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H Part 1: Enrichment of bioaugmented profenofos-degrading mixed cultures (PFMC) 7
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E Enrichment of bioaugmented profenofos- Characterization of bioaugmented PFMC

[}

H degrading mixed cultures (PFMC) ® To isolate pure cultures from PFMC

1

E ® Toenrich PFMC from contaminated soil ® To test profenofos-degrading ability

1

5 ® To study PFMC growth ®  To identify 16S rDNA of isolates

1

E ® To study profenofos degradation kinetics ® To determine profenofos degradation

]

: by PFMC kinetics by selected isolates
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E Part 2: Optimization of PFMC stimulated bioaugementation for profenofos degradation

: 4
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' Determination of potential co-substrate for Optimization of potential co-substrate for

]

i biostimulation biostimulation

[}

: ® To study PFMC growth in presence of ® To study PFMC growth in presence of

(]

E sodium succinate, sodium acetate, and selected co-substrate at different

]

' glucose concentrations

1

]

: ® To examine profenofos degradation in ® To examine profenofos degradation in

]

E presence of sodium succinate, sodium presence of selected co-substrate at

]

' acetate, and glucose different concentrations
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Part 3: Demonstration of profenofos bioremediation by stimulated PFMC bioaugmentation Z

4

bioaugmentation) at different groundwater flow rates

® To investigate profenofos degradation under selected conditions (only bioaugmentation and stimulatd
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OP removal e ————

%)
w0 '

80
60
40

20 Profenofos

0 Chlorpyrifos

——— Dicrotophos
PF1

Pr2

PF3

AT 4 Mstesaaeansnassiwieauazansialalaealae PF1 PF2 uay PF3

Br. Cl
ﬁ CHs
/p\\s/\/
CHs
Profenofos
I o)
Cl = C S Hac\ /
o | m O-R  CHs
CI” "N ~0-P-Q H,C—0 O \ o)
0 \‘CHa
w /N"_CH3
CHs HaC
Chlorpyrifos Dicrotophos

o v i a
A 5 lassadeansinsillunea arseaasinsved wazanslalalanea



Xi

venaniifinsdnwlusinfinuinnmstesaasanslalaslaweasesininszuiunis
wialatu (methylation) Wuanslululaslaweansunssurunislelasladaluvasiiansraos
1w‘%ﬂaammsngmjaaamaﬂ%"'ausn (primary degradation) @asnszuIuNslalasladale
wilouansinsWluvea  wisgslsimulpenmsin PF1 PF2 wag PR3 annsaiidnansans
safunulureaviesmisannléd  Fufumnussgndfldqaunsdiasemaingunidvaniles
annsanumussanMeitlasiudeusuld sudeeidaansuuiiousunsiage

1) WamIANWILRaIITUBUINAdUASUNTTUIUMSIIATTUATNS
= Q‘.’I A=.l'l di % P d 1 ] a‘
nsAnwlutuseuladuiefndonarsiiluwvasmsvousufivnzanlums
] Y ' < 3 a o e o = ‘d A =g o &
duaiunisgevaatsarsinsiurealaongquyduvsdndale  Jeansnidenlunsnyiaseiliy
o a a1 o PR A v a
ansiinsiglunseuiunsiumluadusiumly Sldun nglea (slucose, CeHy0p) nREAT
A (succinic acid, C4H,04Na»6H,0) laifsuasdinsy (sodium acetate, C,H50,Na) Tuns
nAABIRIUANUSINATUBULasaNsInsWIuWea Wiy 500 uag 20 mg/L MmuAU HAaMS
NARBINISIISYAUIRYBINGURAUVSEVY 3 Yavinaed fie YaveaeWilimsifunglaa nsndnd
fn uaslofouesdinsn Inaedgydivlaveinguyduvissludnvagadieiu  nanfe nau
Aunidlinsesgulaininumtunnliutielen 6 Swaled 20 ndusuou
Punidiadumn  Tnennendeduaanisvnass (48 Falus) yanlimadunglaatinaiale
t a o € ) 18 [ d a =) a d a
YINgUIAUNIEPM 10 CFU/mL sosanuyaniiulglReses B LAz yAANNTA
Qo an [ 17 16 o a N (4 a a
Fadila WU 10 waz 10 CFU/mL mwadiu fadloRansansaunamiansnmsiasgiuln
4 - 4 4 o = aan w o ﬂ. ﬂ' = ) ﬁ' '1 ﬂl
yaanguyduvsEnuInsiasgivladulunmuujisedudunilagalifini 0.49-0.62 hr- &4
ganinsisydulalugamuaunbisinsiiuwaimiveunn
dmsunantsdnmuiniuansinsilursanansianni 6 arslnsiluneaanasatng
o & v v o % a o o &
57ty 10-20 Flususnntuarnududuresansinsifluneaiasua lneilisduannis
GIJ d‘d @ U aa a a a a
nnaes (48 Falaww) yaniinafiunsadadiln wasyaniduleiiousdinm amnsoannlm
Winturesansiadesay 30 duganiimsiunglaaaansoanaisinsilunealalpenan e
Sevay 10 nNamIneasInanaziulauvalmiueus R rilaiinadenistesaany
=i ' o [ 1 a a [ a o/ a o J
aslwsiluneasdnsdaiau wansveassmanavidululuiienadeatuimAdelusfinfinuiy
wuaienateanenuiouldnsndrdtanaslafouosfinsndaduasusenaveeansaluiu
1 . . ' | <t &
aedu (short-chain fatty acid) {Wuunasnsveusnninglaadauduaisiulamsniugiu
. ¢ ' o ol a '
(simple carbohydrate) Yauwamanin1sgovaarsasinsWlunealuganiinisfuumes
L3 i S U J | . -1 [ t ¢='l’| X v [ su .
AISUBUAN 7 TAIAT inu 0.001-0.008 hr~  9nwasenaMivdldeansdaauiingm
drttadigsanstasdaisasinsiluneastisdagu



xii

@® Glucose
O Succinic acid
6 ¥ Sodium acetate

Profenofos concentration (mg/L)
-
L Jell
@O
—SH
HO-+4OH
H-Og—
<4
—
—O— 4
=0+

0 10 20 30 40
Time (hr)

o ' -, {  a ae
A 6 nsgasaaeansinsHlunealnenguydunsd
melfanmeniumamisuaususiin

2) wansfnwaNuduRusTeImIIdLTuTeIaToIMITINkaranslwsHunealy
AszUIUMSIUAIluaTuTIY
msinwtudunoutitejuiunsinwdvinaruduiuvensadrdiaiiléiduunds

msueu Tnefnwiirnududy 4 40 uas 400 me-Carbon/L wagfiansiwsiluneaiiusiu 20
mg/L Wisuifisufuyanaassililiifunsndadia  wanmeasmuingugduvidaings
mMIneassiimsAnumnamsveusmadatusng 4 dnnedgavisludnvusdety
namAe ngueAunISiRuswauTuInlugas 21 daluswsn ndunisatyiulndaduncd
Jeduannisvaass (48 $2lua) wudingugAunidiinsiuiusinussum 6 Uy 16
logCFU/mL fnpsiinaunamanimsiaiafivle windu 0.42-0.50 hr' ARadnaIause
namldmsiuuasriususndmalinseigiulaiutulinmin sttty
wiasmivoulifinaseni1sasgiiulavainguyiuvidededaau
dwiunmstssaansansinsiluveanuiiarsinsiluvedanasetresiaialu 12
Fluousn induiaduaed (il 7) Tnewuhmendsduganivaass (48 hr) yaviaaesiis
ASIANULMAIAISUBUTIN O 4 40 waz 400 me-Carbon/L ansagavaatvansinsiluneals
ninderas 80 Swsnnsindnans whil 7.90-31.46 my/L/d FuiteRansansaunamansns
dovamuansinsiiluneanuinmssesaanaidulunuujisondusunil Tnedanaei wirty
0.01-0.06 hr* lagluyannasiilinadivian (yavaassflifinuvasnisueusiy 400 me/L)
mstesameiifaliiuiuds 6 wh denSeudisutugeililfifuumesniveuty
nan1sAnw e ndnnuidlefuumdsmsusuuduaiulimstesaaeis
Fuetadmau Tnodlenrududuresunadsmiveusiiuannmstesaasansinsilunea
By dwiunalnueanszuaumsumilud@usan (co-metabolism) 9KATNASANE
wuhanstnsiluneauifuasuasmuwifiluasesilélumsiadgiviald g
WiwuilunsdifiFuumasmsueusiu (nandpdtn) dwalinguiduvidiadydulaiunnty
Wisadntes  dufufienanldilunsdimeiundsmiveuiumiioninssuaums
wnluaBuvesanstwsiuneadonguedund wisghalsimumanisinuideionnssyms



xiii

o 0 aa ' - ' s ) P s s &
Wigd13dn1sgasaatvansinsiluneastedaauld lusuipsaisiinisAnwilulsziiuil
< v a [ v €
welvinsuauduly (fate) vesansludandeuduanludsylovisonisussynaldlunis
& X A & '

Hununwideusield

Succinic acid 4 mg/L
Succinic acid 40 mg/L
Succinic acid 400 mg/L
Succinic acid 0 mg/L

LI ]
{40®

15

NEE T

Profenofos concentration (mg/L)

0 10 20 30 40
Time (hr)

A 7 mstosaansansinsilunsavesnguyduvadly
v o ' ¢ 1 1 v v
melsanenfiunainsuausaneen gty

nnnamsnwdninannudiduremdiniveuuluidediiuanwuinnsadad
fiafimsdutiu 400 me-Carbon/L fiusvansnmlunisthaivayunsdesaansansinsiilu
WoaAnge fifuagenldnsadadiaiinududusinarnduundensveudin dnsu
msAnwdviznanududuvesansinsiluneadudu (40 80 uar 120 me/l) Wisuiisy
sewingavmansiiuuar lilfAuuvasmsvousin  HansmaasmuIngugdunidainys
msvaaeifiansinsiluneannudududing q Snssgavlnludneusmvilounathadiu
adiduresansinsiueadsmasenisiosgivlnthausbisaauineuiu venanils
wuindansinsifluneafiuaisuasuuuiiv (toxic xenobiotics) usdausimnanduduGudu
Wadugelis 120 me/L  ngugAuviIdnaidnsmaiigiulaguvilouyemeastdu q

dw¥umsdesaarsarsinsiluneanuinarsinsifluneaanasegeriailussesm
sefuaniuaduaedl (nmdl 8) Tagfimnsiduduvesansinsilluneagenguqdunidton
ameansaufagaiaiosindiiimduiuin nevddugamavnass (48 h) nguqdunid
MNYANAABIIN | amnsagevaarvansinsiiurealasevindesas 8591 dasinisida
a5 whiiu 31-55 me/L/d Sadlefinnsanvaunamansnisesaatsansinsiluneanuinns
dogaaentiulunuuiterdusumil Ineiidmsil winfu 0.02-0.06 hr'

wamsAnFlidiuigemaaesiiiamududuresansinsillureaudusiaiudlo
uvasn1suausniinananstosaatwasinsiluneaniaiy Immﬁamqmﬁu%’umsqq (40 80
uaz 120 mg/l) uwalfuvesmstosaasanslugamaassifinisiiunaglifuumasmiveu
suilndifiseiuann (eaunamaninisdesaasuasdnsimsidnansinsiluvea) wans
veassludnildaudsfunansmaasiinrmdudududuresasinsilunea 20 me/L B
wansliluiadediinuan nande dwmunanisvaasifiiiuanyanaaesiifinisifiuumas
miveusudiAnvaunarmaninstosaaisuazdnsnisiidnansinsiluneaasningavaass
ilfduuvamiveusedetau nadaudisnanmaitfaanarsinsifluneadady



Xiv

o a a ¢ W oa a & = ' a
asomsivislunisiesydvlnduiuivinaiunniudume iiinsgsyaaieinuganiy
J ' ¥ ) aaa W v o < H Hy 1 t 4 b 74
issnnnisteraateiilulumuujiserdudunilsinisgesaarsiuegiumududuves

asi5udu AatudndnavasansesIndanalalitaautn

wd

30 1

20

-
o

® PF 40 mg/L- no added carbon
O PF 40 mg/L- added carbon

[e]

2% 5 § o

oo
Qo
—a).

D
o

N
o

Profenofos concentration (mg/L)
o~
o

® PF 80 mgl- no added carbon
O PF 80 mg/L- added carbon

120
100
80
.
40 1

20

(=]
-0

® PF 120 mg/L- no added carbon
O PF 120 mg/L- added carbon

oe

A ] =, 1 o =
A 8 msteraawansinsilureavesnguadunidlu
melaannendarsinsiluneasn1eanudutu

10 20 30 40
Time (hr)

uanmnﬁé’awuduﬁaﬁmsmm?auLﬁauiwd'\qwamsﬁnmmmgﬂmsmamﬁﬁ
mnududuresansinsiluea 120 myL Augemaassiinrundududu 9 wuinmseen
amwansinsilluneaanasatndmay  SwmadinanideRnsansaunaansvesonled
uMENYBI Michaelis and Menten  8195zylefiTluanmziansiwsiluneainnududuge
iausngnsainstudafeansemnsies (substrate inhibition) (Nl 9) naafe e
duresansens Samneiastnsiflureaiimuduiugeanniunuindnsnistesaay
ndvasasdaau  Taewalunindnandamuinluanigiiunasansuausudnsnaes
Usngnsaimsdudaianananas  fufufserenanlfiudiunasaniveusuildamivayy
nszvum A luafusuatedmauin wissiinanaunsoaaanisdudimstesaany

asinsiluneala



Reaction rate; V (mg/L/hr)
w

—&— Experiment without co-substrate
-+ O-- Experiment with co-substrate

— — T T — T

0 20 40 60 80 100 120
Profenofos concentration; S (mg/L)

- ' <) o R .
2f 9 FaunaransnistasaatsasinsHluneamunanyas Michaelis and Menten

1) wamsAnsmsedeuiivenntdiuiararsinsiunealunuusaes

namsasaszuuReysEndllumsiumh lsauudeuarsTnsifuvea luanme
FsmnsBusiuvesinnatu e 25 50 war 100 wuRwasrety MIveassAnwTimy
WutuvesansinsHlured 20 uag 40 fadnSusrodns uar UWaIANITUBUTIN AD NIALATUA
400 fadnusedns TaulfiRunauydundd 10° was 10”7 CFU/mL efnwussdvEnmly
msfdnansinsiuealudnvaurmssiassanmiiléiu - nanmsfnwmsiedeuiiveniils
AunazansinsWlunes LAENAN AN DYENATRIS RTINS TR vB N A LB
Wutuvesarsinsiluned

N1IVAABIUSANgIMIIES (tracer breakthrough test) fi¥nqUszasALNeAnYINTS
\wdsuivenildAuuazansinsilunealunuusassnoduinse NANISANYINUIINS
idouiivenilimuileidnsmsTuiiudng q fufidilndifesty  Taewuie C/C, (A
Wudu a adle q deaududuisuiy) finssana 1 densvmeasswiuly 1.00-1.25 PV
aumguiudinaedeuiivenilifutiuegiunisluaveni (advection) uagmsunsnszae
(dispersion) InensmilusAngd (breakthrough curve) fidnwamunswlAsguieauasiinn
C/Co = 0.5 u mMveaes 1 PV urndnvansmilunsAninuinen C/Cy W
atenmdr (bildnsmildaguimien) fednwazdindniinaindviswanisluavenildmuiy
win  wenaniidmuindesmsfusiuveni @wusiunsstusnnnsivavent) biska
remsiniauiivenilugavaassnodin]

dmiunansfinwnisiadeuiivesasinsilluneaUisudisutunaslse Nans
NARBINUIAS 1 PV usn Weraslsduarinsilluneaiususgesiaiusnuilnsilunead
AnRsRudnInaslsd nan1svnaesiudldasnsiluneatadiufagnazate (solute)
fiBninaveamsuninseate  (dispersion) wav/m3s mswensyate (diffusion) dawalviens
iwdeuiidinindr (masls) uinasinanfifisadnies  eRensandiadrnumig



(retardation factor; Ry) vedanslnsilunea wuinfn Re WU 1.18 (PVyoenofos = 0.68 Uy
PVenioride = 0.80) oﬁ’aﬁy'ummmnénlé"j'ﬂ:iwumsQmifwaams‘lwsmuwaa‘luﬁﬂLLUUii"laaa
flothedaau vennnilSawuinmeaeskiusitne 1 PV asveaeaiiuaadi IﬂULﬁB§NQQﬂﬁi
nnasnaslsanazansinsiluweall C/C, = 1.0 uag 0.9 mMudIAU KaRInaLanslviviuIng
nstasaanpansinsifluweanwsssumiluiuudaeshadnies  dsrafnnanmsdes
daneeneuas (photodegradation) wielalaslada (hydrolysis) lasamsixamnsaseylein
YAUUUTRBIREdIFSUBYE AN IgaduLaz It arAmLAN s TIUY AR nToY

2) wansAnwdvENaTessnsIMsTuR e ldRutazaudduresansinsiluves
namsaBnszuLTiansidannsfiururenireiu fe 25 50 uag 100 cm/d ga
noaesifinnudududisiuvesasinsiiuea Wity 20 me/L wazuvasmsususiy 400
me-carbor/L wuimsaadamulaiwuansiwsilluneans  wadnwasriivedldiuuusaes
peduiinmAuadiignnsduionsiiuuvaiveusuiiussdvinmgaunn  deald
mﬂwsﬂ‘luwaagnuaaamUmwmmaaﬂmqmsmaaq nensvmassluduidonndasiuna
maveassuunzluddeiiun  ndmfe  lumsiiuwaduazarsemsyluuiuad
wanzandaalinistesaansansinsilluneagann Ussdvinmwnstesaansasinsilluves
Tunuusassredunivandlslumaed 2

A151991 2 Uszavsnawnsgavaaneansinsilunealunuudransreduyl

v ' o v oy |
. Savazn1stioudaneansinsWlunod & n1IVaaesnAMTNYY
M9 sy
L g1slnsilunoduazUsunangadsuny
n3YueNY
20 mg/L 40 mg/L
(cm/d) 5 15 5 15
10" CFU/mL | 10 " CFU/mL | 10 CFU/mL | 10 CFU/mL
25 > 80 > 80 > 90 > 90
50 > 80 > 80 > 90 80
100 > 80 > 80 > 90 30

dunamsAnsyavaasanfimududuEuduresanstnsitlunea winfu 40 melL
uazuMas$UBNTIYN 400 me-carbon/L finailludanndl 10 Fanansveasanuiilunsdi
\AungueAun3s 10° CFU/mL #ishsnsdusiumastiving 4 f ¢/C, wunliuistudleni
W 1pv mnﬁ”'uamaué‘nﬁasJLLasLéuﬂqﬁau?Tuqmmiwmam Tngmviaasy a 8n5IN58N
MuYBNI 25 50 Waz 100 cm/d Sif C/C, = 0.10 0.20 ua 0.69 A leduganis
NARBIYAVARBINTNIINTNTTURI 25 cm/d firnwannsalumadosaaiuansidunnilan
Tngaunsadesaansansinsiflurealdninfesas 90 mwawnsolumsdevamuanaaile
Wushsmsfuiiureni Tnemmannsalunstesaasansfisnsimsdusiu 50 uag 100
cm/d winfiu¥esay 80 uagdevay 30 aud iy Fansaad 2

Nnnansveasdlunwi 10 wuhemaRswnYRtuYIs 12 PV usn
Insiflueagenindaedaly (35 Pv)  idnteseraiiiounanluszssfiGumnasueadsidl

AIIINVANT



XVii

VGinates  widlenavinuluwadissyiuladufiduiuliinaesinifiuneadinsianuis
anas dluyAvAaeRisnsINIsTKIY 50 way 100 cm/d Bemadnfliwadqaunieniiugadu
wuiuddvnaludnensadeiy  dmiunanisansassuuiinnududubuduradnsiflunea
winfiu 40 mg/L uazunaaruausau 400 mg-carbon/L Tuns@unguyaunid
10” cFU/mL fnadiufennit 10 wamsvaassduduiinuiwsiadianulinuinsiunea
\ag nadnuuzivlduuuhasneduiiifinsiiueadiignnszduluUnugdl
Uszﬁw%quqmnﬁu

25 cm/d

10 | ® 10°CFuU/mL
' o 10"CcFumL
0.8 1
06 |
0.4 1
0.2 { ]
o o o o
U——o0 0o 0o 0 O |
10| S0cm/d ® 10°CFUML
’ O 10" CFU/mL
0.8
O
Q 06
o
04 -

10 e 10°CFU/mL
' f o 10" CFU/mL
0.8 -
t ;
0.6 } *
0.4
0.2
—o0o——0o 0o o 0o |
0 1 2 3 4 5
PV

P <l a [J v F0o (¥
AN 4.10 aﬂsiwsﬂiuwgammaamnuuumamﬂaauummumswﬂaEN

<l

fifeundudulnsilunea 40 me/L wariliwadiudu 10° (8) uax 10 CFU/mL (o)

& i o o a a a a¢
ualamemantsynassidiviiuinisveaesiisnsnstuiuuasBnuduse

v daa a ' 1 o a 13 v v
\Hulldeniidvinasenisdevaavansinsilunea STUURINSIAEaauaENSEAUAIY
nspvIuMsumluaBusmuiivszavsamlunisidaasinsiluneags  wsedalsinuly
ad dlv g va o & J dadaw =% g v g I3 e
nseiuszgnaldlumstuhihldduiuiddewlummindisnsimsduvenias (Barfmiw) §s
anafinaniviinanidhunmledneusiuianmnisiiii (hydrautic conductivity) geens
Aaadinsiiueadqiunssusnaingwy  wenanilluneunisuszgnaldasemsiinsdinm



XViil

a a Y =4 . . 14 . . ] -oa a = &’ A
vdnavesladennes®inm (biotic) uarlilgdanw (abiotic) 1wy Bviwavesgdunidluium
(indigenous microorganisms) 8vgnavaaudfnu (919 ANEYYaRY USunuansdunidly
Ay Wusu) dvdnavesaudimilenu (Dusy

ajunan1sideuazdaiausuus

#5UnaN13398

A cdda

1) msfanauadunsgniinuansalunisndaalsinsilynea

1.1)

1.2)

nauqduniendnliiugduvidlunguiemelsingy  Faldansinsiuready
uvasanIMIUBUALY (sole carbon source) 16 nguqAuvidanan
Usenauseqiunisiigusauuuvisuwaznay  wadiiiesdaunganan
wazuwnIuay nguyduvisaianuansalunsgesaatsansinsilurealases
ax 97 vaunarmansmsiyiulauaznsdesaarvansinsiluneaiuly
UfRsendudunilrnmei Taefiriaiviniu 0.40 wag 0.15 hr awdndu
wasilidnsiMsyssaaisansiwsilunea 3.0 me/L/d
meiAneiiinstesameansinsilueanuin  nqugduvdiannsodes
aangansinsiluneaduansidR wasamanuaaisdunidu q Faldun ans
2,4-di-tert-butyl phenol wag @15 3-methoxy phenol

2) psfinuenyduniduigrsuasmfinnidnvuenisdesaaiuansinsflunes

2.1)

2.2)

2.3)

a

nguydunidnannsodosaawansinsiflueandauenlagduniduians 3

4
@ o

wiin Faiwuadeienit PF1 PF2 uas PR3 Wuanewug  Pseudomonas
plecoglossicida  Pseudomonas aeruginosa ua¥ Pseudomonas
aeruginosa AUARU
saunamaninaigydivlavesdunisuignsiiulunuufisosusuil 1
TneilFasfisaunamansmandydulaogsswine 191268 hr'  uag
Puvidsuiavireandianmsdetamuansinsiiuned wavievazms
mMdnanslnsWluweads 7.6-19.6 mg/L/d uae 93-95 muansiu

PF1 PF2 upy PF3 awnsadesaawansidadngivlalndifesiu  qauvid
Minansraesinivealalesas 57-73 wasanslalalavealadosay 33-47
Tuvausfigdunididnansinsillunealdifesay 75-82

3) msnszRunsHasdaeatinsilunealesldnszuiumswailuatusiy

3.1

d a W aa < a '
ﬂ15ﬂﬂﬂaﬂﬂtﬂuﬂ15ﬂq1ﬂﬂ NINYAYUA Ltazmﬂ,‘vmﬂuawmsmﬂuwaa
g ] ] J a a 1 a = ' a d a
mi‘uauiauawaman’m%mLmuimﬂaaﬂquqauwitﬂuuwnun YANADDIVILAIY



3.2)

3.3)

a g a o o a ]
4) mssdansHuiIdduivutoussTnsiTunaamundnninfueadiignnsedu

4.1)

4.2)

4.3)

¥

L

XiX

nindrdliauaslnifouesdinimannioanarsinsilunealaievas 30
dugaiiinsifunglaaanunsaanansiwsiflureald¥asas 10

Svswam ututuveansndadtaduduilfifuuvasmiveus (4-400
mg/L) dwasiamsiasguiviavasnguydunidliunnin Usydvsnmmsdes
aagansinsiluedlinindevay 80 dnsnsidnansinswslunea
Wiy 7.90-31.46 me/L/d sauwarmaninsteyaansansinsiiuweasluly
puUisensusunilnetiiiad wiiu 0.01-0.06 ' Tagluganaaead
Tinadilan Ao yaveassiliAuuvaiUBusIM 400 mg/L  Tagnistesany
fasiiAutuia 6 v WenSsuiisusuailildiAuunasaiveus
svdwarududuresansinsiluneauiiu  (40-120 me/L) demasienns
Winiulsveangueduvidhisnnin  dwiumsteaaneansinsilurea
Wuinguiuvidanganaaewin g aunindesaawanslaiesay 85-91
MINSANRENS WAL 31-55 mg/l/d  daunasiansnIsgssaaneans
Tnsiluneaiulununisesusunislnesidnel wiifu 0.02-0.06 hr
ansAn¥aINgANTsInaeim i tuvesansinsilunea 120 mg/L
Wnusngnssinasusiuasemaies (substrate inhibition)  Tnemalu
anmeiiilundsmivauiudvnavenngmsaimsiudatainamanas

L 4

9

o

nanRaBNT USRI uwas BN Aunigdutlhdeis
dvSwasianstovaaisainiilunea
nansANERsEUURanEEn st urestiefy #e 25-100 cnvd
AaduduiEusuresansinsillurea whiu 20 me/L uasumnasnriususau
400 meg/L wuhmsrdamubinuansinsifiuveaias  madenanvdle
wuudrassneduiatinsifueadiignnssfusensiAuuvainsusus i
Usgd@vndamgann
wansAnyyanaaasiiianutiuGuiurasesTneilunea  wihdu 40
mg/L  uavuvawIfususm 400 mg/L  lunsdifundueduvid 107
CFU/mL gammaasiisnsmsmsdusing 25 cm/d aansagesanioansingi
Tuwealdnindevas 90 mnuananselunistesaasanasdioiudnsnisduy
iuvend  Taearuenansalunisdoaaneansisas T 50 uay
100 cm/d wiriufetas 80 uaziesas 30 ey  Weiunguedunid
i 10" CFU/mL wuiasaRaenuhinuansinsifluveaias

1) astinsveasinavesdunindon afilty Usunaundsludilenu USunmanssunsd
FITUMR War Afiterveanil Wudu sismnuainisnlunisgssaavansinsilunes
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ABSTRACT

Profenofos (PF) is a heavily used organophosphorus pesticide (OPP) of which
its contamination is ubiquitous in agricultural area. This study aims to develop
profenofos removal technique using stimulated microbial cell augmentation. The
experiment divided into 3 parts including 1) isolation of a microbial consortium for
cell augmentation, 2) investigation of profenofos degradation stimulation using co-
metabolism process and 3) demonstration of profenofos contaminated-groundwater
remediation using stimulated cell augmentation approach. The results from the first
part showed that an enriched consortium was heterotrophic microorganism which
could use profenofos as a sole carbon source. The consortium degraded profenofos
for 97%. Based on profenofos degradation pathway analysis, this consortium
degraded profenofos to 4-bromo-2-cholorophenol. The 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.

