fanuemuisolumsazarod 20 s ludwdiu Aguugd 20 esrusaiFoe Iin1s
f ' }4 v Qy’
ATAUUDSTINOABIHBITDIMIDNYBIM (Venkateswara et al., 2003) S2unagnsaaniniuy
L 3 Y 4 Yy & = -~
#wAn Wunauu Yuegiuaniwemeuazaniazou 9 @13 Insi Tureaiiainiedinlufu
' o 4 = 1 Y yw a
agssana 1 §and (US EPA, 2006; Juaun guangde uasamz, 2551) uenainildilims
g 1Y ' g [ a v -
d1snumsannlsvesasnguesiunu ludearesaluau Seuas 49 uazluifonves
@ [} St = Y ' :
ynInsIaey lunuyinlinnufsedovas 58 (W1n1 Sunides uazaaiy, 2550) 93U

- 9 P o . . . . o o
asnEanANgegafieensy 14 (Maximum Residue Limit; MRL) Tusmisuanideasnei 2.1



L)
¢

%

HHIYA, 2551)

o a 9y o W a 9
131491 2.1 YSuua1sHuanag (MRL) Tuomis (UNNUVATFIUTUAUNBATHUASDINTG

WSnamshygega
= - 9
@aanTunenlaniu)
nenala 1
1o 0.02
wsosludaiin 0.05
[y [4
w3esludaffosgnaioun 0.05
B3 0.05
duroy 0.05
N0 0.05
nisou 0.05
Uy 0.01
E'
Tiudathe 0.05
&' @ oo
Wadniiln 0.05
2 o o4 3
iHioda IlnIgnAIsUY 0.05
Y] 'o 9 :: r=}
Anaszgangnal snidu nzvanla 0.5
w3n 5
WINHIU 0.5
r-}
N 2
U 0.05
VLU 0.2
03fA 5
wiathe 2
&y 0.1
NOULAY 0.05
noulng 0.05
Bgu 0.05




2.2 msdesaawmsnyUuleumat1inen (Biodegradation)

2.2.1 sentlszneulumsdesamomisiumeyaine
' a a o Y A adA a A
nsdeaauasNENK I M Tums 1Fgaunidinetosaaivminenso
S a ? P MY A o o o 3 &
asnnuluisvesd sy q ae dwdmslszgndlegaunidlunmisiniainennyusuuas
%‘ = = ;Y J ° a s o 9) [] Y o o
dudegadimnssuiimisluuig udnisihigaunidnlylunsdesaasarsiedailu
o A 2 2 q 9a :
maTuTadlnylumsiniassuafisfiudloutumu e th uazhidau Taemsdevaate
= J o o W ,o‘ P a o
MIvaREMSIInMUAnd9Inszuuthiia Ae ssuhadudess inisnauguldydunsd
r d' ' L) = b-d A L ’ )
agluanzimzaudonsmsi gy Tanasmsau aan1IzANGIILANNNTNIL
YoaFunAdouA W ETTUNA ieminasuaiy lufunadeusssumazeglunmegluuy
[} v @ a v g A 24 a 9/ ° 9 [

19U gRgatunueymady azawey lwi wazmieluaanzuns udu i lveindenis
] 1~ ¥ v o a a 4
auguan1zal q Iianumnzaudenisdesaatsuazmshiamsuaiyveyaursd
ptndilszAnsnm (o 39y, 2553) Tavilesendaennuaisolunisgesaaremsuany

v 3/ 9

Mluitouvesgduridinawilesodioiu asil

A

22.1.1 viauazdnuuzauiAvesydunis gaunidlusssumaniiaig
o o 9 ) a ~ 1 a g- A 9 o

USudaldavisanuasaishiy vaziinnuaivisalunisgesaaroar1snyuuive 1y
= a =1 [~ Y a o Qy P

msemsnsonldsuglmsivdlanuiuniudosas 11na1u3senarodunFIuL (Benimeli

et al., 2008; Li et al., 2007; Wang et al., 2007; Li et al., 2008; Malghani et al., 2009; Xie et al.,

2 9t ) a | 1 a = T a P

2009) &4 lAlMIfauengduns diNednyINsdosaatvemIsuaiy HANIANYINUIPAUNIIN

Y ¥ Y a % ol o
Aanenlamunsadesaarvarsiy ldedredfidssdntniw Fegdunidnlddmivdesaars

a de’d‘

o -] ~ [Y 9/ dy A 3 a g; = o W J

msnyilugdunsgnlimsdauenldnniuniduioumsiviy q imwiselSudmuae
1] = g’
R T U LT T (R U RE TR ARV VN ]
22.1.2 unaanasnu lumsdesaaisaisiyezinalfizerdis q laun
aan a @ A v oo 5 [ o ' a 4

U§nsereendindu3dndu Fegatosziilumsadrandsnulfunaadsdunidinents
wiginla snmisAnyInsdesamemsuaRuyeagduvist el uumasndsen (Cycon
et al., 2009; Malghani ct al., 2009; Xic et al., 2009) WU U3 lMsdosaawmsuanuie ¥
g ' [ a a ' aw o a
Wuurnasndsan lunsesgdn Tn 9133909 Cycon et al. (2009) TadnIMsIO @AY Tn

a - s g L. . o a
Y9I9AUNTIIUDINITIBUIBAIBY (Minimal  Salt Medium; MSM) Andud1s laozFusu
(diazinon) HON1TANYINISEBTAIBAIIAY uazmavBIn1Ts gAY Tanaasldifiug
g a A o 9 o A o ' [ o Y ) a A v
weyaunisums lFmsivinouunaswdsnudmsumsinsadula Taodonaimiulyl

3 9 ' o A l 3 o
ﬂ'J’ll]l‘illl‘iluﬂlﬂQﬁ'liﬁﬂﬂ\iﬂ'J'l%’ﬂUagSO llﬁ:i]’lﬂ?ﬂl‘]iﬁﬁﬁﬂ‘lilﬂﬂﬂ?'] 3 lﬂ11u53831')ﬁ1 14 u



