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PROFENOFOS I BIODEGRADATION I CO-SUBSTRATE 

The objective of this research was to study profenofos biodegradation using mixed 

cultures under co-substrate-supplemented condition. Mixed cultures used in the study were 

enriched from profenofos-contaminated chili farm soil. The study included 3 parts of 

experiments: 1) characterization of the mixed cultures, 2) investigation of profenofos degradation 

under co-substrate-supplemented condition, and 3) demonstration of profenofos removal from 

groundwater using the mixed cultures under co-substrate-supplemented condition. The result from 

the first part showed that the mixed cultures consisted of four pure isolates (designated PF 1, PF2, 

PF3, and PF4). All isolates were gram negative and rod shape bacteria. It was also found that all 

isolates could degrade profenofos of about 90 percent. For the second experiment, sodium 

succinate, sodium acetate, and glucose were tested as co-substrates. The result showed that types 

of co-substrates, concentrations of co-substrates, and concentrations of profenofos affected 

profenofos degradation performance. In the test with sodium succinate supplement, the mixed 

cultures gave the highest profenofos degradation (80 percent) at the initial profenofos 

concentration of 20 milligram per liter with the specific degradation rate of 1.88 x 10 -ts 

Jlg/CFU/hour and the specific growth rate of 1.715 per hour. For the final experiment 

(demonstration of column system for profenofos removal under co-substrate-supplemented 

condition), the result showed that synthetic groundwater infiltration rate influenced profenofos 

degradation efficiency. The higher infiltration rate resulted in the lower profenofos degradation. 

The test at the infiltration rate of 25 centimeter per day performed the highest profenofos 
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degradation (90%). All results indicated that the mixed cultures efficiently degraded the 

profenofos pesticide. The supplement of the co-substrate could accelerate the profenofos 

degradation . 
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40 illlilf1i'1J91flil~'i 

'll'.l3 J:o.~llfll'iVflf.lffmf.lffl'i ltnVI1u'V'Ivff~fl111.11'1i'1J'Ii'u'tltJ~ff1'i 80 illlilni'1J91vil~'i 

'll'.14 J:o.~llfll'i1~lt!J1~'lJ 1~'UV~f1~1J~ilu'YI1u~fl111J1'1i'1J'Ii'u'tlv~ffn 1'n'l"Vl1u'V'Ivff 

80 illlilni'1J91vil~'i 

120 illlani'1J91tJil~'i 

'll'.17 l!-lllm'ivflvffmvn1'i 1-w'l"VI1u'V'Iflffiuu'lJ'lJ~1llv~flvrl'1.1u fl111J1.,r1J,ru'Ufl~ff1'i 

1 'n'iVllu'V'IvmilJ,ru 20 illlilni'1J91vil~'i 

'll' .18 l!-lllfll'i Vflf.Jffl11f.Jff1'i 1 Vi'i:rli u'V'Ivffi lJU'lJ'lJ~1(1 fl~fl vrl'1.1u fl111J1.,r1.1.,rlJ 'tJ ~Hff1'i 

L'Yi'iw1u'V'Ivff1i1J~u 40 illlilni'1J91vil~'i flf~~ 1 

'll'.19 ~Hifll'iVflf.Jfflllf.Jff1'i i'n'l"Vli u'V'Iflffi lJU'lJ'lJ~1l1~ ~flvrl':uu fl111J1.,Y1.1'1i'U'tl'tl'lff1'i 

hnVllt.rrlvmilJ~'W 40 illlilni'lJ91vil~'i flf'l~ 2 
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4.13 m~Vflt1ffmvffn1"W~~1 uvltJffluu1J1J~1flfl.:JfltJ'tilJu f111lJt'lflJ..r'W'utJ.:Jffl~ 

il'l~~iuvlmY 20 iJft~flllJ~fl~IPI~ 1CJffltlL1lJ~'W 10
5 tlfLflvl~~fliJft~~IPI~ 

(A) Uft:: 1CJf~nL1lJ~'W 10
15 tifmvl~~fliJfi~~IPI~ (B) fl91~1fll~~lJfhW 25 LCJf'W~LlJIPI~ 

Sl 
't1Ul 

48 

~fl-f'W (25) 50 LCJf'W~LlJIPI~~fl-f'U (50) 1m:: 100 LCJf'W~LlJIPI~~fl-f'W (100) '50 

4.14 m~dm.mmvffn i"W~~1 uvltJffl'WU1J1J~1flfl.:JfltJ'tilJu f111lJL'IflJ..r'W'utJ'Iff11 

hnvHuvltJff 40 i1fl~nflJ~flii~P~1LCJf~nt1lJ~u 10
5 tifmviQ~fli1fliiii~P~1 

(A) Ufl:: 1CJffltlL1lJ~'U 10
15 tifmvl~~fliJfliiii~P~~ (B) fl9111fll':itHlJ~h'W 25 LCJf'W~LlJIPI'J 

~fl-f'U (25) 50 LCJf'U~LlJIPI~~fl-f'W (50) 1m:: 100 LCJf'W~LlJIPI'J~fl-f'W (100) 51 
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'lj~fl11Vflt1ffmt1ff1'J i'V'IlVJiuvltJfffl'nlJt'lflJ..ru 40 i1fliini'lJ~flii~P~l (B) 55 
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4.19 m1itm1::lf' BCP 'lj~fl11Vfltlfffl1tlff1l 1'V'IlfJ1uvltJfff111lJL,rlJ,r'W 120 i1fliini'lJ 
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4.20 ml1Lm1::Mff1nh::ntJ1JVJ'UtJfl 1 'W'lf~mnim.mmt~ffl'J 1 'V'I~rl1 uvltJfff111m..rlJ,r'U • 
40 i1fliini'1l~flii~P~l ~nmL1lJ~'U 3 'li'11m (A) ~nm 6 'li'1lwl (B) 58 
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. ~-
' "" Uflfll 

G 

Ufi'Ul 

'Vi1mtJ'I.It:J.:JulJcHfl'm~'lf ri .:~~" l -H'mmwm·Hlfl~1-:J'Ilt:J.:Jffnfh~r~fl'I911Vi'lfh.!nn 11'lf1~ihlhl11 1!11 
~ ~ 

1~mnn~hl (ffTWfl.:J1hllfl'':i'I:IJn11f11':i lfl'l:l\911) 1r~m'il'Vl1~ t:~VH~.:~ij-:~1hli~vl hi t:J~\91 i~':i~'l.Jfll':i 
'lhutit:~hlffTHil~r~fl'~P~':i~'lf'HmtJ'lfiJr~ lhiJ1iAAhl (t:J~hn1'.:~ ihl, 2553) .. 

ff11 l'Vl':ifJlwvJmY (0-(4-bromo-2-chlorophenyl) 0-ethyl S-propylphosphorothioate) ij 

1 "'~ ~I o "' 'I ' <I 1 ft.l ft.l ., d"" 'I y 
\J'IPI':i 111rtflrl flt:l C 11H1P 3PSBrCl I1Jhlff11fl111r1UlJ".:J &hlfl"Jllflt:l':iUflhl hlnt:lffnt:l':iff'YllJfll':i &'lf111fl 

.J "" .Ji I OJ I Y '1 "" ~~ 'i .f I OJ 

Vlffrl'lfhl ri'Hhl-:1 ff1'm"11~Nflln1ff11111tl\9lflfll.:J & hl1i'j'j11'lf1\9111Jhi!1"1'Wlhl & rlf.l'l.lhl tJ tlfltl ff .fll'Vl t:l1fl1fl' . . ~ 

ttrt~ff.fl11~ghl '1lrltJffn1 'Vl1fJ1 hll'lt:Jffff11111tl91flfll.:J ihiJl i~\1'-:l~rt 20 ff1hl 1mf1hlff1hl ff11fl~11 
.:~ J. I I , A t " Ql " hl11f]Vl1iff.:J~"\9lt:l1~tltl1h~ff1Vlltrt~fllnlJihlfl'Yl.:Jlhl11~'1:1tl!lrt~ff\911 (Venkateswara et al., 2003; US 

EPA, 2006; WHO, 2009) 1r~vmll1Wff11.W'I:l1P!fl~1-:Jff.:Jffrl~tlt:J11i''Ui~ (Maximum Residue Limit; 
~ . 

01 91 G) ~'19/.Q .ci.Q .q,Q .dz .t:!l Qd d .Ji Qdcv 1 d 

fl11 11rlfl11 ff11 IP!flfll-:1 & hlhl1 &IP!rlhl 'Vlhlf.l1111i'Hhi.:Jflt:l11ifl11 VlN'lf1.fi1'Vl 9f-:111iri.:Jflln111 

1h~i1V1n mv. \J'-:1 i 1m m1 1 '*"', 1 lfl ij rfhl l'Jhl th 1 '*~1tJ~1 tt" ~~ 1:ihl ii ~PJ'j~ t:~~ .:~tt 1r~~ t~ 11 c mty 11 hi 1 

'Vl1'WUn1, 2553; Malghani et al., 2009) 111fl.:ll'Wi11am':ii'*TIV11~;-lf)l't'li'Wfll'jVt:Jt.lffrtltlff1':iTIEJ 

(Fantroussi and Agathos, 2005; Park and Kim, 2008; Siripattanakul et al., 2009) 'Vl'lJ':h~ilhi'Yl1rJ 

ff1lll':iovt:~tJffrt1tJffl1.W'I:ll~t:~ 1 -Nt1:1u ff1':i t:~1'H 1':iff1t~i''lJm':i 111 ~rut~tJ 1191 u~mh~ i ':in\91111ijTinn 
" 

,j 4 ft I .. .. 'I 0 QJ 'I """ ,f "'! lq Y<=~ QJ 'I , .. "'! I 

I 'VWI 'Wll 1J ':i ~ ff'Yl1i .fll'Vl & 'W fl1 ':i 'lJ 1 'lJ rl & 'H rl '1.1 hi 11.:1 & rl lJ fl1 ':i 'W WI hi 1 & 'lffl ':i ~tl 1 hi fl1 ':i 111 Vl1 'lJ tJ (;19$11 ':i 1ll 

(Co-metabolism) 1rttJfl':i ~tl1hl fl1':i ~.:Jfl rl111 1:1 hlfl1':il~11ff1':it:l 1'Hl ':i~~ 111:! hi ff1'H i'tJfll':i 1 11~ tu'l.lfl~ 
" 

~ .ci r/ ~ G) 'J} I -C\ 4 eJ ~ ~ Ql ,d 1 1I'J 3}d ,Ci 

~"hi n1 t1 1 r.t:~ & 'H m ~tJ1hl m':i vt:~vumvffnr.EJ t'W11~ ~'l.lhl 9f~ 11 1n.:~ 1hl 111 tJVl~1hllJ1 &rill fll':ifl'nm 

~~rnti'tJm':i 1 -Nm ~t11u m1 tliiPI1tJ t:~il;ll~1m~m~tJ'l.J':i~ Ii'Yln .mv. 1 hi nn vt:~vffmaffn.W'I:IM "1a 

'lfUrtl'lf'W 1r.':il~J1u't'lt:~ff!W~ lllml'Ylt:JV'W (Malghani et al., 2009; Xie et al., 2009) 111fl~"fll':i 
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01 I ,,d t ~ 4 .Q I i" Q .c:t. <)' .Q .:tJ 
'VI1HHNI".:.Iflrl1111 'ft"-:.1 'H 1'H'U11L1lfllJfl1'H~1J'ftTHl1'H THJ::rl' .:.1 Nrl 'Hfll'H ~H\11~1.1 1~'\lfl.:.l ~ri'U'VIHJ 

11 r~::11 1:: il'VIii m'Yi i u m1 tiv vrl'r~1u'ft1':irtll t ~ 11111n~u 
Jl Jl Sl I 1 

i.:.~uu l '1..1 fl1':iffflll1fll .:.~ilihtl1'H1J1f.IL.nuffflll1fll':iVVf.lffri1Url'1':i 1 Vi':i 1 'U~Uri'L~f:lfl~i'W 

'ftm1::~ij'ftnm'H1':i~11J l"ul.U~ii'VI1rf~fi"twn i~~1m1ui.Ou~~hut~1 (m~'il'W1 'Vi1'WLLn1, 2553) 

L 'l!u fffl1:J 1'1fU" 11 r~::!J; 111 w '\IV .:.I rl'1':i ~ i -N11 11 rl.:.~fl1l 1.1 uu ~ 'Vi1 i 11' Ln"m ':i Vf:lf.l'ftrll url'1'l~~ ~ tJ'" 
" " . u un~1ni1J.:.~ i~ijm'lrl'1n91mnh,j""'1':i 1 on'lw1 uvJvrl' hn.h i~~u l"vi .U'ftm1::'ilmm::rl'1l~v 

1 ,. ""1 4 d v ..... 1 "''IvA ~'Iii"" d_ 1 ~ 
fll'j Uflf.lrl'rl1f.lff1':i 1 Vi'l:W U'VJV'ft L'Vi VL1J1.J'\l fll.Jrlri'1'H ':i 1Jfl1'lu ':i:: ~fl\91 1 'lf'Vl'Ul:;ilJ 1 191"'1..1 'VIu'UL u U'W 'ft1':i 

l-n'lwlu~v'ft~vi11luvu1fl91 

1.2.1 t~Vfffl1:J1rl'fl1:JW::'llv.:.~~iiu'VI1rJ~ff11l1'lt1Vmlrl'rl1f.lff1':i 1 'Vi'lW1 uvJmYi~ 

1.2.2 t~flfffl1:J1fl1':i tit~f.l'ftri1Uff1':i 1 ~'lw1 uvJmnrlt:~vtimv l~ff.flTJ::~ijff1':im'H 11 ~111 .. 
1.2.2.1 ffflll1'JfiJ "'\1 fH'ftl':i V1 'H 1':i ~ L 'tflJ 1:: fflJ ~ fi1 i li't fl"fll ':i V flf.J ffrl 1Uff1 1 

1-n1wlu~t:~ff~~~tl'" 
.d 'j} ~ .d 0 Q,l I 

1.2.2.2 fffl1:J1fl11lJt'\llJ'\I'U 'VIll1111:: 'ftll'tltl-:1 ffl':i Vl'H 11 ff1'H1 1.1 fll':i Ufl fJ'ftrll Uff1 ':i 

1 Vi'lWl uvJmY~~~"'" q 

I r/ .d_~ ~ ,.. Q Ql Q cl Q 

1.3.3 U'Hrl-:lfl1':i1Jfl'U'VIfffl1:J1fltl 19H"U1JCJfflCJfL\J91 (sodium succinate) 1CJft"UlJfl::CJft91':i'VI 

(sodium acetate) Uri:: fl~ tflff (glucose) 

9) 9) ,. ~I,. ft.l .d. ..::9 .4 Q Q Q.l I 

1.3.4 fl111JL'\11J'\I'W'\Ifl.:lff1':i t'Vl':il"'l'Ul"'tlff'VIfffl1:J1fltl 20, 40, 80 Uri!:: 120 ll'tH'lfl':i1J9lfl 
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• .fi. 
gl 'J) I t/ I d~ 1!!,1 Q ell Ql I 

1.3.5 fl111J1'\11J'\l'IJ'\16~U'H'Cl~flT:i1JV'IJ':i'11J'YIMf11:11fl6 4 40 400 U'Cl~ 500 1J'Cl'Clf1':i'1J~6 

tJ t I I 

1.3.7 nnt1n'l:l1uuun~L..-.1~Liiv~'luffm1~~nm':i'fl1UfJ1lVJW'H!JiHi 3o °C un~ 1'\ld1n 

fl111J1~1100 ':i'61J~61JTri 1~1J11'Cl1 2iu U'Cl~ 1.Ji'UW16'ln11l9l''IJ'\16~ff1':i'fl61J'VI~'Cl6~~~16'lf 7 

1.3.8 nntlmn'lt~ ':i'~ imh~ o~'\l'IJ1~1~f1'VI~no~ 'lt~u uu1l 11'16~florl' 1JU ~oem .ni1'11' o~ . .. 
fl1'UfJ1l'l'l1'ih)~':i'1f11':i'CH1JJ:-111J 25 50 U'Cl~ 100 1ttf'IJ~11J~':i'~6i'IJ 

A o' I 91 91 'i !':!l'i .J <!! 'i 'l 'J} _,j r:'J 
1.3.9 f11':i'11fl':i'1~'Hfl1fl111Jl'\11J'\11Jffl':i' l'n':i'Ttl'IJTt6fffl~l'H'Cl6 l~V 'lHfl':i'6~Uf1ff 

lfl':i'1l11~m1VI-u1lffff!l1n1~li1VJ1 (Gas Chromatography-Mass Spectrometry, GC-MS) 

1.4.1 ff11J1':i'mfi1ll1':i'~ffVJ1im..-. 1 u m':i' dovffn1Vff1':i' 1..-.':i'Yii t~vloffi~~'W 
1.4.2 ff11J1':i' t11.J1~ ~mlnfl1':i'1.y16 1 ~ri111 i'U~'IJ~J 1 'l~'W ~1.J'Wln61J ff11Vi'l:l ,~'ill~ 

I 
..:( 0 .1!:11. cv 

1.5 ~tlll!'VI'VIlfll'i"J;)f.l 



' q 

1Jflfl2 

2.1.1 'I1v~::tvv11Yi'1 itl 

ffl'I 1 w-:ilHuvltJff ( Q-( 4-bromo-2-chlorophenyl)-0-ethyl-S-propyl phosphorothioate) 

"' 1 , ... "' ... 1 , ... 1 .d ... ~I 1 l.l\Jfl'I f!Hff'Il~ ml CuH1503PSBrCl U~::m'lfl'l:ltu:: fi'I'Iff'I1~1l~Uff11~ tH11'VfVI 2.1 ~~UIJ'UffT:i 'U 

n"l.IDUlUflt.l 1uvluffvltllff ffl'i 1vnfl1uvluffij~1lt~U11~ 100 U'lf'I'W1HUCMfJff (1.8 Pa) fl11l.l • • 
'H'UlUU'U 1.46 flll.l~tl~fl1Jlf'l'tlt9f'U~Il.lfl'i ~ 20 U~ff119f~!CMfJff fl11l.lffll.ll'it11'Uf11Hl::~lfJJ1 

I 1 , I I ... I , 1 "" ~~ 1 .M I ... 