In the second part, the test with succinic acid supplement as a co-carbon
source removed profenofos the best compared to those with glucose and sodium
acetate. The initial concentrations of succinic acid (4-400 mg/L) slightly influenced
microbial growth. The test with succinic acid supplement efficiently degraded
profenofos of more than 80% (profenofos removal rates of 7.90-31.46 mg/L/d). The
test with co-carbon source supplement of 400 mg/L performed the best. For the
profenofos degradation at the different initial concentrations (40-120 mg/L), the tests
could degrade profenofos of 85-91% (the degradation rate of 31-55 mg/L/d).
Otherwise, substrate inhibition was found in the test with profenofos of 120 mg/L
while the test with co-carbon supplement could reduce the phenomenon. For the
last experiment, column reactor was applied for simulation of contaminated
groundwater condition. The infiltration rates (25-100 cm/d) and microbial numbers
(10° waz 10” CFU/mL) obviously affected profenofos degradation. All results
indicated that the bioaugmented consortium and isolates are potential for PF
remediation especially under stimulated condition.
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(electron donor)  uanINUSwARNAUVEINNAMUAINTOlUM LR Aa B AN SIRLNY
Y 1 va v & & o & v aa - -
dnmsdevaneladnaie  Wwanevaamsiuyuivueusmeisnmametinnm fis ms
o ' ' « . . . '
wWasuanmuaaslinaredunismetsanysal (complete mineralization)  lagliil
Y < ;. . a « & X &Y 4 X
ansilsduns (intermediate) avauludainden swusznaunuguveINTHuyRunvuley
Y  a v oo a Y] aa a « Y v da '
melBmametimw laund  vlauasdnvuraniivendunid  wasthiowndouiinase

nsesgyiulnveniuviduasnisgosaaleuaas (Alexander, 1999)



2.2.1 viiauazdnvnuzanifvasgiunidlumsyasaaienislann
a deg ¢ do o d & & o & Y aa
JaunidiliuesrussnaundAgigalunszuiunsmsiuyiunuuideunigisns
o VA a o€ a P @ aaa o . A 9]
I nanfe aunidsndnouleidaluiisiuisen®inm (biocatalyst) ield
nslugegaanetaans  MnuausananlaiauannInlunsgeaansuaaswazInnns
gowaany  (degradation pathway) Fuegiugauvitiuasarmansalunmmdaeuleyl
UseAnnaegauvisdaninsouteanlivaiesuiuy 19U WUmNUMEaIPISuBN uasvas
wasunlasu leefisrwavidendail

1. NSWUIUSHANYDIEUNSEAULNEIIBIAISUBY (carbon source)

o 1amelsinsy (heterotroph) e qauvadillarsusunnarsdunisiu
nsadaead  awnsondnldigdunidnguilldansdunididuems
FofuasBuridiuuiiousglufuiiasgnindaly

e palalnsy (autotroph) A auvFdflasuouanfe
asusulavenies (CO,) Wemsadawad TnevilungueAuviddusiles
unuwilunsidnansdundd  uilfunumdu q Addey Wy EuvsEi
dnlulasioumsnsyuaunslussfiadu (nitrification) s

2. MIWUTHNVIVDIAUNIINUUNEIUBINGNU (energy source)

e Tnlslnsy (phototroph) Ao YAuvIdiltuasuunamany Swqaunds
Ussiananunsouisgesnuumasaniueuily Fangueoiiu
asduvIdiuvasafuou 13877 Ilaewelsinsy
(photoheterotroph) 1y wueiiBefiddndames  (sulfur-reducing
bacteria) \Uusiu dnqauvienldfeausulasenlediy
wvasasueu 15en11 1Wlmeslalnsy (photoautotroph) Wy a@msne
uazuuAfiefduasiziuas \usu

e @lilnsy (chemotroph) e  YAUMISlAUMAMANLIINUGTTEN
ponTiadu-3andu  Fuwsgesnuvasniueuliily 2 ngudes Ae
nguildAfuauIInatsdunse 3907 wluawmalsingy
(chemoheterotroph) 1y Tladh 91 uaz wuaiiGedlng Feqaunsd
Ussoilldndamanuiiseneendiadu Sendunistevaanuanstunis
dnqdunidnlundsmsivaunnieniiueulasenlediSenin iwlueela
Insy (chemoautotroph) wu lunsWdauusdiSe (nitrifying
bacteria) 1wy dwiugRuvidnduiarldndinuainannuite
ponTatu-3antu vewsetuvid wu wenluie lumwm uazdalve
sy



miejaaamauams%uﬁélﬁmmﬂnqiLﬂ%‘augUuaaﬁi (biotransformation)  18u
waansBuvissiindu q vieenananldinszuiumsdesaaelianysal  uddnszuunis
dovaanuanysalansduvsdsgnivasuiunssimvieansetiuvd (mineralization)
Puniddasne  q  eniaruaunsolunisdesameliaaasuaransduvsisiunsle
st Nanysainsaiieauneln fetratu mitevaansansmindngiyemindu (atrazine) i
Amsgesanenaiinmanysalfinmi 22 waslifiunidifimmanselunmsdesaans
Ioauyseiuazundudnsai 2.1
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Atrazine
v
Hydroxyatrazine @@ Deisopropylatrazine
v v
Desethyl Desethyl Deisopropy!l
hydroxytrazine deisopropylatrazine hydroxyatrazine
2,4-dihydroxy- 6-(N’- 2,4-dihydroxy- 6-(N’-
isopropyl)amino- 1,3,5- ethyl)amino-1,3,5-triazine
triazine
2-chloro- 4-hydroxy-6- 2-hydroxy- 4,6-
amino- 1,3,5-triazine diamino- 1,3,5-
triazine
v
2-chloro- 2,4-hydroxy-
1,3,5-triazine 4,6- 6-amino-
dihydroxy 1,3,5-triazine

Cyanuric acid

Urea

AA 2.2 Fmstosaanuansemndu (Carter, 1996; Sadowsky and Wackett, 2001)



a131ai 2.1 JAuviiduazaaniueiveiniseseaaieansemnduy
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Microorganisms

Degradation products

References

Pseudomonas ADP Cco, Mandelbaum et al., 1995.
Rhodococcus TE1 DIA, DEA Shao and Behki, 1995.
Ralstonia M91-3 Co, Radosevich et al., 1995.
Alcaligenes SG1 CO, Boundy et al., 1997.
Rhizobium PATR Cco, Bouquard et al., 1997.
Agrobacterium J14A o, Struthers et al., 1998.
Bacterium 38/38 Cco, de Souza et al., 1998.
Clavibacter michiganese ATZ1 N-ethylammelide de Souza et al., 1998.

Arthrobacter aurescens TC1

Cyanuric acid

Strong et al., 2002.

Nocardioides sp. SP12

Cyanuric acid

Piutti et al., 2003.

Chelatobacter heintzii Citl

Cyanuric acid

Rousseaux et al., 2003.

Arthrobacter nicotinovorans HIM

Cyanuric acid

Aislabie et al., 2005.

2.2.2 Uffisenazlaeilinadenistsuaaremslinnn
UszinvweslfiseinisasuniotodanguadnsmenssuiunmIn g Inm
annsauvteaniewu 6 Usunw (adan Yalu, 2553) sasoluil

o Jjisenlelaslada (hydrolysis)

e Jiisensunnd (cleavage)

UAsenatalastdu (dehydrogenation)
UfjAsendlalaseladiutiu (dehydrohalogenation)
Uﬁﬁ%mmsuwuﬁ (substitution)

Ufjiseneandindu-3andu (oxidation and reduction)

Uaduhilinasenszuunisgesaaslumsnuyiuivulowlivanedsents &l

v

swazidun Al

1. sipuasdnvarauiFivesgdunsd

AUSOVURDATHY

Faun3dlusssurAniinsususmlv
= (] o :’l 4‘ v
wazdinuanunsolunisy spaaneansiwtiuieliiu

oy a a va a v
asewnvsaivuguasivlimunduiviosas

PNIUITeNae

& & ¥ va ] a e A et ' o .
FUNHTUUN QN‘LCV‘INﬂ'ﬁﬂﬂLLUﬂQ‘aU'VﬁULwaﬂﬂ\ﬂqﬂ']SUaﬂaa'\Ua']suaWU (Li et

al.,, 2007;

Wang et al., 2007;

Benimeli et al., 2008;

Li et al,, 2008;

Malghani et al., 2009; Xie et al., 2009) HANIIANWIINAINUT qﬁuw‘%‘éﬁ

Anwenlaanuisngasdanvalsielneenaliuseansnw

FagAuvisenly
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ﬁm%’usjaaamEJmiﬁmﬂuqﬁuﬁéﬁﬁmié'ﬂuanlﬁmnﬁuﬁﬁﬂutﬁaumiﬁw
v 9 flannsausumnuseansivuavanusagosaatansiviule
unandsnu  lunnstevaawansivesdauiewine  q leun  Ufisen
pandiadu-3dndu Fsgavheasfunsaondsenliunisadqdunidinens
Wigdula nmsfinwinisteaaansuaivuaqdunid elHiduuvas
W& (Malghani et al,, 2009; Xie et al., 2009) wuinqduvidiinseay
aansansuaiwelfifiuuamdnulunseiydivle  Wumddoluednls
Anwnaasyivlavesiunidluemnsdsaadueasy (Minimal Salt
Medium ; MSM)  #inauanslaesduauy (diazinon)  wamsAnwintsgioy
aanvanshy waznaresmnsydulanandiiuidegauridingld
asiwdioduwamdudmiumasigiuln  Taedenarhulusmn
didurssasanasninfesar 80 warshwuwadiinaifiuniy 3 winlu
vgrian 14 1y

iy mndurieuinanhludwndeudusniliiiiinadenstas
aaga1Tiwraqauvsd TnederasionisiodgAulanazmswasugy
a1sAYMINTEEM Uaznsaranevesiweandiay uazUSuneansiui
Prunidanrmnuliusslonild fuagivauthvesasiuiy q
anudunsaine  anufunsaseesdanedeuiinanensgaduansos
mMaaguazmieuesdusd Anfulumsdesaansmsivmadanind
Fududestimimuauaudiunsasstvadane nnsAnyNlE
fimmpasuiiegosameasuafivluanyvesenuiunsameiiinaiy
Frethaty  newidefinuun (Malghani et al, 2009) lddnwn
Auannsolunssesaaeansinsilureavesqgdunidfnumsdauen Tng
Tummeasslainanaaeunavesnnulunsainmeyszaninmlunisdos
aawarsinsilunea Tsfieviinedsy fe 557.2 wamswaaemuh
auvidanunsndesaansansinsillunealfdnigaiifiios 6.5 nwadnan
wanslifiiuitanemundunsaseiduiinasermuaunanlumsday
dagansuaiwaqaunsd

quvgfl uleiviifinasednmsgesaauansie Taogumafiazinasiens
Waufisealiinn 9 swlufisnsisdyaulneagdunsditimudunzse
gauugiluanwandomiy 9 9133803 Head and Oleszkiewicz
(2004) Wdnwnstesaanelulasiou Tngvinswdsuwasguugiiie
anifinufisenlupiiatu (nitrification) v899iun3d neeedlasldgamal
Bustuit 20 25 war 30°C gamgligavinedl 10°C INMsvAasINUITgUNYT

)
a

o P o a -~
(Fusun 20°C Insanasveuenlulislulasiau (NH;-N) unvigasssasnie
fiouvall 25 waz 30°C Fansamasewauluilivlulnsiaunaniiiuns

1 v

| N

-

= aa ala L A L U ) ad +
anﬂgniaﬂummﬂwmanm fuﬂnwamnaTJawLﬁmﬂq:quumamams

[ a

Wnuveiunsduasmafiauizeaiin 9
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A159M13 asewmadudsuludenisisiqiulnvesgduviidlums
WwiAvle Teeansommavdniaun msueu lulesiou wazWeaweda sl
famsduvddiu  q  Faleehluasivivuiiouludunedengiuniden
annsegesdasuazthastnduansowsld  TegldtinnsAnwmaves
seIMsFeNIsITsAulnregduyid (Xie et al, 2009; Malghani et al,
2009) msAnwdInaENEseTUBAWTlaIna s RYTIRALYEanINTa
gavameiielfifiuuamdsmmdnivady wuluemuddeves Xie et al
(2009) ladinsAnwimstesaarsansuanivieau (Malathion) Tasfinisifu
ansewnsiiuenmilonnansi Famansvieaeamuiduvsanansn
Tunstevaaasivisnnniuniferay 60 Wafisutugaiilifimsiia
#1505 Mneatinanwdasliiiuiasemnsiinwsudusenisdosaany
ATHURIEUNTE

lassadnvesansiy  lumsdesaatwansiunstinmlassaiwuasdneae
audavesansiy Lﬂuﬁ'«a’«ﬁ'ﬂﬁaamaﬁamiﬂaﬂaa'\ﬂmiLLazmiﬁvm%mﬁﬁaﬁm’lﬁ
\Wuansemslunisiadgyiulavesyiunsd neAdeiinunlafinsh
Jaunidunlddosaaeansemsn®u (Li et al, 2008) wWams@AnwIsEyi
qauvsdldansemsduduuvadulasiau wazarnnside Malghani et al,
(2009) I#Fausnideiiaunsodesaasansinsilluroa nmsidessylédn
'«qauw?éﬂ"e)ﬂaa'\amﬂwﬁﬂuﬂaaLﬁaisﬁ’tﬂuLLﬂéaﬂwiuau mnmﬁ%’aﬁ”’aaaa
wandlifiiiuindesanlasiaiwesansiuiinety  Jaunididimsdenaniy
answiuieldiluuvasansemsmedu
$uedademnuivesmstudouansiy  efimsuuiieuvesansiivly
dwandey  yauvIdaunsauuilivueasuieiinistesansiwiy  was
defimsuuiiouansivmindeansiviilassadrerdemilundimen aeh
Ivqaunidluviianananliseddiailunisusuiiunu danasio
mmamwm’lun"ﬁsjaaaawmiﬁwﬁﬂutﬁauqﬁu namAdevansTualad
nﬁﬁnw"nﬁmﬁ’un'ﬁﬁ’mwngﬁuw‘%‘émnﬁuﬁﬂuLﬁaumsﬁmﬁa‘lﬁﬁwé’um‘s
gogaayaTHY Iﬂav‘hmﬁﬁ’mwnqﬁuw?émnv‘iuuﬁﬁﬁnﬁﬂuﬂaummmsﬁw
::amL‘T’JuL’Jmmw,ﬁa’lﬁlﬁa}ﬁuw?éﬁwwiamiﬁw lazaSAALEN TR
Inegredivse@nsnn (Li et al,, 2007; Wang et al., 2007; Benimeli et
al., 2008; Li et al., 2008; Xie et al., 2009; Malghani et al., 2009)
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2.3 nszuuMsiiuead

NIEUIMAFUNTINM (bioaugmentation) Wi nsiAuansTanmidunssuaumsi
Tolumainwnsuiunaiun (van Veen et al, 1997; Gentry et al., 2004) gy MsLRIe
FrnmBdigauniditisdaaiunamzigniis - msgnilenszqaiideiisiniviiuuaiised
PrelumnFeulasioudmaliifuussmlunamegn Wud  lunudansdennsidima
Fimwiunszuiunsidlunstesaasansdunisludiaduin (septic tank) wagmsviie
winagaunsunaty (Fang and Wong, 2001) sisannsiiuvnedinmlaiunswanuniveldly
miﬁuw‘ﬁuﬁﬂutﬁau (van Veen et al., 1997; Devinny and Chang, 2000; Gentry et al,
2004)

231 UsEMUBaInTsiANngInm
wallanisiiunadanwannsaduunsanlailiu 4 ngu Gentry et al, 2004)

® mufuead (cell bicaugmentation) fa MalANwAIAUVITTHInG
annsafdnansuudouadhuduandeilnenss  Samsiueaderadily
sUnvuadnIEdasy (suspended cell) w3Blwadn3e (immobilized
cell) (Pepper et al., 2002)
® i (gene bioaugmentation) fia NsFNBUTidNATUNSEBLAANE
ansaeqAunIdsadn (indigenous microorganism) itelWyAuyIEAnaT
annsodetaaeansiuieuls
e nsifinity (phytoaugmentation) e MIaFuBuFALUasiduaSuNsLoY
aaeansadluiy eliiiinanannsadssaaenienuansiudiould
o msdnlsleailesniedinmm (rthizosphere bioaugmentation) A AMSIFL
yauvidaslusnivey
mﬂﬁﬂmsLﬁuﬁu'wuﬂdaumnu,ﬁ'aé’aaq’lwzumaun’ﬁﬁnm'iﬁ's TiRssMsfaugad
esunsimunaunseiisegnitdeds desniduisnishidudeuasiivsavsnmlunig
Wunnsuudiouas awva s udusesdinsfuradidesanngauvidlussmnaeali
ansordnasiwdeldnammlunshidn  dafumsifusadfennsouttgdingn
6 TasladoRinsunlumsifueaduszneudne  undsiinveagaduaradowindeuiiting
siauuaéﬁgmﬁu
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| 4 a
2.3.2 uvasnuvauwasniglunisiiuead
| o & ot a Pl ) ' 4 -~ & d=
urasRunveNTaanitlunsiuwad Usenaumie wuasUuilaudu Wunidnen

FAUVTENINSAN

swazdennatl

wargauvsgaauUaiugnssy  (Devinny and Chang, 2000) leeidl

; X a ] ' & 4 o4 A & a Y
wrasuoupu namee unasullousuritasUulloudssinnineinuy
o L% [ a o ccla ° w
FeladauenuayseyaeRuiadunidnlimuannsalumsmdnans
Yuleuudn onavhwiltluiundu q lauiu degraau  Tuniside
asa MU deussan 15 Yudlatiinidefnuengdunid
Pseudomonas sp. ADP &dlmuanansalumsnidnansemadugeunn
(Mandelbaum et al, 1995) fnuulslaiiviensAnuidenaanauns

Y a ol & o ' au J’ ] e'l’
Useynalgqauridaanailumstunnunvuidewnusnannieluvay
Usuind (Katz et al,, 2000; Seffernick et al.,, 2000; Clausen et al,
2002; Gonzalez et al., 2003; Neumann et al., 2004) {Jusiu
& oo '\ a ek a ccdo w a dd& o &
WunAnw wasgduvzdnltlunsifueadiddyReniunuuileu

o & o & a & vad A a  adeda
namfe  Tukuivuilsuesdimuibululanasiiyduridniiauannse
t &’ = ° 2 LY a &

Tunsgegaatsansiulou Fwnunsanseviildlasnisfnnengduvdann
a <4 'ol o A’ a ol & ¢ Y o A LY LY
AunInvuleu FAuVIIRINANIIveR Ae NMeUAIRINNTTAR
wsnqduvisgnsesmsliudy  Windlultassauvdananiimiuduiag
Y v P P v & a aed a a a
fluanmwedouveIiunfny MuugaunIdiazansansydivlauasd
Uszivsnmlumsfidaasuuiougs (Devinny and Chang, 2000)

qaunignmsi  WuBnmadenvesuvasgduvad  doRvesgduvid
Ussuanil A muasmanlunslion wiedwinuqdunidiateds fe
Tuundstoyavesgduvidifummudumensén  dwaldinsdifitiom
Tusarldeondanutlueddon suiduniddmanilfiumn
Nuiidnulnensenilgmnsuivanmivduondon  (Qasim  and

Stinehelfer, 1982; Devinny and Chang, 2000)

JAunIdfnuUaciugnIsy Bunidussaniifinedsuuame
Wugnssudseaiunsrmieidoudeiuuteiaienstdnans

vudou  Fesmsilifumadeniuidnasuudiounaresiiandeui
moguru  Tusideves Wackett et al. (1995) lanauuasq@uvid
Pseudomonas putida  WilBuianunsomusunafdaansiiingesi
Aaosu uazlusiiubuasdussnay dafugdunidfenanannsaiinans
visaunguldlunandentu uieglsfimaitmstiialddiegs e
gaenlun1sUGUR uazdtonaddunsedu 1
(Devinny and Chang, 2000)

pleadnaunUasle



liubu
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L 3 A a
23.3  Uadsuandouniinasioiwadngnia
o v  da ' e a & & 4 ¥ o a o
Uadsundeuhiinaseadngniauluniswuyruniuileuliseavidendaniing
< =t Y v ° v T Y
# 2.2 (van Veen et al, 1997) @ladewindauaunsaduunlaiiu 2 ngu fe Uademns
) v @ v =‘l’| ) a ol ¢ ) (Y <l <g
Finmuazladeduy  Tadbundenidwadasiuvidunnsnsiusenlumunsdifine 1ng
] ] o a ol € 4 a a . . . d' ] ] &‘
avdwasiedwIugAUnIEvTaNInTIUMMIlUGA (metabolic activity) Tsdawasian1snuy

&‘ A 1 L
WUVILTUNU

P Y v Ao ) ¢l a
A1919N 2.2 ﬂi]ﬁ]amﬂaauwmamawaam [I82hY

Process Factor Effect 1
Predation Population size decrease
" Population size decrease/ antagonistic
_ Competition
Biotic effect on plant pathogens
Release of organic compounds, enhancing
Root growth )
survival
Clay minerals Protection against predation

High tension: water shortage, high
i osmolarity

Water tension
Low tension: anaerobism, increased

nutrient availability by diffusion

. Limited organic carbon results in starvation
Organic carbon o o
and reduction in activity

Abiotic Inorganic nutrients Limitation results in starvation
oH Selection for species
Release of nutrients or toxic compounds
Temperature Metabolic activity

Inhibition of sensitive organism

Chemicals (toxic waste) Selection of biodegradative, resistant, or

tolerant chemical compound forms

2.4 NTTUIUNIINTLAUNTINN

NSEUIUNMINITEAUMSTINM  (biostimulation) fiB  nsiAuansnIERuMdIN A
AuUVISlusTIR WU @sewns ansnsssuaiaeuled asuSuanmwiedeuvieanns
Wimnzausegdundd Wudu Teonszuumsdsnaniidnefeiiaussavsamnisean
ampansUutioulasydunidlussamd  Henadumsanszeznanlunsuiuiviessng
mstesameils Jaduiitinarenisnsuiusveagdunds Wun wliauasUfinuasiudeu
gl Aoy Ulwmeendiau  wasUlumansems Wusiu  msnszdumedinm



17

o v .7 ac AA v ~a d [}
aunsonspnlovanednune  lagidmsntdey Ae nsnszdulaumMsifvatsasinetae
mimtymu‘lmamauma u,a.umsnsvmu‘lﬂamsmumimummmul«uwsammum‘luam
$u ST mavaeiseasdeasasielud

241  nsnszdulaensiAudsemsiietientswiyAulnvesqaunse

msnsgiushensiitasemsiiaqussasiifoiiudniugdunid  Seasduma
Tiuszavsnmlunatrdaastudoufunuuds - asewnsidulaealy  Wud  aw
msveuarasiulasnluuhinuimnsadeydunidiu 9 esnqdundddubiudes
MWanfvounarlulnsiaulunseigiviauesniudon Judasudeusnndszneude
asownsianay  wignvdivsunaliisanedialinsiadgavlaveqiuvidlhid  vie
Tumsndusumndimsifuasemnstusiinalivanzay - ewdmalumstudimahaues
aunsdla

fhethatu  Tunstesaaeansemmiuiadumsbunidiivilulnsouuay
msveuiusiflszney wuigduvididmiuaunsolunstesaasanse iy
idudesnsyiusemsaduasiulnsiauiazeiveuunnsinaiu lngnuiuuaviise
Pseudomonas sp. ADP uag Agrobacterium radiobacter J14a (Mandelbaum et al,
1995; Struthers et al,, 1998) Sudusisafuansasvouduvidlunmsnssdfumstesaaneans
2MINTU dumsfiny1wes Gonzalez et al. (2003) wulunstsvaanvansams gy
Insuumiil3y Pseudomonas sp. ADP z_]nEJ"U50Lﬁaﬁmi@umﬂu‘lmmuLﬁmiﬂﬂ Tuveuy
fuuafiSe Ralstonia sp. M91-3 (Radosevich et al, 1995) annsaldansomdudie
wiasnrfusularlulasiaulaglisufufeafuansemnvdniiy

wenmniinInszusemainasemsiiefeniuasetiuvisdy  q 7
iy wieansuuanrsimnzausienisiodyiiiulnveniunid wu  asuiuafiiey
Gineme  wazerndy Judu  falleduvdniiuensnsdwmadensicigdiulanie
SungRuEiudSiensadwaresanstesameansuutiouds  namde  vnnd
PPuvIsimsigyiulalifuslsnsnmsdosaats Feonainnnilanzuindonlsi
wanzausionseosaaarsUould

242 nasnszulsensiuasvileniueuleiviafamniluadusou

puildsrdluitesuiefumstesaaometimwindunseurumsitisados
funsisaisedeeulel  msahasuluiveiunidluvwnsdideduldies  wilu
vindududedfimsviieni (nduction) dnannudinstetameansuutoudy
NSPUMNIAAVEAN (catabolic) Fafpemsmsmiunilaesnaufintuluszezuium (lag
phase) weamsiSgiiulavesgiunid  fhegrnmisandeniniy lunsineees
Kaneva et al. (1998) LF'\'mﬁumsﬂ'aﬂamﬂmsﬁﬁﬂﬁ’mgﬁ%msﬂﬁaauwudwmﬂﬂuaacﬁﬂaa
158 (cobalt  chloride)usamileninisvhnusnsuledesunluneanealalnsiaa
(organophosphorus hydrolase) 16
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dunsiieumlua@usiu (co-metabolism) Aa Msfigduviddeannsaasugy
awile q Alldarsenns wioutunsl¥ansemnslumsiadiuln  asansdsnanienadl
wighifiussleniroqduvddild  wdnnswsnlvddusuiannmsfinuiuvefnwuingns
nsdasamevssasubeubiduiusiusnmnaesydvlnvesiunid Taslussosusnyes
nsfinwnssuaunsueludBusiunuimMstesaaeansdime nany wazlamudig
wuAii3y Pseudomonas methanica Weduld  flefimaidsauaiiGednanluewnades
Weiiimudumsewns  Umngmssisnanaansavenldindunssuiunswmiuady
suidfimaduansemns  Jegiumdnnswelvadusuldsuneimunuasyssgndldluns
Hunuiudousssiaities 18y nsdamainunzaaslsiiuen (Banerji and Bajpai,
1994)  ansfaludu (ianlong et al, 2002) wazansmdadngivansilsesu (Xie et al,
2009) \Jusiy



3.1N52UN1533

nuidedannsouvseanlfidy 3 dw FnsevuwrAnvessmddeiiuanduninit 3.1 Tu
Auusnidunisiauennguaduizdasmuannsalumsidaasinsilluneaieldlunisiiu
\wad (bioaugmentation) I ntuininguyiunididausnldndruiiviandnwnstes
aawansnsiflunoanieliannnealdsumsnsgdumaetnnm (biostimulation) wa3sadn
mslauvsdneldannsianzaudmiumadaansinsilunoaluhlisu
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Enrichment of bioaugmented profenofos-degrading

mixed cultures (PFMC) ®

®  To study PFMC growth °

® Toenrich PFMC from contaminated soil °

Characterization of bioaugmented PFMC
To isolate pure cultures from PFMC
To test profenofos-degrading ability