4 & 3 a o o 3
2.2.1.3 Ay anvsuvieBuanhlufunedeuithudnieduniinade
msdosaarsasiuvesgdunid Taodemadenisigav Tauasnisifdouglarsiiems

a

N32910R7 LazmsazaILveemseendiou uazlSusvesasAvfigauridmansminnld
UszTenT1 Suegivauinvesmsfivi

22.1.4 anuiluniaan anudiunsasevesianadouiinadonisgadu
2130113 MusTguazmMITnuvesyaunid sufulunisdesaareaisfiunisdannis
Hiilugesinsnuquanuiiunsasnetumihiaue nnmsanuirmun1dinisnansaite
govararwaisuadivluaniizvesnnuiuniamefinedy 11neu3Sufin I (Malghani et
al,, 2009) l§Anmanuesalunisdesaarves Tnsi Tureavesydund dirunisfauen

a

oy 3 [ 1 a []
Taglumsnaassldtinisnaasunavesanuilunsaaasilsz@ninmlunsdesaaisas

o a2 o '

TwsH Turenssiiosiinaaoufie 5.5-7.2 waminaneanuinduridannsodevaavms
Tnsi Turee 85 figaiifies 6.5 vamadindruaasldiunfianzanudiunsadededy
finanenwamsalumsdosaarwasuafiuvegdunid

22.1.5 guvgd Hulleiofidnadesasimsdevamumsiiy Taugaungiiesl
wagomsipal§Asouniiang 4 s ludimasiadu Tavesgaurisdifinnusumedogungd
Tuaamiandomiu 9 91015350489 Head and Oleszkiewicz (2004) 1Anymseosaans
Tulasiou Taovimsnldounlasgungiiiegmainl§is o lus3lindu (itrification) veq
yauri3d nansalaoldpumgdsuduii 20 25 waz 30 °C gamgiigaaed 10 °C 1InmInanes
wuhgamalinududi 20 °c finsanasvesuen Tudlelu lasiou (NH,-N) 1nfigasesaauiie
figaimgdl 25 uag 30 °C Femsoansvesnen Tuiielu Tnswunaasldifuduiay§is o luns
Anduniiga i]1hwaﬁ"ana'n*nztﬁu'hqmﬁgﬁﬁwmiﬂmiﬁnmmmgﬁuw’%d’uazmi
algRsounliana 9

22,16 msems asemsdiudeiuiiudemsniapivTavesydiundlu
nmssyanla Tavarsemisndnlaun afveu lulasiou uazveadesa sau'llds
A5 BunIdoN éeiﬂuv‘mﬂmiﬁyﬁﬂmﬁau“lu%mnﬂﬁ'angﬁuw“%tj'ﬂwmmmdauamuuaz
vhastumndluasems 18 Tao Xie et al. (2009) uag Malghani et al. (2009) 1a1in13AnY MG
voemsoImsAenIs iRy Tavesgdunid Tasmsiaumsermisuenmiloninsiud
yaursdansosesamuioldifluundimdsnumdniuasly i5uluamisoves Xie et al.
009) 1ATims@nuinisdesaarmisuiarinoou (Malathion) Iasfinisduaisernisdi

a & A = ' a A X
uaﬂ!ﬁﬁﬂﬂ’]ﬂﬁ’lﬁ'ﬂﬂ “If\iﬁaﬂ'ﬁﬂﬂaﬂQWU'J']?ﬂuﬂigﬁ]u’]iﬂiuﬂ’]iﬂﬂﬂﬁﬁ]ﬂﬁ]iwylWﬁJiﬂﬂ‘Uu



J i - o w1 a o 1 =1 v
mﬁ'auaz 60 LﬁﬂmU‘lJﬂ‘lJ‘l[ﬂVthlJﬂﬁlﬁllﬁﬁﬂ'mﬁ inﬂNﬁﬂ\iﬂﬁTJuﬂﬂ\ﬂﬁlﬁu")1?(']50114151:‘1
o 1 1 Iy a ad
ﬂ'J'lﬂJinﬁ‘JNﬁ?Jﬂ'liUﬂﬂﬁﬁ1ﬂﬁ1i'ﬂﬂﬂlﬂ\1ﬂﬁﬂﬂiﬂ

2.2.1.7 Tnsserdrevesansdiv lumsdesaasarsfivmedaniminseadie
wasdnvazauiAvesasiy dulessiiasmadenissesaawmsuazmagadnimainly
Huasemslumsissyivlavesqdurisd 91nan3sfif I Li et al. (2008) 18Tinsti
Yauridinlfdesaansmsesnsdu TaimsszsyigdunidldesnsiFudiuundslulasion

b4 i3
1AZINNITIVVUDY Malghani et al. (2009) lAnaton@eiansodssaaioas Ins luesn

b 4
o o

a e 1 A CA = q 1 4 a
1amsIvoszy 1@ hgdunidoesamonms Twsi Tueemie 191ifuuvmasmiveu 11nmsidens
Vv o v A 9 a da L) a A ] ] a 3‘;
dowaaa limuInilssnnlassadnuescsieiaeny gauvsdvslimsdesaniossnyiuy
A 9 o J 1 LY
ieldtluunasansemisannu

° 3’; & d' ﬁ o d' =t 4
2.2.1.8 uANMIaaNunvesmsUuiouasny maumsﬂw‘ﬂawm

=4 IS

o A 9/ a o @ @ Vv v = 1 = 3’; A A
fT'liW'Hiuaﬁll'Jﬂﬁﬂll %q'ﬂu'ﬂiUﬂznn’]ﬁl’ﬁ'ﬂﬂ')iﬁﬂuﬂﬂﬁ’lﬁﬁ5911ﬂ'|5UfJUﬁ15W‘HuH Hasiuoy

y

4 a a A a A 9/ ar 3‘, 1 ° 9 a A J =
msdudeumsiuAuniem il Inseadwadonuluasadon sz ldgauvidlunsna

aana1d ludeslFialunisdSudiuiu aawadeanuaiuisalunisdosaaisarsnyd
2 3 a o 24 Yy =2 P a a = a o g A {]