20 ff1'U 'U~l'Uff1'U ffT:ifl~l.l1l~fl~11ffll.ll'itlflflfl1~ 'U1i'J'Il.l'Jlfl!IJ'U!1~1'Ul'U 1\fJ'IJ'UU~fl'Uff.fll'V'I 

eA I ~d J. I I 0 ..,I 
U lfllf'I'U~:: fffll 1:: tl 'U 'l ffl 'i fl~ l.l 'U l.l(j 'YI1i ff 'I H~ fl'I ::'V11JfltlflU 'YI H l'U 'IJtl~ 'I:: 'IJ'IJ 1J 'J ::ffl'VI U"':: 

" A £.1 " ... " nmtH'UU 'VI'! 'Ul.llJ'I:lfJlm::fffl1 (Venkateswara et al., 2003; US EPA, 2006; WHO, 2009) 

Br Cl 

2.1.2 ~fl'l:ltu::m'l'i<M'~lt.lffl'J iw'l'VIiuvlvff 

ffn 1vhfl1 uvltJff tr!u ffl'Itlt~'ltlt.l fili'1lul.l"''~~uunq'VIt 'lhul.l "''~ i ~fl~HJ~n~ 11 

,X "J • .1 "J I i .<!1 ... "J 'J/ <lj ~ 44 "' ,dj .d <> i , 
I'V'IV m t'J 'H'Utl'U IW::Hl.l~~fll~ '1 'U'V'I'J Hfltm:: !l.lH"' ~~llJ'Uffl'Jifll.lflfl'J'U~'H'U~'VI'Utll.l 'lf'VIH 

fl1 Hfl'l:l fl 'i l~fl"' ~ fll'I vi1~ 1 tl'IJfl~ !Ill"'~ fffl 'J ~'J~ ~::lfl11~ V~'lfH"' 'VI Hfll 'i lfl'l:l fl 'J i 11 tJ i 'U .. 
... ... I , ... .d"' - I !'I "' i , 1 ~11 .. 1 

ff'H'i~Uil.l'Ifllfl1UUV"':: 80 'IJfl~'J~'VIl.lfll'JI'rll::IJ~fll.:·-lltJ~::l.lfll'i 'lfffl'I 'V'I'in 'Unflff (US-EPA, 

2006) thuiuti'I::t'VIffl'VIfJffn iw-r:W1uvluff\Jfl i<M'iu~lt.lfll'J!fl'l:lfi'I t'lfu m'Jtl~nw1mt"'::~n~1~ '1 
<ll i ~ ~~ ... 0 ... ... ~~ I ~~ ""' 

'idl.ltl'lfll'I 'If 1 'U fll'JIJfl~ fl'Ufll~~~~l.l"'~fffl~ ~lfJ l'lf'U'H'UV'W!~l:ffl.lfl~lfJ 'H'U fl'Wfl'I:t] Hfl 'H'Wfl'W 
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~-ru1ufha 11uvufiunulu ua::JJ1uu~~fha hw1rluv9l'il so il-n~~9l'j (f'l11lJ1,rlJ,rl.I'UV~m'i 

lrn~1u~m1~va-n:: 40 JJ1-n~mnm9l'i) fH1lJJ, 20 ~9l'i ~~fi91t~u11'j::lJ1W 1.1 ni'JJ~V~9l'i 
2.1.3 m'ivvnqVJ~'UV~n'l'j lvn~1u~v« 

m'iV6nqVJ~'UVHYl'j hnn1u~v« ~~'~Uff1Hll~91u1J-n~n~lJ vv!un1u 

~6-n"rlvi' ff 11:: nJJi1n11tt1l.l 1~lf v:aflJtn't'l1 f'lU'I.Ht1ff1 VltJL 'iffmh~ tn1'i vh i ,r,nf'lmHY:: fflJ'UtJ~ 
"" 1 .r::t d .ea. ' , SJ I ~ .de. I I .. I 'J) A .Ji Q.l 

tJ::1ClJtVIt'1 f'llll.IVI1J'i1'1W9ll~ <~'] 9111fl1J'i11WVI919l9ltJ'i::'H11~u'j::fflVIU't'l::fl't'l11J1'1..16 ClJt~fll'i'j'J1J9l1 

'i:::'H -;j,~~6ff1~9l fl'l..t VJ1 rf1 'lJ ffl'i til~ 91Ull't'l~ fl~lJ6V!m1 '1..1 ~mY~ Vlff n1Jtv'l..t 1 CJtlf1 f'l~'l..t 1Vff1VI 61 'j ff 

'il:::'fi1't'l1r.t{jVI~1V'I..t 1CJtlf0 'fi1 hftn91fll'jtf~'U6~m111W'UV~V::1ClJtYJ't'llf'l~'l..t ~1Jl11W U-nltHClJtmi' 

u'i::fflVJ 'Vi 11 ,r,n91m'i m ::~'1..1 &ClJt't'l~U'j :::ff1VJ~~~6nu 191 mu vn:: 1u 1:::11 uvn'j 1~11vm91~ n u-n::: 
q 

.d ~ ~ 1 V ~ ~~ d r 
'j::1J 1JVI tl111tJ lJ fl1 'i 1f'lt'1 6'1..1 l'VI'J'\16~ 'il~fll r.t flil 1111'1..1 V 11::: m:::9J flff'W1fl91 61fll'i 1fl H UIPI '111flf'l111J 

,,rll,r'l..t'Uv~v:::tflJtn-n 1 f'l~ummn'l..t 111 'il:::'Yi1 i ,r,r;~qVJ~9lH,r,ll t'lv tn91mnnciv'l..t&v.~fl'il'l..t rl'm'l19l 

~.I 'JI .f ., i 'JI d ., 1 "" i 'JI "' "'"" , 4 
Vl~u'i:::ff1VI Ut'1:::fl't'lllJ1U6 '111 'il11Pl'l..t1'i1 f'l'JllJ~'I..t t'1'119lff~ fll'j'l11r.t 11t'1111'11't'l1 11't'l:::1fffl'lf11Pl '1..1VIff91 .. . 
(ff1'11m1'1..ttltu:::m'illfll'iV1'111'i1t-n::u1 m:::VJ'i1~ff11i1'iWff'U, 2542) • .. . 

2.1.4 fll'ill'l..t1U6'1..111't'l:::m111tl~VI'I..t'UV~ffl'i L'W'jYlL'I..t't'JmYihlff~11191~VlJ 

ffl'J hn:rJ1 u't'Jvfft1'l'l..tff1'iml11Vu!un1 u't'Juff't'Jvi'«ihf1'11UflLlJt-nfl't'l 373.6 • • 
WHO ~91t1111J11'J'I..t-ri'l:li'W'j:::iu II L91t1Ufl1 LD50 1'1..1'11'1..11Vhnu 358 ili'l~fli'li~Vn1-nni'1J (WHO, .. .. . 
2001) Utl1111ff1111Hlium'J't'l:::mm.h 20 -ci1'1..ti'1..1~1'1..t-ci1'1..t Yiuw"H.flil 20 v~fl'11ClJti'lt91f!ff iinn . ... 

I .A~~ ~ 91 
ff:::ffliU't'l:::ff~Ht'11Plt'lll.ltJWU1'11~6fl'UtJ~Ut'11 (Venkateswara et al., 2003) 'J11J'Vl~ff1111Hl~P~flm~i'l..t 

<!I ., ~~ ,X I., ,.\ 'i ~~1 . .1 "' I Ji "'"' 1 "" 'W'II'Hfl1u'l..tt1't'l1l.l1'1..t 'U'I..t6~fl1Jff.fl1'WU1fllfl'U't'l::ff.fl11:::U'U <~'] ffl'J lYnn 'l..tl"'tlffllmtlH'II''JIPI '1..191'1..1 

V~~U'J:::111W 1 ffll911lf (US EPA, 2006; ~'1..191'1..11 timtJt)'lffl U't'l:::f'lw:::, 2551) 'l..tt'lfl'illfl.Qti~um'J 

'ff1n'il'W1J fll'J 9l n~H, 6~ ffu fl~lJvv!un'l..t 1 '1..1 Wtl ffW ui' «i u~ '1..1 ~ Ufl't'l:: 49 u't'l:: 1 'l..tlil U91'\JU~ 

m'l:l9l'Jm~9lv~1'1..tmwcn'~iif'l111Jt~u~~ufl't'l:: ss ('l..t1~>w1 ~'I..IVJ!du~ u't'l::f'lw:::, 2sso) ~.:~mmw 
.e. 91 .d Gl\li'JJ " Ql .d 

ff1'j'W'I:J9lflm~\]'.:I"J'9l'Vlf.lt11J'i1J t9l (Maximum Residue Limit; MRL) l'l..tU1111'JU'ff~~91~9ll'iNVI 2.1 



~11H~ 2.1 uhnw~l'iW1:!~flth~ (MRL) 1utn11l'i (tlTUfl-HW1Jl~'ijl1Jih..ttflltl1:!~·nm::tn11l'i 

UM.:I'lfl~, 2551) 

... 4 
mt~ltl.!D'l~.w'l:lv~~v. 

~UVI'Vt~ 
(ijoi1n1't~Plsnlon1t~) 

' 
0 tJ"" tl::11ftl ft 1 

,'li 0.02 

.A, Q/11 lfl'iti.:J 'W~~1 fl 0.05 

.A , Ql .tJ !II 
lfl'itl.:l 'W~~11ftt.I.:J~tl~1t.I'Wl.l 0.05 

I 

'lfl.I'W 0.05 .. 
~'W11tll.l 0.05 

' .... Ql 

\11t11ftti.:J 0.05 
.,. 

'Yil 'i t.I'W 0.05 • 
'Wl.l 0.01 

:: Ql <I !II 
l.lll.I'Wll.lt'l~~ht.J 0.05 

1dvff'~1iln 0.05 

,.4'. Ql .tJ !II 
!'W tiff~ 1lftt.l.:lft fl~1t.I'W 1.1 .. 0.05 

' ' 
Ql o 'J) o tJA 
f.lfl~:i::fJflfl::11m t.Jfl11'W n::11m ft 0.5 

"" 'W'Jfl 5 

"" 'W'Jfl111l'W 0.5 

.... 
1.1:: 1 'U tl !'Yl ff 2 

1J::'Wl1 0.05 
I 

11::1.11.:1 0.2 

Ql 

1l.:ltJ~ 5 

d fl 111ft~ lt.l 2 

-&1.1 0.1 

11ti1JU~.:J 0.05 

11V1l1my 0.05 

' tlfW 0.05 

6 
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2.2.1 v~fi'1h~nvu 1 um1dmnnnvfflli'ili'YI1~;11'Yit.n 

m1 rh:w n-mvn-ufili'YI H;1m"n 1 ~u m1 1 ~1iiu 'YI1 d1vl mi~wn-mvn-1 1-rill 'H 1 t'l 
d .<Q t .cS' jl """.q .c:t.IG~ 0~ ~J 

cWlfl1llH1J'IJ'V'Ili'IJV~ff1l'IJ'IJ "] ~N tNUllflll'l.h:~n~ l'if~"'IJ'Yilf.l t'Wtl1l1Jl1J~'IJ1'YI~t01tl'lfll'i11JLHI: 
Jl.c:l ..cl GtfJI I 0 ~.:to' '1,'1 I .q Ql :'1 

'1111 fff.l ~~ ffl 'H fll 'J lJ lJ fl1 l 1 'iflJ l'IJ 11J U~fll'J 1J 1t"'W 'VI l tllllt 'if t'IJ flll f.JV tiff" 1 tJ ff1 H~ ll ~ ~ 1IJ'IJ 

1'Yifl1u 1"fj1tni1umn111T~ffl'.ill"Till~11tuflvu1u~u mmff J11m:J1 1~~\J i~vm'.idvvn-mv 
tnlll"Tili'YI1~;1.nwm~n~,~~1m:umh11'~ fiv '.i~umh,j~J,1~v~:nmlfl111f.!ll 1 -A'~ iiu 'YI1 d 
v~1uffm1~~1'Hll1~ffll~Vfl1'.ifl1'.i1~~W1~1J i~1m~m'J'Yi1~11J ~~ffm1~i~mi11t0~~1~t01flff.tl11: 

~ u 

'IHN ~ ~ 111~ nVll~ 1ll1i '.illl 'M1~ rdv~ t01flffllll "fi'll 1 'lJ ~ ~U 1~ "'V lJ 1i '.i l lJ 'M1~ tO~ V~1 'lJ 'H m tJ~ 11 U 1J'l.J 

I Ql Ql .CII 1Gf ~ 4 GJ r:'J ~~ j} 0 6) 'j} I 

1'if'W flfl~~C)f'l.Jfl1JV'W.tl1fl~'W "~fl1tJVtJ t'W'W1 U"::/'HlV t'Wff.tl11~Uflff 1IJ'W~'W 'YI1t'Htl1fl~t'lfl1l 
qJ 'V q 'V 

fl111f,)llff.tl11~~N '1 1 ,fijfl11ll!'Hll1~ffll~Vfll1Vt'lf.lfffl1mm~m1'11111'~ffl1ll"fill 'IIV~ ~ii'W'YI1 ef 

o~1~n11'.i~ff'Yinmv. (viiff11~ 1u, 2553) i~ul1 m}v~i:i~ofl11llff1ll11fl1 u m'.i dvvffmtJffl'.ill"Vi'll . ~ ~ 

.Yh.Ju 1ii6'W'IJV~~ii'W'YI1 efij'H"lrJiJ tO~ tl~1tlfi'W i~U 

2.2.1.1 'MU ~u" ~ rl' n1:1 ru::: ffllll~ '116~ tO iiu 'YI1 d ~ ii u 'Yl1 f1'1 'W 1i '.i '.ill 'M1 ~ ~ij m 1 • • 
11 r 1J~ 11 '11' ff1ll1l fl 'VI 'lJ ~ 6 ff1lTill 11": iifl11ll fflll 1 'j fll 'lJ fl1l do tJ "'" 1 tlff1 'j Till ,fu 1tl ol '*1 ilu 

ffllfll'H 1l'H~ 0111~m.J~11 ffllTI111-A'i:ifl11ll1il'Wvhn! o tll:l~ tO 1fl~1'W 1~ t.J'H" 1tJ~'W ~ ~1u ll 1 (Benimeli 