To identify 16S rDNA of isolates

o e = = = = = = e e R o = > = = = A et e = = A = A= = e = e P e = . = = ———

®  To study profenofos degradation kinetics ®  To determine profenofos degradation
by PFMC kinetics by selected isolates
S S VRSP SN RNPIP  E y g FU UUNg
E b 2 S R A A R A P o
i
i Part 2: Optimization of PFMC stimulated bioaugementation for profenofos degradation
1
i
1
'
' Determination of potential co-substrate for Optimization of potential co-substrate for biostimulation
1
' N . . .
! biostimulation ®  To study PFMC growth in presence of
1
E ®  To study PFMC growth in presence of selected co-substrate at different
' - . .
! sodium succinate, sodium acetate, and concentrations
)
]
: glucose ®  To examine profenofos degradation in
1
E ®  To examine profenofos degradation in presence of selected co-substrate at
1 - . .
! presence of sodium succinate, sodium different concentrations
]
| acetate, and glucose
i
)
1
i
b R S = R, P & SRR IR,

Part 3: Demonstration of profenofos bioremediation by stimulated PFMC bioaugmentation

ROl

bioaugmentation) at different groundwater flow rates

® To investigate profenofos degradation under selected conditions (only bioaugmentation and stimulatd

dl = = Qv
AN 3.1 NFDULLIARIIUIY
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iwSewufalasantnsn @ (gas chromatography)

\nSpsaAlnsv3 (spectrometer)
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15, amnfiuarianildlunsiinseiidue Swseneuime yeadnioue gauiu
SunuRidueiiedin1sigens uavyansisyylassadiedidule

3.21  FEmsfauennguduniddmiunisiugaduazAnwdnwanisbseaate
a  add a
d19iniiluneavasgiunidingnidu

Tudumauiiusnnsyauseniiu 2 Jursundn Ae n1sdauennquydunigainiu
o & = o Y ! ~ )
niimsvuleuarsinsiflunea wdAnwdnwurn1stesaawarsinsHlunoavaangs

AuvisEMinan (AsauAguIaUNamaninIssgdiulakazn1stosaaevedans) uavntu

[

[ ) < @ < < <l = n‘ d‘ [y 1 o K2 ) :’;
Tudunausaudsdnueneqduvsduiantitesyydnuasyeinguyaunid  luusavduneu

gouiidonNseatl

4

3211

o  msifuuasmsvusieeeiy fegrduildluntameass Wivaan
u%nmuﬂamqnw%niuﬁuﬁﬁwaﬁaL% L0911 JInin
UAT1Y51 ntunieufiegapulasisuduainnisteuiii
mMsAauenfulazavlulsudsuou 500 nfu 9ntuseudusy
AEUNTI (WIU 0.5 Tadiuns) LLﬁﬁaLﬁuLtﬂm"aasmﬁu‘liﬁqquﬁ 4
rLTaLdYa

o & Lk o 5 A <« &
®  NITHSENDINISIBEUTEVIYILNITARLEYN DIMNSIALUTBLOURALDY
yfiomad (Minimal Salt Medium; MSM) Wuawmnsiilglumsen
wenuasUsuanminelvlanguadunidniinnnuneh (stable mixed
cultures) gmsamsUsenaunis NaHPO, 5.8 niu KH,PO, 3.0
N3N NaCl 0.5 n3u NH,CL 1 nu uag MgSO, 0.25 n3u Jeazanelu
asazaneneaaUNines (phosphate buffer) Audindy 10
) = : A’ v i [) &‘ v L 4
fiadluans ownsidsalioduealsuilddewiunissntedmevie
d' 1 &‘ s -l a | [
um’mammﬂu‘lawqquu 121 ssmiwattea Wuseeeian 30
) vV & 8 a ] . ] 41” '
9 sebiiduladuansinsiluneantunsgdolaen1snsa iy
] :‘I’ &‘ Y <
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gasiuleniurinvan uelinedu (bacto agar) Wudunauos
ae 2 (swadeauanaldlunifauin n)

a i = ol s <y as '
®  misAnuennguduIdidesaatearsinsillunes msfauenngy
a cal s a ' - v
Jduvigndesaareansinsilureanndagediu iunsdauenlag
o &‘ . . ¥ Qs [l
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Auflvuidauansidauuasainulaanizugnwin Sy 20 niu
Lﬁum'lumﬂgwmjﬁussqmvmLgau%mﬁmamémimmmﬁ
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AINABaTIMssyivlauarnMstasaatsans
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28n159ATIEY MTATIERINILYadRuvsdlYdinTesaUalasiam
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nishaugnAuniditesaaeasnsilunea mifauengauvien
govaarsarsinsiluneasinnguedunisinemaiinniniede
(streak plate technique) aunseiisldlaladifien ntudaily
gy

n13szyaIeRugvaunTd Fusumenisadafiduieainqdunid

PNNUHANTILIY 165 DNA - migufisengnlegnediuelsa

(Polymerase Chain Reaction; PCR) anuuidahluseylassaine

13uie (sequence) gavineiuihunieuiiisuiiugudeyadidueds
o v ¢ a ol ¢ <l

aglu GenBank IWes¥yaeRugIdunsd (swavideananalily

AIANWIN N)

MSTEYAINAIITONISEREARIeYeIAUNSEIAAUEN]Y (s
Iﬂmé’mL%aqﬁuw'%'éﬁﬁmwﬂlﬁ lddnsrdusovay 5 lnsusuns ag
Tuemsidoudeidueadurinvan Afldrunanvosansinsily
Woaldutu 20 fadnsusiodns ﬁﬁu'lLmzL?;aq'Luc;“Tﬂuwsiflﬁqquﬁ.
30 perwalded  Airnda 150 seuseundl (Wusseziian 4 Su
\iufetnangavaassiugaing et iinssimansinsilu
weoawSsuifibuiutuusn Tnegduvddaianunsaidnatsinsiily
wealdazldiundnwlufuneusisly

n1sAnwianwvalznITdesaaevessdunIeAaLenly  Sudulay
- A’ P = 2/ @ 1 1 24 Ty .:
wuwegunidlaglddnsiduiesas 5 lneusuns addusmsiaes
J o oty < L .4
\wodueadusilavan fldunanvesasiwsiluweaidudy 20
- a e/ ' @ o a: 2 o a
fiadnSudedns drwnwizidesluguuvgnigamvgll 30 aemn
a P < ) s & @ 4
waled  Nirnanda 150 seusieud Wuszernan 4 Ju v
Q/ ] ' A e/ 1 5 d‘ o
fegranganaasuiuiawolier 2 Tudeads 1Weun
Arsgiinnugaduararsinsiluneanunde

nIsAIIaUNamansvasnsiaIgiiulnuazvaunamaninig
gogaaIeaIsInsWlunea MsANYIFaUNAAAR SYBINISLISGLAULR
a o ea -l v o =
vo99dunidngasaarsarsinsilunealaiiunisdneia
</ Lo 1 o =3 ] d' A' d" A 1
AudIRUS ST UIEAGR AU ST Wananduly way
rdeyanisiasgiviavesqgiunidluszezinudiuiu (log phase)
FINMEnINISRsRulawaznstssaateans
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WsIEansinsilunsanuvaslgiaieswnalasuilasnsaneaiy

7
3
B
Bsumsgiuwes US EPA (Emsiimeviuaneliluntacuan n)

3.2.2  3smsAnwinisnssdunistseaaisansinsilunealasldnszurunisumilud

=2 [
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Tudumeuiiuonaszausendiy 2 furouvdn e msAnvansessawd
duasubiiAanszuiumsiumnivadusuld  Tnglunmsfnunaseusqurasienisiaiguiulaes
nauRAuvStuazmuansalumsteaasans  wihAmdenasemnssamivnganiian
Tuduneunerdefinummeauduiuissyinsmududuvasansemsuuazansinsilu
wealumsiinnssuaumsimluadusn  Tuusasdumeudosiiansedl
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nisAinwianwaenIsdesaarelngldarsenissivunnn iy
Bukulasiuigeydunisidauenldldsnduiesar 5 oy
UBums asluewnsideadedueaiduriiaman tldunaaveans
TnsWluveaidudu 20 fadniusodns wasdiansoImssINLANY
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Waduwasaiueu 500 fadnfusiedng thunwededduguuei
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NI9AINIBIVAUNAFAIANSYDINTITSYIAUIAUALIRUNAA 1GNNS
dovaargarsinsiluwea msdnwvaunarmansven1siosgiavin
y9enguydunididesaarvarsinsilunemiunisAnuiie
aruduiusiswinssuueadeduvidiiiiniy Wenawinly way
ihdeyanmsiaigiiiviavesgiunidluse gifiudunu (log phase)
MAIUABRITINSLISYPAULAT U (specific growth rate) uag
nanfigAurIdiiusuaudnuilavii (doubling  time) Ha
nsAnwludumeuiiezldlfidunuamdunmsdmdonarsemssau
fmnzay welddnunluudely

FBn1sATIEY MIaesiiueadaunidldiniasaalasum
FUTON1TWUTILIUMENITNILLALATIUUDIVITUT a@7un1s
a ¢ A v o & 1
Jasgvansinsiluneanuvasldinisialasuilasnsiiny
FNINRTEINYes US EPA msinseiandlaninieiiansdle
favane (soluble COD) MuAENMININTHIU (ABN15IATILARLY
Tunemun)

5 39T

nN15AnwIAnwaENIsEasaa a5 IWSWIUWaaIA U TNTUYDIaT
[ 1 QU q' 1 4 a &I a o (‘J v } 4
Uard1TEIMTIIUANGNAL  Susulpefiugeqdunisndauante
Q 1 1 %4 -9 d" &l a
l4omsdusonas 5 Inausuins asduswisideadadueaidusiin
d [} =y v v o < a
a7 Nllaunauyasaisinslueaidutu 0 5 10 way 20 Jadnsy
V a <« ' Ao v v ¢
#oans warliarsevmisTiuniiaududuvasnisusu 50 100 500
o o a U a [-] d" v ] A -9
wag 1,000 Tadniusedns tnuuwwidesluduuweigungil 30
o ~ < ' P < o
PNISGIEE MIA2TUL5? 150 SaUMDUIN Wussezian 14 Ju
Ly 1 ] o A ° a < o
\iushagangavmasadunadaiies ivotuniiessimdiuiy
£ <l S 1 < [] lg [ 74 [l
waa aslnsiluneanuvias wasadled (UItn1slga1s9m1s937y)

NISAININIBYNAA IR SYRINTIOSYIAUInLas YauNaIanTNIT
gogaarvarsinsHlunea n1sAnwIaunaransvaInIsLasgRule
yo99dunidngesaarsarsinsilunealdidunisdnunia
Armdiiusse s uadqdun Ity wenaikiuly uay
Yayanisaigivlavesgdunidluse wiiusinu (log phase)
WIAWINAIRIINSSPARVIATWNIE (specific growth rate)
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o  Fmsianizd M uradgauridlfinTesaualasam
In3amstusuiudinisinsidsaouuemisuds daunns
Tinsgvansinsilureanunieldinseufalasuilasns ey
W/NIUMIFINLeY US EPA msdnsesviagladiiasesiianizdle
fazany (soluble COD) muIEMInAsgu (AEnsiasizvinanaly
Tunaruan)

a a K a =i Y a =
323 FBnsedanisiuyih dduivudevansTnsiuneamumsnnsifueadii
gnnIzey

Tudumeuiifumsasamsidaansinsilunealuuuuiasaildiu - #ilgns
MsBukY (infiltration rate) wuanAeAy Ao 25 50 waz 100 WwuRimsseiu (Brsimsiva
wihtu 05 1.0 way 20 fadaessewiil  FweassmuwuIvtesvideluedia
(Siripattanakul et al, 2009) MsAnwwALgEuUVSELaTanTRMNITINlREEIBINMELY
Sumeuitinan  Taglumsfininseunqunisdetaansasuasidvesnmstosaans  Tnsly
Funsuilaglnyiasioudiou 1) mafuead 2) Madueadiignnssiu war 3) o
muau (Wildiavaduazansomnson) o Shrmsinaveahldfusing q

nsvaaeasaueentdifu 3 Juseundn Tun mswieunse MIAIEN
ped] uaznIsaasasnnstdaasinsiunealunuusasnildau Fdiswasdondl

®  MswSuumTIe MIveaasilinedatiatend Budusinnsamouas
soutiunzunss Tnovisiefivuim 0.25 1 0.45 fadwnes 1ntailveush
asewsiaildlovhilguugd 121 ssmusaidea Wuna 30 unit Tumseu
ggoazihen 3 adt desefudunan 3 fu (Siripattanakul et al., 2009)

®  MsmTENLUYTIADIAoai AeduUvUIIdURIUAUINaNN 3.2 leuRAS
a o v o v e d X v v
87 40 ufwes Yhannuia @ussnaediuaedn Agidesen1sing
aatlelelnswiuea (isopropanol) aududuiosay 70 meduise
v Y ‘o’ @ i o 4" v i @ o o o/
Usgnauruuguinhdmegunvuieuingredunisiuning 3.2 ludnwulva
Y1 (up-flow)

o mmaaseaisnmsisaarsinsilunealuuvuiaeahldsy mmeans
Sudumnmadasunsivarenhuavansinsilluneadsdonih msvnaouwa
Wwas (tracer test) nMsnAdauWmalwasnNIEYilasMIUIaITazasLAaLdyL
paslsd 0.01 Tuans ldadludafiuth  sndudluansazansuraideunaslsa
001 Tuand ihgreduilvinariuneduisusu wdninaududuves
wraideunaslsslududy 0.05 Tuand Wusetahillnariuaedmifus



28

Sufinanududusuansazarsludmun o niiilwasiunedndly
FaArnsihludn iednwdnvusnisiedeuiivesiriuredut aniy
noasunsivavaslnsilunealudnwasifisrudesdnvinsiadsuives
asHuABEuY

dmsumavaassandanisidnasinsillunealunuusasahldiu o
Aodutl 3 modu Baldun 1) meduiiiAumeaddeqaunidiosas 5 Tay
Uhinaswautunieneuussyaslusednd 2) rednifiiuigadifoqaunid
Souay 5 uidafureudiiusn uay 3)  yamuau (ldfaeaduas
arsewns) mndulitugui-ldduivudeuasinsiluneadansei

v
¥ Y v ed < a ) v @
whgradutl (nelupeduid 2 imsifiuarsemisiiume) laemuaudng

a a

N15l1ah 30 90 uay 180 Haddnsmalu N15NAARIIATIEVIATLoALasENs
-1

InsAlureamundosaiues WuUsnng 10 M1983UFuIns199919 (pore
volume)

3Bn1saes1ed malnseiansinsilureanuvdeltinieufalasunlasn
5MeIFN1sUMIgINTes US EPA misiasieiadleafiiassiiansale
Aazanw (soluble COD) mwdEn1sumsg (3En1simaevuanalily
AARUIN) ’



o o @ «
AN 3.2 LUUIaaInDauU

29



U 4
NaN15IY

G- <4

s J = A -] e
4.1 Wan1sARNgUYRUNIINAAUEIUITalunIAYRaTInTHluned

Y Ve o (e  addw
4.1.1 wan1sAneINTIARNguYAUNTIuardnvusvanguduvsinfauenld

¥

[y U a o € . a nv.l Ky 4‘ a
N5AANGNAUMTE (mixed cultures) :ndu TutunsuliiiingUszasfiivedn

9

' a o €l ) < o a LY = b=} ac &
nanqduvisngevaawarsinsilureald enswinlaemsdnuenydunidlneisaevedy

U 5 A31 (1 59 IantunisuSuanin 2 dUa) dannwd 4.1

o LY \ J - [ ' a <l & <l a
MnA 4.1 Snvauemsagrameinwenngueiuvsddesaaiuansinsiiuneanniu

anmeildlunsdanguaaunid fe Nigamgll 30°C Aty 7 uaziiuanmid
28n819U (aerobic condition) ufuanmitlndifsstuanmsdenluiufinuasnssuil
Yudfouansiiadmgivinsiluneasiuilefinnsananiizuaasnduyduvisidauenls
Indugdunidlunguiamalsingy (heterotroph) daldasTwsilureaifuuvasarsmiuou
Pt (sole carbon source) 1§ dwmFumstidminngueduvidadnlddsnaiannsagesaaie
arsdnuadldaiedainmeaeuaraansslunstesaaieidaiu (pre-test) wudings
Yaunssndnldansadesaarsansinsilunealiedresdaay dwiuseasdeanisinm

AnuansalumMsgasaangansatsinswiunealmivausluidansly
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mMsfnwIdnyaEnINIeA MYaInguAunIsndald Tnodinguqdunis
fanduumsias e msudmuiinguydunidiaunsagesaarsansinailunedlds
vwalaladdunndirediu Tasludewiuannsoswunlaladld 2 sun fwanddunmi 6.2
MnxansAnwiannsananidinguydunididesansarsinsiluneausznauie
Yaunidvarganewuuiiuey  Januddeilusfnflinamsdneiludnuuzideiu
nanfe Tumsdauengdunidielilunmsdesaaeansla q lasiluwdrfiinnnimidaang
W'US::U;QEJT«JE]E‘J:mﬁfﬂi"mﬁ'uw?aﬁ'm’mi"mﬁu (Cycon et al., 2009; Malgani and Chatterjee,
2009; Malgani et al., 2009)
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A 4.2 dnvaurleladveanguydunidiigevaaivarsinsiluviea

aQ ¢ '

dwiurnannmsnwdnsaglasaievenguyduniddingn (il 4.2)
Fendesqanssmiuuuuas (optical microscope) wuTmianguqAuvEdtosaaeTnsifluea
Useneudeqaun3snisuiasad 2 wuu e vieu (rod) wagaanau (cocc)  Lwadiiiania
unsvINLazUNTaUAanslun i 4.3 Ssdnuuznianienmysnguydunididale
ansnagUldfinied 4.1

< ) ' I3 a o a ad o
il 4.3 Shwaizgusagaduasmsisdunsuvesgiuridndesaaisansinsilluviea
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AN 4.1 dnunenenenweedunitfgesaasansinsillunes

wnalaladl | dnwslalall JUIn n13AndunTY
1an Ry uvisdy U av
Yaundn nay el
ng) Rty uedu N au
Ypundn | nay uIn

MNAsENwENYIENIIMEnYRInguRAunIgigesamuansinsiiuviea
wuhgaunsnamiimusainuanemsianaw (biodiversity)  etsdldiniqaunduane
yisaunsonuasinsiuneals  egwiivsruiuihluinguydunidansovihanldani
aunIdanewudifealuan msssuni (Sirpattanakul et al., 2009) Tagdadimamannvany
wnnBovhlifiafosnmgemun  Sduaunsandnliindugdunisndnlstdneninluns
Tuselomilsasaiely

4.1.2 aunadansvamsiasgavlauaznistssaaleansinillunes

wan1sAnwIMsIeSAUIAUTaInguyAuNISTiteganeansInsiluvea wuin
nsmmsieiyiAvTavesgduniduansdanind 4.4 (Foyadvlunawuan v) nande Tu
sewinn1veaes 14 Ju ngugdunidlimaeigiivladu 2 ssee fie srezifinsua (log
phase) LavsLeLAId (stationary phase) Andulutisnan? 0-¢ u wazdous ¢ Sudud
W ewddy  namuaninsiaigiiulavasgdunidwuinlivsingssesniuums (lag
phase) iosnnlun1sfausnyduvisinanldonnsideadeiiasinsilTuneadudunan
ofudr  Tnefinnsdauendrq luannsuidsuasluomsviaduinligdunidiinguiu
anmilvidrdudunadeuasimunsuiduanneiffansiisusaaiiesdiuseney

namsAnymaaSgyiilavesgduvidiiannsadesaasansinsiluneariili
s uiern st gdvlamunzdmiuiunldfinvanuaiuisolumsdesaaelnsWluea
Tuswnan Falsiun rafuvesssezasi (4 ) Wesmntsiiydunisinnaigivinaiiuay
fimwannsaluntsdesaanganslnsiluvedlea

nsfinwauanselunistesaansansinsilunea T9qaunIdiiswouead
Guiulugavaaes idy 1.25x10'CFU/mL kansAnemuitaududuresansinily
WoaanaseseTmTlutismmaass 2 Tuusn wasiinen 4 e 14 u armduduvesans
TInsiluneades q anassuiieuasiidaninit 4.5 @eyafvluniesuan 9)



33

8.0

o o
75 ¢ s o o
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Number of microorganism (log CFU/mL)
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«

o a a 'V a  aea -
AN 4.4 nsiRSgiAulavesngueiunisidesaansansinsilunea

100 ;

80 1
60
40 -

20 §

® °
04+— 9 O o o o
0 2 4 6 8 10 12 14
Time (day)

Normalized PF concentration (%)

A ' <l 1 a &
awi 4.5 msgesameansinsilunealaenauiunsd

nansAnwimstasaaeansluszezian 14 Yu Jududreigdunididngssos
awhluneutany wui1 ngugduvsditesamuansinsiluneaiimwannsalunsgesaany
Yovax 97 (Maduduiduiu 22 me/l)  Famuanunsalunssesaarsansinsifluviead
iAntuiinuaenndsafunsmmsasqgiueesgiunds sadmduiuvesasTnsilunea
anasatnnImsilutinsnaass 2 Juusn dwaliyduvdiaigiiulnegnnas nanfe
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qz‘%uvﬁ‘éﬁﬁfyLﬁwg:isasLﬁuﬁﬂmu (log phase) dwiuiiiaan 4 fa 14 Yu arsewns Faldun
anslnsiluniea Léumuﬂiﬂdaualﬁqﬁuw'%éw?sy@uimﬁwejssasmﬁa (stationary phase)
Wethdeyansiigivlnvesnguqduniditesaatsansineillunea  uas
dnvurnstesaasanslunnil 4.4 uaz 4.5 wuinaunarmansmaesgivlauaznisdes
aauansiwsfuealulunuufiiondusuil 1 namAe Snsmaesyidulauaznisges
aanwansinsilluneaulsiunsefuamududuresansTnsiluneadeiu lnganuseasy
Yoyavaunarmansuazarwamsalumsidaansinsifumealddamnsi 4.2

o g =) @ [ <l ’ a K
A1 4.2 Faunaranimaaigdulawasmstesaarsansinsilunealaenguqdunid

ioya aun1s R’ AAsil
Yauwaraninsiasyiuie Y, = 0.02X +7.05 1.00 | 0.02hr"
Jaunaraninistosaanvatsiwsiflunea | Y, = -0.006X + 1.12 | 087 | 0.006 hr'
smsimstesaarsansinsWluea 3.0 mg/L/d
Sovazvasmsminansinsiluvea 97
NG X = nan (hr)
Y, = log (Fueag)
Y, = log (AudutiuvadlnsWlunea)

daca '

4.1.3 namsiaszidinstassaeansinsiluraalenguydunididau
dmiunmsiemeiidnistesaaearsinsiluneadesfudunisinuviie
#Arsurauduly (fate)  vesansianarilusssueid ﬁamiﬁnmnisﬁwmuﬂ‘luﬁ'umi
Anmumududuresarsinsilureanandelugansass  Taonisnuniiemsinalagld
\n3asididuLaa (GC-MS, gas chromatropgrahy-mass spectrometry) lumsszyanafsduns
(intermediate) #iN4 q HANSANYIUARITIMNTNT 4.3

a

wan1sfinwmuluansararsunsgrukasganivan (Liydunid) asiany
a50%# (4-bromo-2-cholorophenol; BCP) Wauandlunwil 4.6 way 4.7 daillaseadrads
awit 4.8 Tuganaaasiiliifigadqauniddniuannsossyldasinsilueauiisertu
1 (hydrolysis) udruandniiuensidn  wassnaniaonadesiuaisoves Zamy et al
(2004) AimsARFURUUAIUANFIRIasTunguaasunuluneanea (saufaansTnsilly
Woade) luansavaneiionineh  memsdnwmuiinsiluseaanunsauandauluans
fFaduiy wiedhdlsnmunasnaddeiinuidiodamuanuduluveasededeiia
wuISnaansidRaed Fofunamsneiataldnnseuumslelasladailians
TnsHlureaifisaursdrunandidumaliarsinsiiluneaiinududuanaadndes
yenaniismuinssriunsuanilideilansidfuandild iewinlasadevesans

aad 6 v a . a4 aw o o
femdulaseasaslsundn (aromatic structure) FEUWUEE LTI
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d a L « 1 =i
A5 4.3 nMsianuasisiuninnnIveaninstasdansatsinsiluned

yannaay | adnsnduduans NAN1ISAAAY
TnsWlunad
Budiu (mg/L)
arsazany 15 as2nuansTdn (nnil 4.6 was 4.8)
NI
YARAIUAY 40 ATIINUAITTFN (A7l 4.7 uae 4.8)
(Lifigduvidd)
YAvIRRDITIAY 20 avliwvanststuns
neugAuYEd 40 WeveasslusrusnasranuansTan  wsidlenan
Wugunsavlinuansien
dloneans 3 hr as29nuans 2,4-di-tert-butyl
phenol Fativulnsn whiu 7,633043 umiile
haweaswduy 12 hr numsasauiuiures
arsfanann TaenuirdRuildnsmifududy
7898,706  @aAnnSIANTUIRIAISHINE1ILE
Ussanadeuas 3.5 (il 4.9)
120 dloveans 3 hr asranuansTdi (nwdl 4.10)

Wanmand 6 hr as29lunuanstan wanvais 3-
P a o ol al
methoxy  phenol unuiilugaAunwulan (g
a o
sneazideatulasutannsuluniwi 4.10)

Tagalulunssuiunisgesaarvarsuasululaeqdunid (xenobiotic

degradatlon by mncroorgamsms)

= =l & a rd ] [ v
Jauvisdnamaulvinderaaiearsuasuluinlvians

tu q Wasuluassissunidudiu (primary  intermediate) WagmINgaUNIdanToNds
ulaifidesaatsarsisduns msuﬁaumwumqumﬂﬁauda 7 ldaunsedaiin
nszvumsnaneifuussmanysal (complete mineralization)  duvhefigananfusignine
(end product) ¥8anseuIums laun msuvsulasenles uialulasiou wiaweuluiy (Hudu
(efan Yalu, 2553) men'«aaumé‘lummscmamLau‘lqm"lumumau'lm 1 wiawdinlaluauga
futsamesansezdwaliidanisavauvesanstuneuiu «




1 i £ g [} J‘—-
e, @ i A e s X nw__am am

AP 4.6 MIasranuansTEnluasasaensgIu

)

o o
aINNM 4.7 ﬂ"lims')ﬂ“Uﬂ'ﬁUﬁmﬂﬁﬂﬂ')Uﬂu

Scan 134827 mark LomiafS S}SN T

§ &8 ¢ 8

o

§ &6 8 8

8 %

: Sl
3 A %g% g, Tnwn How 'ty weewam  w i

o et < o Py v
A 4.8 TaseaswanstidnuazmsivSsumisugiuuuiaaanansiiugruteya
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o 1L
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o . '
AW 4.9 NIATIINVAT 2,4-di-tert-butyl phenol luganaasimstaaaiy
asinsHluweamnududy 40 Nadnsuredns Maansudu (A) 3 hr wae (B) 12 hr
(Q) maFsuigugUuUukIAanARugudeya
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dwiunasnyamaaesildAungugduvidwuiinismaassiszsuaunduiy
Liumwuaaaﬁi‘lwsw‘[uwaaluaaun (20 mg/L) MsnsaadaeuliinuansTdn  willoveaes
wmmwu‘umiumuaamnﬂu (40 mg/L) Fawuans U (Faswazidunlunnsned 4.3) anua
msvmaaa‘luwmauuwumiauau‘uaqmiww lesaanuld) lunmaaesiirududy
vaansinsifluneaiFusiu 40 mg/L annsonanldinguyiunisialilumsdneidanunse
govameansinsiluneaduasiafly  widlefimmududureseansinsilluneage3ail
wulwlliaugaduusuiuarsdndnimunmsaranvearstdn nadanandululuiian
WWeniuanddsluefniiseyin Pseudomonas aeruginosa strain OW anunsngasaayans
TnsilureailuansO8Riguiu (Malgani et al, 2009) vhilnadsnanigianmsaseylii
ulvifindatulunssviunstesaaneidueuledusaamlalasiaadeldasdsiunidusy
\OuansIdn