Yudlougeiu minauddenaerun ldtinsAnuinedunisAauengduys dvnuidudou
) & 9 o o ] a ° Y a s J g Ada {j

manyine lgdimiumsdesamsmsny Tashimsaauenydunidnniuininisdudlou

a o3 A YV ¥ a o o ] o =y 4 9
yosmsiyazauiunamuie 14 lAgauvssnnudems iy uazaunsoaavansiuiula

=

ooz ansmw (Benimeli et al., 2008; Li et al., 2007; Wang et al., 2007; Li et al., 2008; Xie
et al., 2009; Malghani et al., 2009; PRYaL1 WA, 2553)
2.2.2 MINTTRAUNWIIW

=y

miciauamUmiﬁyﬁ'aunﬁzmumwN%amwiﬂumm-::%nwawﬁu'n Ej’

q

4 Y

lusssunaseiidssaninmillelnisnsguazsiusiuiuvesgdunid daiumsnszdunie

a = A a a A o o 3 ) o

FIimwIadumsiunsinsguesgdunid ldTasns ¥ arsemsisududmsums
a a U 3 4 g v

widnIn wu maldundsmiveu Tulasiou msaszdumsadrueuladinedesaars

= r.’x‘l Y o =5 Qs ¥ 9 [ a =Y
MY UenMIUMINIzdUbssw llGsmsiSuaniizais q Imunzaudemaniyiula

a o o = = da

' ’ o ' A < kY A Vv a
VoIYaUNIY 1YY ﬂ’lﬂ'J']iJﬂJuﬂiﬂﬂ'N 1N azANUTY 1HuAU LW@iﬁﬂqau“ﬂﬁUNﬂ’liWiﬂJ

=

a 3 @ W a d LY v a a Y
WU aﬂnaﬂumsﬂi‘ummmqaumu HASITIDATINTUDITANYNITNY (DaaN 'Niu, 2553)

= a

& - .
Taonila AEMIn1snsedun1eTInMAenszUUMSIIATIBAFNS 1 (Co-metabolism)



10

2.3 MINABINUDAFNIIN (Co-metabolism)

a ' o v Py as a9
aszuumMImuedtuiwiunszuumsiesaaenisdininlaverdseiaiu
é = = L) = 4 = ~ s ‘d' L
1591115 Famsifamuedsuiivezinaiiegdunidlafvarsemisiigaslums
= a T A Ay gt Iy 1 ’ 14 s’;’o =
wsAn Tannunasdun bilsasie 18un msliumdemiven Tulasiou saunsmseiiun
~ q ey 3 a a ] j ° a - 1
360U 9 Sunaimnaudiofawmueiduswiusgvh Idinansnlasugiuazdesaais
a a2 o a a a AdR a @ a ad
A3RY AnBATUMINEAT NS Ay Tavesyduyisd Fedidedolumsifammiveddus
»
Asil (@aa 331y, 2553)
a o o A4 3 a a a a d 1Y v
23.1 gamgil Aullwsniinosemswiyaulavesydunidiazdaiinistesaaiy
o\ ' _ I o= - q _ j [-] = ’u‘
m3fy lvannguugiiinanolfisvuniinie 9 diegungigerwih ldifanmsazarnives
j 1 ¥ o o’ el 3 Q‘d‘ -
ANV dewaden1sFudaasvesgdunituinvu uazlugunginmuizansziild
a g o a o 3 [ 9 1 a A 9 o
yaunsalimanigauTagevu ildlinisdesaarsasiume ldiluasemislums
= = d U s = s
wigAy Tamnndurunu (e 131y, 2553)
[ [~ ¥ = 3 o o a A d
2.32 anuilunsadluasmazfSinaenia Inanemsisadu Inveegdunsd
waznsauveusu lmilumsneldifanssurumsamuvedaulumsdesaarsaisand 9

a s do

= ' a a Ay 1< kY
233 sy Inademswiguoegauvisd tiiesaingaunidsuiludos
Tdmsemsdmiumswiaiula mmSnamsomsdaunu Tz ifyduniaionsins
a ° v o a = a - o A 9 1 ¥
wigd uamnlfsuiamsemisuniuldydunidezifenidarsemisuinanns 14

a v ¥ a o ¥ a - a a

msiwdiueims anfulSunamsemsdesiviinaimmnzauie Idrduridiniudun
wazdosaateas vy IUnSousuaAIdI0819n15ANIv09 Xie et al. (2009) 1ATN15NARBUNOH
anuMNIETuvesS UM mso ISRz s RYARNSUBIAAEAITUANYN1a1 Inoou Tagnis
ANEITOMIsHAZ s AY IUBRI 1E8IUAN q wamsAnyINUNTSnaasemiIsiinanenstoy

o q A s X v : a A 3
AmeEsiY Aodiamy Sy o anuay anuauso lunisgssaalsa I NEIZIN LAY

9 [ 2 A ! d‘ [
a1 TAwlussaunile uazminiuSuinaisemsuntuisee  anuansalumsdey
amemsisluu Wuasas uamin lifins@uasemisgdunidez hiimsins yidu Tauas
gouda1ua1suIa mesuay  lagsasauimuzaudmsumstesaaiedisuial inoou
ApNONT1TIUYRS AL UTATIUA 128.6 Uadnsuasuy1a1 Inesy 1 Taansu M ldanennms
govaa1wasa Ineougaiigaiia 3.5837 iaansudeansaoda Tus viamadenauaasld

I~ ' [ 1 T Y =
AU NIIYBIAI50IMIT TIHAADNSUDUTAIUATABVDITAUYSE



11

234 ¥iauazanududuvesasiy - arsuiitiInseadreaiuezinade
yauvsduandnsuly Tasgdunidrzimsliuduioldaunsonudemsniedesaan
arsiviuld venvinianudutuvesmsiuiiudndesy u‘i‘awmqﬁuﬂ?ﬁﬁmmmmsn
unssudanuiiufuiidedy minanududuvesmisiuduiu T vzt dgauridl
Wsuduazdesamemsimiy nnaisonaiuiimundnsdnumidesamomsiivlae
198urisd Taedausnyauntdaniuitudeumsfiudiunounm 4 el 14y duriof
YSuRmudemsRuazausotosamemsiyiu1dod1eilssansam (Wang et al., 2007;
LI et al, 2008; Lima et al.,2009; Malghani et al.,, 2009; Xie et al., 2009) UV
Malghani et al. (2009) AsauoniFeninauiitnlse ans 19ms nssiTureafhunaind 673

a a d a8 o

4 ) lé =y g =
Lﬁﬂi‘lﬂuﬂﬁﬂﬂaﬂﬁﬂﬂﬂﬁﬁ'lﬂﬁ'liﬁ,\'?fl%auﬂiU cminnNamsﬁmsnmmm,;muimmﬁgaumu