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

2009) ~~ 1 ~i:imHi ~twntO iiu'YI1 dd~vffnll1fl11 tivuff"1t.Jffl'.ill l:lV'ill ~" nn ffflli1'V'I1J i1t0 iiu 'YI1 d~ • • 
<v llJ" I .CII 11)Y I .c:t_l .q .q ~ .q .c:tcf.dGJ9Jo cv I 

fl ~Ut.lfl l~HYll.Jl'.i fl t.lfl t.l'f;H'Il t.lffl H'fl:J t ~ fli:JHlJIJ'.i:: ff'Yili .tl ll'l "11'~ ~1:1 'W 'YI'.i t.I'YI 1 'b'ff111'.iU tltHH'Yr:ll t.1 

ffni'illtilu ~ iiu'Yl1 d~ i:imni~twn1 ~ t01n~u~~1..luttiou unwlltTu '1 ~ ff1llnfl11 r u~1'YI'W ~v 
~ 

ff1'.iW1:11m::: ff1ll11 fl dmmm t.Jff11Vill 'tT 'W i ~ 
2.2.1.2 tmci~ .... rl'~~1u iunndot~ff"1t.Jff1'.iWlltO~afi~11~mu1~N '1 i~uri 

... l.q ~ .t::l Q,l .c:t Ql Ql Jz " :'1 'J) Ql 1 9) ' " Q d d' ~ 
1J ij m tl166 fl9H~ 'if'W -1 ~fl 'if'W 9f ~ "J'~ 'YI1tlt0 ~ !IJ 'lJ flll ff'l' H'V'I 1:l ~~ 1 'W 'H U fl!CJI"" ~" 'lJ 'Yl 1 til V16fl1 l 

1~~ty1~1J i~ t01flfl11fffl1J1fl1l tivuffmt.Jff11ll"Vi'li'IIO~~ii'W 'YI1 d ttlo 1 -*1ll'W1mci~V1rl'~~1'W (Cycon 

et al., 2009; Malghani et al., 2009; Xie et al., 2009) 'V'11J':h~ii'W'YI1di:im'.iVt'lt.Jffmt.Jffll:l.mWlltvlo 1-* 

1lJ'I...umci~V!rl'~~1'W i'Wflll1!il~t!J1~1.J 1~ t'lf'W~1'W1~t.J'Il6~ Cycon et al. (2009) i~ffflll1fl11tt01tyt~1J 1~ 
"" .. ..~, Q d d 1 "" 

'IIO~~l:l'W'Yilt.l 1J61'Hl1Wlltflffl61J (Minimal Salt Medium; MSM) 'YI~fflJffl'.i ~6~9f'WVU 

( diazinon) ~" flll fftl1:11fl uti 6 tJ ffm tJ ff1 'J Till ll"::: ~"'II v~ fl1 'j 1 tO~ w 1~ 1J 1 ~ u ff~ ~ 1 ..r tll'IJ -:h 
u 

t~v 'il iiu'YI1 di:inn 1 -*uuvhuvlmilu tm ci~..-.rl'~~lmhMi' u nn1 tO 1 w1~ u 1 ~ 1 ~ mrlm 1m ~11J 111 • u 



8 

.r .r 4 • ~ ~ i .d. YJ/ ;II d ."f "' da I 

2.2.1.3 fl111J'l1\J fi111J'l1\Jl1HliJ'.i1JlW'Ul 'Uff~U1"ml1JliJ'W6fliJ\'JM')11JNll916 

nn U6flffllltJffl'.inlJ'U6~ ~n\1 n1 v 1"' tJff~ Na~ 6fll'.i 1 \l 1ty1~1J i 91Ua:: fll'.i 1U~tJ\Jl u ffl '.inlJfll'.i 

m~ \lltJ~'l ua:: m'.ia::nltJ'U6~nl'1f66n~'\lu ua::m111w '\16~ tYl'.inlJ~~ntm1 utY11111ml11Jl 1 .U 
.I 't ~y..l 1

"' """ "" t 
IJ1~ W'l1\J '"' 'UlJ6~fl1Jff1J1J9l'U6~U11l'ilJ\JlJ '1 

2.2.1.4 fl111Jl~'Wm"~l~ fl111J1~'Ufl'.i"~H'U6~~~U1"~61JijNa~6fll'.it}"~1J 

~1161'1111 m11\l 1tyu a ::m niHllJ 'Uo~ ~nu n1 v ~~ J u i unn uovtYmtJtY11ihJ 'Yil~;.'lml'l ~~ 
' 0 I 

0 ='r 'J} Q ~~ I I 0 ~ d I ll) ~d ~ 
\llliJ u 916~1J m1 fl11JfJ1lfl 1111 tiJ u m "'"' 1~ ov1~ ffll 11 ff1l6 'ill nm1 ffnlJ T¥1 Nl'IJ m 1"' 11 m1 'VI" a o ~!'Vi o 

U6tJffllltJff111JanlJi'Wfffi11::'U6~fl111J1~'Wm"~H~~l~nu 'illfl~lu1\lu~~h'W1Jl (Malghani et 

al., 2009) l~fffllJlt1111Jffl1JlHI i'Ufl11 U6t.Jffll1Vffn 1lnvn 1J'Vl6ff'IJ6~~nu 'VIl U~Hl'WfllHi"uvn 
1 "vi u fl11'VI "no~ 1 ~iim1 'VI "'No 'IJ J:o.~a 'II o~t1111Jt ~u m "'~ l.:J ~ou 1:: ff'VIntnl'i 1 u m1 umma 1Vff11 

il'l1Yli uv.JotY,f1~vt16'lf~YI"tYo1Jfi6 5.5-7.2 Nllfl11'VI"a6.:Jl'l1J';h~nu'VI1 utYllllHJ riovtYalutYn 

1l'l1Yl1 'U'V'lotYiAA~tY"~.Wto'lf 6.5 \llflNll~.:Jmh1u u"~ i lf1~u-h~tYfl11::fl111J1~'W m "~1-!l ~ l.:Jnu • 
iiNn~ot1111Jff11J11(J 1 um1 uovtYnlvff111JnnlJ'U6.:J~n'W'VI1 rr 

2.2.1.5 fJW'HQii t~'WiJ'il\lv~iiNa~m)9111fl11 uovtYmtJtY11Vi'hl 1~ VfJtu l1 Qii'll::ii 

Nr~IPiom11fi"uumm1tlijl'i,.:J 'l11lliuti.:Jm1t'il'lty1~tl 191'1Jo~~i1u'VI1ei'~nt1111J'Illtvn::l'iofJtul1tJii 

i 'J} ~ ~Q.I ll) 'J}.cQ ' 

'Wfffill'i111"am.J'W'W 'l 'illflfll'.i1'iltl'IJ6-!l Head and Oleszkiewicz (2004) L~fffl'hllfl11fJ6tJfflllfJ 

iu 119111\l'W 1"vlilm11u~m.mur~.:JfJWl1!Jii1~o~m11fi"uum v1 iu911l11t1"1i'u (nitrification) '116-!l 

\lnu'VI1ei' 'VI"ao~ 1"vi<M'otul1flii1~1JIOi'u~ 20 25 ur~:: 30 oc otu'HflfltYmi'1v~ 10 oc 'illflfl11'VI"no~ 
q q 'V q v .. 

lm11fJWl1!Jiit~1JIOi'u~ 20 °C iim1r~~n~'llo~uo11 i1Jtilviu i1911t'ilu (NH3-N) lllfl~l:J'~1o~r~~1Jlfl6 
d "" o .!! 't "" l 1 i v <~ ~ "" .I""""" , "" 'YifJW'HfJll 25 ua:; 30 C C)f~fl11llflll~'IJ6-!JU61J Lll1'WfJ 'W 1911l'il'WUff"~ l1l'H'Wtl~lfl~IJ{)fl1tl1 'W1911 

VJtmTu ll 1n~ n-" 'ill n Na~.:J n~11 'il:: 1 ~u 11om l1 niiii Na~ o mniH 1u '\16~ 'iln 'W 'VIl tfu r~:: n n 
.. q cu q 

tfi~llummtflii~Pil~ 'l 

2.2.1.6 ff116ll111 ffl161l111l~'W~.:J'Il11~\J~6fl111'il1ru1~1J 1191'\16-!l'iln'W'VIl vi 'W " . 
fl11t'illtyt~tJ191 1"vtY1161l111Mrl'ni~uri mf11ou iui9l'H'il'W ur~::v.JotY't'Joi'tY 111Ji1lf.1~ 

n-11vu'V11u~'U 'l ~.:j 1~vlf1 i1ltY11n'hl~1lutTio'U iu~~1n~~oll~nu'VI1vm'ilffllll1 ouomrmvun:: 

o t ;'1 11J Vt • , Va ~ 
'Wlff11'W'IJlllliJ'Wff1161l11'.i 1~ '"tl X1e et al. (2009) ur~:: Malghani et al. (2009) ~llfl11fffl'hl1J:o.lll 

'116-!l n-11 0111 n~Plom 11 'il 1ty1~1J 1191'\16-!l ~~'W 'Vllv 1~ vm1 1~ 1J tY116ll111 u om l1 il O'il 1 mn 1-Yi'hl~ 

~n'W'VIlVffl:JJ11tlU6tJffllltl1~6 i<M't~'W11l1~.:J'Vl~.:J~1'Wl1~m.yt1Jll\l illt'lfu 'lu\11'W1iv'IJ6\I Xie et al. 

(2009) i~nnufffl'hl1fln umJffll1Vff1nnal 1 'VItl6'W (Malathion) 1~ viinn t~:JJffl'j m1111~ 



... 

9 

tr;h~m.m: 60 1rlmnu1JtitJoy~~,1iiim·u~lJ'i.'fl'Hll't11'i ~1m-Hli.:smh1u'i.'f~.:s1M'r~ui1ff1'iVl't11'iii 

~1111 ~11~u ~ vn1'i avu'i.'1~1 tJ'i.'11'irl'W 'llv.:s ~ ~u 'VI1 ,r 
2.2.1.7 1flH'i.'1J1.:S'Ilfl.:S'i.'1Ufi'W h.!fll'iatltJ'i.'1~1tJ'i.'11'ifi'W'VIl.:s;1fl1Vf 1flH'i.'1JH 

u~:: ~ fl'Wtu ::'i.'flJ~'Ufl.:S'i.'fl'Ifi'W 1rJuiJ ~~tJ~ 'i.'f.:S N~~flfll'i atltJ'i.'f~ 1 tJ'i.'11'i U ~:: fll'i t] ~cMlJ'W l'i.'11'ilJ1 i eN 

L~'W'i.'11'iVl't11'ii'Wfll'i1~~ty19itJ 1A'Ilfl.:S~~'W'VIlrJ ~1fl.:S1'W1~tJ~r-hum Li et al. (2008) i~iimnh 
~ 4o' ,,. ~ ,,.. I~ 4 ..... , ~~I '111 'i 

~~'W'VI'i tl1l1 'lftlfltlff~1tlff1'ifl::'YI'i1CJf'W ~lJfll'i'i::1J11~~'W'VI'itJ L'iffl:'VI'i 1CJf'W1IJ'WU 't1 ~.:S l'U l~'i1~'W 
. "' . 

u~::~1flfll'i1~tJ'Ufl.:S Malghani et al. (2009) i~fi~1wm<ihJllff11l1'if.1VtlmYmtJffl'i 1vnYJhrwmY 

~1flfll'i 1~tJ'i::1J i~i1~~'W'VIl vdvuff~1tlff1'i 1 w'iYl1 uvlvffL~v 1 '111~U1mrl.:st11i1Jvu ~ 1n fll'i 1~tJ..f.:s 
,d I 4 S} Q d I Q.l Q .c:i./.cf .c:l 1 Q ~ 

fffl.:JU ff~H i 't11't1'W 111\J fl.:J ~1fl1 fl'i.:S ff'il.:S'U tl.:S'i.'fl'iW'W Vlm.:Sfl'W ~~'W 'VI'i tJ~.:JlJfll'i tlfltJ'i.'f~ 1tl'ff11W'W 'W \.1 

1~v 1 -*1rluu 'Hrl.:sm1 m't111~1.:stiu 

2.2.1.8 ~1u1u fl~ .:s't1~flt11111rl'Uv.:sm·nJu1TI vu ffnfi"W trlvnmnlut~ vu 'lltl.:S 

'i.'fl'Ifi"W 1 u~.:su1~~v11 ~~'W'Yll rf~::iinutli'11i1 ilfVJu~mY11't1~viinn vvmn1fi£nTu u~::trlvii • 
m1tluttlvu 'i.'11'ifi"W1~1l't1l V'i.'111-ri"W~ii1 fl':i .:s'C1J1.:st1~1tJtiu 1 'Wtl~ .:s~vm ~::'l'l1 1 M'~iiu'Yl1 ti'i \.11J~ nw 

i.:snrl11 hil'iv.:s 1 '111 1~1 1 u m':itl i'1JiTu 1u rl.:s N~~vt11111 'i.'11lJl':i f.1 1 u m 1 dvtJ'i.'fm tlffUVi"W~ 

I .ci.,.l A Q 

tltll.:S1JIJ1::'i.'f'YI1i.fi1Vf (Benimeli et al., 2008; Li et al., 2007; Wang et al., 2007; Li et al., 2008; Xie 

et al., 2009; Malghani et al., 2009; fllty~\.11 W1\.1Un'1, 2553) 
, 4 

2.2.2 m'im:~'W'Yl1.:S'lf1.fl1Vf • 
I Q" .:::::1 ,. 0 A .cit/ 

fl11 tltltl'i.'f~ltl'i.'111W'W~1tJfl':i::tJ1'Wfll':i'Yl1.:S'lf1.fllW 1~ tlfll 1'Yl Olll\.1 'lltl.:J ~~'U 'Yl'W 

1 \.l'li 11 1l'lf1 ~ 11: iitl 1 :iY'Yli flTvurl viim':i 111 ~ ruu ~:: 1~11 ~1u 1\.1 'II v.:s 11 iiu 'Yll v i.:s J u m 1m:: l9i u m.:s u q . q 

;1fl1Vf ~ .:J1 rl 'U fl1 'lLfilJfll':i L ~ l f.l!'U tl.:J ~ ij 'U 'Yll rJ 'l'l1 hi'l 11 tlfll ':i i lf 'i.'11':i tl1lf l':i~ ~ 11 rl 'U ffl 't1 j tJ fl1 1 

111lill1~ 1J 1~ L oM'W flU i lf1mrl.:st11i tJtl'U i 'U 1~1 111\.1 fll':i fl':i ::l9fu fll':i'i.'fJ N1tl'W i CJtlf1~tlU tltlff~ 1 tJ u • 

"' 
t111Vi'W u vn111fruum1m::~ua.:s1111 i tl~.:snntli'tJffm1::~1.:s "1 i M'mm::mJ~Vfll1111ltlJL~tJ 1~ 

Q .d rl ' I ~I I ~ d , .J. 'j} Q ~!:! ct'.cs Q 

'llfl.:J 11~u 'YI1 tJ 1'lf'W t11t1111l1IJ'U m 11m.:s fl1fllfl' 11ft::t1111l'lf'U 11lu \PI u rvw 1 lf 11 ~'U 'Yl':itJ 11m1 1111 ru 
• • u 

1vi11~u ~11n~1 ium1tli'tJi1'UV.:s~iiu'YI1r1 u~:d.:stf~P~11fl11VtltJff"1tJff1':itl'W (viiff11.:s1 'W, 2553) 
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.c!l .Q4:S ' • 
2.3 fl111flfll'Uftl'U8il411SJ11SJ (Co-metabolism) 

m:: 'U1U rn ':i 111ft 1'U t~iic:Muh1.11flu m ::'U1'U rn ':i dmnnnvYI1~ ;1n1~ i ,-wmff'uif \1 i v~ 1u 

tr1 161..., u ~ -3 nu, n ft 111 'VI1 'U t~ ii c:M11 i 111 lil :an ~url t~ ~ ii u ...,1 rfl ~i' 'U tr1 ':i 61..., 1 ':i ~ 'lh u 1 u m ':i 

1\l~ru19i'U ift\l1mmrl-3~u~ 11i1 'lfn-1':ifi'l:l 1fi'url rn':i 11f,mrl-3m!'Ut~u 1 u ift':i l'ilu ':i11J..f-3tr1'I t~ilu..., 
tl 