KaIINYANAABITALNANAUNIINUIIN IMAassisy AL T
yosensinsilunea 120 me/L (M99 4.3 uar il 4.10) Fawuiudlenartunisvnass
WunnfuansTaRiviumanasuliaunsonsianuly  usmsaanuans  3-methoxy

o e

phenol unulugaiAudinudn wanmaassansoddnldinguydunidivenainey
anunsageraawansinsilureauddraunsodesaawansUdnladnme aenndesiunanis
naasafsrsuAnuiduSduvaansinsiflured 20 my/L Fsmmaslainuansian Hadlans
Mnariinduusiuslugaruan sanmeaesivivenisnmsdesaasaturaidasiaansing
HMuneauavarsdiflnunguydunisvililiamsonmanvarsiaedld venvnidléfinig
AyIINUENSITstuRiEY  Faldun ans 2,4-ditert-butyl phenol (1l 4.9) Taeiilevimass
Wunaemuutununisasausesansiinande
Mnuadanauandiiiiuingugaunisndalaiidnenwnisusegndldluns
fdoansinsiflunoavnadinm  Fdflunstesaagansianamdihiannsoseyladiaey
Lwia'lmsn#l,ﬁt,ﬁulﬁiwaﬁs‘lwsmuwaagndaaamUaehqLuiuau sahana9naideiif
naduusnflissynisgasaatsansinsilureauasarsidiniousulaonguydunid
(simultaneous microbial degradation) uagldsyyasisdunsifusnniuainauiseluen
wisg1efimumsiimiteseideafieszyiinstesaaseteanysailusunan

< .74 ]
4.2 wanIARLENIRUVIIUTaNSUANISRNYISNYMENMstRdaTeEs
s lunos

4.2.1 wansAausnyAUYIIUIgMSuasanvsvasRRuIEiAauenld
mnnsanennguqaunsdliluideiimnielflunsiuiuivudeuans
Insilureasioly nsAnudnvarveangugdunidialdnseiniedudayaiugiu
Usvnaunws'lwsv‘lwwaanamauwsamalﬂ Imamsmnmmamaumsmawwuﬁ
(isolation) viiamdnlasiinsmzidesuuemsuds msssydnvasmamenm uaznns
svyaeRugan 165 rRNA Mgismsmataluana Fwamsanwilswandeadieluil
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' a o cd ' < o [ o
nnguydunidiatnsagassaatsarsiniiluneandauenla (Fvunde
= | v dd X g 1 o ' o A a6 w .
138071 MIX) Aevdilaweuuamisudasieilisanuin MIX Hqiunidwdn (predominant

strain) 3 ¥lim YaiwuadelTenIT PF1 PF2 way PF3 lnegduvidvisanuiianeiuguay
U + U e d dl d‘
dnvaEnmMenmuAnaRiuddayauandlunwi 4.11 uagaswi 4.4

e

AWA 4.11 Snwaurlelatives PF1 PF2 wag PF3

Wﬁ'Nﬁ 4.4 ANWULTNNNNYNMYDY PF1 PF2 uag PF3

anwz eunid
PF1 PF2 PF3

#lalail (colony color) Wil VRN VRLY
#ialaladl (colony surface) Fou Tuseu lLiGeu
vaulaladl (colony edge) 13y Tideu lissu
wumlalall o 24 hr 2.0 mm 1.5 mm 1.0 mm
(colony size at 24 hr)
N3UBUWATY (gram straining) au au au

| jUsWead (cell shape) wiedy wviadu uiedy
maﬁ’uﬁ: (@nnsIsuiieu Pseudomonas Pseudomonas Pseudomonas
165 rRNA Tu GenBank) plecoglossicida aeruginosa aeruginosa

(similarity of 100%) | (similarity of 98%) | (similarity of 99%)

ANNsANHUBARNUIY Pseudomonas aeruginosa strain OW @ansatiae
aaeansinsilunoald (Malgani et al, 2009) qauviddsndndauennduiivuiiouas
Insifluealuvssmedu nasnewiduiinuingdunisaewug Pseudomonas aeruginosa
fn 2 Wug Fefausnanduliwindivudeuarsinsfuvealuvsemslnefiannsofdnans
Insilunealdiuiu vanvileaniifsdinuidelusiniissyin Pseudomonas aeruginosa
aunsadavaawarsiadngivlunguessunulurearaasindu 1wy arsnaesindwedls



41

Wusu ledndle (Fulekar and Geetha, 2008, Malgani and Chatterjee, 2009) mn%’a:g‘a
Frafuarnsana1iléin Pseudomonas  aeruginosa WuwuaiGefinsaauauisalunis
fhinansihidadngfivlunguesiunuluvsariesa Ssmeiqdunidfnanamsondmouls!
flawnsodesaarsarseasunuluneana’a (orsanophosphorus-degrading enzyme) 16 usi
Adeiidliannsnssyiy (gene) fimuaumsvhaudnamilFesnsdaau lusunpsens
nsAnwseiestulssifudinanielvimsuienalansiidnansinsilurealnqdun3si
Anuenle

dwSuanewus Pseudomonas plecoglossicida utadlagiiuiifianidded
AunuIRduvidfaindnanniaiinasidadagiglninsosd (pyrethroid) Wiy wa
msfnwenauideiifunsseymuannsavesgiunisaefuginanlunisidaans
fdndngiveasunulureanaialiuaiun Mdulueuiandsmsldtimsinwiseides
\efiu Pseudomonas plecoglossicida Tumsidaensidadngiiusing « v

4.2.2 Saunaranivasnnigiviauaznisbesaatsansinsilluveadoe

qauvidduiqns

ran1sAnnssyiulavesnduniduiavaan Seldud PR PF2 way
PF3 fidnwaizdanmit 4.12 Feyadunandluntauuin v) Ae Tuszznsnisveass 4 Ju
aurddiinmaigiulnfusuuiutunnedsodio: laowadqaunidifsdnunnt
10 cru/mL ledugamsvanes  snAdeiAnnmaiiyiivlavesduvidluaneilid
duusznauresasdunidmiusuduuinuingduniduiavdissgiulaldsamsiun dwn
wafananuandliiiuingauvsdidauenlatinauannsalunsldasinsiluneaduuvas
asusundniden (sole carbon source) lumsiadgivlaldidueeed

Mnuafanaidefarsanvaunamansniseigiivinvesgduniduiani
wuimsieigiuTndulunulfisendudui 1 Tnefidasiujiseuansiamissi 4.5
PF1 PF2 waz PF3 fiAmsiivaunaransnisiasquiulnegseving 0.08-0.11 hr' andeya
fnammuimseigivlaveagduniduiansgeniinguidunid 5-6 wiv Fwadinanena
\ine1nnisugedunisldomissenineqdunidane 4 lunquydunid uenanianua
msﬁnwé’aﬂaﬁﬁiméuw%‘ém’"iwﬁﬂﬁé'm'm'\sm“s:y@u‘lmmns\"\aﬁ'uﬁqa 1oy PF3 foms1ms

\SgLAvLngean
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T 20

o)

S =

20 15

g Vi ° ® Prl
g i L v PR2
g 10 | 8 m PR3
on

5]

S

8

2 s

i

o

3 0L , _ _ ___| Time (d)
E o 1 2 3 4

Z

AT 4.12 msigiulavegduvisduigvsndesaateansinsilunea

P a a a a6 a Ld a
a131eh 4.5 saunarmansnsasydulavesgiuniduigvsidevamumsinsilunes

HunId aun1sauwamaninseigaule | RS | Atadl (hr)
PF1 y = 0.08x + 7.28 0.90 0.08
PF2 y = 0.10x + 6.86 0.95 0.10
PF3 y = 0.11x + 5.36 0.85 0.11
RTRCI) y = log (Fwuieas)
= via (hr)

o v

dunni 4.13 (Yeyafuuanslunianuin v) uanswanisgesaatglniily
WaavasgAunIsusaniviaann FwanisAnvniululudnvasiieafuiunisasyivle
nande arslnsiluneadaduarsemisasvouanasegenmiilunandies 23 u
aonndosiunanisieiguiulnvesAuEgiinnelyAulnessnd deRvsandnsnis
govaarsarsinsiluneauaziavaznisiinarsinsilluneadaandunisei 4.6 wuin
BurdduiqniTeanuisninistesaauansinsilluneauar favasnatidnansinsillues
fl 7.6-19.6 mg/L/d war 93-95 amwddu WewSeufisutunansveasinistasdaisans
TnsWlureanusssund (geveassmuauitliinmsifneaddunid) wuianududures
alwsiflunaanuvdegenirfasas 95 mevdsduganisnanes (4 fu) fufuannsoddnls
hefunuiavieauiidnenmlunisdesamumsinsiuneags
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4‘ o <l < U =t a 1 .

WaNTUIUTUUMEUNAUMSANYIVIRIUNINUIN Pseudomonas aeruginosa
strain OW  Pseudomonas putida strain W Wag  Burkholderia gladioli strain Y @138
govaawansinsilunealanindovas 90 Tuian 2 Ju wufu (Malgani and Chatterjee,

1 a

. Y o € a Lad o ayv da
2009; Malgani et al., 2009) NamimaaauwmwaumUUiqwﬁwﬂﬂuUn‘lo’]‘Lummwuu

1
a

dnuamlunsiiluldusslenilalusunanvislugugfuniduigrsuasnguydunsd

gmof

S 80/ *

g | @ PFI
= PF2
5] 0 - vV
56 m PF3
o 40 -

2 e,

N

S 20

E L & mw o ® e | Time(d)
Z

0 1 2 3 4 5 6

o t <3 a A f a £
AWA 4.13 mstesameansinsilunealaeqauniduians

A5 4.6 SnTnsdsvaasasinsiluneanazievarmsianansinsiluneavas

QauvItusavs
yAunsd dnsnstesaansans | Sewarn1iinda
nsilunea (mg/L/d) | arslnsiluves
PF1 7.6 95.0
PF2 9.8 93.1
PF3 19.6 95.3

Doy

idlefiansanvaunamaninistesaaparsinsilueavesgduniduians
winfulunuugidodudui 1 Taelramufisouansiemsei 4.7 wanisdnyived
Whwisenstesaarsansinsillumeatuegiuamududuvesansiudu PRI PF2 uay
PF3 fishasisaunamaninisia3qiiulnegssning 0.023-0.035 hr' Imaﬁ"ahﬂumiﬁuvj
AuiiutiouseiinamatinmnguqauridvimuldfiningBuniduiavs (Siipattanakul
et al, 2009) iflevnaruvarnvanslunguyduniddmaligdunidamsanude

e
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AN MUWINEENAY 9 AapAIuANTaRIEUNIIAn1sIUAsuLYAID3a1S (catabolic
pathway) #114 ¢ (Alvey and Crowley, 1996; Smith et al., 2005) wsilunsinwilndunuin
AunIsuignvhalddnitenadesnannsuuanmqaunisluemsnidlunisdinu
dwalilidnsnmaaigyivlauasnistesaanyg

Da,

> | « ' a ¢ a
A19519N 4.7 Qauwaﬁ'lac‘l'iﬂ'ﬁﬂaEJﬂa'lﬂa'ﬁIWimuwaa‘Uﬂ\iQaUVEHUiq‘Wﬁ

qaunid sunseaunaAaainIstesaaeans | R | Aeeil (hr)
PF1 y = -0.023x + 1.55 0.86 0.023
PF2 y = -0.035x + 1.42 0.95 0.035
PF3 y = -0.035x + 1.02 0.75 0.035
MEWA) y = log (Fruutuvadlnsiflunen)
X = nan (hr)

4.2.3 wan1sanwanubululdlunisdesaatsasiriadngiveasunuly
WoanaSavindudaeqAuviiduiqus
Tnevillunsliansidndinstiunsinunsiiedldansiefiinumssinfuvarsiin

Werhindngiuiuansinstusenly dwiumamzugnwinuenandinsldarsinsiluvea
Judwaunnuds ineasnsdildasmiadagitlunguesiunuluneansianaivalin 91n
nsdmauiinemsnssmuinanslunguiananition T6ud asinsillueos a15Aans
Iwdvea (chlorpyrifos) wazanslalaslanea (dichrotophos) mn%’agaﬁanén{fﬁaﬁm'\u
Hululdenafinsuudiourssansidadmsiisienanluuinafetuarsinsillunea
mAfeilldFnymanssderamuansrasiinineauasarslalalaven iednwn
arudululalunsidaasdindnlaegdunididauenlsd suiaistuuliuvesdvina
PosasAInaon1sidnasinsilunea Han1sveasgesaatsarsraesinivoauazans
lolnslavoalay PF1 PF2 way PF3 wWisuiisuiuniseesaaeansinsilunealaeqdiunid
dananuandl3lunnit 4.14 (Yeyaduuandunanwin ) wansvaaeswuin PF1 PF2
uaz PF3 awnsodesaansarsmindngielalndidsetu Tnaifledqdunidfndnsiumy
Busuuszann 10° CFU/mL wazmududuvesarstidadnginduiu 20 myL qauns
Adnansnaesinivealéfosay 57-73 uaranslalalanealddosas 33-47 luvniiigaun

o =t €

miaansiwsiluredlsiesas 75-82 anuadaindnamisassyldegrsdaiauigdunid

440 1 9 a e a‘l' o w o W ] 1 « (% &
vigvdidnnenlannauiteianansaidaansidndngivnguessunulueansSaldvane

16

3
<
3

2
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dleRvsaniassadrsvesansisany (Mwdl 4.15) wudransanslnsiflunea (O
(8-bromo-2-chlorophenyl) O-ethyl S-propyl phosphorothicate) uazaisnasslnived
(0,0-diethyl ~ O~(3,5,6-trichloro-2-pyridinyl)  phosphorothioate)  Huaiseasunulu
oawesalunguweaanalslslaien (phosphorothioate) WWufiu (US EPA, 2009) wasdl
Tassadendrotuuadadudwanngugeesinaiy  Tasansiwsiflureadaduanslungusgoy
\wadafaneanelslslelen (S-alkyl phosphorothicate) duaispassinivoailiudniluans
lunqueaeledananeanalslslalon (O-alkyl  phosphorothicate) fauansluniwil 4.16
iesnalndifssiuvedasainasidumglidunidansarinarsnassiniwealsd
TndAssiuansinsiluweawiazlildlinsusuanmivaiserasiinaveansuy Tuniensadu
drua1slalalawea (1E)-3-(dimethylamino)-1-methyl-3-oxo-1-propenyl  dimethyl
phosphate) Lﬂuaws'lunejuwaatwm (phosphate) Fauandlunnd 4.10 (US EPA, 2009) &4

lassadrmnaalivesansuansaduansinsiluvea Wumaligdunidannsaideans
Inlalaviealalaifiin
OP removal e ——

0 _—

100
30
60
40

20 Profenofos

Chlorpyrifos

Dicrotophos

AT 4.14 nstevaaneansransinineauazasialelavedlae PF1 PF2 uax PF3
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Br Cl
ﬁ CH;
/P\\S /\/
0 0/\
CH,
Profenofos
0
Cl Y Cl S H3C\ y
| | O-R  CHs
Ci” "N” "0-P-0 HiC—0 O— 0
O. “—CHg
0 N—CH,
CHs H3C/
Chlorpyrifos Dicrotophos

Al 4.15 Tassadeansinsiflunea ansraesinivea uavanslalaloea

O S O
1 1 1
RS — FI’ —OX RO— FI’ —OX RO— ll’ —OX
OR OR OR
S-alkyl O-alkyl Phosphate
phosphorothioate phosphorothioate

P v a < Y ' v a
AR 4.16 lassaiamaaivesarsesiunulueaneianguioadafaneanalslslowon
nauledaravieavielsislolen uazngunoainn
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MNRINTUNIATIERRANISEDBAAIET19AUIINIEN1SEaBdale (degradation
parthway)  wetansvsan  laswhlueuleififisrdestunistevaarvarseniunuly
Aoanoda laun ioulwiineanuma (phosphatase) louleslioawnelsa (esterase) Loulel
lalasiaa (hydrolase) uaziouleipandiiua (oxygenese) (Kanekar et al.,, 2004) uide
lusfndruunsisnuiianistssaaisansoasunuluneanaafinainnisvinauaeaeulesl
oesunuluneainnlalnsiaa (organophosphate hydrolase) (Kanekar et al., 2004; Singh
and Walker, 2006) aiiviu n1sgesaawansaassinivea wisilsesu lululasiavea (Ju
AU INNIANWIVEN Singh and Walker (2006) dsrusiwitimstesaaisvesansnansing
eauwazanslalasTnoalagduviduansieanmi 4.17 uay 4.18 JsnRarsanainniwia
asswudransaassinineaamsngnyosaatniousn (primary  degradation) #2e
nszuaunslalasladaldimiouarsinsiilunea luvmsiiarsialaslaneadonu
nsyuruMsiuiaatu (methylation)  Wuarslululaslaveansunszuiunislelnslada
Fafunsiinansielasianeaitosninanstu q wiethdlsinulaenwsau PFL PF2 uae
PF3 anunsatdnarsanseesunuluneanesmisaildd fufumnuszgndldqdunidifase
maigauvidmaiazamsanumuseanmeifasvudiousld saiienaidnans
Vudousuunswiialddag
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Phosphorod\iolc
acid DI\ydmxypyndma TetnhydmZ pyridone

N

\ [o]] [C—NHI

" i
1 - Hydroxypyridine o
l Maleamide semlaldedyde
\‘N OH C-NH,
2,5 - Dibydroxypyridine |°|
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. COOH
HO = f
HO ~ R OM
AN HOQC
2‘5‘6 . Fumaric acid
Trhydroxypyridine i
‘. - i
Malmufand CH,C— € ~COOH
e . Pytuvie: acid
T e Krebs cycle

AWl 4.17 Finssesaansvesansassininealaqdun3s (Singh and Walker, 2006)
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o
Haco. ! T G|H3
HiCO” 0= G=C=—C—N —CHj
I [
H‘GC O
Dieratophos 0\ |
Hzco. ! ’; "|‘
P
HaCO” Q= o= G © — N = CH,
| Il
H3C Q
MCP
H H
o | l
HSCO-\_F? HO—C=C—GC —N—CH;
BN i i ,
HSGOJ OM HaC 0
Dimethyi phosphate  N-Msthy! acetoacetamite
Heco

P H CH3NH
HiCO” “0—C =67 3Nz
~CO0H  Methylaming

I
‘ CH3
O Y
H‘D\" } | |

P
HO” T OH , , ,
CH4(ChyJaC00H/ CH; COOH  Fhosphate  HOHO Nkt
Phosphoric acid Yalaric asid Acetic acid Formaldehyda
COg Cy matabokic cycie

AMnil 4.18 msgesaaevasenslalasiavealaeyiunid (Singh and Walker, 2006)
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43  wan1snssdunstedaraasiwsWlunesdlaaldnssurunis
waludgusou

4.3.1 nansAnwuvasususiiduasInsTUIuNM SR TURST Y
msfnwlufuseuitaiuiedadanasiifiuumeaenvousuimnzaly

msduaiumsgeyameansinsiluealaenguiduniendnals  SeansfidenlunsAnweded
WHuansifimsldlunssviumsumlvadusily (Xie et al, 2008) Falaun nglaa
(slucose, CgH1,06) NIATATUA (succinic acid, CqHOsNaz+6H,0) lethsuozdinsvm (sodium
acetate, C;H,0O,Na) 'lumimaaamuquﬂ%mmﬂﬁuauuasmﬂwﬂiuma Wiy 500 uag
20 mg/l awdu wansisiyiulaveanguyAuvEd mstAsuulaswesindlen uazns
govaaneanstnsillunoauandlunmi 4.19 fis 4.21 (oyaduuandluniemunn 1)

g
E 18 1
O v o L
2 | O
g 14 0
5 ®
> 12 1
o
(4
Q i
g 10 .
5 ® Sodium acetate
g 81 O Succinic acid
'E o v Glucose
é 6 1 L LI L) F
0 10 20 30 40
Time (hr)

o L~y a ' a = 1
Mui 4.19 msigivlaveanguyiunidlunistosaauansinsiluvea
melsannisniiuvasnsuousIsnglle



51

wansvAaINasyAulavendgueAuIcne 3 Yavaaes Ao YAvARDLT
madunglaa nsadrdla uarleeuesdinm  Imsesgdvlavenguyduvsdludnuae
Adefudan i 4.1 (feyaduuansluneauan 1) namAe nguduvidiinsedydulngi
Suiutuannlutaeialued 6 Sedluedl 20 9nduswougdunddiadunedl Tasnends
Auganavecas (48 dalug)  gediimsiunglrafinsiniqyvesnduedunidgani 10
CFU/mL sesasnifugaiidulefeuesfnsuasyaiiiunsndadin wirdu 10' uaz 10'°
CFU/mL oy Fudlefvsansaunamaninmsidgiulavesnguaduvddwuinsg
wigduladulunafisesusunilsdedmmiivansimsned 4.8

o o a ] a = ]
M1919% 4.8 aunamaninnesgiivlavengueduvisdlunsgesaatvansinsiluea
aelaanisRiuasnsuausIuauie

WWEASUBUTIN FUNTIBUNAAENINTDTYAULY R | Anasit (he)
nglea y = 051x + 6.09 0.87 0.51
nsagnaila y = 0.62x + 5.82 0.80 0.62
lenenasdinTy y = 0.49x + 5.92 0.92 0.49
WU y = log (Funuead)
X = a1 (hr)

maaigiAuinvesngudunddiuyaniinaifuuvasniuewsing  q  deasi
Wity 0.49-062 hr' ganimaigudulalugamusitlifinsfsuvaseniuounn Gl
ARgil Wiy 0.02 hr) Fwadananasardasiuaniselusin (ianlong et al, 2002;
Grant and Betts; 2004; Xia et al., 2009) fifimsAnwiAvitunsiiuuvamivawieiiu
nadiulavesqdundd TasransAnwimuinidedimaiuuvasnsveuszddiliqaund
ﬁmsLﬁﬁrgLc?mimmn%utﬁaLU%'UULﬁUUﬁ'U*Qﬂﬁlﬁﬁn’mﬁmmdmﬁuau wanniisamuily
nsdifnsfukamsaigiviaveinguiduvidunninefuagudnauiuiudiulasaies
uwadsAsuuusazedin  uenaniiSsiusgfumusimezveniuridlumsldundsnisuey
ﬁv'ul.ﬁan'm'«ﬁtglﬁu‘[m (Xie et al,, 2009)

dmiunansfnmadlednuimdledtiuwnliuniinaontansmnasia
Al 420 nnansvisassasiuliedleAsuduluusasyaiiclivinty  wiedins
muauUSnumsvauluesdssnauressiAuasiuudfinnu radandmlmiueths
FouiBinm (na) vesrmiveuluyamasewnyausiazmuanlivinfuusinisiia §ise
sendindustuinmiveudinanuaransiaiilunmiareiadlefiety  Fweudldn
radululalunisliusaenimedinnm (bioavailability) vesensefuausmlumsAnui
AN Lﬁaﬂszmawaéﬁnehqs'auﬁ"uuamsm‘%tgt.?m‘lm'lumimaaamauﬁ'mumwud']
Unngnsaildmalinguadunisannsaiydulalimeiu dmaniseiqgami 4.19
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YOS MUIIINRANTIASERABloRlunsYnassiliimana i
dntosuimumaisigiiulavesngugdunidgann  @ewsdmslianfuauuiinauanniduiiy)
Tagvhlungnmsiieeiealemumsiwswivsinneendwuiudsunlaaftovdnsin
ponTiaduLarUTnaansaw3s  wiilssenansafusuildlumsinuniifiaseadredudou
madauiiseeandindusnduiatuldlumsictunding 9 dwmalimFlafanastionn
Fauarananladilumsinuiinanmsieseiedlemduisinmsudludosuyinduiions
agUualdegradniau

1200 o O o
O O O
5 10000°° " e ©
o
E ]
S 800
£ v
c
c | v
g 600 v v v v
o v
8 400 ® Glucose
O O Succinic acid
200 - v Sodium acetate
?vvvvv v Vv Control \v/
o L T T T L
0 10 20 30 40
Time (hr)

4 P ' ' o
AT 4.20 n1siUAsuLUasTeemdlanlunistasdalvasins Hiuwaa
aeldanentiuvasasuausIuaat e

dwsunanisinwuiinaansinsilureauanifanni 4.21 arsinsiluvea
anasetemadaly 10-20 Fluasnanmiumududuresansinsiflureadaiuni Tnadle
Auganisnaans (48 $2la) yeiiimsiiunsedadtn wasyaiiuladouerdinm aunsoan
audiduvesansiddosas 30 dugeimsidunglaaannsnananstnsiunedlsiiosiian
Ae Jovaz 10  nWanNIsAassInanaziuliiuramivsutdweiininasansdes
ameansinsHluneastadman nansveasssanarduliiuiiemaiierfueniselusind
wmﬁLL'UﬂﬁL?wmamaﬁ’uﬁ:ﬁau'l“ﬁ'nswﬁ'ﬂ%ﬁﬂLLazImﬁﬂuaziumwﬁ'qLflua'rsﬂsznawaqniﬂ
lusfuenedy (short-chain fatty acid) \Juunasmivsuannninglradaduansiulamsn
'ﬁug’lu (simple carbohydrate) (Kim et al., 1997; Xia et al., 2009)
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Jauwarnansnstoramuasinsilunealuyafiinisfuuvanifuausng
fifnaei Wity 0.001-0.008 hr' (Femsnaft 4.9) luvaeiilunisveaseiilifimsiduuves
afusuTmiAIA 0.006 hr amsveaesludeiiunn)  Sweinuasnduanddidiu
undsaiusudimeratsatvayunietudinnstesaatsarsinsiluneals lunsdves
ng‘lﬂaﬁmaaéw%L’«audwn'ﬁtiaaamaa'ﬁ%ad'lmﬁaauwamam%midaaamUaﬂiiwsmuWQa
FaslAanasds 6 i ﬁ’atfumnnaﬁ’andﬂaﬁﬂaﬂﬁaEJ'N%’ﬂLﬂuiflnq‘lﬂadqwaé’ug’dnszmums
dovaawansinsilunes drunsndrifiateisinstesaasansinsiflurealaluvmeii
Toieuesdnsvlddmale q sgndney dufulunisvmeassse o Tuaglaganiunsfineinig
gavaarsansinsilunealnenisipunsadadtingauminiy

206 )
18{® o _@

3 v
16{ V¥ v

| ¢
14

g Lo

O

Profenofos concentration (mg/L)

10 -
8 ® Glucose
] O Succinic acid
6 - v Sodium acetate
0 10 20 30 40
Time (hr)