9
]

frumssausnidsaluemis@oude Anauas Tnsi Tuoa Fewamsdnvinisisiyduln
wm'u%ammmm?q;tﬁuTm'lﬁ'ad1umf§a‘lusxuzna1 30 $21n Taediszozidugaens
Yiudafive 10 $2Tus wasanarauaaslfifiuindelinnunoudmivnisdesaaroms
TwsW Turoa

23.5 sfauazanusumzvsusulad nszurunsdesaarvasiymedanin

o o @ ¢ A a a U '
Sutludesordueu lmiive limsifanszuumsiwaueddy Taseuladdmingdesins

4 a a o

a o q ¥a Y ¥ @ y X & a acdoe '
l“uU')u11ﬁlﬂﬂﬂ15ﬁ51Q ﬂ']iﬁi‘Nlﬂu1"]5111]64%ﬁu7]5U%S‘Qﬂﬁi1Qﬂulnﬂﬂﬁuﬂiﬂﬂ1ﬂ1iﬂﬂﬂ

L
]

aawmsisfitudey mhauveusu laflumstosaaeasmsRsdanuamiseums
| e ] d' [J ) = o z L} =
salgitemsasugdvesas Taseslinrwsuwizaemsiswidaiu  wu eulylGuny
YPUOODNTI U (Butane monooxygenase) (Huon v rnuuaiB oA ldtanusuunds
o o A ¥ ¢ A a o ¥ a P
miveunaznda laguuanioszaduen lniiliogninilenidaodunu (Butane) &9
7 o ' 1 aan ' =
Lau"l.qf:umﬂanmmsﬂmﬂg,]nsmmiuaﬂﬁawmimﬂﬁmu(Ethane) uag BN (Ethen)

(@aa a1y, 2553)



12

2.4 msﬁuvjﬁuﬁﬂmﬁwmiﬁm’hﬁ%msmﬁamw (bioremediation)

14 aacy

2 4 a o iq & !
msﬁu‘vjwuﬁﬂmﬁﬂumiwymmﬁmima%amw Wuismsnlgnssuaumsees

a a o

AA1UN19TI TUTIRVDI TN FIA 1Aun Aun3d Ay nIedagdnmlumstniamsivi

[ v
v a

A = o A 9 ']
JudouluFauradon Suiiduiiassudunadoy 1eudszmalumsduiiunmsdos ¥
lﬂ' W 4 g { - _ o J {
Wilufsousulunsaifisvdlszynaldluiuiiode (eda Salu, 2553) msﬁuﬂwuﬁﬂmﬁau
a §y ada a ] 9/ o) o .—3
A1INHATTNINNTIN NN 1Al 2 Ussinmn Al
0o =Y 9 ac =t = .
2.4.1 nsyniaasnedIeIsnednmeuumeluusin (In-sit)
o o = S =1 o o a A o
msthdadshstpumeluusnaumsihiiaasiv ludanadevusns
4 ] a o ' a g ’ v .
1uq Taghitimamdeudwarsminmaldun au 1h Fuudlon sy
2.42 M5 NEAITN NI INNHLUMEUBNUSIIYU (Ex-situ)
. ¥ 9
n1sdTaasAruuumeusnuIaudunistihiaaisaenduiieulu

4 kY ‘;u 4:‘ ﬁ 9/ =, d'd dy
dunadeoy Taslunszuiumsiidinanituileussgneudresennnusnaniimsiluilou
Tgasnanws on 1 igwmsunmsthiia lasmne
c%‘ ﬁ ay a 1 ~ 9/ o = v 3
uenaniinis AuyiunduileumsAizdroiinsmedamweanisomisennld

»
Yo o

mudnyuzvouna Iulasnleaadl

[]
=

) :
(1) MsiANed (Bioaugmentation) iHumaTuTaBn1sWuyfiifinsidugaunidaslyl

q
]

o o & s T a ¥ A o o A I A [
Tudnanalinisdwdeuaisail iy Au v u3eauazneu yaunssnduaslilornilu

Fed o

o o o o A ? = ) o
igauw'%ﬂmuwurjﬂﬁ‘luﬁuﬂﬂmﬁauuu (indigenous) w3 itlugduvidaoiughsauenldnm

= a A d

frhudlous (exogenous) TauiAngauvidas lifeifudss@nsnmvsnszuaumsdosaats
asfvtudonlumuiiuded snuusdanm 2.2 Metms I9ssuuRuradiftosevaats
msfinlag Jaun nesoya (2548) IRimsnaaesldszuumsBuadiiedovanioas
s-naoTseriidu Mludouludu Tasmsnageussnageylufuaeswiindoruiiu uaziu
suthunse Fnauans 4-naslseziidu 500 druludrudiu samsmaaeanuNnsEYad
gnsasesaaIvms Inasdoas 96 luszuzing 28 Sudmsuduiu uazdesaarears|d
ovaz 95 luszeziaa 2 iMeoudmivausutunsio Fan136o0aa10uea 1A INTITNTIA
aunsadenldiisedevas 67 Mty Manasenaraas I uTIM SR uads oy