1 rJ~'U "1 , 'U ll1J1W~l'H1Jl::ff1Jlrl tllfl~l1Jft1'UtliiCM1l'i11l~'Uiil::l'h 1 Mlfl~ fll':i lU~ li'U ~UUfl ::Ut1Vfffi1V 

ffl':i'~'l:l ftfltl~ lil'Ufl1':i1~1Jt1ft ':i1fll'I llil~ tu19i'U i ft~tl~'ililU'VI1 rJ ~~ijtf 'il ,)'Vi 'U fll':i lfl~l1J'Vll'Utl ilCM1Ji 111 
tl • 

" ~~il (tlilff11-3i'U, 2553) 

2.3.1 ~w 'H .Qi1 tflu if 'ilitJ~ii~fl~tlfll':i t'il~qjl9i'U i ft~tl~ ~ilu 't11 vufl:: t1ft':i1 fll':i umJfl'f11f.l 

ff1':iW'I:I tdt~-3'il1flfJW 'H t.;~i1ii~r~~mJ~m ll1lflii~1~ "1 trlt~fJW 'H t.;~i1tJ-3~'U vh 11ftn~mnl::~ntJJ1'Ut1-:J 
.J ' ' ... ... "" "' " .J 'l .. d 0 'l " trl':i 111 n 'U u fl' ~ ~fl ft t1 fll':i fl'1l ~fffl'1':i ~ t~~ ~ fi'W 't1 ':i tJ1J 1n~u u r~:: 'u ~w Yl.fJ1l 't11'H1l1:: fl'1l 'il ::'VI1 'Yl 

~ ilu 't11 r111 nu '\1 ~ qJt9i 'U i ft tr ~ ~ u vh i lflj nn fit~ tJ fl'fll tJfl'n Yi1:1 '~ t1 1 ~'flu fl'n m l'll':i 1 u m ':i 

l'il~qJ!9i'U ift1l1fl~'WlcM'Wfl'W (tlilfl'11~i'W, 2553) 

~I ~I ' -~ "' ' "" ""' i ""' "'<I 2.3.2 fl111Jlu'Wm ~lu'U~1~Ufl::u':i1J1W mmrr 1J~flfttlfll':i llil"Sqjlft'U ft'Utl~ ~fi'U 'VI ':i tJ 

Ufl::fll':i 'Vll~1'W ~ti.:Jltl'U i CJf11i 'W fll':ifltl 1 Mlfl~fn~'U1'U fll':i 11Jft1'UtlilCM1l, 'U fll':i UtltJfl'flltJff1':i ~1~ "1 
-~ 4 1 ...::. .e. do' 4 ~ A o'o ~I V 

2.3.3 u':i1J1W fl'1':itlll'l1':i 1J ~flfttlfll':il1l"Sqj'Utl~ ~fi'W 'tl':i tJ l'W tl~ 111fl~fi'U 'Yl"S tJ'il1lu'W ftti-:J 

i'*trnml'l1nhl'li''Ufl1':i l'il~qJ!9i1J ift l'l1flm1llw ff1':itlll'll':i~1lfl'W 1 'l111::l'i'1 i 1f ~ilu 'Y11rfii-elft':i1fl1':i 

1 lil ~ru~ 1 U~l'l1 nii 'tJ~1J1 W fl'l':i tl 1l'l1':i 1J 1fll fl'U l 'tJiil il 'U 'Y11 rf 11 ~!~ tlfl 1 ~fl'l':itlll'll':i 1J1 fl n-:h flU i ~ 
tl • 

. 
• "" ,_ 1 v Gl Q.l Cl.l • .111!:9 liJ !lie~ £!I 

UCl:::tltJtlfl'flltlfl'l'J't'l'l:l u't'l'Jtl1Jfl'W~-:.t~'Jtltl1-:.lfl1'Jfff1'1:11'\ltl"" Xie et al. (2009) l~1lfl1'J'Yl~Hltl""!'t'l0'111 

m1111 l'l1J1~fi'1J~ti.:Jm1l1w fi'1'I tlll'll':i ur~~fl'1':i'Yi'l:l~tlrn':i tit~ tJfl'fl1tJfl'n1lfiYi'l:l1l 1fll i 'Y1 tltl'U i ~ vnl':i 

t9i1Jfl'l':i ml'l1':i ur~~fl'1':iw'l:l 1 'U t1ft':i 1~hu~1~ "'~ ~flfll'j f1n'l:ll~'U·;hm 111w fl'nm l'll':i ii~m ~t~m':i ut~v 

trflltJfl'1':iw'l:l fimrlm-ri11m1l1w fl'1':itlll'll':i t-ri11~u m111 fl'11l1Hl 1 u m':i tit~tJfl'f11Ufl'l':i Yi1:1 'il ::1-ri 11~u 
i -I V , ., ..II 4 • ~ .J ,A , , 

ft11J u~1tJ 'U'I::~1Jl'l'U-:J Ufi~'Hlfll'W1Ju':i1J1Wfl'1':itlll'll':i1J1fl~'U!':itlll "1 fl111Jfi'11Jl'Hl 'Ufll':illtltJ 

fl'f11tJfl'l':iW'I:I iiuu1 i U' 1lfl~fl~ !!~l'llfl i1iiinn t9i1Jtr1':itlll'l1':i 11ilu 't11 Olil~ i1iiinn 1 11~ rut9i'U hum~ 
• tl 

ut~tJfl'fl1tJfl'1l1l1fll i 'Ylt~t~wr~v hw-elft'j 1ff1u~m1l1~ff1lff1'Hi'1Jm':i fit~vfl'r~lvtrl':i 1llfll i 'Ylt~t~'U 
fit~~Vft':il ri'1u~t1~ 1 CJfl~ tJ1lcMflCMl'Uft 128.6 i1r~ilni' 1J~ti1J 1~11 i 'tlt~t~u 1 fir~ ilni'11 l'i'1 1 1f ~lfl~~ nn 

tit~llfl'fllllfl'1':i1l1fll i 'Y1 t~t~u \T~~~~o~ 3.583 7 i1flilni'1l~t~ilft ':i~mT1i11.:J lil1fl~fli.:Jnrl11Ufl'~~ 1 1f 

,,:lu 11m1l1W 'Utl\1 fl'l':itlll'll':i ri' \1 ~fl~tlfll':i Utlllfl'fllfJfl'l':iYi'l:l~tl~lil ilu 't11 rr • 
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2.3.4 'lfiJ~m1::fl111ll.u':u.u't~'\JV·HYl':ili'l:l uuVi'l:l~ij1fiHff~l~~Hn'U~::ih·m~v 

,ii'U vi~ du~J~fl ~ H fl'U, 111 ~HJ,ii'U'Vi~ rr~::iim':i 11i'ui1l ~v, ..r ff11J1 ':if'I'Vl'U ~v ff1Htl VVfltHHntJ 

"" t , , .1 , , "" d d "" .... 4 "" "" ..... 
U1':i't'I'I:I'U'U ~ 'Utlfl~1fl'Ufi111Jl'\11J'\J'U'\JV~ffl'S'W'I:IflliJ'UVfl'll~~tl l'UV.:J~1fl,"'U'VIHJ1Jf1111Jffl1Jl':ifl 

l 'U nn i'u~ 111111 'flt~ lilJ ~~Hn'U l'l1flfl1l:u&.u':u.u' wuv~ u1':i Vi '!:I ~11nt~ i 11 ~::villlf ~ iit~ n~ dl~ 
~ . 

11i'ui1u"::dvvu"1tlff1':iVi'I:IJ'U ~1m1t~1\lvl'l"ltJ;}''U~H1'U1l1ijfll':ifffllJlfll':iVmmmvff1':iVilJ 1~v 
1 'lf',iit~n~ d 1 ~v~~uvn ,iit~ n1 d~1n~t~ ~ut~&tivt~ ff1':iVilJ &flt~n"lt~lt~ ., &i4v llfi~ ~ iit~ n1 d~ 

, 
ui' 'Ui1'Vl 'U ~ u ffl':ililJ tm:: ff11J1':i flVV I'Jffmtlff1':iVi'I:IU'U 1 ~v V1.:Jii1l':i:: ff'Vln .fll'W (Wang et al., 2007; 

LI et al., 2008; Lima et al.,2009; Malghani et al., 2009; Xie et al., 2009) t'li'U~1'U1\ltJ'\JV.:J 

Malghani et al. (2009) ~~~twm4v~1fl~'U~ii1l':i::-wim':il'lf'un 1-w':i~1t~'rlvu&i:l'Un"1fl11 6-7 tl 

ti4v l'lf'l 'U fll':i'Vl~"V~VVI'Jff"11'Jff1':i~ 11'J~ii'U 'VI~ d ~~ ~1fH·H1fll':i fffllJ1 fll':i 1 ~ 1 tul~'lJ 1 191'\1 u~ ~ iit~ 'VI~ d . .. . 
~N1'Ufll':ifl~UI'Jfll~I'J~ itJVll'l1':il~I'J~l4v ~Hff1lffl':i 1 'W':i~1 'U'YJ Uff ~~H"fll':ifffl'1:11fll':il ~1rut~'lJ 1191 .. 

l.r oQ ""1'~"1 d'! .l,1 14 d?J I 
'W'lJ11l'Jftlff11ll':ifll~H'lJll9l'lJ \91 I~VtJH':i1~l':i11 'U':i::tJ::l1"1 30 'Jf1 lN ~I'J1l':i::I'J::'YUIJ'U'Jf1.:Jfll':i 

ui'ui1l~tl~ 10 'li'111l.:J H"i.:Jfl~11Uff~~ l M'lilt~11t4viifi111J'W~Vmhl'li''Ufll':i Vtltlff"11'Jff1':i 

1-w':i~1t~'rlvu 

2.3.5 'lfiJ~u "::fl111Hllt'W1::'\Ju~w'U i CJfll m ::u 1'U nn duvu" 1vunVi'l:l 'Vl1'1 i1m-w 

0 ?1 Jl "' , .. .;. 'I J/ "> "><0!1 1 11) o' I 'I I J/ 4 

~1liJ'U\9ltl.:JVlffU!V'U 9f1Jl'WV !l'lfll':ilM'lf1':i::'lJ1'U fll':i l1J\9ll'lJU"CJf1J ~ Ultl'U !9f1Jff1'U !l'IUI\91V~1Jfll':i .. 
d oG)JI.Q " 91 "'t1 ..c. df3' V ~ 4 .Q &:J.rlo 1 

ll'llHJ1lJ 1 ll'l lfl~ fll':iff':i 1'1 f11':i ff':i 1'1 lUlJ I 9f1J'\JV'I ~" lJ '1'1 ':i I'J~::\)flff':i 1'1'\JlJllJV ~"'U '1'1 1 t1'1'11f11':i tiUI'J 

U"11'Jff1':iVi'l:l~uudivt~ mTvh~1'U'\J V'lltl'U 1 9fll1u m':i duvum tJ"11'Jffl':iVi'l:l iifl111lff11l1':ifl1 'U m1 

d ~u ~m tllfll':ilU~I'J'Ul1I'\JV'Iff1':i 1 ~tl'il::iifl111l~lt'Vn::~Uff11Yl'l:l'lfiJ~Ju "] t'li'U tulJ l CJfllthl'l'l'U 

1JV'U V VV ntif~ l'U ff(Butane monooxygenase) ltllJltllJ lCJfll ~ 1flll'Ufl'fil~ t1~1 'lf'iht 'l'l'Utfl'UU l1 ~'I 
.. .... 1 """" , i .. .;. d 0 , "" .1! 

fll':i'lJV'U U"::'W"'I~1'U ~till 'lJ fl'l'll':i I'J~:: ff':i 1'1W'U 9f1Jl1J V\) m l'I'U ti1'U 1~ 1tl'lJ11'1'l'U (Butane) CJf~ 

ltl'U lCJflli~ fl~Hff11J1':i flll.:J11ijm I'J1fll':i VUI'Jff" 11'Jff1':i'W1flVl'l'l'U(Ethane) um~ vofiu (Ethen) 

(Viiffl1''11'U, 2553) 
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~ ~ ~-· ~ ... " ... c~ cl • • • 2.4 fll'in'U~'W'U'niJ'UliJtl'UUl'i'W'll~1r.l11ifll'i'nH'V1.fll'W (bioremediation) .. 
J: .K d J: "> !I .....,. cl ~~ - .d1, I 

m ':i ~ u'tj 'Yi'U 'Vl1hmJ v '1-Hnn-n:J ~ 1 tl11i fll':i 1'11.:.1 'lf1fll'Yi 1 u u 11i m ':i 'YI 'lfm ~ 'U 11..1 m':i tiV t1 

tY~lti'YIH1i':i ':i1l'lfl~'Ue.:.~ ~-3ij;191 hfun ~i11..1vi~ rf fl'lf '1·11v1tY~;1m'Yi 1 1..1 mnhu~ tY1':ivt~~ 
1lutiieu1u~.:.JU1~~mJ t1'Jun~t1'JuDmn'U~.:.JU1~~611 1~.:.~'U1l':i~111tu1umHhtU'Ufll':i-w'etl vh 

hftr!'U ~t1V1Ji''U 1umw ~~~1l':i~tlfl~Pi'1 .r1 uifu~~~ -3 (eiltY11-3 1 u, 2553) m':i~u'rlifu~ tlt.urJe'U . ~ 

oCIIo" ~ .::I ' ,"d Ql.: ffl':i'Yi~~1tl11ifll':i'YI1.:.J'lf1fll'YiU'U-366tl ~L1J'U 21i':i~IJl'YI ~-3'1..1 

2.4.1 fll':i111'11'~ff1':ivt~~1t11'D'VIH;1fll't'IU'U'Uflltll'U'U~nw (In-situ) 

t11':i111U~t'l'1':i~'l:IU'U'Uflltll'U'U~!1tuL1'J'Ut11':i111U~ff1':i~'l:li'U~-3U1~r;;e1J'U~nw 

tTu"'}i~t~hiijm':iLfl~vurf1tlt'l'1':il'i1nm.:.~ 1~un ~'U J, ~1l'Uttieu ill~~u 
ocv AV~ .ct. oC\ 

2.4.2 fll':i'U1'U~t'l'1':il'l~~1tl11i'VIH'lf1fll'VHL'U'Ufllti'Ufitl'U':it1W (Ex-situ) 
. . ~ 

fll':i 111u~ ffl':i~~ u 'U'Ufllti'U v n'U~, 1w1 1'1 u tll':i 111u ~ ffl':i ~~ Vili'U ,n vu 1 1..1 

~ .:.~u 1~ r;; v11 1 ~tl 1 u m::'U1'U fll':i d; 10~ N ~ti'Uttiv'U '\l::~fl'U'U rf1t1VVfl 'illfl'U~ 11w ~ijm ':i tl1..1 ,;i V'U 

1tlv-3'U~nw~'\9l'lv1111'rinti''Um':i'l11u~ 1~m~'Yi1:: 

'U Vtl~ 1tld fll':i~ uvJ'i-fu ~ U'ULn V'U ffl':ift'l:l~1t11nfll':i'YI1-3;hml'l ff1111':i fl ".U.:.~ fi fifl ,~ 
~ . ~ 

\9111J'tin~w~'Ue-3mfliu i~fjVii-M'i.:.~u 

(1) fll':i1~1JLCJf~'t)' (Bioaugmentation) trl'WL'VIfli'W i~fjfll':i~'U~~ijfll':i1~1J~il'U'YilrJ~~ ill 
i 'U \9i 1fl m.:.J ~ ij tll':ilitJLti V'W ffl':i lflij loM'W ~ 'U J 1 l1'1 fi~ 'W \91:: tl V'U 'il i1 'W 'Yil rJ~L~ 1J ~ .:.1 l tl fi 1 'il I 1'J1..1 • 
~iiu n'l tlt'1'1tlvf'U f~ij 1 'U 'i-fu~ ti'U ,tj uutT 'U (indigenous) 'H '1 ml'Ju ~ i1 'W 'Yil tlt'l'l tlvf'U i~fl'~!Wtl i ~ 'il1fl 

~th.ufim.J ~lJ (exogenous) i ~V!~lJ ~ii'W'ti~ rJt'l.:.l l tJr~e!'YilJ1.h ~ ff'Yin .fll'W'IJV.:.Jm ~ 1J 1lJ fl11 VmJffmtJ 

ff1':ivt~1l'Uttivu 1 ui-fu~tT1..1~-3ij rl'tl~w::i-3flTW~ 2.2 l'i1ed1.:.Jfl1':i 1 -M''l'~'U'UI~111CJf~'t)',~v~etlt'l'mtl 
tYn-n~ i~t1 ~.:Jum 'YIV.:.JV':itu (2548) i~ijm':i'Vl~~v.:.~i<M''l'~'U'Ufll':il~mCJf~'t)',~vtivtltY~1tlt'l'1':i • • . ~ . 