A 1 <4 4 < = 6
AN 4.21 nsgesaaneasinsilunealaunguyiiunid
meldanshiluvasmiiveusiusiein
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P ¢ °o_ w a '\ a o v
519N 4.9 ’\]auwamamn’lin’li}ﬂa’lﬂ'ﬂi‘vﬂum)a‘uaanquqaumﬂmsﬂ,m
o ' « ' ) a
ANICTNUULNAIAITUBDUITIUNNTUA

UWHEIATTUBUSIN |  duMTIaUNaFEnInsEsaEREENS R’ drmsdt (hr')
nglaa y = -0.001x + 1.29 0.43 0.001
nsAYRTLA y = -0.008x + 1.28 0.94 0.008
lBiRenpsBinIn y = -0.006x + 1.27 0.62 0.006
QNI y = log (Mugutuvelnsilunea)
X = vaan (hr)

4.3.2 wani1sAnwIANduNuSTesAututuTesEIseIMITINLAL
a15lnsilunealunszurunsualuadiusiu

1) wan1sEnwBINInavasnsdntuurdrIsuauti

nuansAnyiiauvasniueusnduihdefiumuionsadedini
UszAnsamlumstaiinnssigiiulavesqiuniduasaduayunisdesaasansinsiily
woagfign Faduadenldnindndtaduumasnisuauson uinnaaluadeiinuumud
n'\saima'%un'\seiaUaa'\ams‘[_ws*?ﬂuwaaé’a‘lzjqaﬁn?ﬁawLﬁﬂmnmwmﬁuﬁumamwdam%au
fudtlivangay msdnwluureuifujuiumsfinudviwammuududurensndntai
Wi duunasmsuou lnefnwifiarududu 4 40 waw 400 me-Carbor/L wasiiansinsily
WoalSudu 20 mg/L Wisuisuiuganeasdiltlfifunsndadia  demanisvaasins
wigdulauaznsgosamafulufenmi 4.22 uas 4.23 Feyaduuanduniawnn )

HANTVARBINUIINANRAUVISIINYANM MRl sIRNmaSUDY
sweududusng q fnsesqivialudnwuaiontu nanfe nqugdunidiusiuuiy
annluge 21 Falususn Pndumsisigiviniadund  eduaanvmaass (48 alug)
wuinguydunidifindnnuannusznn 6 10U 16 logCFU/mL  Amaivaunarmansnig
WigAuTa Wity 0.42-0.50 b (5197 4.10)  MnkafanamasnsanamlinIsky
uwissAsususmdmaldmsaigiuladaduliinngn sateududuundsnsueulai
HasenNsIsALlnYeInguduvisdagtaey



g
US_ 18
(&) \/}
O 16 | -
2 S vV
g 14
5 g
= 12 1
2
g 10 1
(&)
E g @® Succinic acid 4 mg /L
'S g O  Succinic acid 40 mg /L
g 6 g v Succinic acid 400 mg /L
£ ¥ Succinic acid 0 mg /L.
2 4 T T T Ll
0 10 20 30 40

Time (hr)

d a a ! a < 1 <
A 4.22 masigiulaveanguyduvidlunseevameansinsiluea
v da ' 3 ' ' [
meldanmenfiuvarsusuT ATy

< ¢ a a | a o ' <
A15797 4.10 aunaransmassgiiulavanguyduvsslumsdesameansinsilues
AelianEniumansuauIIANAITNTY

ATUYUUNES
A1fugusa gunsvaunadaninsRIyAule R’ | vmsil (hr)
(mg-Carbon/L)
4 y = 0.50x + 5.43 091 0.50
40 y = 0.47x + 5.39 0.90 0.47
400 y = 0.48x + 5.40 0.93 0.48
0 y = 0.42x + 6.48 0.90 0.42
WNewe) y = log (Fruuead)
X = 1@ (hr)
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dwiumstesaaiparsinsiluneanuitarsinsifluneaanategesinga
Tu 12 Faluausn 9nduFadunil Taewuhniendeiuganismaaes (48 hr) Yannaesiiingg
WuLvaIa1suUsusIL 0 4 40 waz 400 me-Carbon/L a@unsagesaalwalsinsHlunedlsini
fovas 80 §nI1n15dRans Wity 7.90-31.46 me/l/d (9197 4.11)  Budledensan
saunaraninisdesaagansinsilureanuinisgesaarsiuluana fisordusunis
TneflAnAs iy 0.01-0.06 hr” (519t 4.11)  TagluganaasailVinadifian (yaveassdl
FuunasnsususIy 400 mg/l) mstesaaeiimasiiinduia 6 wh WanFsudisuiuya
Flailsduunasasvausou

nan1sAnwBLRuet wdaauIileinurainiveusudaaiulinng
ovameituetnadmau Taeidlermududureumasiveusuifininnstovaatsans
Tnsilueadafindy ursgrilsfiniiowssuiisunamsinslufdeiiimdaiunsa
#A3A 500 me-Carbon/L wWuliApsfiaunamaninissesaasasinsilunedanande
W1 0.008 hr’ nraiasshumse e erldunasnsususmdnaiunstonaans
anslnsilurealdusimniiunasasususininaanniiuluerafianistudinsdenaans
asinsilunedls iesnaiiansudaduseninasTnsifluneauaznindadtiafeiduuvas
Arsveudmiunguaun3s nan1sinwniitudeshlunulundnnilideitestunisdes
aavatsulanuasy (xenobiotics) lunsdiiiansaiuoudusiueuiy (Parekh et al, 1994;
Singh et al, 2004) fTUMBENIINMUITEVeI Singh et al. (2004) TunsAnwnisden
amwanspaeilwiwealny Enterobacter Strain B-14  wudiluannsifuvasemiveusou
Aunsdnnanliauisngesaaivarsnaniinivedlsd wavgduvidalunsagevaaieans
paesilwivealddnadutiounaemsveuiauduvanas

dwsunalnssnszurumsuemniuadduga (co-metabolism) a1591m7157
TdlumsiaSeyula (growth  substrate) evdsnasanszuIUnISAIUATULR 2 Snume
dnwazusn fe a1sdinandissimasiyiulavessduniduasdmaliAanisiudsusy
(transformation) %asasavsfilitaelunnaiauduln (non-growth substrate) (Grant
and Betts, 2004; Xie et al, 2009) wisludndnwae Ae arsemsauerawiionh
nssUNMAluATuvesansUasuy (Girbal and Betts, 2000)  KERINATSANYITINUIN
anstnsiluneausifivansvasuuwsififuasemnsildlunisiedgaulald Wuwmeliwuin
Tunsiififuuvdsnuausan (nsndndia) dwalinguyduvidiosyivlaiunniuiies
dntfes  dufufensnamifitunsdliimainunadsnifueusiumilsninssraunsiumn
Tuafuvesensinsiilureasnonguyaunis udedndlsiaumanisAnuiltefionvseynis
wileniifnsdesaasasinsillureastnadmauld lusuranaisiinisineluusediul
welvnsuanandiuly (fate) sesenstudwnndensuasdulsslonisonisuszgndldluns
Huyuiuudeusely
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Succinic acid 4 mg/L

o
g 4 O  Succinic acid 40 mg/L
£ v Succinic acid 400 mg/L
£ 15 ® v Succinic acid 0 mg/L
g
: 7o .
S 1010 v
S vV O o
& | Vg
§ %] vy ¥ 4 é
2
a
o T T L T
0 10 20 30 40
Time (hr)

o ' ' a <l
AW 4.23 msteraasansinsHluneaveinguduvisdly
v da ' 3 ' i v v

melsanmigiiuvdsnsusuiusnatudy

el 4 [ ¥ o w ad ! a a ¢ v
A13197 4.11 Taunaraniuasdnnmsidaansinsilunsaveanguqduvidniels
o a i ¢ , ) v v

an1eilunasenivauTiseedudy

AMutuduLmKas . o v o v
. . guUNSBUNAAERT | AR RTINSAIRENT
ATUBUTIN , R 4
nstauAaNYaNs (hr?) (mg/L/d)
(mg-Carbon/L)
q y =-0.02x + 1.28 0.99 0.02 17.56
40 y =-0.04x + 1.22 0.84 0.04 26.71
400 y = -0.06x + 1.33 0.92 0.06 31.46
0 y = -0.01x + 1.18 0.90 0.01 7.90
MNEVe y = log (Mututuvesinsilunea)
X = v (hr)
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2) uansAneBnswavesmududuatsinsilunes

MnwansAnwdvwamuduiursauvasnsueusuludeiikiiumn
wuinsadadiinfienuduty 400 me-Carbon/L Tuszavsawlunstisatuayumsges
aawasinsilureadian dufufudenldnsadpataiiamududufindniduumdsaniveu
s dwdumsineludureuiijatumsinudvenanududuresansinsifuneadudy
(40 80 way 120 mg/L) Wisuiflsuszminsyanmassiiiauuarlilfifuuvaniueuiin  wa
msveasansieiyAvlauaznssesaanaduludaniwil 4.24 uag 4.25 (Yeyaduuanslu
NANUIN )

HANNTNARBINUIINGUIRUNTEIIN AN SAADTITTaNsTws luwean1w
Wudueng 9 dnisiaigvialudnwusifentu nanme nduqﬁuw%’émﬁm‘hmu%umn'lu**u'w
21 Falususn Mndunsiesypivlniaduad Lﬁ'a??uqﬂmswmam (a8 #l9) wuinga
AuvddiinsIuIINUsENL 6 10U 16 logCFU/mL fmsiivauwarannisiadayiula
Wity 0.30-0.47 hr' (m137eft 4.12) Mneadfsnamiiamnsadunmldimaiuadueudau
Nadmaransiasgduln dumudutuvosasinsilunsadinaron1siasgiulatue
Lidaaudnidudy uenaindsenududarsinsilureaifuarsuasuuui (toxic
xenobiotics) witusiarundutududuiintugeds 120 mg/L  ngugAuMIESnalisnsms
WigWulnguvilauyanaaesdu ¢ Fwedinanimainfernngudunisilatunsuiy
anmluemaidsadeifiasTnsiunoa



Number of microorganisms (log CFU/mL)

18 1
°
16 |
o
14 -
d o
®)
1
12 ‘ o
10 - %
8
| ©
6 #5 ® PF 40 mg/L - no added carbon
O PF 40 mg/L - added carbon
18
16 o
8 . o
14 Py [ ]
12 1 O
10
8 ®)
W °®
e ® PF 80 mg/L - no added carbon
O PF 80 mg/L - added carbon
18
16 -
0 ®
14 - o) o
0]
12 -
o
10
8 g

6 ® PF 120 mg/L - no added carbon
O PF 120 mg/L - added carbon

4 T T LI L )

0 10 20 30 40
Time (hr)

) oo '
melsanmeniansinsiluneaseanududy

< a a I a  a ' =
AR 4.24 msIgiulaveanduiduvidlumsdesaasansinsilluves
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40 <|> ® PF 40 mg/L- no added carbon
O PF 40 mg/L.- added carbon
30
20 A
O
10 - o ®
29 e} o) o
0
80 ¢ ® PF 80 mg/L- no added carbon
) O PF 80 mg/L- added carbon
[=)]
€ &0
o
e
B ®
E O
L 40 § ®
s °
(&)
“§ 20 - e) ¢ ®
O
©
s ° ©
o
0
120 23 ® PF 120 mg/L- no added carbon
O PF 120 mg/L- added carbon
100
80
o
60
o
40 -
Q
20 A © Q Q ° °
o s]
0 T T T T
0 10 20 30 40
Time (hr)

a ' o ' a o
AW 4.25 msgegameansiwsiluneavesnguydunidly
[V da ) ' [V
meladanneniansinsiluneasisrnututy
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dwiumsteaaeansinsiluneanuiaisinsifluneaanased 9532
Tussezawnafuaniudaduned (il 4.25) Tagfimmduduvesansinsiureagengu
Puniddosameansuisgaaiosininfienududui wuimendsduganismeaes (48
hr) nEUEUVISNYANARBIRNI 9 annsatasaalsasinsilunedldsenineiavay 85-91
Fnsmsidaas windu 3155 me/L/d (M3l 4.13)  Fudlefensansaunamaninis
dovamuansinsiluneanuinstevaanuifulumuufiserdusunila Tnefiaei infu
0.02-0.06 hr (315197 4.13)

wamsAnwFiiduiganeassiiaunduduresansinsiluneasudu
setuiileluunasaiuausniinanamsgosaansansinsilunaasnetu Taodlemududy
ansTwsiluwoage (40 80 waz 120 me/L) wnlinweamsgosaansansluyamaassiiinisiiu
warlsiduunasensueuduindidsstuinntiaunamaninissosaaisuazsnsnsidn
anstslumen) wamvmaaesludniaudafunamvaaasfimnuduiuuduvesansing
Muvea 20 me/L Fauanstiludefiiuan nanfe dmiunanmaassfiiuunyavaaes
AimsPuuvaiveusiimaaunaranimstesaaisuardnsimsidnansinsiluvea
giniyavaassiilildiiuuvasniveusmegiedany wataudidinanmeitinainansing
vﬂuﬂaawﬂumsmwswma’lumms:ymu‘lmwunuuﬂsmmmumnwmﬂumm‘twun'ﬁﬂaa
ammwummn maemnmsaaaaa'wuLﬂulﬂmmﬂgnsmaumwqumwaaamwuaann
mududuresansiuiu Fufudviwaveasemstndedwal Alidaauiin

usnInifmuinileResanuIeufisussnitmansAnmainganis.
naapsifimeiduduvesansinsiilurea 120 me/L Augamaassiiarunduduay 4 wui
mstovaawasinsiluneannasodnedaiay (meil 4.13)  Fwadnaniidofasan
sauwaraniveauleinundnues Michaelis and Menten  a1asyleinluannigiians
Tnsiluneasienududugadnusingnisainsdudifasansemaies (substrate inhibition)
(il 4.26) nafe Wemnuiduduresansemns Gamnefiansinsilureatirmudutuge
wndunuidasnstesaaendvanadiaey  Tassaluaiwdinandmuinluan1igidl
uwasAiuausmdvnavesungmsainadudiiandnnanas  Faufeenananalddul
wnasAnsuousuildaduayunsruaunmsiluadusuegndanuin wianstananaunse
annanssusnstosaanansinsiiuneald



62

o (4 a a 1 a < 1 <4
A13149 4.12 Fauwarmaninmaigiulaveinguydunislunisyevaaivansinsilues

o Sa = ' v W
melaanngniiansinsWlunsanisminututu

aMududuans .- .
stmu Wos m‘iwmufqae ﬂNﬂ"ITﬂiﬂWfﬁ’lﬁﬂi Rz ﬁ'qﬂqﬁ (hr-l)
ANIUIUIN msmsmmv‘lﬁ
(mg/L) v
40 Taiiu y = 0.30x + 6.54 0.95 0.30
40 Ly y = 0.30x + 6.10 0.97 0.30
80 ik y = 0.47x + 6.06 0.89 0.47
80 e y = 0.42x + 6.22 0.96 0.42
120 Taivfa y = 0.44x + 5.52 0.95 0.44
120 G y = 0.45x + 6.25 0.91 0.45
MNBINe) y = log (FMnuiead)
X = 3@ (hr)

= Y ° w = a v
A15190 4.13 Yaunamansuardnsiniinarsinsilureavenguydunidnnels
o ' - ' vy
anmzhilunasnslnsilunearimnuntudu

AMITUTUETS - FUNIS D od | e o o
NITLAULUAY ¢ 2 ATAIN FATINITNIAA
TnwsHluwes . . WUNAAEAINIT | R 1
A1TUDUTIU , (hr) | @19 (mg/L/d)
(mg/L) govaauans
40 Tain y =-005x+ 1.54 | 0.89 | 0.05 32.33
40 L y =-0.05x + 1.59 | 0.94 0.05 31.15
80 Tain y =-0.04x + 1.90 [ 0.99 0.04 27.88
80 R y=-006x+1.86| 0.88 | 0.06 34.03
120 Taiin y=-001x + 202 | 092 | 0.02 51.74
120 Py y =-0.02x + 1.89 | 0.83 0.02 54.53
MBI y = log (ANuduTuveslnsilunea)
X = a1 (hr)
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o & ) < [y . .
MNN 4.26 ﬂauwa?ﬂﬂmsﬂ'ﬁﬂaﬁlﬂa']ﬂa'ﬁi“ﬂimuwaaW'lllﬁaﬂ'ﬂaﬂ Michaelis and Menten

o o E Yaye 4 & v =
4.4  wansasan e laRuvudasuasinsilureamundnnisiax
lwasgnnsedu

nansasnszuuLRBUssgndlslumsiuildRuivuisuansinsilunea Tuanms
fsnmsdukinugenisieiy Ao 25 50 uay 100 wuRwasetu MIvaasnuRiAIm
WauduasansinsWlunea 20 uay 40 Hadnsuredns uag UMAIAISUBUSIN AB NIATATLn
400 fadniusiodns  (Fenldnadaddamumansfnuiluhdeiinan  IagldAundgy
QPuvsd 10° wae 10" CFU/mL (Wonwussansamlunsidaansinsiflunealudnunse
nmsasan iy wamsAinnmsiedeuiivenildaunazansinsilunea  waswa
nMafinwdviEwaresdnsmsTuriusenhdiunazmududuesarsinsilunead
swanduauansdwelul
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4.4.1 mamsAnsmaadauiivevihldfunazasivsilunesluuuusiaes
MIMARBIUSANGINILERT (tracer breakthrough test) fifmquszasdiiefnw
mandouivaaiidauuazansinsiflunealusuusassmediinse  msveassnsyvinlas
msfmmuUnasegeaslss (ugusmmnmiilnih  (electrical  conductivity) @atiy
Fumuhldausazarsinsiluwea  mamsvmasmuindn C/C, (C A anududunaslse
viieansiusifluvea o viaile q uae C, Ao Anududuraslsivdelnsiuneainandud)
Wudanndt 4.27 uas 4.28 (tayadvudnddumaniin v)

1.0 1 Yyg ve® O ¥O o ®
0.8
5 0.6 1 o
&) v e
0.4 -
] vO ® 25cmd
0.2 O 50cmd
v 100 cm/d
00 é— T— ™ - T —
0 1 2 3 4 5
PV

= o o 13 Y o
HINN 4.27 mSLﬂaaumeﬂaEﬂw U AN IN1IPUNIY 25 50 wag 100 cn/d

1.0 - o000 ) ® e
0 O
o O O
0.8 -
L\? 0.6 1
O ®
0.4 1
] @
02 @ Chloride
O PF
0.0 é:p O ¥ Al T L T
0 1 2 3 4 5
PV

] E < <y [y a
AW 4.28 MsirdpunvesnaslsnuazarsInsiluned t 9nsIn1sTuNI 100 cm/d
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HaMSANYIINAA 4.27 wuimsiedeuivenildfuiletisnsinisusinu
s 4 fufislndifestu Tnewudne C/C, SAsvann 1 flomvinassiuiiuly 1.00-1.25
PV mquwﬁuéﬁmmﬁauﬁ%mﬁﬂoﬁ'ﬁuﬁuagjﬁ’umslwamm'\f'\ (advection) uwazms
unsnszane (dispersion) Inensiusangd (breakthrough curve) fidnwusiunsiwifsgy
Fueauasliin C/Co = 0.5 o MsvAaed 1 PV usndnvavnswlunwil 4.27 wuien
/G vituagmad (Wlinsmlfagudaiea) dednwasdnarifinandvinanisivaves
dildmudundn  uenmnidmuidnnmsturimanh @wlstunsafusasnslvaves
) hiﬁnam'amimﬁauﬁmmﬁ’ﬂu‘qﬂmamﬂaé’uﬂ lummeaeausANgImsIeasvetans
TnsWMluneadsléd@nunieesnsnisuriiu 100 cm/d windu

dwdunamsfnwaanamit 428 Fadunamsindeudivesansinsiiunes
Winudiourusaslss s $asn1sasiou 100 cm/d mamsveasInuITluTae 1 PV usn
aaslsuasinsflunsaifinduatenng:  winuiansTnsiflureaiimiutuinitnaslsd
wamim\aaqﬁﬁqﬁlﬁfhmﬂmmuwaa%uﬂuﬁ‘;gnazma (solute) {idndnaveans
uwwsnszate  (dispersion) was/ve msfsnseany (diffusion) dewaliansindeudisnin
(ravlse) eudntey

idloRersanAadanumiag (retardation factor; Ry sasansinsilunealu
LuuapneduiEmaLAST 4.1 wuinen Re WU 1.18 (PVprefencios = 0.68 Ua% PVenionge
- 080 sauamnsonanlFilinunsgaduresmsinsifluradlugauuudtassioss
Farou Fednwarsinaniifannnsinwimeasdaglivsefiiiunsaioudemedaas
LmLﬁaﬁﬁﬂmiauﬁéamﬁ’mLﬂuwa'lﬁm'lU61’0ﬂd'rﬂsiﬁm'maflmm‘lumsqﬂ%'u naludnwoy
finntilunsnwilusdniifimavaasiusangimaivesvasarsindadngfivemsBuiuiy
(Siripattanakul et al., 2009)

Pvprofenofos (at C/Cy = 0.5)

fe = aumsi 4.1
PVentoride (8t C/Co = 0.5)

LONINTEMUTININARBIRILAEIN 1 PV ansTideaiiuna Tnendtoduganis
veassnalsauazasinsiluneall C/C, = 1.0 uag 0.9 MuEFU HamINaILanIWiIiung
mstievaansasinsilureanusssunAluwuudaenhadmios  foraifisnainmsges
aaneseuas (photodegradation) vialalaslada (hydrolysis) lasamsasannsoszylei
yuvuirassnedulildusninangadunarnissasaneamuss AR adnios
msAnyilusdn (Siripattanakul et al, 2009) uazmsAnwijatiumsAnymaremnistes
aaneashindmgRomedanmdaiutiofomindondu q wu dnvarvesauuuiiaes ms
geduansludanany (medium) nsgesaaneslusssued udu Sududesmunalifaty
Youiign é’iwamsmamﬁmauﬁ%ﬁ’ﬂ'jflwu*u%ﬁ"lamﬁ'l%‘lumiﬁnmﬁmmxaumu’i’mqﬂszaaé
T9siu
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4.4.2 uansAnudviwavesdasmaduinuvesiidaunazarududuvesdns

TnsWlunes

amsadaszuuianteiishsmstuihuvenivinetu Ae 25 50 uay 100
cnvd gaveeesiifisaduduiSuiuresansinsifluea Wiy 20 mg/L uasuvassuou
3 400 mg-carborv/L finandudenmil 4.29 (Foyaduuamdumeson ¥)  nmanns
woaesimusludninuinsaRaaulinuasinsfureaiay (AINAMIRATIAINY
(detection limit) wirfiu 4 mg/L) waé’nvmsﬁﬂﬁlﬁ'ﬁmuuﬁwaamaé’uﬂﬁﬁmstﬁuwaéﬁgn
nsgRuensANuMaImM VBT miiUsEavEAmgann  dewalviansinsiluneagnesuaany
viounnaentasnvaaes  wan1vesedludnilaenndestunamvaassuuunsluiaden
W namfe  lumsiiueaduasansonssululinauimnsaudsalvinistesaans
aslnsilureagunn  UssdvBawmisdesaaeansinsilurealuiuudrasspedinivanly
Tuarsedl 4.14

drunansfnuyavaasifiaududuuiuresensinsiiluea whiu 40
mg/L UASUMAIANTUBUSIN 400 mg-carbon/L fnaifiudenwil 430  (Feyafuuandiu
meswn 1) Swamsvasesuihlunsdfifundguadundd 10° CFU/mL AsmsnsBuru
youhwing q fi C/Co fuliufiududenuly 1 PV amfuansadntiosuasSuasiou
§uqﬂnwswﬂaaa Tnensmaaes o ShsamsBurinunesni 25 50 uae 100 cm/d dif /G, =
0.10 0.20 uaz 0.69 MuFHY \HeAuganimaaesyemaaDITiSRTININITRY 25 cm/d
faaninsalunistesaasanslsinniian lnsanunsadesaarsansinsiflunealdininiesas
90 mmaunstiumsteraaeananiiefusnmstuiiurenh  Tasmuansaluns
gopAAEANINoNIINITRM 50 ez 100 cm/d wiiufesay 80 uazfewas 30 mwEwy
Ffannanedl 4.14

nsan1snaaedunmil 4.30 wuiganaasmnyalugis 1-2 PV usn #1539
wumstnsfluneagenindiedaly (3-5 PV) ndesaraidlesnantusseziiBuveasssadt
fusnater  widsnarinlvwedssydvlnduidniuuinumsinifluneaiinsawuis
anas  mivesastuneuinliiessinsspivisvessadluiuuhasailemndedia
veeemMaaeY  Winansvanasiidersunhiaiuayuranaassi namine lumavaass
wuunEnUIINwadYauSSsuiY 10° CFU/mL wigiilmbu 10" CFU/mL Tunan 12
Falus (it 4.24) Feaansasdideadiiumnis 10° CFU/mL  winasanyavnaesd
SamsFuiou 25 cm/d wasAwsandudunmdmingfady 12 v dadu
Mevdamsneaes 1 PV aimiigadqaunidiisgetusnniiiduddglunisdetaaneans
Tnsluneadsluszazinan vi3e PV s q miwadgduvididngan iz (stationary phase)
(Fanmil 4.24) dewaliuszAvBnmwmstesaatensiadeduiy  danlugavasesiidnsns
Furinu 50 waz 100 cm/d Fameifleadyaunidiugauruiudinaludnuugadeiu

dwiunanisandaszuuitianududududuresasinsifiunes  whiu 40
MY/L wazuMaINUaUsIN 400 meg-carbon/L TunsdiiFunguyduns 10° CFU/mL fina
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Wudanwi 4.30 nan1snaasdludutinuimsiviamulinvasinsiluneaay  wa
o Y v ° o da a e a a a a
anwauzivdlanuuudassasdninimsdusadiignnsvsuluySinugeivssaniamge
UNYY
WU HUYBWANSNAABIIT AU MSYINEDINERIINTTURIURAZUS

a o 6w [ d'da a 1 ] =y o LY Y] t ) (v} al'
auvididutlifeniidvinadensgssanwarsinsilunea  Jelladesenaridutederinuly
nuidelusiiniuiu (Siripattanakul et al., 2009) guuRitinsifugaduaznszsfuiig
nszvIunTmluaZuTntissdviamlunsidaasivsifluneags  wisgnlsinulu

ad X Y qgva o & Y ddawo ) ¥ v ¥4 o
nsfdinuszgnaldlunsiuh lidunudsulunuiniisnsns@uveniigs (aainuien) 3
anafanfivTInanEunnvs adnuzRulianiwnsinii (hydrautic conductivity) 89@13
Aasiinadiueadeduniduiinauiingu  uenmniluneumsussgnaldessmsiinisfinm
dvswavestaduwindondinm (biotic) wazlild®rnm (abiotic) Me Wu Bvdwaves
auvigluiun (indigenous microorganisms) avignwavesauiifu (e7% Afilerveshu
USuauansdunssludu (Judu) dnswavesantmiriamu (Jusu



25 cm/d 5
10 - ® 10°CFU/mL
O 10"¥CcFuUmML
0.8 -
0.6
0.4 -
0.2 -
O—Q O Q QO
1o | S0cm/id ® 10°CFU/ML
' O 10® CcFU/mL
0.8 W
(@)
Q 06 -
S
0.4 1
0.2
O- —Q Q. e Q Q
10 - 100 cm/d ® 10° CFU/ML
’ O 10® CFU/ML
0.8 1
0.6 -
0.4 -
0.2 -
o —Q . Q. Q 8
0 1 2 3 4 5