Yszansamlumsgesamenisny



v

13

4 0 a I'4
fnﬂﬁ 2.2 NITNINTUHYNTSUUMTIAULIEAD

. . o {o a A A4 a
(2) MITSTVWNWFINN (Bioventing) WmnaTuTadnautiums luiuh lavnmsiau
. = < = o 4 i
oA vieasomisas i luszuulasnsiduermasziumsidulusasnduienszquns
a a T a o 4 4 . 4 . .
WAL TANANIZUIUNSHRUNAIBYDIRAUN TS IUNUT (indigenous microorganisms) L1ag
9 Y] . . o ﬁ d‘ 9/ o a U é =
Yoarun1358iMe (volatilization) ¥8IA1INY U UL BUNABINIIAITABBNGUITHINIAYAI
dnuasaanini 2.3 dretrusuluanisoves Frutoset al. (2010) 1atimsilszgndlszuy
=% 4 ) =1 d' tg =
52U IMANINTIN MmN DY 15U INAU (Phenanthrene) Nuilouluau Tasdnun
Ay 3 o - 1=y 1 4
mavvuvesSuaas usutasmslfeunlasvesarsny Rnwan1snaasanu e lims
a 1 ] 4 ° J a o a ot o [
@uoimestaeiissi ldsuaasueuluduaaas mldaulian iz audisums
= =Y = s £ ] = = 2 9

wigAt lavesgdunsdawaldnnummsalunmsdesaarvasiuuu Indugeddovas 93
luszeziaa 7 @ou nnrassnamaas i unszoumsszuen 1 dinmidssaniniw
o s o L &‘ 4 4 o~
mmumsmmm?aﬁm;l_wuﬁﬂmﬂaumswy

Atmospheric

Vapor

Treatment Discharge

Nutrient Tank
} UST N\ Blower

Legend:

[0 Vapor Phase

i : !
:-‘ :‘ TEEEPREE: ‘! ‘
J Airﬁ . B S‘.& : Adsorbed Phase
=, \_' Nutrient ]
- z - /1 Dissolved Phase
\4 \'4
L~ Q:

In The Site

7F , ---- Optional Depending
i

M‘}
%/\/\‘
t

2NN 2.3 N1TV9IHYDITSUUTSUININAINN (US EPA, 1994)

Condition




14

Y = . R o a 3 1 9
(3) MIBADIMANWTINN (Biosparging) (HumsiRuemadigszvumeldaniae
4'4 ar d' a = gl %’ Y A T 1 9 o []
PuseauiomnlS uaeondoulusuri 1AAU (saturated zone) FIvTHINA1HDOAIINTUDY
= =3 -3 A e [ { o o
AENNF RN TUAF T Sy LRI 2.4 msilszgnaldszuumssneInianeginu
(Y [] a o = [} d
Mot1eauIsolusfnues Kao et al. (2008) 1alin1sfinyIn1sgosaatsas lalasaisuounn
o ? 9 ya ' a a a a 4 X A @ ot
aszuumst lns@ouluhlddusu wudu Ingdu efaudu uos ledudisonsauiun
[] = 4 1
mislalasmfuouiifing (BTEX) nnmamisfnuimudngdunidmuisadesaaivais
o ' o 1 o
Talasasvoudinng 1a%evas 70 Tuszoziaan 10 ey Nawasnauaas lifiuNszULdA

- Y qus
mmﬂﬁﬂizﬁmmw°lumiﬁmj,uﬂﬁ'ﬂuwﬂmﬁau

Atmospheric

Vapor
Nutrient Tank Treatment Discharge
\ Blower —
Legend:

UST ——
{7 . B

P
J_/ Vapor Phase
el S ie A‘Zfr Adsorbed Phase
< - < Flow
N Dissolved Phase

Water Table

i

Air Flow

Air Flow

RS

/s

MNA 2.4 MITNNIUVBITZUUMIOADINMANIFININ (US EPA, 1994)

1] ¥ v
(4) MIFUNIY (Percolation) vﬂumﬂiuTaﬁﬁ‘la’f'ﬁmﬂmsﬂmﬂaumﬂmmmm

[
=

Taoms@uarsemis uozemalugdveunaransguinufivudeumisiiv msemsuaz
{ a ' a = N a A oo o 1 a
pmeanEnas llszsaonszqumsiiyidu Tnvesgduvdhlvsasinsdosaniasiy
4 X
NTHETY
@ a o, . [ @ a o & o w a ¥ a
(5) 89UNIniHINMN (Bioreactor) HuastfnsaingdmSurthiadau v Auaznou
] ¥
MAAZNBUIINNTLUIUMIHAANNYAMMNISUNTBNNTZULITAAA 9 Ananidudleuss
° ' [ a o & = a a v a N | = [
gminnlaludslgnsel deenimsiauesndiou m159m156a1e 9 Jaunidviseniimslsy
1 i = S| =] ' by A by ' o
anEa N 9 13U gunil Anuunsaiduan MMinnzauie Idnszurumsdesaatsluds
a ¢a X ' A a o @ 1 3y @ a o'y t o o 3
Ugnsaiinavustellssansnmn Aret1ns Idanuszuudal fnssidanweu ssuuihiia
o Fy o @ o 1
Lﬁml‘umtﬂﬂm’JMﬂﬁaﬂi]u‘U‘Uﬂ’mNﬁﬂJE)UNﬁlJ‘U“iﬂi’(Completely mixed activated sludge)TﬂU

[ a g o o 4 A w a P v ¥ o a1
ANHUSYDITSUUUINNIUAATAAILD DU ﬂzUﬂ\ﬂﬂﬂﬂ’lﬂ’]ﬂ‘ﬂﬁ’]u'ﬁﬂﬂjuiﬂunlazﬁaﬂ‘ﬂﬂagﬁlu



15

@ g s

o A a o @ o LY [ )
ﬂQNﬁNli‘JuluﬂlﬂU'JﬂuﬁﬂﬂﬂVITVNfN mlﬁtjilzﬂiz‘nw'lﬂ‘n’lﬁd HASTNTNUIAADURAIN 9 11—“]‘3

ee

= = ]

[ b4
a T 2 o AAa  1da o @ @ o o 9/
Auermafimasinaueviliydunidyiane q AlleglidnyuziReituaneandaild
¥ ) = = - s g =
aunsathiaiide 1dedsditdss@nian (@ninnusanspua il ATNAILUNANY, 2554)

auaasluninn 2.5

aznoudeundy

A 4

e &1 -~ ° o
adaadanufwii lmda

4 o @ a o o @ ar H a
ﬂ]Wﬁ 2.5 fn571101”‘\]6353UUO\31J§]ﬂ5m%3ﬂ1w (ﬁ']”ﬂ\ﬂu%ﬂﬂ"ﬁﬂmﬂ']wu'] ATUATUAUNONY,