4-fl~e hv~u~u fillutilvu 1 u~u hwm':i'Vl~t'I'V'U'il~'Vl~t'I'V'U 1u~utYe.:.~'lfu~fiv~'U~1'W u~::~u 

~1'U1i'U'Vl':i1tl ~l!-lff1lff1':i 4-fl~v hvdl~u 500 ff1'Ui'Wr;;1u~hu l!-l~fll':i'Vl~~v.:.~l'I'Ui1m':ii~1JLCJf~'t)' 
ff1111':it1VVtlt'l'mtlt'l'1':il~ti.:.~~vtl~~ 961u'l'::tl::nm 28 1'Uff1Mi''U~'U~1U u~::tiet~tY~1tlt'1'1':il~ 

~Btl~~ 951U':i::tl::l1~1 2 l~fl'Uffl'Hi''U~U'h'WU'I.J'Yl':iltl ~.:Jfll':idVtlff~1ti'Ufl.:.Jffl':i\9111J1i':i':i1J'lf1~ 

t'1'11Jl':i t1dmr l~l'vtti.:J ~Vtl~~ 67 rvhJu 'il1t1 N~~.:.~ t1 ri11u t'l'~ .:.~ i Ml ~ u i1m ':i l~lJLCJf~ 't)' 'li1m vl1J 

tl':id1'Vl nm'Yi 1 u fll':i tivt~t'l'm tlt'l'l':iri~ 
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"" :II 1 1 ,.d o "" 'I .l d1 "" (2) tn'.i':i::1JlV'Yil'l'll''J.fll'W (Bioventing) liJt.!l'Yifl \.I ~W'Yl1111'U'Ufll':i ~ 'U'Vl'U'YI ~Wfll':i lfl'lJ 

mmff '11~mn':imlnin'l 1 '111 '1..1 ':i:::'U'U 111Vtn':i L~:ummff~:::L1:i'W tn':i 1~:u luvf!':il~.Ullvlvm:::~'l..ltn':i 

l~lqJl9i'U 1IPIU'tl:::m:::'U'J'Utn':idt:~v-tl'tl1V'tlt:l'I~~'W'Yi7tfl'Uif'W~ (indigenous microorganisms) U'tl::: 

2"1 Ql "" -~ J: d 9J 0 Ql I Ji Q 

IJt:l'l fl'U m n::: !'11 v (volatilization) '\I V'l'tl'l':i 'WlJ IJ'Ul 'lJ V'W 'VI fl V'l fll':i m ~11 v VflU'U n V1 fllffCJH 'lJ 

Q.l Q.1 .d 0# I I 'I oiC\QI lf)j/4::1 ... 1 cf~~9} 
'tlfl1Jtu:::1l'l.fll'W'YI 2.3 f!'Jt:!Vl'll'll''W ~'U'Il'U'J~V'\IV'I Frutos et al. (2010) &111Jfll':iiJ':i:::~flfl ~'ll'':i:::'U'U 

':i:::mvmtnff'Yil'IGM'J.flTVUvlvdvvn-nlV'tl'l':ifJU'W'W 1'YI~'W (Phenanthrene) ~'l1'WltJt:~'Wi'W~'W 111Vfffl1:l1 

tn':il'ft:u~\.1 'tit:~ ..:Jill mtu mf'll vuun:::m':i 1'11~vuu '!Jn..:~ 'tit:~ 'I un TIEJ ~lfl Hn mn1 m'lt:~'I"W'll'hrtviim ':i 
L~:ummffvdl'l~vrdv-nil 1 'lfmmru mf'llvu 1 'W~'Wn11n..:~ vh 1 'lf~'Wnn-m'Vlm:ul::n-:u'ffl'11 i''Utn':i 

l'illtlH9i'U 11Pl'tlt:~'l'il~'W'Yi7ti'ri..:~Hn 1 'iffl'll:Uffl:Ul'Hl i unndvvn-n1Vff17Vluuu 1 'Yl~'Wff -:~tl-:~~m.m::: 93 " . .. 

Nutrient Tank 

I 

"" 0 "" ill'W'fl2.3 fll':i'Yil~l'W'\It:l~'J:::'U'U'J:::'UlV'Yil~'ll'1.fll'W (US EPA, 1994) 

Legend: 

0 Vapor Phase 

IJ Adsorbed Phase 

~ Dissolved Phase 

Optional Depending 

In The Site 

Condition 
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"' "' ~I .... , I 'l ,.. 
(3) fl1'Hl~Vlfl1fYV11'1'1f1fiTVf (Biosparging) lJJ'Ufl1'H~1JV1fl1fYl'U1\T')::'lJ'Uflll.l L~~fll1: 

~ljuHitJLvituvhnn1J1WflflflCVl'l'IJl'U~'IJJ1hi'~'IJ (saturated zone) ~'l'il:::tl\1~-mhfv~nm')dfll.l 
"' d. J d "'"' "' .d -1 ..... ,.. "' "' ~Hn t.J'VI H 'If 1 fl1 'Vf1 V11J 'U 'lJClf.31J i;'l fl 'll W ~ ~ \1 fl1 VI 'VI 2.4 fl1 'lJJ ') :: ~ fl ~ L 'lf'l ~ 'U 'U flU fl ~Hll fl1 fY'VI H '1f1 fl1 VI 

i1mhH1'lJ1~vh.1v~~'Ufl'l Kao et al. (2008) i~iifl1'lflfl'll1fll'lVflmYi;'l1l.l~1'l is 1~Hl1l'Ufi'I.Hl1fl 
~,. Q 'l ~ 'l ,.... I ""' 1 Q ""' ""' , Q d Q "' I 

m:'U1'Ufl1)1J L\Vl'lli;'ll.I1J L'U'U1 L~~'Ul'lf'U l'IJ'U9t'U Vlt}fi'U lfl'VIi;'ll'IJ'lJil)f'lJ Ul!~ 9$i;'I'U9$\Il')flm11Jfl'U11 

i 1 
.. Q d .. ~ I .... .,.,. I 

~U 8' ~Hl1'l'l..l fi'U'Ul'VIfl9t (BTEX) 'illfl Hi;'lfl1Hffl'li1VI'I..I11~ i;'I'U 'VI 'll.I~1111HH.IflrJffi;'11f.l~U 

i 'i .. d d .. i ,, 1 .<!1 "' I 1 , d I "' 

8' L~'lfl1'l'Ufi'U'I..Il'VIfl9t ~1fll.li;'l: 70 'lJ1:rJ:11i;'l1 10 l~fi'U 'il1flHi;'l~\lfli;'I11Uff~'l 'YI1'11'U111:'1..1'1..1fl~ 

mmtYihh::ff'VInmVI 'l u m1~u~J, 'l~~u~tJuttlvu 

' 

Atmospheric 

Discharge 

Legend: 

0 Vapor Phase 

II Adsorbed Phase 

~ Dissolved Phase 

..liL Water Table 

.::1 0 Q.l d. 

.fllVI'n 2.4 fl11l11'11'W'Ufl\11~'1..1'1..1fl11fl~fl1fllfY'VI1'1'1f1fllVI (US EPA, 1994) 

~ I ~I 1 'i "' ... ,, 0 "' -1 ~ .d d 
( 4) fl119t1J H1'W (Percolation) !JJ 'W l'VI fl 'W 1 i;'l r.J'VI 'lf'l..l 1'U fl ffU JJ'WlJJ fi'Wi'H 1.1 'W 'U fl\11'11i;'l 1 

1flr.Jfl11L~1Jff11Vl'YI11 u":v1mfY'l unl'llv~t '11"1"~ ri'l..l~ nw ~tJutrJvu~1'l~'ll ff11 m'Yintm: ... ... 

mmfl'~t~1J"~ i U'il:oM1rJn'l:~u m11 'il~tyt~'l..l 1~'1lfl~~iiu'VI1 ri'l'i'1 'l -H'v~V~11fl11 rimm" 1rJff11~'ll 
d. J 

1V11J'U'W 

' " mn~V~:nm.J 'il1nm:'U1'W nn Hii1Vl'VI1'1~1Vlff1'Yim 11J'I11V'il1m:'I..I'UU1,j~~1~ '1 i1nm~VitJ ut il vu 'il: 

\}mh1J1 'l ri'l u rl'~tJ~mw ~~m'illjm1 t~1JmlflCVt'l'W ~11m11n~1~ 1 ~ iiu'VI1 r],..,1vm'illjnntJi' '1..1 

1 1 "" ~~ ~~ 1 , , ,j , , 1 , ., 

ffm1:1Vl1~ 1 t'lfW ~W'I1.fJll fl111JtJJ'Wm~!JJ'Wm~ '11!'111J1~~1J!VIfl '11m:'I..I1'Wfl11r.Jmmmu 'WtH 

... (~ fl'e::t.~ I .:::1 ... ( ~e::t. Q.l I 1" GI.,.(C\ c/d, I OQI~ 
JJ{)mW!fl~ 'U'W vm~1JJJ'l :~'Yl'li mVI IV11fltl1~ m1 'lf~l'W 1:'1..1'1..1 tl~ 11 {) m w '111fi1VIt 'lfW 1 :'1..1 '1..1 'Ul'U~'W 1 

.d. ~ d Ql " 1 a' ,. 
l~tiU'U'UUflfl'Yl111\Vl~ffi;'l~'ilU'U'I..Ifl1'WHff1JfltiNff1J\j1W (Completely mixed activated sludge) tfltl 

ltfl'll W:'U~N'J:::'U'Umlflnnt~fl~ltfl ~U 'U1Jd 'il:ljtl'it&l1Jf11fl111'~~11J1'J tlfl1'U 'l M J 1U J;~: fflt ~ ~~ fl v'l 'W ... 
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fl'-3F-HY:IJL~hJLd'm~r.~1fi'W~~tJ~..t-n.f.:Jf!-3 JlL~mJ:::m:::\llrJhJ..t1u.:J un:::ffmvun~~mJ~H 1 1t.~f!.:J 
l~lJ61fllffljfilff~11ff1J6'\Iil 1 lf ~ii'W 'VIl f1'11U ~~1-3 '1 ~ij6~ijtlfl1lW:::L~rJ1fi'W91~6~-i.:Jfl'.:J'\Iil 1 lf 

'JJ " 
ff11JTHnhu~'ll11~rJ1~vrll.:Jij1.h:::i1n1imn (';;huml'Wi~fll'ifJWfll'ViUl m1Jfl11JfJlJlJ~~1l, 2554) 

~-3Uff~.:J1'Wtn'Vi~ 2.5 

.. 
0 "" UlltUJ 

mn~ 2.5 m'i'ril.:Jlt.t'II6.:J'i:::1.11Jfl.:Jt1Bmw;1.nw• (ff1Ufl-31'W1i'~m'ifJW.fll'ViJ1 mllfl11JfJlllll1~1l, 
2554) 

"" o .., 'JJ """' "' .,9 _I 'JJ 
!'Yifl'Wflfl1'.iU1U~~1eJ11iflHI~':If1.fl1TI (Biofilter) (Lennox and Ashe, 2009) 9J'~'.i~UU1J'.i~fHJU~1eJ 

.., ,d.,. :'1 .., .I "" "' .. .,9 '1 'J} :'1 I "" "' .. , 'J} I "" 

911flm.:J'VI1Jll'l1 'W fll\111J'U 1ff~1J'i:::1.fl'VIfl'U'VI'i tJC)f.:Jfll \1\1::: ! ':lf11J'UU l1l1~ fll'Hl'i 'llfl'l ~ l1 'U 'VI 'i U ~ Ufl ~'U 

4 "' 3) ~ .ct .q a " ='I y i .e. ~ Q.l 

tt1flflfl UJ fllfl\9l:::flfl'U'U11fft.l 'lltJ:::fl'U'VI'iU (Osman et al., 2008) 11J'W\9l'U ~Ufll'i\9l~\9l~'i:::1J1JH'W'l 

~htnl'l\l:::~~i'l'i :::1.11.1 '111Hflfl''VIl.:Jfll'i1fl~fl'W ~'llfl-3ffl'i~1l 1rl flffl'i~1!1.J'W 1~ fl'W ~~ fl.:Jfll'iU111'~ 

.d Q,l' .q dal 
(C/N Ratio) 'VIll1l.Jl:::ff1Jfl1J~l1'W'VIHI (Hunter and shaner, 2009; Hunter and shaner, 2010) 'II'WWI 

'116'lll'l1 'W ~nnn:::ffm ~ 61 lfijfl111lit.t u mJ rilfl111JL ~'Wm~ ~H (pH) fl111ll1 u 1'\Jfl'l 19i'1flm'l 

Q ~I ... Of cv o 01 , cv ~ ,K t v ~ .c::t t flW l11Jll l1J'U1J \1 \IUfflfl tylllfl 'W 'i:::1J1Jfl111 fllll~W l11Jlllli'l:::fl111J'b''U'IIfl~'I1'U \911flm~C)f'l1J'I1'W 1.1 1~ '1 
"' "" "" , 'J} :'1 d - 1.d , 'J} I "" "' .. ,j , 'J} (Biofilm) 1 fll1fl1J 1.1 u H1911fll11'l '11!1J'W'VIU n m 1Jl1tJ'W mmfl' un:::m l11l l1 un \1 n u 'VI'i mw 6 l1 • 

liubu
Rectangle
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Q do' Q .Q,. I A'1" 
~~'U'Yiltl'ff11Jl"HU\'I'it\!l~'U t~ u~::tlfltl'ff~1tl'ff1l'Vfl:l ~ (Seo et al., 2009; Hunter., 2009; Saponaro 

.d ... "'.. -· ""', et al., 2009; Yeh et al., 2010) fll'VI'YI 2.6 um: 2.7 Uff~~~fl'llW::\Ifl~fi'U~'If1fl1'VIU~::mlul::~n~ l'lf 

' .cl 0 Q.l .::1 

.fll'Vft1 2.6 fl1l'YI1-:J1\J'tlfi.:Jl::'U'Ufi'U~'lf1.fl1'VI (Lenoex, 2009) 

Leaching/injection 

Oxygen delivery 

for nitrification of 

Reductant delivery 

for denitrification 

I JJ I JJ 

m-wn 2. 7 i1fld1~ml1<M'l~'U'UfiU.:J;1m'VI~1l'fi'mhu~tl1 1fi'~unti'WLUfi'I.J '1 'W 1\9lll1l'W 

(Patterson B., 2011) 



,. .... 