PV

4 .l o [} « LY
MR 4.29 asinslunearavievnuuuiiassreduldmsumsnnass
o v v - fa v 5 15
nanutntuinsiluwea 20 me/L wariiwadiSudiu 10° (@) uag 10~ CFU/mL (o)



C/Co

10 | 2°0om/Ad ® 10°CFU/mL
’ o 10" CcFu/mL
0.8 -
0.6
0.4 -
0.2 - L
o o o o
oO—O0— o! 0 O Q|
10 50 cm/d ® 10° CFU/ML
ol o 10% CFU/mL
0.8 1
0.6 -
04
0.2 - . { » °
o—0o o 0o o o
10| 100 cm/d ® 10° CFU/ML
' } o 10" CFU/mML
0.8 -
¢ :
0.6 1 } ¢
0.4 1
0.2 -
O—0 - o o o o |
0 1 2 3 4 5

PV
A <y - o W [ 4 @
AN 4.30 arsinsilunaaruvdeainuuusiassrednidmsunivnas
da [V o o ¢ a 5 15
nienutudulwsWlunea 40 me/L uaviiiwadiSudu 10° (@) wag 10~ CFU/mL (o)
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d < < 1 =, o [ €
AN519% 4.14 Usezdndamnnsgepaaparsinsilunealunuudnasinadul

Sewazntstaydaated1sinsHluned o N1SVNAaSINAILTNTY

5’9'15'1 fa v
) arslnsiluvaduasUsutaugasdisuny
ANSTURNY 20 mglL 20 mglL
m
(cm/d) 5 15 5 i5
10 CFU/mL | 10 " CFU/mL | 10 CFU/mL | 10 CFU/mL
25 > 80 > 80 > 90 >90 |
50 > 80 > 80 > 90 80
100 > 80 > 80 > 90 30

70



unil 5
dyunansIdeuasdoiauauus

5.163Unan1539¢

a adda

5.1.1 MsARngugauvIgniiaNaIsalunmsidnansininluves
1) nguyduvdendalitugaunidlungueamelsinsy  SaldansiwsifTuneady
waEsAIsUBUREY (sole carbon source) I ngugduvIddanan
UsznaufeqdunIsitsuiaiuuuvisulayainay iadiiesdaunsuuinuay
WnsuaY
2) ngugauvidndaldfimuannsolumstesaaeansinsiunealdfosay 97
Jaunarmansnmsyiivlauazmstagaarsansinsiluneaiduluugiten
Susunilerna Tnefimasiivindu 0.40 waz 0.15 hr' awdu waziisas
nstesaasasinsilunea 3.0 me/L/d
3) melensiidnetesaansasivsilluneanui  nduqBunisiannsoton
aaearsiwsillureaduansidn  wazamanvansisuniau q Faldun s

2,4-di-tert-butyl phenol way @13 3-methoxy phenol

o = o ﬂ‘ o [
5.1.2 nIRRuENgBuYIduIgmiuasnisAnednsusnssasaaeaisinsilurea
] a o ed ' =i o o YV a a6 a £
1) nguyduvisdnannsogesaarsarsinsiluneandauenlagduviduigns 3
a <« o d o ' @
yila Fadmuateiiendt PF1 PF2 uas PF3 WuaneWug  Pseudomonas
plecoglossicida  Pseudomonas  aeruginosa  ua¥  Pseudomonas
aeruginosa MUY
¢ a a a € a ™ aaa YA |
2) Faunamansnmsiigiaulavesiuniduianaidulumuujisendudun 1
< 1 A a a 1 1 -1 a <
lnediAnAenvaunarmaninisosoiulnegsening 1.91-268 hr uwavqduvsd
a £ o ' =4 v o w
UIgvisvieanudidnsiniseesaarsansinsiluwea wazsoearn1sndnans
TnsWluneata 7.6-19.6 mg/L/d uag 93-95 muansiu
3) PF1 PF2 uag PF3 aunsodesaarsansindadagivlalndifiosiu  qduvid
Minansranilnivealdiosar 57-73 wavarslelalavealdfovas  33-47
Tusueigdunididnarsinsiluealsdevas 75-82

5.1.3 asnszdunisgasaasansinsiliunealasldnssuounisumluaduiou
1) MveassiFumINglaa nsadAdln  wazansludvesBinsmiuuvas
miveusmamaramaaydulrvengudunithivntn  nqugduvsdd
nMaigivlafudauistuly 1618 logCFU/ML  sauwarmansnis
mcgmu‘lm‘umnauqaumﬂLﬂthmmJgnsmauﬂwuwmmmw 0.49-0.62
hi' yavesewiiAunsadaddnuatiniuuordinmannsoanasinsiunea
WWevar 30 dugafiinsdunglaaaunsaanansinsiflunealdsosas 10



2)

12

ilesnnindadtauarlnfusrdinmiaiuasuseneurasnsnlatuasdy
FudhuundsmnsveuiaunigimluioulfinnninglaadatuansTulawmse
gy

SvswamnudiduvensadadtaGuiuildiduuvasnfuousay (4-4600
my/L) dwasiensiaigiiulavenguiuvidhinnin  nguadunidannyngs
mMIiveaaRRnsIunnUstna: 6 Wy 16 logCFU/mL  laefiAmadi
Jauwamansmsiadeuiuln wiriu 0.42-0.50 hr' UssAndnmnstosaany
anstwiilunealsininfevas 80 gnsimsminansiwsnslunea  wirdu
7.90-31.46 mg/l/d  Iauwamanimsgesaasansinsiluneadulun
UfRendusuvililnesiennai Wiy 001006 b Tnglugamaanailvina
Aan Ae yaveapsTANUVEIITUBNTIN 400 mg/l  Tnemsdevaanedl
AR 6 wih dlanSeufisufugaitlildFuuvdsanfususou
Svsnaninunduduvesansinsiflueasusiy (40120 me/L)  dwwasioms
Wigdiulaveangugdunidhinnin ndueBurSdnnynyamanaasaiy
SnnuanUssana 6 Ju 16 logCFU/mL fasfisaunamansmsiaiodule
Wiy 0.30-047 hr dwiunstiesaansansinsiluneanuinnguyauvid
NNYINARBWNN ) awnsagevameanslaiovas 85-91  dwsNIndnans
Wiy 31-55 mg/l/d  sauwaransmstssaaisansiwsiluneaidulumy
UfAsodusuvilalaetidnail windu 0.02-0.06 hr'  wamsAnwanyams
yagosipudidurasasinsiunea 120 me/l Waunngnsainisduds
#pansewnsies (substrate inhibition)  Inenaluannefuvasniuauiou
SvswaveUnngmaainmssuaiandrianas

5.1.4 nsasanisumihdRuivudisuasiwsifuneaniandnnisdueadign

n3

1)

2)

3)

o v
s

oo

KamIvAaBsElRivSnsn B Usinadurddidutieieitidviwe
panstovdaauaIs InIHIuNed
NaNsANSAsTULTIanMsTisns MR uve ety A 25-100 cm/d
arudidusuiureasinsilunea Wity 20 me/L uazumassususa
400 mg/lL wuimsndamulinvaninsiluneaes  wafinamudldn
wuThassreduiilimaiueadignnssfushemafuuvasniiueusiud
Ussandnwgann
namsAnwIgavaapsifimududuiuiuretarsTwsilunea winfu 40 me/L
uazuvassuBusIY 400 me/L lunsdififiunguydun3d 10° CFU/mL ¥n
NAaRITSnTINMINITTUIY 25 cmv/d awnsadesaansansinsiuaaldnin
fowaz 90 muausalunstssamsanailoiusnsnsfuiureni Tag
AmENInluMIPeraAANSTSNI ISR 50 uax 100 cm/d Wiy
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Y [ o w P ' P a6 15
fovar 80 wavdowar 30 mwdwu Wewungueduvsadu 107 CFU/mL
wuesdaauliuwuasinsiluveaias

5.2 UDLaudLUS
1) A251N15V9aIdVSNaveIdaInday a1y YSunanndalulldau USunu

asBuvidssud uas Mflevvesh Wudu demuaunssiunisdesane
arstwsilunealaonguyduviduasyduniduians

2) mstlnuidedeileaiieszyiimstesaasansinsilunealaonguydunid
uazqAuvESUIqudetneaysel

3) astlnuidedadeaieszynalanszuaumauenluddusudmiunstes
aangansinsiluvea

4) naunsussendliaiemsiinifnunsvwavectadowinden 1wy Sviwaves
Qauvdluull SvswavesauiRau SviswavesauiFiilaau sy
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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 genomic DNA by the polymerase chain
reaction (PCR) wusing 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 ampilification 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 (1 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 DH5a cells. The plasmid DNA was then isolated using the
QlAprep Spin Miniprep kit (Qiagen, Netherlands) and sequenced. The partial 16S rRNA
gene sequence of the isolates was analyzed using the nucleotide BLAST (BLASTN)
algorithm of the National Center for Biotechnology Information (NCBI).
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QUECHERS

A Mini-Multiresidue Method for the Analysis of
Pesticide Residues in Low-Fat Products

1. Aim and Scope

This manuscript describes a method for the analysis of pesticide residues in produce
with a low fat content, such as fnits, vegetables, cereals as well as processed prod-
ucts including dried fruit

2. Short Deéc.ription

The homogeneous and representative subsample is extracted in frozen condiion
with the help of acefonitrile. After addition of magnesium sulfate, sodium chlonide and
buffering citrate salts (pH 5-5.5), the mixture is shaken intensively and centrifuged for
rhase separation. An aliquot of the organic phase I8 cleaned-up by dispersive SPE
employing bulk sorbents (e.g. PSA, GCB) as well as MgSQ; for the removal of resid-
usal water. PSA treated exiracts are acidified by adding a small amount of formic acid,
o improve the storage stability of certain base-sensitive pesticides. The final exract
can be directly employed for GC- and LC-based determinative analysis. Quantifica-
fion is performed using an internal standarnd, which is added to the exiract after the
initial addition of acetonitrie. Samples with a low water content {<80%) require the
axddition of water before the mnifial extraction to get a total of ca. 10 miL water. When
dealing with samples conlaining <25% waler (e.g. cereals, dried fruit, honey, spices)
the size of the analytical sample may have to be reduced (e.g. 1-5 g) depending on
the load of matrix-co-extractives expected in the final extracts. A brief overview of
the method is shown in the flowchart at the end of this document.

Michelangelo Anastassiades, CVUA Stuttgart
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3. Devices and Consumables

+ Sample processing equipment e g. Stephan UM S universal

s Automatic pipettes (e.g. for 10-10pk, 200-1000puL and 1-10 mL)

+ 50 mL Teflon® centifuge tubes with screw caps (e.g. Oak-ridge from Nalgene
3114-0050) or disposable 50 mL cenfrifuge tubes (e.g. 114x28 mm, PP,
Sarstedt arlicle-no. 62.548.004}

« 10 mL PP-single use centrifuge tubes with screw caps (e.g. greiner bio one ar-
ticle-no. 163270 or Simpot/Canada, calalogue no. T550-10AT)

« 10 mL solvent-dispenser for acetonitrie

+ Cenirifuges for 50 mL and 10 mL centrifuge tubes

* Powder funnels, to fit for the centrifuge tubes

« 1.5 mL vials for GC-autosampler

+ plastic cups (stackable) for the storage of the pre-weighed salt mixture (e.g.
flame photometer cups 25 mL art. no. 10-00172 from a) GML-Alfaplast (>1000
pieces) or from b) JUROC-LABS, D-91239 Henfenfeld (> 100 pieces)

« Sample divider, to automatically porfion the gaits (e.g. from Retsch/Haan, PT
100 or Fritschfldar-Oberstein, Laborette 27). The solids needed for dispersive
SPE" can be porionated using for example the “Repro” high precsion sample
divider from “Birkle” using the 10 mL PF fubes from Simport:

4, Chemicals

» Acetonitrile, pesticide residue grade
¢ NaClpa.
s Digodium hydrogencitrate sesquihydrate (e.g. Aldrich 355084 or Fluka 71635)
» Trisodium citrate dihydrate (e.g. Sigma 54641 or Riedel-de Haen 32320)
« Sodium hydroxide p.a., whereof a SN-solution (0.2 g/1 mL water) is prepared
« Bondes#-PSA 40 um (Varian article no. 1221302310 g or 12213024100 g)
+« GCB-sorbent, (e.g. Supelco, Supeiclean Erwi-Carb SPE bulk packing, articie
no. S7210U). Alternatively isolate material from packed cartridges
+ Magnesium sulphate anhydrous coarsely grained (e.g. FLUKA 63135)
« Magnesium sulphate anhydrous fine powder (e.g. MERCK 1.06067)
Note: Phthalates can be removed in & muifie fumace by heating to 550 T {e.g. ovemight)
» Formic acid conc. {(>95%ig), prepare a 5 % solution (vodfvol) in acetonitrile
+ Pesticide Standardz e. g. from Riedel de Haen, Dr. Ehrenstorfer, promochem
s Internal and quakty control (QC) standards see Tabie 1
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Table 1: Potendial internal standards (ISTDs) or quality control (QC) standards.

Narre of the compoud LGP | Crionine | Bxemplary oc Le
ioctnc- | s | cox. | ECD | NPD | MSD | WSO H;TM&HG
waien) [ae) Bit+1] ©1¢) | ESI+] | EBI&
Potantia | § Stanvinnts
| PCa & 5.09 2 50 -+ - v | o - -
Pca 18 555 3 50 pand - o | s - -
PCH 28 552 3 1] “+t - | e - -
FCH §2 .09 4 50 haad - e | e - ;]
| Trighers phospnose £89 | - ] N I S I P
| Te-{1, 3-Dichiarsopropy-phasphate | 3.65 3 0 e | err | oeve | een | e ;J
Tripheny 537 10 - - e | - - -
Sis-pitropheny urey (Acarxin 376 - i0 - = - - = on
Potentiad Guaiity Control Standards
PCB 138 6.83 [ Eel s - o | +en - -
£C8 153 775 3 0 e - - faad -
An for s 010 guel 445 - 10 - - - - - -

‘concentrations exemplary, use acetonitrie as solvent

1
The use of more than one internal and quaiify control standards is recommended to
or cleanup.

In this method the irfernal standard (ISTD) is employed at an eary stage of the analytical
procedure {comparable to a swrogale standard). To avoid overestimations of resulis it is
i that the compound used as ISTD does not experience any significant josses
during the procedure (e.qg. higher than 5%). When analy2ing ini and vegetable samples
this criteriory fs generafly met by 3 compounds listed in the iable above.

in the case of samples with higher fat content, however, the siuation is different. Since
2olubily of fat in the acedonitriie layer is very Emited, excessive sample faf will form an
addifional layer info which analytes may parfifion and gef Jost. The extent of losges de-
pends on the amourd of Bpids in the sample az well ag on the polarity of the aralytes with the
moat non-polar ones showing the highest losgez. In the presence of elevated fat amounts
fe.g. > 0.3 g fat/ 10 mi. acetonitrile} it is thus recommended to empioy the internal
standard at the end of the procedure (o an aliquot of the final exiract] asstaming the vol-
ume of the orgaric phase ac being exactly 10 mi. i should be furthermovre noled that the re-
coveries of peelicides having very fow pelarily fe.g. hexachiorobenzene and DDT) wif drop
befow 70% at fat contenits greater than 0,5 g/ 10 mi acetonitrile. PCB 138 or 153 may be
used as surrogate QC standards to indicate or rule out any significant losses of pesii-
cides. Az jong az one of those two compounds shows recoveries greater than 70% i# is fo be
expected that thiz will aleo be the case even for the most non-polar pesticides.
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Losses of cerfain compounds (of fow polarfly and planar séructure) may alzo oocur during
Dispersive SPE” when empioying GCB sorbent for chiorophyil rich sampies {see 6.3).
Some of the potential ISTDe listed above may also be affected. This can be avoided by em-
ploying the ISTD at the end of the procedure, assuming the wolume of the organic phace
as being exaclly 10 mL. Anthracene, which shows a very sirong affinity fowards GCB
may be used as surrogate QC standard. Anthracene recoveries greater thar 709% will incil
cate that no unacceptable fasses of pesticides with very high affindy lowards GCB {such as
hexachiorobenzene, chiorpthalond, thiabendazole] have ocewred.

Far the preparation of calibration solutions a dilution of the ISTD sclutions is neces-
sary according to the amount of exiract used (see 6.3).

5. Safety annotations

When using dry ice, solvents, solids and standards the corresponding safety direction
sheets and the safety information on the vessels have to be taken into account.

6. Procedure

f1. Sampie processing

Subsampling of the laboratory samples is performed following the existing regulatri-
ons, directives or guidelines. In the case of fruits and vegetables, cryogenic milling
{e.g. using dry ice) iz highly recommended to increase homogeneity and thus reduce
sub-sampling vanation and to reduce the size of the sample particles and thus assist
the extraclion of residues. Cutling the sanples coarsely (e.g. 3x3 cm) with a knife
and putting them into the freezer {e.g. -18T ovemight) prior to cryogenic milling re-
duces the amount of dry ice required and facifitaies processing.
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Annoiations 2.

Generafly, cormrminution at room femperature may lead o major iosses for several
sensifive pesticides but afzo resuff in un insufficient degree of comminution thus im-
peding the extractabilily of reafdues enciosed in remaining paricies. Furthermore, the
degree of homogenedy achieved is generally not az good as in crvogenic processing
feading fo greafer sub-sampling vanations. If the nesessary degree of comminution
cannot be achieved with the means available in the laboratory, the use of larger sam-
ple amounts for analysiz {scaling up) andfor the use of Litra-Turax during the firsf ex-
fraction ztep may heip o overcome these problems (see below).

Samples with 2 water content between 25 und 8¢ % (e.g. bananas] requive the ad-
dition of water to achieve a folal of 10 g waler (when 10 g sample is employed).
Products with a water content < 25 % (e.q flowr, dried fruits, honey, apices], the
sample amount may have fo be reduced and waler has lo be added az shown in the
table befow. The added water shoukd be al a low temperature (e.g <4T} ko compen-
sates the heat development caused by the addition of the aalts.

Homogenous samples (e g. flower) can be waighed directly info the extraction fube
followed by the addition of the necegsary amount of water. To avoid a degradation of
sensilive pesticides, the femperature duwing the exiraction should be kepf as low az
poszsible. When deating with inhomogeneous samples which are difficalt fo com-
minute (e.g. dried fruiis) wafer can be added before processing o assist com-
minufion. In this case a larger amount of the produce (e.g. 500 g) iz weighed and the
appropriate amount of waler is added (for dried fruits for example 750 gl. The mix-
ture ig then commirted (preferably with the belp of dry ice). Cold waler should be
used here az wed, fo reduce the required amourt of dry ice. An afiquot of the resulting
homogenale iz used for further sample preparation ag described below.
TableZ.Wateraddhmforsevefalsanﬂejpes

Cerealz 5q 10qg
Driad fnsls 5¢ 75¢g Water can be added dur-
12.5 g homogenale is
used for analysiz |

Fruite and vegefablea 10g _
> 80 % waler content
Fruits and vegefables 10g Xg X =10 g—waler amount
25-B0 % waler confent in 10g sample
Honey 5g 10g

2g 10g

Michelancelo Anastassiades. CVUIA Stuttoart
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6.2. Extraction/Partitioning

10.0 g £ 0.1 g of the comminuted homogenous and frozen sample are weighed
into a 50 mb centrifuge tube, 10 mL acetonitrile and the 1STD scluion (e.g. 100 pl
of an 1ISTD-mixture, contzining one or several of the compounds listed in table 1in
the concentrations given) are added and the tube is closed and shaken vigorousty
by hand for 1 minute.

Annofalions 3:

s If the sample’s degree of comminudion iz inzufficient, the extraction can be assigfed
by a dispenser {e.g. Ulira-Turrax). The digpersing element ie immerzed inlo the
sampie/acefonitrie mixture and comsnimdion ia performed for abouf 2 min. at high
speed. If the 1STD solufion haz been already added, no rinsing of the digpersing sle-
meni iz necessary. Neverthelegs, the blender has siill fo be cleaned thoroughly be-
fore being used for the nexd sample fo avoid cross-confamination. When using the
dispozable 50 ml cenirifuge lubeg (see devices amd conaumables) the common 19
mm digpersing elemeniz can be used. The Teflon tubes however have smaller open-
138 requirng disgpensing elements of smaller diamefers fe.g. 10mmy).

* The described exfraction step is scalable ag desired, as fong as the amountz of sol-
vent and saffs used remain in the same proporfion (zee below). I showuld be kept in
mind, however, that the smalfer the armount of zample employed the higher the sub-
Mmmmﬁdﬁemdmwmmeammm
devices, using repregenialive samples condaining incurred residues.

» For recovery studies e.q 10 g sample is fortified using 100 i of a peslicide sodution
in acefonitrile or acelone. A shorf vibration using a Vorfex mixer may help fo disperse
solvent and pezsficides well throughout the zample. Forfification using larger volumes
of standard sofufion (e.g. > 500 pl) should be avoided. If this iz not possible, a vol-
ume compensation should performed in the blank samples used fo prepare matrix
matched calibration zolutions, fo avoid differences in the matrix conceniration of the
final exdract

»  Blank extracts for the preparation of calibration solutions: The use of malnix matched)
calibafion solulions is necegsary to minimize evrors asseoiated with matsix induced
enhancement or suppression effects duning GC- and LC-defermination. The biank
madix should be similar fo the matrix of the samples o be analyzed and should not
cordain any detectable residues of the analytes of interest). The bank sample iz
treaied the same way as any other sampie, b no ISTD iz added during exiraction
and cleanup.(The preparation of cafbration sclutions is described befow.
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After that add a mixture of-

« 4 g#+0.2 g Magnesium sulphate anhydrous,

« 1 g%0.05 g Sodium chioride,

« 1 g10.05 g Trisodium citrate dihydrate and

« 0.5 g10.03 g Disodium hydrogencitrate sesquithydrate
its easier to prepare the necessary number of portions of salts before staring the ex-
fraction procedure. The tube is closed and immediately shaken vigorously by hand
for 1 minute (see annotations on how to prevent the formation of lumps) and centri-
fuged (.g. 5 min. 3000 UW/min).

Pesticides with acidic groups {e.g. phenoxyalcanoic acids) interact with amino-
sorbents such as PSA. Thus, if such peslicides are within the scope of analysis, their
determinative analysis {preferably via LC-MS/MS neg.) should be performed directty
from the raw extract after centrifugation but prior to deanup. For thig, an aliquot of
the raw extract is filled into a vial (e.g. 200 pl into a vial with micro-inlay).

Amncialions 4

+ The preparatfion of the salt mixtures can be extremely faciliiated using a sample di-
vider (see 3. Devices and Constamables). As an allemative the uee of porioring
spoons is helpful, atthough not as precize az the divider.

» By adding the citrate buffering saltz most samplaz cbiain pH-valueg between 5 and
5.5. This pH range iz a compromize, al which both, the quaniilative extraction of
sour herbicides and the protection of allaff fabile (e.g. capian, folpe!, folyifuanid)
and acid fabile (e.g. pymetrozine, dioxacarb} compourids is sufficiently achieved.
For acid rich samples (with pH<3} the pH-value achieved after the adcdition of
buffenng zait iz normally betow 5. To profect acid labile compounds the pH-value
can be elevated by adding 5N NaOH: for lernons, imes and currants 600 ., for
raspberry 200ul. NaOH soiufion iz needed.

» In the presence of water, magnesium sulphale tends fo form kamps, which can
harden rapidiy. Thiz can be avoided, i immediately after the addition of the zait
mixiure the centrifuge tube iz shaken vigorously for a few zeconds. The 1 minule ex-
fraction of the entire bafch can be perfoimed in paralie! after the salfe have been
added fo afl the samples.

Michelanpielo Anastassiades, CVUA Stuttpart
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6.3.

Dispersive SPE:

An afiquot of the: extract is transferred into a PP-single use cenrifugation tube
which contains 25 mg PSA and 150 mg magnesium suiphate per ml extract (e.g.:
for 8 mL extract 200 mg PSA and 1.2 g magnesium suiphate are needed). The fube
is shaken vigorously for 30 s and centrifuged {e.g. for 5 min. 3000 U/min).

Co-exdracted fat and waxes may negaiively affect the ruggedness of the GC anaily-
gie. The co-exiracted fate or waxes can be separaled from the extractz io a large ex-
fent by puiting them in the freezer {more than 1 howr, e g overnight). Both iz possible,
freezing out of the raw exiract or the final exiract affer cleanup and acidification. Af-
ter a short cenfrifugation, the required amount of the siill cold extract iz withdrawn.
Thiz procedure is for example applicable for cereals and cifrus fruils treated with
waxes. #f has been shown that peslicides and the proposed Internal and QG stan-
dard's are nof affected by thie step.

Falz can be aleo effectively removed using C18 or C3 sifica based reversed-phase
sarbenis {25 or 50 mg/ml exiract respectively} fogether with PSA and magnezian
sulfate in the dispersive SPE slep. .
For zamples, with a high content of carofinoides {e.g. red sweet pepper, carrots) or
chlorophyR (e.g spinach, lamb’s lefiuce, rucola, curdy kale, wine leaves und Lactuca
vanefioz except iceberg leffuce), dispersive SPE is performed using 3 cambination of
PS5A and GCB {Graphitized Carbon Black). The cleanup fime {shaking) is extended
from 30 s fo 2 min. It has fo be taken into account, that some planar pesticides have
a greaf affinity fo the planar struciure of GCB. But recovery sludies showed, thatno
nofewarthy logses acour, if the extract after digpergive SPE with GCB sill mainfains
some visible amound of chioropindl or carctinoides. The followdng amouris of GCBAml
extract can be used {exemplary): a) 2.5 my for carrolz, romana fetiuce, head letiuce
and the like, or b) 7,5 mg for red sweet pepper, spinach, lamb’s leffuce, ruccola and
the lke. Please refer to “Annotations 17 for informabon as regards the use of in-
Ta simpiity the procedure it iz helpful fo prepare a pre-mixhure of puivernized () MgS0y
and GOB (MgSOy to GCB: 60:1 in case ) and 201 in case bj). The amount of the
magnesium sulphate/GCB mixture and PSA fo be employed will depend on e vol- .
ume of raw exiract fe.q. 1 ml spinach exdract will require 157.5 ~ 160 myg of the 20:1
mixture and 25 mg PSA).

After centrifugation the deaned extract is transfesred info a screw cap vial and pH is
quickly adjusted to ca_ 5 by adding a 5 % formic acid solution in acetonifrile
{volivol) {pro mL exiract ca. 40 pl).
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The pH-adjusted extract is filled into vials for gas- and Equid chromatography and is
used for further analysis.

Annofafions 6:

» FoBowing conéact with PSA the pH of the extracts increases reaching measwred values of
above 8, thuz compromising the stabify of base sensitive pesficides (e.g. caplan, folped,
dichiofluanid, tofyifluanid, pyridate, methiocarb suffon, chiorothalond). If the extracts are
acidiied quickly fo pH 5 the degradation of such compounds is reduced significantly so
that storage over several days iz possible. At this pH acid-labile pesticides {e.g. py-
metrozine, dioxacarb, thiodicarb) are alzo sufficiently stable over several days. Onfy
safme very sensitive sulfonyl urea herbicides, carbosulfan and benfuracarb aren
prolecied sufficiently at pH 5. However, these compounds are stable at the pH of the
noni-acidified extract (after dispersive SPE) over several days. if thege compounds are
within the scope of analysis an aliquof of the non-acidified extract is used for meas-
uremerd. If the measurement can be performed quickly, the exirac! af pH 5 can be uged
ag well. Carbosulfan and benfiracarh (both having individual MRLs) are degraded fo
carbofuran within the samples az weli ag in the extraciz af pH 5. Thus, merely if carbofu-
ran is present in the acidified extract an additional nan of the allaiine aliquot is needed.
Normally no regidues of sulfonyl ureas are fo be expected, because the compounds are
very instable and very low doseg are used to achieve a sufficient impact in agricufiure.