2554)

@ . o A [ Ada s
(6) WAIFININ (Biobarrier) ma Tu Tatwiiadmmwiluma Tulagilinswauiin

o o g

4
manns1117aa 289305995901 (Biofilter) (Lennox and Ashe, 2009) #3953 uu1lsznoud

=

Y = o [y a o dR 9 g ' a adYyy ' oa
G!’JﬂﬁN‘Vl:Ji‘Wiuﬂ1%1‘1]14’1’:1@1]531517\01“’158%101fn%z‘l‘mﬂulmmm‘wﬁilmfgau“niﬂ ‘lﬂllﬂ AU

¥ A a 4 o a 2 @
wlaenly ninazneutindy voLdUNIE (Osman et al., 2008) 1Hudy TasnsanaszuUNIT

b4 ]
N

FININVTAAAITSVUUVIINANWNITIADBUNUBIAITNY LﬁamiﬁyﬂuLﬁauﬁﬁ'mmsmﬁﬂ

a s d ° Y

imuhgaanarsiifigiunid @au‘nsuilzﬂmm“?'\'lumsu'auamumsﬁyﬁﬂutﬁauﬁmﬂ%‘au
sildiianuduRvanas

Tosufiinanemarnauussnisdinn fe sandausznnemiveusuluTasion
(C/N Ratio) ﬁl?‘lﬂWﬁﬂﬁUi}auﬂ%tj (Hunter and shaner, 2009; Hunter and shaner, 2010) 9119
vesgnguiiminzauiteldinnusudes snnudlunsade GH) aumuvesdinats
gunql L?‘Juﬁ%fﬁ'ﬂﬁ1ﬁmuwn1uszuuﬂas§ﬂmqmﬁgﬁuazmm%m}m%uﬁanmac’fﬁﬁ%’uma 9

. a o & o 4 = 4
(Biofilm) nAsuuUAIAIAeN  Idiluiuanldsueini uazermisIiungdunsdine


liubu
Rectangle


16

.- yauridannsawigdula uazdesaarwmsiiu'la (Seo et al., 2009; Hunter., 2009; Saponaro

{ o @ s
et al., 2009; Yeh et al., 2010) MW 2.6 Liag 2.7 uaasdnuaizvesmisiamwiazmlizgndls

PN 2.6 MINIUVBITLVURITIFINN (Lenoex, 2009)

53
Oxygen delivery Reductant delivery
- for nitrification of for denitrification
Leaching/injection . .
~ ammonium of nitrate
of nitrogen
Multilevel |
1oniitoring
gyl
Z g
% 7
.7
- ; Z
: 7
%
) = & ! k4 @ o v o w Y H ¥
~ PN 2.7 A0819m 3 sz uumisInmdruiiiailidaunduidleoululnsou

(Patterson B., 2011)



=
N3

A UHUN T 5 ud

3.1 NIBUNISTIVY

VHIAIINNT

= = =

a & ¢ o A a san vt o Y
MIATINITDIAUNTY HUFDIAUN ﬂﬂhlﬂNWuﬂ'lﬁﬂﬂLLUﬂ (ﬂ?i‘gﬂﬂ? WIUUANTD , 2552)
3
d

i g =

E4
11viNsveremIzi@ss lue1msduutedueddutiaMad (Minimal Salt Medium , MSM)

= =

e g ' " A ~ [~ '
fflens IwsHTuoa mzidesluduudifgungil 30 espuaaFoa NA1W37 100 0UAD

U

= o Qs
Y19 Wlumat 4
= e dy a ~ ° é’ =Y £ = [
MIANYIAUTAVDUTOAUNSI IAUTINITHINEDUTEND Lag ANYIANYUTYDI

a ad A o X Y ' =
pauvigieUsuenanyuziiosdy naeasuaNuaIuITa lumsgesaatvas IWsH Tuned

=Y

a é’ = = J = 9/ =Y ~ dil . 9
TagNSAALENIYIDIAUNIEUTEND IHNAUANITIVOTDVUIY (Streak plate technique) laeld
¥ ¥ g < o ) o ”
911151 UF DD LD AIDN (Minimal Salt Medium ; MSM) HAUASANAIND AR (Yeast Extract)
k3 ' e
MU (4 0 uaz @15 IwsH Iurea 20 Hadnsudedas auldizenuignd nadfo dnvus

¥ 3 9
TaTan Ty usademiioununavua

[

a0 & i d ? 2
NUIENINUALUI0MNLY 3 VUAD AN

- d v 4 - o Y a 1 oo
311 Maawmsaduunasmiveniihldifanisgesaaindnga
-~ 5’.’» dy N 'd v I'd ¥ a ~
asanu luduiee Imadumsnduurasnisvowd 1 ol vaunsold

q

=N = ~ Y g ) 4 v A
TunmisnSgaula Tasarsnladluuvasnisuoudo nsadATHA (succinic  acid,

C,H,0,Na,*6H,0) TReu0rTATYN (sodium acetate, C,H,0,Na) ﬂQIﬂ’d (glucose, CH,,0,) 721

a  w 1

4 @ 1 4 i = o
PoYA lUNITNAADIAINITNN 3.1 AIUANL  NUAITUOUN 0.5 ndnSunpdag (Xie et al,

@ A

2008) Taen U UT UYRIAITAITALNAIN 20 HaAnSuADARS NeAERNa1S il uuKa g

4 A o Y a ] o w = PRy
asvounvhldifnamsgesamemsmisaunas (wsi Tules) Nanga






19

3.1.3 msm%mszumﬁaﬂszqﬂmﬁumsﬁuﬁﬁﬂﬁ“uﬁﬂmﬁaumsiwsmuwaﬁ
Tagnszuaumsihiianielunsn (In-sitw)

Jusufaziflunmssassszumhildan memiams TnsiIuneaddudlon Tay
$avafisnsms Inavenhldauaieiy Taeldnududuvesats nsw Tuves wazunaq
MU0 ¥ TUSUABUAH LY DINTUADUAIT I URINUA IS LA LU