' "" 1J'YI'YI 3 

3.1 fl"Hl'I.Jfll'j1'iUJ 

.cS ~ A .ct c:J' o ~ ~ .d c:J'.d \1] SJ I Q.l j} 

fl11!\911E.IlH'lHHll:'l'U'YI1EJ 'U1!'1Hl111:'l'U'YI'W'YI t\9lri1'Uf111rW'l!Wf1 (f11tu'il'U1 'Vl1'U!!fld, 2552) 
• • u 

" " " d d :JJlvl1fl11'UE.IlE.I!'Vl1~!~EJ\lt'Wtll'l11'H~E.I\l!~utel:JJ!tlff!tl:JJ'lfW\9l!lHl1 (Minimal Salt Medium , MSM) 

~~1:'1'11 1'Vl1Yl1u'WmY !'Vl1~!~EJ\lt'WI'i'u:JJt'Uch~tJW'l1fliJ 30 tl\lfl'1!9ll:'l!CJfEJl:'l' ~fl11:JJt'11 100 1eJ1J~eJ 
" . " 

" " ~ 
n1 1 iln£1 11:'l':JJ 'lf~ 'Uel -11 ~tl11 ~ u 'YI1 fi'1 \91 vv11n1 1 !!Elf)! ~e~'tJ 1'ff'YI n !! 1:'1 ~ iln£1 1rl' f)£1 w ~ 'U e~\1 . . . " 

'il~'W 'YI1 vtYi tJU \l'tJ e~ n rl' nEJ w~! 1j e~\11'1' u \911:'1 tl~ 11 'W fl 11 :JJ 1:'1'1 :JJ 11 t~1 'W n 11 vv Vl:'l'l:'l1 Vl:'l'1 1 1'W 1Yl1 'W vJe~ 1:'1' • 
~ ~ ' v 

1~Vfl11fl~!Wfl!~el~~'W'YI1V1J1ey'YinH't'YifltJflf111 !~E.I!~tl'tJ'W 111'\.J (Streak plate technique) 1~v1 ~ 
~~d d cv .c=Jrl 

tll'l111!1:'lE.I\l!'lfU!tl:JJ!ell:'l'!el:JJ (Minimal Salt Medium; MSM) rll:'l':JJJ:'l'111:'l'f1~111f1EJJ:'l'\9l (Yeast Extract) 
" . ~ 

r~\liu (Agar) !!1:'1~ 'ff11t'Vl1Yl1uvlt!'ff 20 iJl:'l~ni':JJ~tl~\911 11'Wl~!~tJYi1J1ey'Yin nri11fitJ rl'nEJw~ 
" " " 1 fltl:'lu 1 u 'il1'U!~ v\lt~e~miJvunmf-1'11:JJ\9l 

\11u1rilmf\l'l1:JJ\9luu\le~e:Jm~u 3 Ju\Ple~u i-1~ 
3.1.1 m1fff1£J1'ff11~t~uu 'l1ri-1rn!'l.Je:J'W~'¥11 i:H'tn\9lm1 rlmmmv~~LY\9l . 

m1ilnEJ11uJu~ 11~ ~m1t~:JJJ:'l'11~!~'Utmri\lm!1Je:J'Ut.u'1 1 u !~e:J 111' 11~u'Yl1v1 ~ . 
acid, 

C4H404N~·6Hp) 1CJl'!~EJ:JJtj~CM!\911'YI (sodium acetate, C2Hp2Na) f)~ tfll:'l' (glucose, C6H1p 6) 1~1J 

~e:J'lj\9l1'Wf111'YI\9ll:'lel\lfl\l\91111\l~ 3.1 fl11JfJ:JJm:JJlwm{1Jtl'U~ 0.5 lJl:'l~fli':JJ~e:J~\911 (Xie et al., 

2008) t\9lE.Ifl11:JJ!.u':JJ.u''U'Uel\ll:'l'11fl1r0\9l!!:JJJ:'l\l~ 20 lJJ:'l~fli':JJ~e:J~\911 !~tlfl\9l!~e:Jf)J:'l'l'j ~!~'U!!'l1~\l 

m!'tJe:Ju~'¥11 '111'tn\9l m1 ve:Jvl:'l'mvl:'l'11n111'\9ltt:JJJ:'l\l <1 'Vl 1Yl1 uvJ e:Jl:'l') ~~~ l:'l'\9l • 



18 

..t 
'l$VInl'i'YivH16,.'J 'lfeJ'lfV!nl'i'YIVI~eJ,:j . . 

MSM + Cell + Profenofos CPF 

MSM +Glucose+ Cell+ Profenofos GCPF 

MSM + Succinic Acid + Cell + Profenofos SuCPF 

MSM + Sodium Acetate + Cell + Profenofos SoCPF 

0 0 

t ~It "'' "'.<!! <!! "' "' "' ' "' 'JJ 'JJ ""'I 'JJ 'tltl.:J'ffl'J ~'V'l':iYi ~'UYitl'ff'Vlf1fl'l:ll 'fltl40, 80 U'l~ 120 lJ'l'lfl':ilJIPltl'll'l'J U'l~'fl11lJ!'tllJ'ti'W'tltl.:J'ff1':i 'V1 ~'lf 

t~wmri.:~m!1Jt~'W~tJ 4, 40 u~~ 400 ii'l~fl~ll~tJ~IPl'J 'Yi'lfll':itmvm~v1Jn1J'lf1l'fi11J'flll ~1:J1~ii • • 
~ I ~ d. CV d .dt 9J 9J .d 

fll'J!IPllJ'ffl'JU'I1'1-:J'fll':i'l.Jtl'U 'J~1J'lftl'lf1lfll':i'V11l'i'ltl-:!11.:!1Pll'JN'Vl 3.2 U'l~ 3.3 !'V'ltl'l11'fl11lJ!'tllJ'ti'U'Vl • • 

..t 
'lJVlnl'i'YIVI~eJ,:j 'lfeJ'lfV!fll'i'YIVI~M . 

MSM + Cell + Profenofos CPF 

MSM +Con. Carbon 4 + Cell+ Profenofos XCPF4 

MSM +Con. Carbon 40 +Cell+ Profenofos XCPF40 

MSM +Con. Carbon 400 +Cell+ Profenofos XCPF 400 

..t 
'lfVI fll'i'YIVI~eJ,:j 'lfeJ'lfV!fll'i'YIVI~eJ-.1 . . 

MSM + Cell + Profenofos CPF 

MSM + Carbon X + Cell + Profenofos 40 carbonCPF 40 

MSM + Carbon X + Cell + Profenofos 80 carbonCPF 80 

MSM + Carbon X + Cell + Profenofos 120 carbonCPF 120 
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1flvm~1J1'Uf1111lTU~mvlutJ1ntu (In-situ) 

'1 'U~'U d \l~trl'U m1 ~1ClV~1 ~1J1JJ1 't~~'U t~ vn11i ~ffn 1 'Y'l1~1 'U~tlff~'ll'Uttiv'U l~v 
~1(1tJ~~fl'IPl'i1fl11 i l1Cl'Uv~J1 '1~~'WIP1Nn'W 1~ v't ~rt11m'li':w'li't.~'Ut~~ fful 'Y'l1~1 'U~t~ff uCl~tmri~ 

mi Uti'U 111n m1 ~fl'l:ll '1 'U ~'U \PI ti'U ~ Hl'U m 'illfl ~'U \PI ti'U m1 'Vl N l'U J~ l1lJ~ ffllJ n mt ff~ ~u 'U 1 . 
0 ..:::::. ~QI Ql .::t 

'YlNm1mt'U'U~l'U11ltJ~~m'Y'l'Vl 3.1 



20 

Q,l .a t " 

fl \PI H'HJ n~l'm 'I-HI 'I m m t1 u 

~'Yl'11MLn~P~m:idt~v~CilV~n~~~~IPI 

Yi~ ·vh)'IPI Selected compound (SC) 

'111f\1l:IJI'li'lJ.u'u~rl1m~~lJ'Utl'l~n hd'Yl1ul'lt~~ 

UCI~ ~lm'VIft'lfllf'llt~'U tYl'VIi'udt~v~mv~l:i l'l'l:i~1ul'lt~~~~~~\PI 

rl Profenofos 20 mg/L I rl Profenofos 40 mg!L I rl Profenofos 80 mg/L j ~ Profenofos 120 mg!L I 

r--+1 'ffl':i SC con. I I 

r--+1 'ffl':i SC con.2 I 

41 'ffl':i SC con.3 I 

r--+1 'ffl':i SC con. I I 

r--+1 'ffl':i SC con.2 I 

41 'ffl':i SC con.3 I 

r--+1 'ffn SC con. I I 

r--+1 'ffl':i SC con.2 I 

41 'ffn SC con.3 I 

1~P~vmnhu~P~mv1uu1nru (In-situ) 
Q.QJ & I ~ I QJ 

'Yltl\91110Wb':IJ~l'U 25, 50 UCI~ 100 l'b''U\?ll:IJ\?l:i\?ltl1'U 

r--+1 'ffl':i SC con,l I 

~~ 'ffl':i SC con.2 I 

41 'ffl':i SC con.3 I 



~-
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in~ 11 iJ tJ m'J i ,r unci 11~-:J ff1'.i tfl n 11'llmci' tfl i 11~li mt"~ ~ w•111tJ ~ 11 iJ tJ m'.i ii u ~.:Jij • 
" '.i1eJ"~t~eJf!m'.i'V'hiiu 11-:J~tJ 1 'lli1 

.I o' "" 3.2.1 1J1Jf1'.itl!U"~ff1';i!fllJ • 
3.2.1.1 tJlln'.it~fJ-!lt~tJ!fllJWfftihJ (Minimal Salt Medium, MSM) 

3.2.1.2 ff1'.i 1'W'.i~1t.~'Vltlff (!f1'.iflf11'.i~1) 
" !)) I ~ t 

3 .2.1.3 fi'UlJ!'W1~t'lftJU'U'Ut'IW1 

3.2.1.4 

3.2.1.5 

3.2.1.6 

"' 

.c!! ' d 
3.2.1.7 tm11~1ft.~m1u~ 

3.2.1.8 u'Vi~un1~'ll11'1n11" (Spreader) 

3.2.1.9 'IJ1fl~'ll'lflJ~ 

3.2.1.1 o 'll1~'ll~m.hmf!'.i 

3.2.1.11 th'llfl 

"" o' 3.2.1.14 'Uf1!f11J'j 

3.2.1.15 'l-mtlfl'Yl1HHJ'l 

... d 
3.2.1.17 'lffi~~CJf'U'IltNU'IJ~ (DSPE) . "' 
3.2.1.18 1'11mtJ~'Ilm~ 0.2 1llf1HJtJ 

d "" 3.2.1.19 !'IJlJQ~fJl 

" " 
3.2.2 m '.i 1 'W 1~ ~~ u~ 1 ~m1 ~ tJ vi1 v rl1r1 ~ 1J VtJ uffm u {l'U 1 'W 'J ~ 1 tJ 'Yl11"' u" ~ m'i ~m:t1 . 

" " "" "" "' 3.2.2.1 f11'Jtfl'.ifJlJ1Jll11'.i !M\lt'lftl 

d ;r ~ d d 
1) f11'.i!l'l'.ifJlJtl1l11'.i!~W\lt'lftJ !tllJW{l'ttJlJ (Minimal salt medium,MSM) 

\TI'l'.itl1l11'.i1h~ntJ'U~1fJ N~HP04 5.8 f1~lJ KH2P04 3.0 f1~lJ NaCl 0.5 f1~lJ U"~ MgS04 0.25 f1~lJ 
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mlllt~lJ~'U 10 iJ~il1mn~ '111i1JtJuClilt~eJ~'1V'YllYeJ~'lfl'11:Ui'WteJ ~fJW'YlfJlJ 121 eJ'lffWlf~tCim~ 
.,.,tlll~~d 

1~v~n~1 30 'UTYl 'Yl'l n mw'W 

3) t~mru 1 Vi 1YJ1 'U vle1 ~~ ~ l'U m 1m eJ'l ~ '1tl n 1 ~ 1111:1 n 1 e1 'l 'IJ'U 111 

~ ~ ... d o' ~ 

N'll'U (Agar) 1eJV~~ 1.5 H~~'ffl)~fl11'illfltl~l'l (Yeast extract) )eJtl"~ 0.05 

,& ~ I ..::. d r:/ 
3 .2.2.2 fll)fl'fl'l:Jl~lJUI'l'IJ'el'lfl'Jll ~~'U'Yl 1 V 

" " fll)fffl'l:ll~lJllii'IJeJ'lflcilJ'Oil'W'Yl1vu1~fl'el'IJ~'1v 3 'l.i''UI'lel'U i'l.U • • 
QJ ~ ~ dr:l~ e1 

1) fll)fl11tWflt'lHJ~~'U'Y11Vm"J"'Ylli 
J/ ~ I 'J/ 

fl11rl11HVfltGlfeJ 'ilil'U 'Y11 el'IJ 1 ~'Yl n'l 'lf't'Ylfl'iJ fl fll) l :ij VI Glftl'IJ'U 'ill'U (Streak • • 
1 'l ~ ,% ~ d d . . ... 

plate technique) ~W 'lWl'Y111tM.:Jt'lfeJWlJteJ~!tllJ (Mmimal salt medmm; MSM) N~lJ~l)~fll'l'illfl 

tj~~Vi' (Yeast Extract) N'li'U (Agar) It~~ ~11 1Vi1l!J1m~tl~ 20 iJ~ilfli'lJ~tlilm (11V"~ttJf.JI'I~fl11 

t~Vl~'el!t~l'l'l 'l 'Ufllfl N'U'Jfl fl) ~'lfl11rll'l!tVflt~lJ~'U 'illflfl11 ~~ Vfl~ll~il'W'Y11 el~ ~llJ11 fiVtl v~mv~11 
1 Vi1YJ1 'U vJ tl~~'IJ Vlrl'ill fl~'U 'l 'U 'll'U 1,J'v~~l'U lJl (fllUJ 'il'U 1 'Vil'Ulltl'J, 2553) 'illfltT'U~'lfll'ltWfl 

u 

'j/ SJ I I 

1fl1".Wrl'n'l:lru~~l'lfl'U ~'~ 'l 'Utll'Y111t~V'lt'ife'ill'U 'lmJ~'JrJ~fl11 t~V'Jfl'W m.h'l~'eltUtl'l 'il'Um~'Yl'l !~ 
" ~ " " 'j) 'j/ 

tGlfeJ'ilil'W'Y11vu1~'Yln nci11~e1 rl'n1:1ru~ 1fl h.W'lu~lm~v'lt'ifemtieJ'Un'Wi'l'YllJI'I (nuci1vt'ife1 • • 
I d t.£ ~ ~-=!i& CV ~ 3) 

1 ~ 'Y1 '11'1 m 'Yll 111 'IJ .:J n lJ 'Yl 'l ~'U 3 fl H) 'ill n u 'U 'il .:J fl'fl'l:ll ~ fl'l:l ru ~ t u tl'll'l 'U u ~ ~ fl 'JllJ ~1m 1 r~ 'IJ t:J '~ 

" & Q,l .et 31 
2) fll)fffl'l:ll~fl'l:IW~t'!Jt:l'll'l'W 

fll)fffl'l:llrl' fl'l:l tu~t 11' 'e).:j~ 'U 'Ut:l'll ~'e) 'il il 'U 'Y11 el'IJ 1 ~'1'1 t iJ) ~fl t:l 'IJ~ J tl . . 
" " 

fl11ff'ltf11'lrl'f11:1 tu~ 1 fl h.W 'IJ'U 'ill'Wt~tl'lt'ifeJ m1ftmnrl'n1:1 tu~'UeJWlf~rl'u~ ~ m1~1'1 ~um lJ 11'1v'l ~ 

fl~ t:l'l ~ ~'Yl 11 ffUU 'IJ'IJU ~ 'l (Optical microscope) 11'1v1'TI fll 1 '1'11'1 " .'el'll ~'U L Ul'llll'Ylrl' fl fll) ftfl'l:ll 

'Yll.:J9h1'YlVTYfJLD (11tln~l~VI'Ifl11ll'l1VlJU~11-:J'l'UfllflN'U'1fl 'IJ U"~ 'il) 

3) fl11ftfl'l:llmllJ~llJ11fl 'l'Wfl11 ~t:Jv~mv~11 1Vi1YJ1 m-le1~ 

fll)ftfl'l:llfl 'JllJ ~llJl) f) 'l 'U flU Vt:lf.J~~ 1 tl~l) 1 Vi -:iYJ 1 'UvleJ~ 11'1 v 
~ ~ .d r:l ~ ~ .c::.t QJ r:l ~ ~ d d'd I .d I 

t'lfB'il~'U'Y11rJ'IJ1~'Ylli lJ'119ltiU1~~'lflt'Vit:l1~'1J'il~'U'Y11 V'Vl~llJ11f1Vt:JV~mvm1 1 Vi1W1 'Uvl B~'l 'U fl~lJ 
q q q qq q 

'ilil'W'Yl1 el fl11'Yli'I~B'ltill~'U 11'1Vfl11 l~lJ'ilil'W'Y11 el~ ~l'W fll)fli'I!Wfl 1 M '1'1 ~'I 'l 'W t:ll'Y111l~lJWm~lJ . . 
I j./ 'J} I 

'lf'W l'll'Yl ~TYiii~l';i 1 Vi -:iYJ 1 'Uvl t:l~ 20 iJ~ilfl i' lJ~ t:Jill'l) 'illfltJ 'U !Vi 1~~~ V'l 'l 'U ~fll 'J:diii fll) fl 'J'IJ fllJ 
• 

eJtu'YlfllJ~30 eJ'lfl'lt9f~t9fv~ u~~t'IJVl~fllllJt~'J 100 1t:J'IJ~eJ'Ul'Yi t~'Wt'Jm 4 l'U mtmrl''lfll':i . .. 
d£oG.I 1 d' A'111~ r:l d ~C\ r:1 9) 