« The final exiract has a concentration of ca. 1 gdml_ i GC systems with normal
splitisplitiess injechovs are used (injection vol. 1 (i) the limits of defection and determina-
fiorr achieved are in many cases not low enough. The use of GC-inlets that allow in-
Jjection of larger volumes (23 ul} and offer the possibility of solvent venting (e.g.
PTV = Programmed Temperature Vaporizer) are thus highly recommended. The sohent
venting protects NPD detectors which can be addiionally profected by delaying the hy-
drogen fow into the NPD during the first minutes of 2 nmn.

« [f large volume injection cannot be performed and the desired detection fimiz of the
vompounds of interest cannot be achieved, the conceniration of the extracts and, f
necegzary, 3 solvent exchange may be considered. if GGMSD iz employed a concen-
iration of itve extracts by a facior of four should be sufficient. To achieve this e.g. 4 ml of
the acidified extract (pH 5) are transfered into a test fube and reduced to ca. 1 ml al 40
T using a dlight nifrogen flow. Solvent exchange iz an oplion if GC performance using
acefonitri} iz not salisfactory or if NPD iz employed (withowt PTV-injector). For this, an
extract aliquot is evaporated to almost drynezs at 40 T using a slight nitrogen fow
(some droplete of 3 keeper e.g. dodecane can help o reduce losses of the most volatile
compounis} and resclved in 1 mb of an appropriate solvent The blank extract {neaded
for the preparation of calibration zolutions) should be treated the zame way.

Michelanoelo Anastassiades, CVUA Stuttoart
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6.4. Preparation of calibration solutions

To prepare calibration solutions a blank matrix containing no detectable residues of
the analytes of interest is necassary. The bank is treated as any other sample, but
3 ISTD is added. To compensate matrix induced effects during chromatography to a
large extent, it is best to choose a matrix of the same sample type {e.q. apple for ap-
ple samples, carrots for carmot samples and 30 on).

An aliquot of the blank extract is fortified with the desired amount of a pesticide or a
pesticide mixture and a known amount of ISTD solution is added at approximatedy the
same eoncentration as in the sample extracts. Pippetling 1STD solution in the very
same way as in the sample preparation (same pipette, same volume) will help to
minimize systematic erors. This means that a dilution of the ISTD is necessary. For
example 1 mL of the blank extract is fortiied with 1710 of the amount of ISTD added
fo the samples. To reduce mahix induced effects during GC, sample and calibration
solutions should have the same concentration of co-exiracted matrix components. To
ensure this a volume compensation may be necessary. In the case of MRL viola-
ticns the quantifications is performed as described in 6.5.

86.5. Calibration following the procedure of standard additions

In case of suspected violafive residues, or for compounds which are known to cause
severe problems during GC (e.g. streng matrix induced effects), the procedure of
stardard addition is performed for quantification, where several aliquots of the extract
are fortified with increasing amountz of the analyte of interest. This procedure re-
quires a knowledge of the approximate concentration of the analyte in question in the
SaMpAs.

The standard solutions should be miscible with the sample extract solution. Also, all
vials should have the same end volume and the same solvent composition.

Pipette scheme 1: , ;
[ Aaditions T Va1 [ va2 | w3 [ Vaid
Sample extract T TR0 Wl 0@ BT
. . {1 g sample) {1 g sample) (1 gsample) | {1 gsample)
{  wsm Mg |Aeayincnes | ACEN | ATENE
Thiabendazole standard ] - (L l .1 ™ A - JT A
solution. (2 up/ml} 4 (4ug) _ (D8uwgr | {(12pg)
l ~ Solvent [3oeC [ @l [ et [ -
| Finalwolume | 1300pL | 1300uC [ 1300l [ 13000

{exe;ﬁﬁ’aryforéri;xpede& Thiabendazole concentrabon of 0.8 mg/kg — of 18 fig tiabendasslerl g
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The analyte concentration in the sample is calculated uging the area proportions ana-
Iyte to ISTD as shown in Fig. 1 by calculating the linear regression. It is important to
check that the generated standard addition curve is finear since any curvature can in-
fluence the slope and thus the result.

Area proporiion
AnalytefISTD

i — Added amount of analyte

xt: absolute amount of analyte in the sample extract before fortifing (y=0)

Fig. 1: internal calibration using the procedure of standard additions. schematically

7. Reference

M. Anastassiades, S. J. Lehotay, D. Stajnbaher, F. J. Schenck

Fast and Easy Multiresidue Method Employing Acetonitile Extraction/Partitioning and
“Dispersive Solid-Phase Extraction” for the Determination of Pesticide Residues in
Produce, J. AOAC Int, 86 (2003) 412-431
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8. Procedure schematical {for 10 g sample)

Option:
lsolate an aliquot of the raw extract for
the determination of sour pesticides

For fat containing samples: freeze fat out.
for citrus fruits co-extracted wax is removed ovemight in the refrigerator
1

Option:
isolate an aliquot of the raw extract for the
determ. of sulforylureas. carbosulfan etc.

The cleaned and acidified extracts are transferred into auto-sampler vials and used for the mu
tiresidue determination by GC or LC techniques

Michelanaelo Anastassiades. CVUA Shttoart
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gopaaeasinsiiunea

A1safl B.1 wens@EnwIMTIyAulavenguqEun3s

el IuRiEuNId (CFU/mL)

(W) | yovessdl 1 | yavesnsil 2 Aady
0 1.11x10° 1.38x10° 1.25x10°
1 2.54x10' 2.86x10" 2.70x10’
2 5.6x10’ 8.2x10’ 6.90x10
4 3.5%10 3.9%10' 3.70x10’
6 3.2x10' 4.0x10' 3.60x10'
8 3.7x10’ 3.6x10' 3.65x10’
10 3.5x10 4.2x10" 3.85x10'
12 3.8x10' 4.4x10' 4.10x10’
14 4.1 x10’ 4.5x10’ 4.30x10"

o = ' o ' a o ¢
A15197 0.2 nansAnwnstesaauansinsiluwealasnguqdunid

1281 arsntutuansinsWluved
(w) | yanmapsil 1 gﬂmamﬁ 2 Aady
mg/L | Fewaz | mg/L | fowar | mg/L | Youay
r 0 48.20 | 100.00 | 50.80 | 100.00 | 49.50 | 100.00
1 7.00 14.52 10.60 20.87 8.80 17.69
2 4.00 8.30 5.40 10.63 4.70 9.46
4 2.60 5.39 3.20 6.30 2.90 5.85
6 2.20 4.56 2.20 4.33 2.20 4.45
- 8 1.80 3.73 2.00 3.94 1.90 3.84
10 0.80 1.66 1.60 3.15 1.20 2.40
- 12 1.40 2.90 1.40 2.76 1.40 2.83
14 1.60 | 332 | 140 | 276 | 150 | 3.04 |
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o =2 = a = ot ¢ a L4 <t
A15790 1.3 Naf’l'ﬁﬂﬂ‘tﬂﬂ'\iLﬂiEULC"I‘UIGHJENQ‘E“J'VI‘SEJ“UTG“W\ﬁ‘VIEJBEJ'dﬁ'\EJ'd’ﬁIWiVﬂUWEJﬂ

I IAiYauN3d (logCFU/mL)

Gw | PR PF2 PF3
0 6.3 58 33
1 10.3 10.8 10.7
2 11.0 11.8 11.3
3 13.9 14.2 123
4 14.0 16.5 15.9

< < ' = a ¢« o &£
a1 1.4 uansAinwmimsgssaaeansinsiluwealaggdunsduigns

1281 AMududuarsinsiluves J
(3u) PF1 PF2 PF3
me/L | Soway | me/L | Jewar | mg/L | 3eway

0 20.0 100.0 20.0 100.0 20.0 100.0

1 17.3 86.6 6.3 31.6 04 2.0

2 4.8 24.0 0.4 2.0 0.4 2.0

3 04 2.0 0.4 2.0 0.4 2.0 J

q 04 | 20 | 04 | 20 | 04 | 20 |

d =% ' LI 4 ’ L2
A1590 0.5 wansfinynsgevameanIiiadngnungusasunuluneanesia

quviss asndnAngvnguessunuluneanads
a1sinsnluea asraaslniwea aslalasiavea
PF1 40.95 72.50 75.00
PF2 3316 57.14 7391
PF3 46.74 70.37 82.14
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d <t a a J a L] 1 <l
A159N 0.6 ramsfnwMRRsgAulaveanguydunidlunstesaatsansinsiluwes
Y o ' ¢ 1 ' P
ma‘lmam’aswuLmaqmiuaui’mmwuﬂ

e JuIUadgaunIs (CFU/mL)
o dnswﬂ«uﬁﬁd iﬁﬁauaﬁm? _ nglasg _
Nl | g2 | a1l | yani2 | qanl | ean 2
0 4.40E+06 | 8.20E+06 | 8.60E+06 | 7.00E+06 | 4.80E+06 | 4.80E+07
6.20E+07 | 5.00E+07 | 3.00E+07 | 2.20E+07 | 1.40E+07 | 1.00E+07
12 8.00E+12 ) 6.00E+12 | 2.14E+14 | 2.10E+14 - -
21 4.00E+13 | 6.00E+13 | 2.00E+13 | 8.00E+13 | 5.06E+16 | 3.78E+16
36 6.60E+16 | 7.40E+16 | 2.00E+15 | 4.00E+15 | 2.00E+16 | 2.20E+16
48 8.00E+16 | 8.00E+16 | 6.00E+15 | 6.00E+15 | 4.60E+18 | 4.60E+18

< =2 o ] ) a
A919N v.7 nan1sAnwINIsIABUWUawerdlaflunistssdalsansinsiluned
v ch 1 € ] 1 a
ﬂ']EJ'LC'Taﬂ'1')8‘V|3JLLVIﬁ\'iﬂ']iUEJUS'J?JCﬂ'N‘UUﬂ

1387 A9laf (me/L) )
(h) | Liiuatsueu (yardugy) | ngled | nsndadin | leisusy@inm
0 70 1280 1000 560
3 70 1280 1040 600
6 70 1280 1040 680
9 80 1280 960 560
12 60 1280 1080 -
15 80 1000 1080 480
21 - 1200 1040 600
27 80 1200 1200 560
36 60 840 680 360
48 80 1200 1080 640
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d <t i =4y '
A3 1.8 wansAnwINstevaaeasiwsHlunealaungy

aelaanneiiuvasmsuausIuewtia

3

b}

a =)

Auvise

e mwtﬁuﬁuaﬁﬂ?sﬁuma (mg/L) _
thn) § nglad _ nandadiia_ T%:ﬂuuawmzw
a1l | a2 | yal | yaNi2 | g1l | yaR 2
0 20.00 20.00 20.00 20.00 20.00 20.00
3 18.79 18.20 17.36 16.28 15.97 -
6 16.95 15.46 17.27 16.17 16.14 -
9 18.61 17.93 16.88 15.61 16.91 13.19
| 12 17.60 16.42 15.86 14.17 17.79 15.12
15 18.79 18.20 15.42 13.55 16.93 13.25
21 19.51 19.27 13.61 11.01 16.35 -
27 19.78 19.68 16.10 14.51 16.79 12.92
36 1806 | 1742 | 1481 | 1270 | 1601 -
( 48 19.26 18.90 15.57 13.76 18.65 17.03

d ] = - ’ - = [] !
A159% 9.9 mamsfinwnmsiadgiiulaveanguidunidluntsgetaanyansinsilunes
MelAaNIIENTUNAIRITUBUTNANAULTLLY

1281 Swauwadydunid (logCFU/mL) an1azitfiuvasanivsusau
(hr) 4 mg/L 40 mg/L 400 mg/L
0 5.95 594 591
6 6.74 6.51 6.77
12 13.07 12.49 12.41
B 15.55 14.77 15.11
36 16.35 16.34 16.51
48 15.95 16.11 16.20
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A1919% 2.10 Nan'ﬁﬂﬂl‘ﬂﬂqiﬂaUaa']ﬂﬂ'ﬁi'w5w‘[uwaaiﬂﬂﬂa}l'ﬁ!au'ﬂiﬂ
v da ' ¢ ' 1 [V,
ﬂ']Eﬂfﬂaﬂ"l')%'ﬂilLL“aﬂﬂ'ﬁ‘UEJUTJﬁJW'Nﬂ'J']?JL‘UJJ‘UU

e anudutuasinsiflunes (me/L) anneiifiuvssaisuausiu
4 mg/L 40 mg/L 400 mg/L
(hr) g 3 3 p ) ]
Yaf 1 g2 | Yl | yan2 | w1l | a2
0 20.00 20.00 20.00 20.00 20.00 20.00
3 16.36 14,94 11.17 9.04 19.11 17.80
6 19.27 - 13.15 10.69 7.44 7.10
9 12.26 8.60 14.37 12.05 7.37 6.12
Y] 8.72 5.45 7.90 5.39 427 ]
15 10.63 7.43 12.25 - 4.68 4.28
21 13.67 11.05 11.63 9.37 5.71 4.20
27 13.18 9.43 9.75 8.21 10.18 -
36 13.99 10.20 12.50 9.31 6.27 4.40
48 8.40 7.17 5.89 4.11 4.11 -

] =1 a a i a <3 v =3
A15199 9.11 Han1sAnwINMsIgAulaveingugduvsdlumstesaatgansinsilunea
nelaanmenfiasiwsiluneanuguty 40 me/L

\amn Sruwadyauy3d (logCFU/mL) nsdli
(hr) Tidaunssansuauiay RAUNEIAISUBUIIN
0 6.41 6.32
6 7.17 7.31
12 11.21 10.18
21 13.68 12.30
36 16.58 13.26
a8 14,94 11.36

ML) nsiAnuasesusumuanlifieududu 400 meg/L
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A15190 9.12 RansAnwnsisgiulaveinguduvsdlunisdesaansansiwsilunea

nelsanmeadiasinsiunoarnutudu 80 me/L

a1 $aueadeiiundd (logCFU/mL) nsdidl
(hr) liiduuvdenrfuauiay WisuvissASuausN
0 6.47 6.39
6 7.18 7.96
12 13.48 12.25
21 15.29 14.80
36 14.31 15.56
48 13.89 14.67
MUEME) mMstfinuvasm fususiumuaulifamdudu 400 me/L

- at a a i a ! o
A3190 .13 wan1sAnwInssyivlaveanguiduvisdlumsgesaaisansinsilluvies

meldannndiansinsiluneanudutu 120 me/L

1281 fruuiwadydund (logCFU/mL) nsdli
(hr) Liduundsisuausau LAUUVAIAITUBUTIN
0 6.42 6.55
6 6.98 7.56
12 10.73 13.22
21 15.23 15.16
36 13.84 14.15
48 15.16 14.39

NBLAG

nsidsuvaImveuTImmuANtinAMudy 400 me/L
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A9 ¥.14 wansAnvmsgesaansansinsiflunealaenguydunse
nmelaanizifiansinsiluneanimndudy 40 me/L

120

armdutuaisinsiflunes (mg/L) nedifl
a1 ——
o WaundImISUIuTIY
(hr) | Liduundsaisuausu - ~
yaii 1 gt 2
0 40.00 40.00 40.00
3 2212 26.99 34.25
6 7.50 12.25 24.67
9 9.71 7.21 25.09
12 10.96 5.30 8.01
15 11.04 4.48 7.80
21 12.78 3.28 5.46
27 3.63 352 6.39
36 4.81 3.76 4.89
48 4.79 4.79 40.00
< 4 L3 ] V& L 2
MUBIG) nsiuuvaIrsususInmuaNliNANdY 400 me/L

A15197 2.15 wansfnwimstesameansinsilurealaenguydunis
meldanmeadiansinsiluneanududu 80 me/L

- aruutuansinsWluned (me/L) nsdi
(hr) Liduunadsmrsuousou 3 R T o p
yaf 1 Ry
0 80.00 80.00 80.00
3 29.78 36.73 34.30 |
6 48.55 44.58 71.97
9 39.27 19.42 7.39
12 33.24 21.78 8.30
15 23.29 - -
21 22.54 - -
27 20.49 - -
36 24.98 - -
48 24.25 35.40 11.95
Wangme AsALuvasensususmmuAnl Ay 400 me/L



A1919M .16 wansAnwIMsgegamearsinsHlunealrunguydunsd

o

v o o v v
mglsanmendansinsfluneamuidudu 120 mg/L
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e anududiuansinsiluven (me/L) nadid
(hn) | Lidsundsanivausa bl L L
e 1 4aft 2
0 120.00 120.00 120.00
3 89.32 64.41 102.75
6 67.04 48.13 74.02
9 48.45 52.75 75.27
12 30.26 32.13 24.02
15 68.40 24.76 2341
21 52.33 20.72 16.39
27 22.95 26.67 19.16
36 23.76 11.34 14.67
48 16.52 10.94 -
MBI mMadauvasiueuTmmuatl ety 400 me/L -

P | - o o ¢ a ° v €
A15199 .17 wanisanwnsindsuivasnaslsaazatsinsiluvealunuudiansrosing

C/C, v09aDlsA i DNTINTTTUHIY

C/C, voslnsWunod
f 9ATINTTYUHIY

PV [ 25cm/d | PV | 50cm/d | PV | 100 cm/d PV 100 cm/d
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.50 0.22 0.56 0.22 0.33 0.22 0.33 0.02
1.00 0.48 0.69 0.57 0.67 0.49 0.67 0.04
1.25 0.98 0.97 0.99 1.00 0.99 1.00 0.86
2.00 0.99 2.50 1.00 1.33 1.00 2.00 0.91
3.00 0.99 333 0.99 1.67 1.00 3.00 0.90
4.00 0.99 5.00 1.00 2.00 1.00 4.00 0.89

1.00 3.00 1.00 5.00 093
4.00 1.00
5.00 1.00




122

A < =, < o L ar
A197°90 0.18 wansEnwasinsiluneaauniannuuudiassneduidmsu
nsnnaendinnudntulnsiflunea 20 me/L was
o @ a v 5
HUSinaueadisuny 10° CFU/mL

YSuasdasing dslnsilunaaasniio (me/L) i msn1sTaring
(PV) 25 cm/d 50 cm/d 100 cm/d
0.00 <fb <4 <4
1.00 <4 i <4 <d
2.00 <4 <4 <4
3.00 <4 <4 <4
4.00 <4 <4 <4
5.00 <4 <4 <4

wanewme ANAN1SIATIEY (detection limit) Wi 4 me/L

d =t 4 o o o pd
A1519M 0.19 wan1sAnwansinsiluneanavdsvinuuuiiassresuidmsu
da v v o
nsneaeliaudntulnsWliunea 20 me/L uag
- - a v 15
TIUSuavaasusu 10 CFU/mL

YSumstasing darslwsillunoaasnda (mg/L) i 395N sTuRY

(PV) 25 cm/d 50 cm/d 100 cm/d
0.00 <4 <4 <4
1.00 <4 <4 <4
2.00 <4 <4 <4

 3.00 <4 <4 <4
4.00 <4 <4 <q
5.00 <4 <4 <

vingivg AMANISIATIEY (detection limit) winfiu 4 me/L
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A <f =l =4 [ s r
A19190 ©.20 wamsAnwasinsiluneaanundsnnuuuiassredmidmsu
nsnaaasiianudndulnsilunea 40 me/L uaz
ol e a‘ Ld 5
TUSInaueadisusu 100 CFU/mL

, arsinsiluneaaaumda (me/L) . SnsIN15Turiny
YSun59¥9934
25 cm/d 50 cm/d 100 cm/d

(PV) T3 T3 T £ T3 T

AsN 1 AN 2 | ASan 1 Aswm 2 | ase 1 AN 2
0.00 <4 <4 <4 <4 <4 <4
1.00 7.41 9.60 4.23 4.90 30.78 36.47
2.00 <4 <4 13.20 <4 29.85 3492
3.00 <4 <4 - - 27.70 21.30
4.00 <4 <4 5.27 7.21 25.80 25.27
5.00 <4 <4 7.55 8.33 31.73 28.35

Mngwme AIARNSTIATIEN (detection limit) ¢infiu 4 meg/L

P b=1 =4 = o v €0 s
A5 .21 wan1snwansinsiluneaaundsainuuudiassnasuidmsu

nsvmaasdanudutulnsiluwea 40 me/L way
A e fa v 15
ddsunaugaasueu 10 CFU/mL

I = ot = ’
. asinsiluneaniwae (mg/L)  9n51n158UHIY
YSun5999319
25 cm/d 50 cm/d 100 cm/d
(PV) T3 A T 4 T 4 T 4 T
AT 1 AN 2 AN 1 ASIN 2 AT 1 AT 2
0.00 <4 <4 <4 <4 <4 <4
1.00 <4 <4 <4 <4 <4 <4
2.00 <4 <4 <4 <4 <4 <4
3.00 <4 <4 <4 <4 <4 <4
4.00 <4 <4 <4 <4 <4 <4
5.00 <4 <4 <4 | <4 <4 <4

mngwe MINANITIATIEN (detection limit) iy 4 me/L
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Abstrace—This study aims to isolate and characterize a
profenofos pesticide (PF)-degrading bacterial consortium and
pure cultures from chilli farm soil. The work aiso focused on
bacterial growth and profenafos degradation. The experintent
was performed at the Initlal profenofos concentration of 20 mg/L.
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
Pseudamonas aeruginosa, vespectively. For the growth and PF
degradation Kinetic tests, a consortium and all isofates could
utilize PF as a sule carbon source with PF renoval of niove 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 kinctic 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 mg/L/d were determined. The results indicated that
the consortium and isolates arc efficlent for profenofos
degradation and have potential for profcnofos remediation.

s g ap s

Keywords: degrad . profenofos

I INTRODUCTION

It is knawn that organophosphorus pesticides (OP) have
been developed to replace organochlosine pesticides for
agricultural purpose. The pesticides are efficiemt and
inexpensive which result in extensive utilization [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 resalting in malfunction of
nerve impulse transmission and toxic to invertebrates, fish,
animal, and human [4,5]. Among OPs, profenofos (O-4-bromo-
2-chlorophenyl ~ O-ethyl  S-prapyl  phosphorothioate),
C1H,sBrCIO4PS, 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 prablem.

Br, Cn)
Q\ o P SCHCH,CH,
cl OCH,CH,
Figure 1. Profenofas

Bioremediation is one of the key attenuation processes of
pesticide contamination in the environment. The technique has
been successfully applied for OP remediation [2,5,6]. The
technique 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
Pseudomonus 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 different
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. Alsa, the kinetic result conld be
used as a basic knowledge for the future application.
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1II.  MATERIALS AND METHODS

A Chemicals

Commercial grade PF was used in the experiment
(Profenofos SQ0EC, Syngenta Crop Protection Co., Bangkok,
Thailand). Prafenofos (analytical grade, Sigina Chemical Co.,
Singapore) was used for PF analysis. All other chemicals for
bacterial mediwn preparation and PF analysis were analytical
and HPLC grades from local chemical distributers.

B. Eunrichment and isolation of PF-degrading cultures

Profenofos-degrading species were isolated from chilli farm
soil experienced PF exposure for vears (Ubon Raichathani,
Thailand). A sterile basal salts medium containing KH,PO, of
3.0 g/L, NH,Cl of 1 g/L, NaCl of 0.5 g/L, MgSO, of 0.25 g/L,
and PF of 20 mg/L (in 10 mM of phosphate buffer solution)
was utilized. Agar of 2.0% (w/v) and yeast cxtract of 0.1%
(w/v) were added in agar inediwmn preparation.

The culiure 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 mL), incubated on
a rotary shaker at 100 tpm and 3022°C for two weeks. The soil
suspension (10 mL) was used as the inoculum and inoculated
into the PF-comntaining 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 wechniques.
All plates were incubated at 30£2°C for !4 days. Single
colonies were obtained after several subcultures. The
consortium and isolated cultures were then characterized.

C. Characterization of PF-degrading culires

Colony and cell morphology of the isolated cultures were
characterized. The isolates were identified by 16S ribosamal
Ribonucleic acid (16S rRNA) sequence analysis. In brief, each
bacterial culure was grovm overnight. The genonic DNA
from each culture was extracted using a standard boiling
method. The 16S rRNA gene fragment was amplified from the
genomic DNA by the polymerase chain reaction (PCR) using
the bacterium-specific primers: a 63f-forward primer
(5'CAGGCCTAACACATGCAAGTC?’) and a 1387r-reverse
primer (’GGGCGGWGTGTACAAGG(C3’). 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 DHS5a cells. The plasmid DNA was then isolated using the
QlAprep Spin Miniprep kit (Qiagen, Netherlands) and
sequenced.  The partial 16S rRNA gene sequence of the
isolates was analyzed using the nucleotide BLAST (BLASTN)
algorithm of the National Center for Biotechnology
Information (NCBI).

D. Profenofos biodegradation by PF-degrading culuires

Duplicate batch experiments of PF biodegradation by the
consartium and the isolated cultures were conducted. The
consortium and cultures were shaken in the 200-mL medium
with the initial PF concentration of 20 mg/L on a rotary shaker
at 100 rpm and 30=2°C for 6 days. Profenofos concentration
and cell nuwinber (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.

E. Profe 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, 0.25 mm i.d., 0.25 pm film thickness). The
sample of 10 mL of was placed into a 50-mL disposable
polypropylene centrifuge tube with 310-mL of acetonitrile and
acetic acid of 0.1% mixture. The centrifuge wbe was capped
and shaken for | min. Afier that, NaCl of 1 g and anhydrous
MgSO, 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 wbe (QUEChERS D-SPE, Agilent, USA) to clean up
residuc. The tube was capped and mixed in a vortex mixer for
1 min, and then centrifuged at 5,000 rpm for 3 min. The
cleaned sample was transferred to a GC vial.

Oue-microliter of the cleaned sample was injected to the
GC. The GC conditions were: splitless injection, injection port
temperature of 220°C, and helium gas (carricr gas) flow of 2
pl/min. The GC temperature program was started at 90°C,
increased to 220°C at a rate of 20°C/min and retained for |
win, increased to 280°C at a rate of 10°C/min and retained for
3 min, and increased to 300°C. Profenofos peak was detected
at 9.07 min. Degradation intermediate product was monitored
along with PF detection.
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11, RESULTS AND DISCUSSION

A.  Enrichment, isolation, and characterization of PF-
degrading cultures

The PF-degrading consortium (referred to as MIX
hereafter) was enriched in aerobic condition at pH of 7 and
temperature of 30°C. Based on the enrichment medium
formulation, the consortium could utilize PF as a sole carbon
source. This is similar to the previous studies which reported
the OP uiilization as a sole carbon source [2,5,7). The
consortium plated omo the medium agar comprised numerous
types of bacterial colonies. This indicates that the soil used in
this study was rich in PF-degrading cultures.