NN ITANLUNUITBAINTIND 3.1






21

as o A a o
3.2 IFAUHHMNIIVY

ac =

o = oo [ =3 = o d' A XJ o o =Y c'Q =t
FauiumsIsunaie manl gunsal inveeiionas YUABUAUTIUNITIVY HIL
[=] 0 a (73 1 dy
s1eazBean15v 398 dade i
4 =1
3.2.1 ginsaitazensinll
Y Y
[~
32.1.1 8IM5150uT0e MY (Minimal Salt Medium, MSM)
3.2.1.2 13 wsH Turloa ansansan)
¥
3.2.1.3 qUUMIZHOUD YT
s/
3.2.1.4 guuvzi¥enIunugmngil (Incubator)
¥ @‘R ] .3' 3 Qs %‘
3.2.1.5 niotaEoa s ay 101
d‘ a g 3
3.2.1.6 As09ns1zvuna lasun Innsv
A y =
3.2.1.7 3091H 389
3.2.1.8 unauAIzUdauea (Spreader)
3.2.1.9 vIagyuy
3.2.1.10 veiufsuies
3.2.1.11 tala
32.1.12 NIZUONAI
3.2.1.13 AzNeoanasns
3.2.1.14 Tnnoes
3.2.1.15 Vinoananog
32.1.16 vaoadunasn
Y] [~
3.2.1.17 YAAAUVDILAUN (DSPE)
3.2.1.18 fINTOIVUIN 0.2 luAsou
[~ =Y
3.2.1.19 Wy

)

dy j’ a o 9 @ 1 = 2
322 MsziReureyaunsddmivdesaatoais Insw luvlea uag msfnyn

' a a4

anlnueInauaUNSY

9 Qq

' a = dAad

FUYALIBYAYUADUNITILWIE LAY Lka$ﬂ1§ﬁﬂ31ﬂﬂﬂﬁﬂﬁquﬂﬁuﬂﬁUﬁJ’Jﬁfﬂﬁ
3/
fago 11
a J 2
3.2.2.1 MSRTIUDINILBYNYD
a E N S o o .
1) MIRIYUDINTLDYUYD DULB DN (Minimal salt medium,MSM)

gn391M13152n0 VN0 Na,HPO, 5.8 N1 KH,PO, 3.0 n31 NaCl 0.5 5 1ag MgSO, 0.25 N5y



22
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Abstract

The main objective of this research was to isolation of profenofos pesticide—degrading pure cultures
from chilli farm soil. The work focused on microbial growth and profenofos degradation of the pure cultures.
The experiment was performed at initial profenofos concentration of 20 Haaniuaoang. The tested conditions
of temperature 30 °C and shaking at 100 rpm for 4 day were applied. Samples for residual profenofos
concentration and number of microbial cell analysis were collected everyday. The result showed that four
patterns of colonies (designated PF1 PF2 PF3 and PF4) were isolated.. All of them were gram-positive
bacteria with different in size and surface. In growth and degradation tests, all isolates could utilized
profenofos of more than 90 percent within 4 days. A large number of cells increased during the first two
days. The specific growth rate was 4.40 to 7.20 per day and the specific degradation rate was 1.25x 10" to
237x 10" pg/CFU/day. Based on the results, it indicated that the isolates were efficient for profenofos

degradatior " potential for profenofos remediation.

Keywords : profenofos ; biodegradation ; isolation
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Abstra. his  study aims to isolate and
characterize a profenofos pesticide (PF)—degrading
bacterial consortium and pure cultures from chilli
farm soil. The work also focused on bacterial
growth and profenofos degradation. The
experiment was performed at the initial profenofos
concentration of 20 iiadnfudsans. The result showed
that the enriched consortium comprised three
predominant PF-degrading strains designated PF1,
PF2, and PF3. The isolates (PF1, PF2, and PF3)
were characterized as Pseudomonas plecoglossicida,
Pseudomonas  aeruginosa, and Pseudomonas
aeruginosa, respectively. For the growth and PF
degradation Kkinetic tests, a consortium and all
isolates could utilize PF as a sole carbon source with
PF removal of more than 90% within 6 d. A large
number of cells increased during the first two days.
The bacterial growth and PF degradation rates
followed the first order Kinetic reaction with the
rates of 0.40 to 2.68 1/d and 0.34 to 1.96 1/d,
respectively. The PF utilization rates of 3.0 to 19.6

that the consortium and isolates are efficient for
profenofos degradation and have potential for
profenofos remediation.

Keywords: degradation, insecticide, isolation,

profenofos

Introduction

It is known that organophosphorus pesticides
(OP) have been developed to replace
organoc  ine pesticides for agricultural purpose.
The pesticides are efficient and inexpensive
which result in extensive ion [1,2]. This
leads to OP contamination in either agricultural
products or environmental media [1,3].
Organophosphorus pesticides do not only damage
weeds and insects but also could cause inhibition
of cholinesterase activity resulting in malfunction
of nerve ulse transmission and toxic to
invertebrates, fish, animal, and human [4,5].
Among OPs, profenofos (O-4-bromo-2-
chlorophenyl O-ethyl S-propyl phosphorothioate),

C;H;sBrCIO;PS, is one of OPs broadly used in
many countries (Figure 1). Profenofos (PF) is
normally applied for pest control in cotton, fruit,
and vegetable cultivation. Intensive use of PF
leads to its accumulation in environment and
contamination as residues in foods, fruits,
vegetables, and environment [5]. For example, it
was found that profenofos was the highest
applied pesticide for chilli cultivation in the north
eastern area of Thailand. Profenofos residues in
chilli soil, and farmers were also detected. As a
result, there should be a technique to alleviate the
problem.