'Vll'l~tl'lt~1'il~'W 'U11'1'1flVl\lflll11'H(l V\ll'lffl 1 U'1tm1~11mm 11 'Vi)W 1 m-lfl~mm (lfl 11m 1~ l111'1v 'l 'lf 
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tfl~u~1tm1~MWl""1mm hlflnvJ (Gas chromatography; GC) tmuutViuunuw;mJt~ll~'U'\JU~ 

ffl'J t'Vl'JVl!uvlv"" w r;nni~ll~'W~'W ('J1tJ"~tvu~m'J1tfi'J1~Mu""~~t'Wfllf1H'Wlfl 'il) 

3 .2.3 m1~mJ 1""1':i~t1:l'Wtmri~m!ut~u ~vi'1l ,rtn~ m'J tluu""mu""11 ~~-ey~ 
'J1tJ"~tvu~Ju 191 vu m'JftmJ 1""1'J~t1:luu 'Yiri-:Jm!u vu ~vi'1l ,rtn~ m1 tlu um'l1tJ ~ 

~ ~ 

3.2.3.1 t~llt~u~~u·vi~·v51'1'J1ri"Ju~uu"~ 5 1~ull~m1911 "~l'Wm'Y!nt~u-:J 
~ Q d d I c/ I ~ <;' .cS Q.l ~ d !iJ 3J ,/ 

l'lf'e.JWllWffl'e.llll'Y!m 'Vl H""ll""1'J 11'11 "-:Jfll'J1Jtl'U 'Jlllfltl t 9H~ fJll9ffl9H 'W \91 'Vlfll1ll1'\Jll'\J'W'\J'e.l-:Jfll'J1J tl'U 

500 iJ"~flfll~U~I'l':i1'Vi1~1~V~1mi'tlllt'\JV1~VW'Y!.fllJ 30 U-:Jff119f"1~V"" fl11ll1~"J'JU1J 100 'JV1J~U 
"' . "' 

~ ~ . 
mVi t1:lunm 21'u ~1m!u t~ll""1') t'Vi)YJ1ul'lv"" 20 iJ"~flfll~U~\91) t'Vi1~t~v-:Jlu~tlllt'UV1Vi 

"' 
VW'Y!.fllJ 30 V-:Jff119f"1~V"" fl11ll1~l':i'e.l1J 100 ')tJ1J~tl'W1Vi t1:Junm 21'W 1~'UI9i'1tJV1-:JGJi'l1m~ 3, 6, . "' 
9, 12, 15, 21, 27, 36tm~ 48 

t~UtflllW""ti'lllm"l ~H""ll""1') t'Vi'JYJ1uvlv"" 20 iJ"~flfll~V~\91') 1~wH'm'J tmri-:Jm!uu'W~1ll 
fl'e.ll9ft~VllcMfl~t'WI'l ~m1lll'li'll'li''W'UV-:Jm!uvu 500 iJ"~flfmiu~l'l'J (t~ll""1'JU'Yiri-:Jm!uu'\.Ju"~ 

""1'J l'Vi'JYJ1ul'Jv""'Vi~Vlln'W) 1'Vi1~1~V-:J'tu~tillt'UV1~VW'Y!.fllJ 30 U-:Jfi'W:lf"l~V"" fll1ll1~1':itl1J 100 "' . "' 

. . 
0 ~ 9) d. I ,..ld I 

3.2.3.3 'Vllfll'J'Vl~Hltl~t'Y!lltl'U'\Jtl'Vl 3.1.3 .1 U"~ 3.1.3.2 Ul'ltur!V'W""l'JU'Y!"~ 

m!utJ'W~1ll t1:l'W t9ft~tJllV~~tl'l'J'Vl11"~ flnlfl"" ('Vl~"v-:J~1 2 ~1'Vlfl'lf~fll':i'Vl~"tJ~ ) "' . . 
0 Q.l I .dlq 9) o ..:::to t/ 0 f1' 9) 9) 

3.2.3.4 'Ull'lltJV1Hl t~ll 1'Vl1fll'J1tf'n 1~'11 '111~ 1'U 1'U19frl rl fll1ll1'\Jll'\J'U'\J V-:J ""11 

d :'1 I o' '1 ~I '1 "'I "! "' "" o' 1 'Vl1u'UU'Y!"-:Jfll'J1Jtl'U 11"~""1'J t'Vi'JTI t'UTI'e.l""fi-:Jl'Y!rltl ('JlV"~ltlV~fll'Jd1fi'J1~'Y!""l'JU""~-:J 'U 

.fl1 fl r-I'U 1 fl 'Q) 

3.2.4 fl1 'j ~ n 'I:J 111 'j ~ ff 'VITI .fl1 'Vll u n1 1 v v v""" 1 v 1 rl tl tl ~ .fl1 v 1 ~"" .fl11 ~ ~ n 
""1-:i t'Vl'JVl!ul'lvTI u"~u'Yiri-:Jm!uvu 'tuu~"~m1m'li'11'li'u 

.c:::). ~ oC!o d. t/Q.J I 9) d 
3.2.4.1 tl'lllt'lfv~"'W'Vl'lVVI'l':i1""1u'Jvv"~ 5 1~vmml'l'J "-:J1'Wm'YI1':itvmv"" • 

tfllltYi"l ~iift1'UHTill'\JV-:JTI1':i l'Vi'JYJtul'JtJ""f111llt'li'll,j''U~N "'] fltl 40, 80 11"~ 120 iJ"~flfll~tl 
~l'l':i u"~1i'TI1'Jtmri-:Jm!uvu~iifl111lt~ll'li''W'UV-:Jm!ut~u 4, 40 u"~ 400 iJ"~nfll~tl~l'l'J thill 
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t'Vil~t~v~l'WIPi''lhH'UVl~mln1.fliJ 30 v~ft'lt9f~teffvff mlllt'i·nv'IJ 100 'jfl'IJ~fl'Wl'Yi ttll.H1fll 2l'W ... . ... 
' ' 'j/ , 

~~'IJI'11fJV1~'1111l.J~Yi 3, 6, 9, 12, 15, 21, 27,36 Ufl~ 48 ( 'YlfH'lfJ~cMl 2 cMl't'Jfi~flf11'j'YJfl~fJ~) 

3.2.4.2 'l111'11vd1~~ 1\Pi'm'Vllm'jitml::;lhn'ill'W 1'\.JtCJffl rl' ~11l.lt.u'l.l.U'U'Ufl~ffn 

~ttl'Uul'lrl~m{'IJv'W uf!::ffl'j l~'i'j"Vlhrvlvff~~m~v 

3.2.5 mHI'lTI\Ol'j~'IJ'IJt~ulln:vn~Pi'H'l'Wnn~'W'I'hllliPi'~'W~U'Ut~fJ'U nl) 1 vnVli 'W . ... 

.Wvff 1 f! vm::'IJ1'U mnhuflmv l 'W'IJ1nw (In-situ) fi'1vU'IJ'IJ 'illflfJ~~u~mf 

l 'W J'U~ ~~ttl'U fil'jtJtJnu 'IJ'IJ 'illfltJ~m'j ll1 fi'UfJ~Jll~~'U l:lmi''IJnnrh 'ilflffn 

1Vi'j"Vl1'W'I'luffl'Wffm1::~ei\Ol'jlf11'j~mh'W'Ufl~Jl~l~n'W ~u 25, 50 tw:: 100 tCJI'W~!lJ\Ol'j~tJl''W 
(Siripattanakul et al., 2008) l'*~11l.lt.Ul.l.U'U'IHNffl) 1 'YnVli 'U'I'lfJffUfl:: tmrl~m{'IJfJ'U ~lfif11'jffn£Jl 

t/ I I I 

l mi'W\OlfJ'U Yi~l'Wm'lllmtmv'IJt'YivuVi eim1nn 111 f!~N '1 t'V7uffmnll'j::ir'Y11i m'Vi l 'U m 'jfll'ilflffl'j 

" " 
1 Vi'j"Vl1 'W 'l'l v ff 'j lVfl:: tfl ttf1u 'IJ'IJ 'illfltJ~ f1 tJ~l.lu fi'~ij 

.,. 
3.2.5.1 f11'ji\Ol'jtJl.J'Yl'jltJ 

f11'j1\011Vl.J'YJ'jltJ~::;l'*'Yl'jltl~ij'U'Ulfl 0.25 ~~ 0.45 lJfl~ll.J\Ol'j UllllfJ'IJCJll 

~ ~ ~ ~ lr] ~ d .Q ~ d " " 
t'lffJfi1Vl1l.lfJ'U~ !fJ'Ul'YlfJWl'lfll.l 121 tJ~ft'Wll"fllCJIVff t1l'Wnm 30 'Wl'Yi l'Wf11'jfJ'IJ~.ht'Mu'il::'VllCJ11 . ... 

3 flf~ ~fl~fln'Uttl'Unfll 3 l'U (Siripattanakul et al., 2008) 

0 ... " 3.2.5.2 U'IJ'IJ~lflfJ~~fJfllJ'U 

0 $1 'I ... " 
'Y11~1nun1 mv !'U~flfll.l'\.J'IJ'jH'YJ'jltJft~ 30 . ... 

j} j} I )I 

100 iJf!~~\Ol'j) Hffl.lt'Mv~~'W'Y11eH'uvf!::; 5iflvmm~Pn l'*lfl.l iCJI~'Ufltl~ftmi1mh~Yillwilfl'Wt.u'1ri . ... ... 
~ flfV d IV & I ~d. ~ 1 QJ' 

flfJfll.l'Ufl~m'Vi'Yl 3.2 tw:: 3.3 ~1'1JfJl.lfl\Ol'jlf11'jCJil.JY-Jl'U'UfJ~'Ul'Yl 25, 50 uf!~ 100 tCJI'U\OlllJ\Ol'j\Olfl1'U 

(U\Ol'jlf11'jll1fl 0.55, 1.1 Ufl:: 2.2 lJfj~~\Ol'j~fJ'Ul'Yi) 



25 

, ' , 
1 = t.i -:J hhhvhhu 11 tJ 'W hr:i Vl1 'W 'Yl mY 

"' 2 = ihJ 
"' o' 

3 = flm'llJ'W 

o' 
4 = 'Vl':i1!!VHYlJl9HH'I 

5 = 'IJ'J~~'iJ'lflJ~ 
3 

.d 0 Q.l cl 
ill'YfYI 3.2 ll1J1J'il1"tl-!lfltl"ll'W 



.. 
-
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.. 
3.2.5.3 f11~'Yl~I:HJ1Jf11~ l'I-H'l'\Jti\IUlU~~'(;Yl~ 1 'W~YJ1 uvJu'(;Y 

.. " .... 
m~'Yl~'(;Yt~1Jm~ ll1~'\Jti\IU1U~~'(;Yl~ 1 Vl~Yl1 uvlu'(;Y~,Yu~wui\lu 

.. 
1) m~'Yl~'(;Yt~1Jm~ 1 l1~'\Jti\1Ulm~ 'Vll 1~t.Jnnul'(;Yl~ ~~m mtfl~tClienJ 

mnJl~~ 0.01 1lJ~ lri1:'1\llurl'\l'illt1Jl.l~lJ'(;YlHt~mt.Jttfl~t91m.Jfl~tll~~ 0.01 1lJI:'1 t.u'ltiflurl'mrlli' 

..!. " " "' liJ "''I ... ~I 1 d 2) t'WlJfl1llJt'\JlJ'\JlJ'\Jti\IUfll:'1t9HJ:JJf11:'1el tHl tlJtl\lt1JlJ 0.05 lJI:'1 ttllJ 

~1t~d1\IJ1~ i l11:'1Hll.lflt~~mfi\lu~t~lJt~lJmlw.u'lJ.u'u 'iltJ'(;Ynl:'1~mt.J l u G\ll1lJ~ 
3) 1l1~1t~d1\IJ1~ tl11:'1Hlt.~flurl'mfi u1'~rhm~t11 ivJ~h tYlu111nm~ 

J 1l'*lt.~ fHi tfl~tll.l ~ Hll.l flt~rl'mf 

4) m~'Yl~'(;Yt~1Jm~ 1 '111:'1'\Jtl '11 Vl ~fl1t.~Ylt~'(;Y'il ~m ~'l'llt'lft.~ nt.~ u~ tu~t.Jl.l 

'illtl '(;Y11 1:'1 ~ m t.JUfll:'1t9H.JlJfll:'1 eJ 11 ~ tlJtJ '(;Yn 1 Vl 1 YJ 1 u vJ u '(;Y t~lJUl~ 1e1 d1\IJ 1~ 1 l11:'1 Hll.lfl u rl'mf 

itml~lflfilJlW '\JeJ\I'(;Y11 1 Vl1Yl1 uvlu'(;Y tYlumnm~m1 lflum1 tfl~eJl.I~HltJ flt~rl'mf 



' <=I 
UYI'YI 4 

f·Hl fll 'ii ~ tl H tl ~ e~.fhh 1 tl f.Hl 

Q,l <&::l e::~tl..::. .tt:! & Q.l ~ fj} .a. .<=ttl cv 
f11 ':i flfl!Wfl 'il ~ 'W 'Y1 ':i fl'U ':i'ff'YlliU~~ f11 ':i fl'fl'l:ll~ fl'l:l W~ t'U tl'IIVI 'W 'IJ tl 'l'il ~ 'W 'Y1 ':i fJ fll tl'l1 ~'I 

q q q 

f11HlfltWf1l~1fl1~u~ihfn'l:lW~tt~~'IJ'Wlf11PiNn'W 4 rl'fl'l:JW~ fl'lflWl~ 4.1 ~tJ1fi1~U'U'Wlf1imy 
Q Q ..; "' '1 ... '1 '1 "" 

nm'l t~fl tt~~t~fl:JJlfl (':i~'l,j'lftl fltl PF1, PF2, PF3 U~~PF4 ) tflfl~fl'l:IW~ tfl t~'W'Utl'l PF1, PF3 

..;. 0.0:::. d.fl'..::. .t't & Ql fj} 'j} f1' IQI 

tl.Jtl'W 1 'il~'W 'Yl':i fl'U ':i 'ff'Ylli'Yl'l 4 :JJlf!'fl'l:ll~ fl'l:JW~fl")flfl~ tl'l 'il~ 'Y1 ':i':i f!''W'V'I'U11~ fl'l:JW~ 
q q q 

tl.a .~ Ql d Q.l ~ e::~tl~ ~ & 

'UtlWb'~~ fltl tt'Yl'l'ff'W (short rod) fl'lfll'Y'I'Yl 4.2 Y-l~f11':iflf'ltWfl~~'W'Yl':ifl'U':i"J''Yl1i tt~~f11':if!'f1'l:l1 

Q,l ~ fj} .Q d.<l \1]9/Q.J .d 
~fl'l:JW~t'Utl'IIVI'W'Utl'l'il~'W 'Yl'W 'ff'nJ tflfl'IIV'Il':il'l'Yl 4.1 

q q 

..,. .,. .,~1 <~ cr .Q e::~ tt Q.l ''l ... "' 
~"'W'Yl'HJ 'W1'lfl' Pseudomonas tflfl~"'W'Yl'ifl PFl 'ilf'IV~ 'W'fflfl'Y'I'W~ Pseudomonas plecoglossicida 

PF 2 tt"~ PF3 'ilf1VrJi'W'fflfl'i'f'W11 Pseudomonas aeruginosa ri1'W PF4 V'lllJ'i:YllJl':itl':i~'U'lflJfltt"~ 
~ q q 

'fflfl'i'f'WTIL~ 'illmmm':i1tml~lfl6S rDNA 'Y'I'U'Jlt~'W'il~'W'V11v Pseudomonas flcllfln'U'll'Wi'ilfl'IJV'l 
q q 

.d llJ Y-=< ., "" -=< o' "" .d-=< J: ') -=< ') ') 
Malghani eta!. (2009) 'V1 tfllJf11':iflflW.Ifl~~'W'Vl'HJ'il1flfl'W'VllJf11':ith...ttile:l'W'i:l'l':i t'Yl':iVl rwvJenY tfltfN(l 

'Utl'l Malghani et al. (2009) fif'ltWfll~ ~~'W'Yf~·v'fflfl'i'f'W '(Pseudomonas aeruginosa tcM'Wt~fl1n'U 

PF2 u"g; PF3 Y-l"f11':iitfl'ng;lfl6S rDNA 'ff11Jt~fl'IIV'Il'JN~ 4.2 

fl) 'U) fl) '1) 

ill~~ 4.1 ~fl'l:JWg; tfl hu'UV'l'il~'W'V11vu1'ff'Ylf n) rl'n'l:Jtug; tflt"U'IJV.:J PFl 'U) rl'n'l:IW~ tfl1"ij 
q q 

'IJV'l PF2 fl) rl'fl'l:JWg; tflt"il'IJV'l PF3 .:J) ~fl'l:JW~ tfl1"il'IJV'l PF4 



(tl) 

,j 
'lHl 

PFl 

PF2 

PF3 

PF4 

,j 
'IHI 

PFl 

PF2 

PF3 

PF4 

('U) 

'U'WlVI 

• 'J'ifl 

Pseudomonas 

Pseudomonas 

Pseudomonas 

5-!!il]'j~1J • 

28 

(fl) (-!!) 