The PF-degrading cultures were then isolated from MIX.
Three isolates designated PF1, PF2, and PF3 were observed
morphological characteristics (Table | and Figure 2). All
isolates were different in colony morphology. The isolates
were observed by microscopic approach. It was found that the
isolates were short rod with negative in gram staining.
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The isolates, PF1, PF2, and PF3, were identified by 16S
rRNA analysis as Psewdomanas plecoglossicida, Pseudomonas
aeruginosa, and Pseudomonas aeruginosa with similarity of
100%, 98%, and 99%, respectively. Previously, Pseudomonas
aeruginosa strain OW was isolated for PF degradation [5). The
isolate was enriched from the PF-contaminated soil in China.
In this study, two more strains in the same species
(Pseudomonas aeruginosa stain PF2 and Pseudomonas
aeruginosa strain PF3) isolated from chilli farm soil in
Thailand were propased for PF degradation. There were prior
studies reporting OP rencdiation by Pseudonienas aeruginosa
strains, such as profenofos and chlorpyrifos degradations
[5,10]. The result suggested that Pseudomonas aeruginosa
might conserve OP-degrading microbial enzymes resulting
widely discovered the Pseudomonas aeruginosa strains able to
degrade OPs. For PFIl, Pseudomonas plecoglossicida was
reported pyrethroid degradability [11). To the best of our
knowledge, this is the first report on OP degradation by
Pseudomonas plecoglossicida.

TABLE [. MORPHOLOGICAL CHARACTERISTICS OF PF-DEGRADING BACTERIA

Characteristic Isolate
PF] PF2 PF3
Colony color Yellow Yellow Yellow
Colony form Circular | Circular ( Circular
Colony elevation Raised Raised Raised
Colony margin Entire | Undulate { Entire
Colony diameter (at24h) | 2.0mm | 1.5mm | 1.0mm
Gram staining Negative | Negative | Negative
Cell shape Short rod | Short rod | Short rod

Figure 2. Colonies of PF-degrading bacteria isolated from chilli farm soil.

B. Kinetics of bactieral growth and PF degradation

The growth of MIX, PF1, PF2, and PF3 measured by viable
cell counting is shown in Figure 3. The MIX consortium and
the pure cultures (PF1, PF2, and P¥3) provided the different
results. The viable cell number of MIX grew from 7.1 to 7.6
logCFU/mL. The MiX cultures reached the stationary phase
after 2 d. Cell numbers of all three isolates quickly increased
more than 7 logCFU/mL within 4 d. This indicates that both
consortiun and isolated cultures were able to survive and
reproduce in the medium containing PF but the pure isolates
likely to endure in the PF-contaminated environment. Based on
the growth kinetics, the pure isolates perforated 5 to 6 times
higher than MIX (Table 1I). This may be due to the competition
between the cultures in the consortium.

The reduction of PF concentration during the
biodegradation test is shown in Figure 4. Similar to the
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bacterial growth result, MIX and the pure isolates performed
differently. In the test by MIX, the PF concentration
continuously decreased in the first two days and the
concentration dropped gradually thereafter. For all pure isolates,
the PF concentration dramatically decreased in the first three
days. After the 6-d experiment, MIX, PFl, PF2, and PF3
removed PF for 90.0%, 95.0%, 93.1%, and 95.3%, respectively
{Table 1lI). In the abiotic control test (no cell), the PF
concentration remained more than 95% (data not shown). The
consortium and isolates perforimed the PF treannent (PF
utilization) at the rate of 3.0 to 19.6 mg/L/d. The pure isolates
performed better than the consortium. The treatment result well
correlated to the bacterial growth result. The MIX consortium
grew slower resulting in lower PF treaument rate compared to
those by the pure isolates. The PF degradation by all cultures
followed the first-order kinetics (Table [V),
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Figure 3. Bacteriul growth by MIX, PFI, PF2, and PF3.

TABLETl. BACTERIAL GROWTH RATES OF PF-DEGRADING CULTURES
Culture | Growth kinetic equation® | R”
MIX y=0.40x + 7.05 1.00 |
PEL _y=191x+7.28 0.90
PF2 _y=248x+6.86 0.95
PF3 _y=268x+536 0.85

* y=log (bacterial number)
x = time (hr)

The PF degradations by the consortium and cultures (more
than 90%) were comparable to thosc by Psendomonas
aeruginosa strain OW, Pseudomonas putida strain W,
Burkholderia gladioli strain Y, previously isolated (5,7]. The
result indicated that the novel enriched consortium and three
isolated cultures were potential for the PF bioremediation.
Generally, the consortium has been shown to be more suitable
for bioremediation compared to pure cultures in practice. This
is because their biodiversity can enhance environmental
survival and increase the number of catabolic pathways
available for contaminant biodegradation [12,13]. In this case;
however, the pure cultures were acclimated in the medium and
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no environmental stresses in the tested condition leading fo
better growth and performance presemied by the isolated
cultures, Before the real practices, the influence of
environmental conditions, such as pH and temperature on PF
degradation should be conducted.
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Figure 3. PF degradation by MIX, PFI, PF2, and PF3.

TABLE [Hl. PROFENOFOS UTILIZATION RATES OF PF-DEGRADING CULTURES
AND PF REMOY AL PERCENTAGE

Culture | Substrate utilization rate | PF removal
(mg/L/d) (%)
MIX 3.0 90.0
PF1 7.6 95.0
PF2 9.8 93.1
PF3 19.6 95.3

TABLE IV. PROFENOFOS DEGRADATION RATES OF PF-DEGRADING
CULTURES AND PF REMOVAL PERCENTAGE

Cuiture PF degradation R’

kinetic equation®*
MIX y=-0.15x+1.12 0.87
PFl_| y=-057x+1.55 | 0.86
PF2 =.0.85x + 1.42 0.95
PF3 y=-0.85x+ 1.02 0.75
* y = log (PF concentration)
x =time (hr)

C. Detection of profenofos intermediate metabilite

During the profenofos degradation by the pure isolates and
consortium, 4-bromo-2-chlorophenol (BCP) (a GC peak with
m/z of 207, 281, and 73) was detected (data not shown).
Similar result was also reported elsewhere [5]. The result
suggested that PF was transfonned viz organophosphorus
hydrolase enzyme, which was known as a typical bacterial
enzyme for wide range of organophosphorus pesticide
degradation {1]. The potential profenofos degradation pathway
was proposed (Figure 5),

Br Y ?
\>\ o~ {’\ S PE
—/
cr O~
] Hydrolysis
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>__,
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BCP

Figure 5. Potential profenofos degradation pathway.

1V. CoNCLUSIONS

Novel PF-degrading consortium and three isolated cultures
including  Pseudomonas  plecoglossicida  strain  PF1,
Pseudomonas  aeruginosa stram PF2, and Psewdomonas
aeruginosa strain PF1 were isolated. All cultures were efficient
in PF insecticide degradation (PF removal of inore 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 patiway by the novel consortiuni and
isolates should be conducted for insight investigation.
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Abstract

Profenofos (PF) is one of the heavily used organophosphorus pesticides (OFPPs) of which
its contammation is ubiquitous in agricultural area. Thiz study aims to acquire and
charactenize PF-degrading bacterial cultures from contaminated soil. OPP degradation by
the novel isolates was then investigated. The experiment was performed at the initial PF
concentration of 20 mg L. The result showed that the ensiched consoriium comprised
three predominant PF-degrading straims designated PF1, PF2 and PF3. The isclates (PF1,
PF? and PF3} were characterized as Pseudomonas plecoglossicida, Fseudomonas
aervginosa and Preudomonas aeruginosa, respectively. A consortium and all isolates
could uihize PF 23 a sole carbon sowce with PF removal of more than 90% wiz
hydrolysis process. The bacterial growth and PF degradation rates followed the first order
kinetic reaction with the rates of 0.4 to 27 h” and 0.15 to 196 k™, respectively.
Additional carbon supplement deteriorated PF biodegradation. The ennched cultures
were also capable for degrading chlorpyrifos and dicrotophos pesticides (33-73%
removal). The results indicated that the conscrthum and isolates are efficient for PF and
other OPP degradation and have potental for PF remediation.

Kevwords: biodegradation, insecticide, isolation, organophosphorus, profenofos,

Pseudomonas.
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Organophosphorus pesticide (OPP) has been developed for agricultural purpose for years.
One-third of pesticides used globally belong to OFP because they are efficient and
inexpensive {Kanekar et al 2004; Singh and Walker, 2006, Cycon et al. 2009). This
results m QPP contamination in environmental media including soil, groundwater and
surface water (Roverdatti, 2001; Kanekar et al 2004). Among pesticides under OPP,
pofenofos  (0-4-bromo-2-chlorophenyl O-ethyl S-propyl  phosphorothioate),
Cy H;sBrCIOsPS, is one of OPPs broadly used in many countnies, such as Thailand,
Vietnam and India (Swamam and Velnumugan, 2013; Toan et al. 2013). Profenofos (PF)
is normally used for pest control in cotton, fruit, chili and vegetable cultivation Intensive
use of PF leads to its contammation in environment.

Bioremediation is one of the effective enviroumenfal treatment technologies
(Simipattanakul et al. 2009). The techmique has been successfully applied for OPP
remediation (Xu et al 2008; Cycon et al. 2009). The technigque involved enrichment of
pesticide-degrading microbial culhmes and the utilization of the enmiched cultures for
removing pesticide later on. So far, there are only a few publications on ervichment and
isolation of PF-degrading bacteria such as the enrichment of the degrading cultures
(Malghani and Chatterjee. 2009; Malghani et al. 2009; Sahmkhe et al. 2013). Also, there
are limited information on PF biodegradation kinetics and potential biodegradation
pathway.

This study aimed to enrich and identify indigenous PF-degrading cultures from
heavily PF-contaminated soil Degradation of PF by an emriched consortium and
predominant isolated strams were subsequenty performed. The possibility of additional
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carbon supplement on PF degradation was camied out. This work also detenmined
potential PF degradation pathway using detection of degradative intermediate
metabohtes. The PF-enriched cultures could later on be applied for treatment of PF-
contaminated sites. The basic knowledge of the degradation kinetics and pathway conld

be used to ensure the optimal treatment operation.

Materials and Methods

Chemicals

Conmmercial grade OFPs including Profenofos S00EC (50% WV EC, Syngenta Crop
Protection Co_, Bangkok, Thailand) were used in the degradstion assay experiment. PF,
chlorpynfos (CF) and dicrotophos (DP) (amaiytical standard grade, Supelco, Sigma
Chemical Co., Singapore) were used for OPP analysis. All other chemicals for bacterial
medium preparation and OFP mnalysis were analytical and HPLC grades, respectively
purchased from local chemical distributers.

Esrichment and isolation of PF-degrading cultures

PF-degrading bacteria were enriched from PF.contaminated chili farm soil (Ubon
Ratchathag, Thailand). The culture enrichment and isolation procedures were as follows.
Air-dried scil sample (20 g) from the site were mixed in the PF-containing basal salt
medium (100 mL), 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
repeatedly. The enniched consortium was subcultured into the PF-containing medium for

4
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every two weeks to obtain a stable PF-degrading consortiuma. The engiched consortium
was purified by spreading and streaking plate techniques. All plates were incubated at 30
=2 °C for 14 d Single colonies were cbiained after several streaking-plate cultivations.
Formmlation of PF-containing basal salts medium included KH,PO, of 3.0 g L,
NH;Clof 1 gL, NaCl of 0.5 g !, MgS0, of 0.25 g L and PF of 20 mg L? (in 10 mM
of phosphate buffer solution, pH 7.0). All chemicals except PF were sterihzed by
autoclave while PF were filtered sterile. Agar of 2.0% (wA?) was added in agar medium

preparation.

Identification of PF-degrading isolates

Colany and cell morphology of the isolated cultures were preliminarily observed using
traditional microbiological methods. The isolates were classified by 16S rRNA sequence
analysis. Each bacterial culture was cultivated ovemiglht The genomic DNA from each
culture was extracted using a standard boiting method The 165 rRNA gene fragment was
amplified from the genomic DNA by the polymerase cham reaction (PCR) using the
bacterium-specific primers: a 63f-forward primer
(5"CAGGCCTAACACATGCAAGTCY) and a 1387r-reverse primer
(5"GGGCGGWGTGTACAAGGC3") (Marchesi of al. 1998). A 25-ul PCR reaction
nuxture was prepared according to the mamfacturer’s protocol (Femnentas, USA).

The 16S IRNA awplification was perfonned in a thermal cycler (Perkin Elmer
model-2400, USA) with the following conditions: $4°C (3 min), followed by 30 cycles of
95°C (1 min), 55°C (1 min) and 72°C (1.5 min), with a final extension of 72°C (5 min).
The PRC product was then cloned into pGEM-T Easy vector (Promega, USA) and
transformed into competent Escherichia coli DHS5a cells. The plasmid DNA was then

5
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isolated using the QIAprep Spin Miniprep kit (Qiagen, Netherlands) and sequenced
{Macrogen, Korea). The partial 16S tRNA gene sequence of the isolates was analyzed
using the nucleotide BLAST (BLASTN) algorithm of the National Center for
Biotechnology Information (NCBI).

PF biodegradation assay

Duplicate batch experiments of PF biodegradation by the consortium and the isolated
cultures were conducted. The experiments with and without additional carbon supplement
were performed. The consortium and isolates were shaken in the 200-mL medium with
the initial PF concentration of 20 mg L™ on a rotary shaker at 100 rpm and 30 £ 2°C for 4
d For the experment with additional carbon sources, sodium succinate
(CsH40:Nay-6H;0), sodium acetate (C:H»0:Na) and glucose (CH120s-H20) of 500 mg-
carbon L? were added PF concentration and cell mumber (viable plate count)
measurements were perfonned daily. Abiotic control test (without bactenial cultures) was
also performed. The PF residual was analyzed using a gas chromatograph with a mass
selective detector (GC-MSD). The bacterial growth and PF degradation kinefic rates were
then calculated.

The PF biodegradation assays at PF concentrations of 20-120 mg L. were conducted
to identify PF intermediates and potential PF degradation pathway. The experiment was
performed similar to earlier assay with different PF concentrations. The PF degradation
infermediate peak was monitored using GC-MSD along with PF detection.
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Biodegradation assay of selected OPPs

Degradation assay of other selected OPPs were perfonmed. CF and DP which were the
insecticides widely used in vegetable cultivation were chosen This is because these
pesticides possibly co-contaminate in the same area. The isolates were inoculated in a
liquid medium at 20 mg L of the insecticides on a rotary shaker at 100 rpm and 30 + 2
“Clor6d

PF, PF intermediate metabolite and other OPP analysis

PF concentration was extracted using 2 QuEChERS extraction technique. The santple of
10 ml of was placed into a 50-mL. disposable polypropylene centrifuge tube wath 10-mL
of acetonitrile and acetic acid of 0.1% mixture. The centnfuge tube was capped and
shaken for 1 min After that NaCl of 1 g and anhydrous MgSQ4 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, USAJ to clean up the residue. The tube was capped and mixed in a vortex mixer
for 1 min and then centrifuged at 5,000 rpm for 3 min The cleaned sample was
transferred to a GC wial.

PF concentration was measiwed using 2 GC-MSD (Agilent 6890N, Agilent, USA)
with a DB-5 colmon (300 m length, 0.25 mm id, 025 pm film thickness). One-
microlifer of the cleaned sample was injected into GC-MSD. The GC conditions were:
splitless injection, injection port temperature of 220°C and heliim gas (carmier gas) fow
of 2 mL min™. The GC temperature program was mmm,ﬁmemdm 20°Cata
rate of 20°C min” and retained for 1 min, increased to 280°C at a rate of 10°C min” and
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retained for 3 min and increased to 300°C. PF peak was detected at 9.07 min Degradation
intermediate peak was monitored along with PF detection.

For CF and DP analysis, the samples were extracted using the methed for FF analysis
as mentioned in earlier paragraph The samples were measured using a gas
chromatograph (Agilent 6890N series) with a flame photometric detector and a DB-
1701 column (30.0 m length. 0.25 mm 1.d, 025 o film thickness). One-microliter of the
cleaned sample was injected to the GC. The GC conditions weye: splitless mjection,
injection port temperaire of 220°C and helium gas (carrier gas) flow of 0.75 mL min™.
The GC temperature program was started at 80°C and retained for 1 mun, mcreased to
195°C at a rate of 12°C min™, increased to 210°C at a rate of 2°C min™ and retained for 3
tmin, increased to 225°C at a rate of 15°C min” and retained for 2 min and increased to
275°C at a rate of 40°C min™ and retained for 10 min The peak retention times of DP and
CF were 11.7 and 18.0 min, respectively.

Results and discussion

Ennchment, isolation and identification of PF-degrading bacteria

The PF-degrading consortium (referred to as MIX hereafter) was enriched in aerobic
condition at pH of 7 and temperature of 30°C. The consortium plated cato the medium
agar comprised numerous types of bacterial colonies. The soil used in this study was rich
in PF-tolerant cultures. During the isolation process, only three isolates were well and
continuously grown in PF-contamning medium. This indicates that the pure isolates were
PF-degrading bacteria (namely PF1. PF2 and PF3).
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The isolates, PF1, PF2 and PF3, were then ideptified by 165 rRNA analysis as
Prewdomonas plecoglossicida (GenBank accession mumber KJ143902), Pseudomonas
aeruginosa (GenBank accession number KJ143903} and Pseudomonas aerugmosa
(GenBank accession number KF143904) with similanty of 98% to Psendomonas
Plecoglossicida strain SR7 (GenBamk accession mumber KC634234.1), 100% to
Pseudomonas aeruginosa strain PGPR 10 (GenBank accession numaber KF640736.1)
and 99% to Pseudomonas eerugingsa strain QHFQZ1 (GenBank accession mmnber
HQ844495.1), respectively.

The consortium and three isolates reported in this work could utilize PF as a sole
carbon sowrce. This is sinular to the previous studies which reported the OP utikization as
a sole carbon source (Cycon et al 2009). Previously, Malghani and Chatterjee (2009)
isolated Psendomonas aeruginosa strain OW from the PF-contanunated soil in China.
Also, Fulekar and Geetha (2008) reported that Pseudomonas aeruginosa could remove
CF. In present study, two more strains belong to Pseudomonas agruginosa (FF2 and PF3)
isolated from the contaminated chili famn soil in Thalland were proposed for PF
degradation. The result suggested that Pseudomonaes acuginosa may conserve OPP-
degrading microbial enzymes resulting widely discovered the Pseudomonas aeruginosa
strains able to degrade OFPs. On the other hand, although role of Psendomonas
Plecoglossicida as pyrethroid pesticide-degrading bacterium has been previously reported
(Boricha and Fulekar, 2009), there is no published yeport on OPP biodegradation by this
microbial species. To the best of our knowledge, this 1s the first finding on OPP
degradation by Pseudomonas plecoglossicida (strain PF1).

Bacterial growth and PF degradation
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The growth of MIX_ PF1, PF2 and PF3 measured by viable cell counting on basal salt
medium agar contaming PF is shown in Figwe 1. While growth of MIX reached the
stationary phase after 2 d and increased from 7.1 to 7.6 log CFU mL” after 4 d, cell
mumber of each isolate could quickly increase to 14.0-16.5 log CFU mL? within 4 d
Based on the srowth kinetic rates presented i Table I, the pure isolates (at the growth
rates of 1.9-2.7 1 b} perforated approximately 5 to 6 times higher than MIX (0.4 1 k™).

This result indicates that even though both consortium snd isolated cultures were able
to survive and reproduce in the medium contaming PF, growth of each isolate was
enhanced when grown independently the pure isolates likely to better survive in the PF-
contanunated emdronment. This may be due to the competition between the cultures m
the consortium. This is similar to the work by Salunkhe et al. (2013). It was reported the
tapid growth rate of pue cultures (Bacillus subrilis straing) isolated from grapevines or
grape rhizosphere during profenofos biodegradation.

The reduction of PF concentration during the biodegradation test is showm in Figwme
1. For alt tests, the PF concentration contimously decreased in the first three days and the
concentration dropped gradually thereafler. After the 4-d experiment, MIX, PF1, PF2 and
PF3 removed PF for 90.0-95.3% (Table 1}. In the abiotic control test (no cell), the PF
concentration decressed less than 5.0% suggesting that PF removal by physical or
chemical reactions was minimal. The PF degradation by all cultwes followed the first-
arder kinetics (Table 1). The consortiuun and isolates utilized PF at the mate of 3.0-19.6
mg L g’ (Table 1). Apparently, the pure isolates performed better than the consortium.
The treatment result well correlated to the bacterial growth result MIX grew slower
resulting in lower PF treatment rate compared to those by the pure isolates.
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The PF degradations by the consortivm and cultures (mwore than 90%) were
comparable to those by Preudomonas aeruginosa strain OW, Pseudomonas pufida strain
W, Burkholderia gladioli strain Y, previously isolated (Malghars and Chattesjee, 2009;
Malghani et al. 2009). The result indicated that the newly enriched consortiven and three
isolated cultures have potential application for the PF bioremediation Generally, the
consortiven has been shown to be more suitable for bioremediation compared to pure
cultures in practice. This is because their biodiversity can enhance environmental survival
and mcrease the mumber of catabolic pathways available for contamunant biodegradation
{Alvey and Crowley, 1996; Smith et al. 2005). In this case; however, the pure cultures
were acclimated in the medivm and no environmentsl siresses in the tested condition
Jeading to better growth and performance presented by the isolated cultures.

Bacterial growth and PF degradation with additional carbon supplement

The experiment in this section was to determine the potential of additional carbon sources
for enhancement of PF biodegradation. Three additional carbon: sources including sodivm
succinate, sodivan acetate and glacose wese chosen (Xie et al. 2008).

Microbial cell numbers quickly rose from 6.8 to 18.7 log CFU mL? after 48 Ir.
Microbial cell growth followed the first kinetic reaction at the rates of 5.97, 438 and 5.26
' with the supplementation of sodium succinate, sodivm acetate and glucose,
respectively. The result suggested that the additional carben source obvicusly accelerated
the growth rate (10-14 times). This result well related to previous work (Jianlong et al.
2002; Grant and Betts; 2004; Xia et al. 2009). The test with sodivm succinate and ghacose
supplements had higher growth rate than that of the test with sodiom acetate. Additional
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carbon sowces affected the syowth rates fo different extents since carbon structure was

specific to each microorganism (Xie et al. 2009).

PF intermediate metabolite detection

In the control (no cell) test, it was detected an intermediate product of PF, 4-brome-1-
chlorophenol (BCP) (a GC peak with m'z of 207, 281, and 73) (Figwre 3) while PF
concentration slightly decveased (less than 5%;). This indicated that PF was reacted with
water and produced BCP via abiotic hydrolysis process. After continned monitoring for
14 4 BCP concentration detected was quite stable (data not shown).

For PF biodegradation assay, the PF intermediate metabolite detection from tests at
the initial PF concentrations of 20-120 mg L was performed From the test with the
initial PF concentration of 20 mg L™, BCP {which was presented in the microbial
medivm as mentioned in earlier section) disappeared along with PF biodegradation. This
revealed that the enriched cultures could simultaneously degrade PF and BCP.

Dwring the PF degradation at the concentration of 40 mg I and higher, BCP was
accummlated in eary stage of the test (the first 3 hr). In later period (after & hr), it was
noticed that 3-methoxy phenol (3-MP) appeared and replaced BCP Figure 3). This
potentially be that BCP degraded to 3-MP Figure 4). Additionally, it was found 2.4-di-
tert-butyl phenol (2.4-DTBP) during the degradation test. It was known that 2,4-DTBP
could be used for pesticide production {Schwetlick et al. 1991).

For PF degradation intermediate detection, BCP production via abiotic hydrolysis
provess well correlated to the study by Zamy et al. (2004). It was reported that OPPs
inchading PF could hydrolyze in dilute QPP solution. The result suggested that abiotic
bydrolysis slightly contributes PF degradation {less than 5%). Since BCP is more stable
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than PF. BCP concentration remained constant for longer period. Dwring the PF
degradation, BCP was accumulated similar to the result described elsewhere (Malgani et
al. 2009). The result suggested that PF degraded via enzymatic organophosphorus
hydrolysis. Organophosphorus hydrolase has been known as a typical bacterial enzyme
for wide range of organophosphoras pesticide degradation (Kanekar et al 2004). The
appearance of 3-MP is different flom proposed PF degradation m sail by Food and
Agriculture Organization of the United Nations (FAQ) (FAO 2012). FAO expecfed that
BCP potentially degraded to 3-chloro-4-methoxyphenol in a sterile soil (Figure 4). This
could be state that abiotic and biotic processes may give different PF degradation
pathway. The aultures emriched in thys study were promising for PF degradation since
they could degrade bothk PF and ifs intermediate product (BCF). The potential FF
degradation pathway was proposed (Figuye 4). The complete PF biodegradation pathway

is recommended for fisure imvestigation.

Selected OPP degradation

In practice, farmers apply a couple types of pesticides simmltanecusly for better pest
control. For instance, in Thailand, farmers concurrently apply PF. CF and DP for
vegetable cultivation. Based on this mformation, degradation of CF and DP by the
enniched cultwres was performed for investigating the treament potential  The
degradation result is presented in Figure 5. After the 4-d experiment, the degradation
performance by PF1, PF2 and PF3 was similar. When the microbial cells of 10° CFU mL”
! and the initial pesticide concentration of 20 mg L7 were tested, PF, CF and DP reduced
for 73-82%, 57-73% and 33-47%, respectively (Figure 3).
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Among three OPPs tested, PF and CF structure are similar. They are chemicals under
phosphorothicate group while DP is a chemical belong to phosphate group (Figure 6). PF
is S-alkyl phosphorothicate sub-group whereas CF is O-alkyl phosphorothioate sub-
group. It was observed that the pesticide degradation performances were different. This
may be from the pesticide structure. PF degradation performance is highest because the
cultwres were acclimated for PF. The chemical stucture of CF is more simnilar to FF
compared to that of DP resulting in ngh CF performance.

For enzymatic degradation point of view, fowr enzymes inchiding phosphatase,
esterase, hydrolase and oxygenese involved in OPP biodegradation pathway (Kanekar et
al. 2004). Singh and Walker (2006) summarized CF and DP biodegradstion pathways.
Like PF, CF prmarily degrades via hydrolysis process. DP degradation is more
complicated DP transforms to monocrotophos via methylation and continmously
degrades via hydrolysis process. This could be the reason why DP was degraded less than
PF and CF. However, based on the result in this section, the ennched culfures were
potential for PF and other OPP remediation. For fuhme study, the mfluence of
environmental conditions on PF degradation should be performed Also, the full FF
degradation pathway by isolates should be conducted for insight investigation.

Conclusions

Novel PF-degrading consortim and three isolated cultwres including Pseudomonas
Plecogiossicida strain PFl, Pseudomonas aeruginosa strain PF2 and Fsendomonas
aeruginosa stram PF3 were emriched. The novel cultures used PF as a sole carbon source.
All cultures were capable in PF insecticide degradation (PF removal of more than 90%
within 4 d). The cultures could degrade PF, PF intermediate and other OFPs. For future
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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 msight investigation.
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Table and fignre captions

Table 1 Microbial growth and PF degradation kinetic rates

Figure 1 Bactenial growth and PF degradation by the enniched consortium and isolates

Figure 2 Bacterial growth and PF degradation by MIX under presence of additional
carbon source conditions

Figare 3 BCP (2) and 3-MP (b) chromatograms and mass spectra

Figure 4 Potential pathway of PF microbial degradation by the consortium and isolates

Figure § Comparison of PF, CF and DP degradation performance by the isolates

Figure 6 PF, CF and DP and their OPP chemtcal structues
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404 Tablel
Growth kinetics PF degradation kinetics Substrate  PF
Equation’™! R? Equation™ R
(mgl’ 4" )
MIX y=040x+7.05 100 y=-015x+112 087 30 900
PFI  y=191x+728 090 y=-057x+155 086 156 95.0
PF2  y=248x+686 095 y=-085x+142 095 98 93.1
PF3  y=2168x+536 085 y=-08x+102 0I5 196 953

405 Wx=time(h) y=log (bactenal munber)
06  Dx=time @) y =log (og (PF concentration)

447
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