Br. Q
R b
(e g P SCH,CHCH,
I~ OCH,CH,

Figure 1. Profenofos

Bioremediation is one of the key attenuation
processes of pesticide contamination in the
envir nt.  The technique has been
successtully applied for OP remediation [2,5,6].
Thete © " |ue involved the isolation of pesticide-
degrading microbial cultures and the utilization
of the isolated cultures for the pesticide removal
later on. Thus far, there are only two publications
on isolation and characterization of PF-degrading
bacteria [5,7]. Three PF-degrading bacteria
(Pseudomonas putida strain W, Burkholderia
gladioli strain Y, and Pseudomonas aeruginosa
strain OW) were previously isolated for China
soil remediation site at PF concentration of 200
pg/g [5,7] In the real practices, failure of
bioremediation by exogenous cultures is
considered because the cultures somehow do not
well survive and work in dif  @nt environmental
media and conditions [8,9].

For successful PF bioremediation, indigenous
PF-degrading cultures were enriched and
isolated. Degradation kinetics of PF by an



enriched consortium and novel isolated strains
were conducted. The cultures were also identified
and characterized. In the future, the isolated
cultures could be applied for the PF-contaminated
site remediation. Also, the kinetic result could be
used as a basic knowledge for t  future
application.

Materials and Methods

Chemicals

Commercial grade PF was used in the
experiment (Profenofos 500EC, Syngenta Crop
Protection Co., Bangkok, Thailand). Profenofos
(analytical ade, Sigma Chemical Co,
Singapore) was used for PF analysis. All other
chemicals for bacterial medium preparation and
PF analysis were analytical and HPLC grades
from local chemical distributers.

Enrichment and isolation of PF-degrading
cultures

Profenofos-degrading species were isolated

from chilli farm soil experienced PF exp:  re for
years (Ubon Ratchathani, Thailand). A sterile
basal salts medium containing KH,PO, of 3.0
/L, NH,Cl of 1 g/L, NaCl of 0.5 g/L, fa@n5uSO,
of 0.25
of phosphate buffer solution) was utilized. Agar
of 2.0% (w/v) and yeast extract of 0.1% (w/v)
were added in agar medium preparation.
The culture enrichment and isolation procedures
were as follows. Air-dried soil sample (20 g)
from the site were mixed in the PF-containing
basal salt medium (100 ), incubated on a
rotary shaker at 100 rpm and 30+2°C for two
weeks. The soil suspension (10 mL) was used as
the inoculum and inoculated into the PF-
containing fresh medium (100 mL). Then, the re-
cultivation was conducted for 4 times
consecutively. The enriched consortium was
maintained for further investigation and was
purified by spreading and streaking plate
techniques. All plates were incubated at 30+2°C
for 14 days. Single colonies were obtained after
several subcultures. The consortium and isolated
cultures were then characterized.

Characterization of PF-degrading cultures

Colony and cell morphology of the isolated
cultures were characterized. The isolates were
identified by 16S ribosomal Ribonucleic acid
(16S rRNA) sequence analysis. In brief, each
bacterial culture was grown overnight. The
genomic DNA from each culture was extracted
using a standard boiling method. The 16S rRNA
gene fragment was amplified from the genc
DNA by the polymerase chain reaction (PCR)
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using the bacterium-specific primers: a 63f-
forward primer
(5’CAGGCCTAACACATGCAAGTC3’) and a
1387r-reverse primer
(5’GGGCGGWGTGTACAAGGC3’). A 25-ul
PCR reaction mixture was prepared according to
the manufacturer’s protocol (Fermentas, USA).
The 16S rRNA amplification was performed in a
thermal cycler (Perkin Elmer model-2400, USA)
with the following conditions: 94°C (3 min),
followed by 30 cycles of 95°C (1 min), 55°C (I
min) and 72°C (1.5 min), with a final extension of
72°C (5 min). The PRC product (ca. 1,300 bps)
was then cloned into pGEM-T Easy vector
(Promega, USA) and transformed into competent
Escherichia coli DHSa cells. The plasmid DNA
was then isolated using the QIAprep Spin
Miniprep kit (Qiagen, Netherlands) and
sequenced. The partial 16S rRNA gene sequence
of the isolates was analyzed  ng the nucleotide
BLAST (BLASTN) algorithm of the National
Center for Biotechnology Information (NCBI).

Profenofos biodegradation by PF-di  ading
cultures
Duplicate  batch  experiments of PF

biodegradation by the consortium and the isolated
cultures were conducted. The consortium and
cultures were shaken in the 200-mL medium with
rotary shaker at 100 rpm and 30£2°C for 6 days.
Profenofos concentration and cell number (viable
plate count) measurements were performed daily.
Abiotic control test (no bacterial cultures) was
also performed. The bacterial growth and PF
degradation kinetic rates were then calculated.

Profenofos and intermediate metabolite
analysis

Profenofos concentraion was measured using
a QuEChERS extraction technique and a gas
chromatograph with a mass selective detector
(GC-MSD) and DB-5 column (30.0 m length,
025 mm id., 025 pum film thickness). The
sample of 10 mL of was placed into a 50-mL
disposable polypropylene centrifuge tube with
10-mL of acetonitrile and acetic acid of 0.1%
mixture. The centrifuge tube was capped and
shaken for 1 min. After that, NaCl of 1 g and
anhydrous fia@iniuSO, of 4 g were added. The tube
was then shaken vigorously for 1 min and
centrifuged at 5,000 rpm for 5 min. The
supernatant (acetonitrile extract) was transferred
into a SPE tube (QuEChERS D-SPE, Agilent,
USA) to clean up residue. The tube was capped
and mixed in a vortex mixer for | min, and then









potential profenofos degradation pathway was
proposed (Figure 5).

Br ﬁ?

i\ I
..... /)‘\0/ P S
c’ e
‘ Hydrolysis
Br. T
J\. PG
>__/‘0H + Ho P73
O\\//

cl

F° re5. Potential profenofos degradation

pathway.
Conclusions
Novel PF-degrading consortium and three
isolated  cultures  including  Pseudomonas
plecoglossicida  strain ~ PFl,  Pseudomonas
aeruginosa strain PF2, and Pseudomonas

aeruginosa strain PF1 were isolated. All cultures
were efficient in PF insecticide degradation (PF
removal of more than 90% within 6 d). The novel
cultures were promising for PF remediation. For
further study, the influence of environmental
conditions on PF degradation should be
performed. Also, the full PF degradation pathway
by the novel consortium and isolates should be
conducted for insight investigation.
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