.... .! 
!.1'lfJ'Yfl-.!1i • 

Plecoglossicida 

Aeruginosa 

Aeruginosa 

ti-!!i1h~1J . 

'll'fN'il~h-Avi~vll~mJtu~~-!lm'Vl~ 4.3 (<d'tJll"~mt'tHl-!!hunml'W1n <Jf) ~tJ1'W'.i~tJ~m'.im'.i'Yl~"tJ-!I . ~ 

41'W 'il~'W'Yl1 v iim'.it'il'1tut~1J il?ltvill,jl'W 1wvill~'Wllltl ttl'W 1 11mll r~"m'.ii'ilv~ i~iim'.iffmnm'.i 
• v 
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... ""o' .t , ,j 'l ~ J''l, 
~'Cl'W'YI'H.llJlfl'\.1'\.J (fllty~'Wl 'Vn'UUfl1, 2553; Malghani et al., 2009) !'Uel~~lfl ~'Ufll'HlflEJl'U ~'b' 

tJWil'J tglJ tmHglJ~ ill iJ ff1'U 1h ~ fleJlJ'\.1 eJ.:J ffl 'j ~'W'YI1 Vf1111J eJuu91 Yl1J -.h ~ ~ 'U 'YI1 ti'1J1 ~'VI t vf.:~ ~ij fll'J 

..,. ... ') & <V I 'J Y Q I ... "* o'd <V IIJ """ 'J 'J Y 
!~HlH\Pl1J ~\PllJlfl 91~~lflH'Cl\Pl.:Jfl'Cll1Ufffl\l !'11!11'U1l'il'Cl'U'YIHI'Yifl\Pl!Wfl t\PllJfllllJffllJlHI t'\.Jfll'j t'b' 

u • 

ffl'J lYl'JVlt 'UTielfft~'W!L'H~~m1ml'U 'H~fl1~f.l1 (sole carbon source)i 'Ufll'J! 'll1tyt~1J l\Pl l\Plf.l~l 

tl\Pl'Jlfll'Jt~1tyt~1J l\Pl~l!Yll~'\Jfl~~~'U'YI1ri' PFl PF2 PF3 U'Cl~ PF4 rvhn1J 4.43, 6.19, 7.26 U'Cl::5.93 

9itJi'W 1P1lml'1i1J (f111t~1tyt~1J t\Plt~'UDQmf.lltl'Ufl1J11~.:!) ff11li~i~1P1111.:!~ 4.3 'Uelfl'illfl~~lflH'Cl 
, 

fll'jffflEJlV.:~u.:~;1~1l~~'W'YI1ri'9il.:~'lfi1 ~P~iJtJIPI'Jlfll'j t 'll1tyt~1J tiPIUIPlfl9il.:~nu ~ 1f.l 1 1P1 f.l PF3 iJviPI"J 1 m1 

t~1tut~1J l\Pl'ff·HY\Pl 
u " • 

20 

e 16 
"' ·a 
0$ 
to.O 

Q ... 
0 e 12 0 ... ;:; <.> 

Q 
~ + PF1 • 

6 0 PF2 

~ ""' u .... to.O 8 0 .9 ... ... '-' 

A PF3 

,Q 

e 
::s 4 z 

0 PF4 

0 

0 2 3 4 5 

Time (day) 

A 6mmTnu~ru&~1J lV~~l&Yll:: 
" 'lfij 

' <V (VI61'U) 

PFl 4.43 

PF2 6.19 

PF3 7.26 

PF4 5.93 
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4.1.3 F·Hlfll'JftmnmllJ'ftllJTHl l 'Wfll'.iummmEJ'ftl'J 1 vnYI1l.!vJt~n 

~ ~ n1 '.i..., ~ ~ t~ ~ fl11ll n lll 1 '.i f:l l l.! n1 '.i u t~ EJ n ~ 1 EJ n1 '.i 1 i'l '.i Yl1l.! vJ t~ n 'll t~ ~ ~ i1lA ...,1 v 
'lJ 1 -cr..., t Yl'llllfl11m 'li' mrl.! 'llt~~nn 1 Yl'JYl1l.!w t~n~ ~ ~ ~ t wi1~nmnt~~ l'l.! m mrl t~ f:lmit~EJ 1~ EJ . ~ 

~ ~ct' I 1 ~ e:jt/ I 3) 3/ 
~~l.!i'l'.iEJ PF2, PF3 H~~ PF4 n1l.!fll'.iEJtiEJ'ftri1EJ'ftl'J'Utl~~~l.!i'1'JEJ PF1 i'l'l.J11fl11lJ!'UlJ'Ul.!'Utl~ffl'.i 
• q 

1Yl'.iYl1l.!vJt~n~~~~twi1~11m o t)~ 31'l.! ~~mi'l~ 4.4 C'li't~lJ~~'Uun~~ll.!mfl~l.!1fl 'll') ~~~~m'.i ., 

., 
mf'UtJl.!~~~~~~tiUl~'.i1~1~1il.!'M1~ 0 t1~ 21'l.! l.!tlfl~lflU'fttl~fl~tl~fl'l.J~ll.!l~EJ'Utl~ Malghani 

et al. (2009) ~ftfl'l:llfll'JUtiEJ'ft"lflnl'.i 1Yl'.iYl1'Wwt~n1~EJl'*1~tl~i1l.!'Vl1v Pseudomonas aeruginosa 

1'lfl.!1~EJ1fll.! (stain OW) ~lf1~~f11'.ifffl'l:lli'l'l.J',h~i1l.!i11 VfflEJ~l.! .fi~~nri11ffllJ1'.if:IUtiEJ-crmEJnl'.i 1 i'l'.i • • 
Yl1l.!vJt~n!~nil~t~EJ"~ 90 mEJl'W'.i~EJ~nm 48 ·1h 1l1~ 1~EJ~1UI'l'.ilm'.ium.JnmEJ-crn 1Yl'.iYl1l.!vJt~n 

0 I "' ·13 ·11 ·10 ·10 
~11i'll~'Utl~ PF1, PF2, PF3 U~~ PF41i'11fl'l.J 1.25x 10 , 1.35x 10 , 1.79x 10 11"~ 2.38x 10 

tlJ 1mn~l11Plt~CliwvJ~IPlt~l'l.! l'llmh~'ll (fll'.iUtJEJnmm~l.!115mEJ1Ul.!~'llij'l.!v) ~~l'll'Jl~~ 4.4 
., . . 

l.! t1 n ~ 1 nu dj t~n.l1 EJ'l.J 1 Yi EJ'l.J n'U ~ ll.! 1 ~ EJ l l.! t~~ 19lCI1~ ffmn m '.i u t1 EJ-crm EJ nu 1 i'l '.i Yl1l.! vJ t1 n~ 1 EJfl ci lJ • 
~i1l.! i11 rJ ( ~~1lll.! fl~lJ~1 ~tl~ i1 'W i11 rJ~flfl~ 1Wf1 tltlfllJl) fll'.i Ut~EJ-crm m 1J l.! 11 B m EJlUl.! ~'l.J -crt~~ 
( m ty ~ l.! 1 Ylll.! wi\ 2553) 1 ~ v 5m 1m '.i u t1 EJ'ft" 1 vu" ~ 11 '.i ~~...,15m Yl n nut~ EJ nm EJnl '.i 1 Yl'JYl1lA 

vJt~nrvhn'l.J o.o81 11Plt~iJ"i1n~l11Plei11'l'.iiPlt~1l.! 1tn~1.h~~i'1nmi'lm'.i ut~EJnmEJnl'.i 1Yhn'U~ e:w~~ 60 

~ 1n ~~ ~~ nci 11:~h -H1 ~ lA 111 ~t~ 'il ~ 'W ...,1 v'l.J 1 ni'l tnrrmJmi'l n ~ ni1 nci lJ 'il i1l.! ...,1 v 1 ~ t1~ 'illm ~t~~~ n ci n 
q q <u q q 

115 11~ n l'.i 11 'j ~ ~nl'li -ff'il1 ~ t l.! ~ ~111~~ t~lJ 1 o5t~~~ 'W ...,1 v'l.J 1 cy..., t t~l 'il n11 ~ 'lJ 1911 !~~ !li1 'Vi1 n'lln~lJ 
~ ~ l.! i11 rJ 1 ~ tl~ 'ill fl nci lJ 'il ~ l.! 'Vl1 unllJ 1 'j () 11 ~ 'IJ 191111 ~ ~ i'll.! i'lll.! 19! tl ff fl11~ 111 ~ ~ tl lJ 1'1 ~ tl ~ ~ l.! fl1 '.i 
q • q 

u~~'lll.!n'll~i1l.!i11Vgl.! "} ll.!1i'J'.ilJ'll'l~t~n11~~l.!i11v'll1cyi1t (Siripattanakul et al., 2009) i~Jl.! 
., . 

l l.! ~ ll.! 1~ EJU l l.! lh'li' t~IPI t1 1 11~~ li~ 1u l.! fll'.iftmnrw mh ~ vnl'll .ffn rill 'il ~ l.! i11 v11l l.! M~ n 
q q q q 
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100 

80 

-~ 0 .._, 
60 

"' .s 

• +PFll 
0 PF2 

.. PF3 
I 

0 = 
~ 40 
0 

0 PF4 
I. 

=-- D 

20 • 
0 

0 2 3 4 5 

Time( day) 

aVJ'n fll 'i~ennnm.nnl1vnYJhrrltm.Umn~ v I 

...; 'ifltlll~ rn 'i t1 e:1 mnm.1 
'lfel 

(1l-11mn~l-l~el9fmvJt~~erJu) !l'n hnYJ1 u vJ elll' ... 

PF1 1.25 X 10 -13 
95.0 

PF2 1.35 X 10-11 
93.1 

PF3 1.79x 10.10 
95.3 

PF4 2.38x 10-
10 

97.3 

4.2.1 r·H'lf111fffl'l:ll'lfU ~'UeJ ·H1'1'nm~~m1mru1-n/l 'U m:i ~mH~HntJffl'I 1 'W:iVl1 'U'VJeJff 

rm m:ifff1fllffl:i~! ~'Uu 11~~f1111JeJ'U 1-:uJ~'Ylli 11' m1 ~eJtJffmVffl'I 1 'W"IVl1 'U'VJ eJff 

~~~\91 ~~ff11~'l'l5'tll'U!tl1~~m{uv'U~el mflctifl~lJfl (succinic acid, C4H40 4Na
2
•6Hp) 1Clft~mJV~ 

~!~'I'VI (sodium acetate, C2Hp2Na) n~ 1f1ff (glucose, C6H 120 6) WJUf.)lJ1Jhnwm{ueJ'U~ 0.5 ni'l.J 

~vil~:i (Xie et al. , 2008) 1flVWJ11J!oU1J'li\.t'UeJ~ff11 1'W"IVl1'U'VJVff~fff1fl1 ~tJ 20 iJ~ilni'1J~tJil~1 

r.~~ f11:i !'il ~ rut~u 11'1 'U eJ~ n~m1 il'U 'Yl~ v m 1 t u~v'Uu u ~~ 'U v~~ 1C1r 1 eJ ~ u ~~ n n vv vffmvffn 
u • • 

" hn VJ lu vJ mr]Ji-:rw 
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4.2.1.1 rH1f11'H,-,~tyA~U 11Pl'U~Nfl~ll~~hni1v 

rH1f11':i'YlfHHNf111A,-,~qJA~U 11Pl'U~Nfl~ll~~'U'Y11VJ'~ 4 'ljflf11':i'Yl~HHJ~~tl 
'ljfl ~n flU A~mYU fl~ i fl bY ( GCPF) 'ljfl ~ n fl1 '.i A~llfl':i fl CJ1flCJflJ fl (SuCPF) U 't'l~ 'lj~ ~nnu A~lJ 
iCJfA~tllltl~ClfA\PI':i'Yl (SoCPF) vmi1m 1vJ fll'.iA ,-,~flJA~U 11Pl'Utl~ flcilJ,-, ~'U'YI1 vihf fllltu~i~m'l"l~ 4.1 u q q 

('li'Vll't'l~UUblfl~ i'WfllflN'U1fl "li) ~U flrill,-,~'U'Y11V~fll'H,-,'1tuA~U 1IPIA~ll111'U1'UA~ll~'Ulllfli 'U'lfl~ cu q q u 

·ih im~ 6 ~~i1 ill~~ 12 'il1nJu,r1'U1'U~~u'Y11o~~A~llfl~~ iflvmvli~~~'U~flm':i'Yifl'f1u~ 
(48 i1 ill~) "lifl~~fll':iA~llnnn" 1fln~m':iA,~tu'Uu~ncimJ~'W'Y11vn~~nfl~~ 10

18 Cl1wvlv~u 
q qJ u qq cu q <u 

ijTI ~~\PI 1 1 v ~ "~ lJ1 A 1:1 u "lifl ~A~ ll i CJfA~ Vll v ~ ClfAIPI 1 'Yl u "~ "lifl ~A~ lJ m fl9ff!9fiJ f1 rvh tiu 1 o 17 
u" ~ 

q q 

1016 Cl1mvl v~uijTI~~IPI':i IPI1llrl1iu (m':i ~uvnmm1:lmJ fim v1eu iurru v) 'il1mmi~nci11 'il~tllu i1 
.. ';(J .. 

!t'U 1 i .J ll f1 1':i t'il ~ tu t~U iiPI'U U~fl rill 'iJ ~'U 'Y11 vi 'U "lifl~ ~ f111 A~ll bll':i It l1 ci ~mfu U'U bl~f1':llf1 U 
u q q q q,l 

t 'il~tuA~u i~P~i 'U"liflf11Uf1lJ~ 1liijm':it~llLY1ml1ri~m{uuu ~~ r--mi~nci 11bltlflfl~u~tiu~1'U 1'il tJ'UtJ~ 
u q q 

Grant and Betts (2004) ~~fll':iftfllllt~tJ1tlUfll':iA~llffl':itmci~mfuu'UA~VA~llfll':it'il~tut~U 11Pl'UU~ 
u 

'il~'U 'YI1 v 1fl vrw nn i1mn'l"lu i1trlu ~nn t~llbYU Am ci ~mf uuu 'il~ -ff ~ NTI 1 11' 'il~'W'Y11 o~nu 
q q 

t 'il~ tut~ U iiPllllfl~'UArl mm tJU d/j tJUtlU"lifl~ ili~ fll'j A~llbl1':i Am ci~mfuu'U 1 fl tlt'Q Yl1~"lifl~ A~llbl1':i u q q 

t~u~~~~fl~tl 4.59 Cl1mvJ~~uiu ':iV~TI~ll1t1:l'U'lJfl~t~llmflciff!9fiJfl ~u 3.93 Cl1mvl~~uiu ~ht,d'u 

"lif'IA~ll 19!'A~tlllfl~Clft\PI':i'Yl UTI~"llfl1li~f11':i A~llbll':imfu V'U'i 1lJ ~e\PI11f11':i A'il ~tut~U 11Pl1 f1~t~tJ~tl'U q q u 

~U 3.39 CJ1wvJ~~U-J''U (fll':it'il~tyt~U11PlA1:J'U'I.JUfi~tJ1tJ'UiUl1~~) i~IPIU1~~ 4.5 ~~~Wfll':i 

t'il~tyA~ u 11Pl'UV~ n~ll ~~'U'Y11 V'il ~tt\Pifl~1~ ti'u ~'U ti'u 1 fl ':i ~ n~1~ 'UV~ LY1':i u l'!ci~mf u uuu~m~"liU fl 
'U fl fl 'iJ 1 nli 5~ ~'U fl ~tl1Jf111ll ~1A '1"11~ 'Ufl~ flrill 'il~'U 'YI1 vi 'U f11 '.i i ~bll ':i It l1 ci \lfllf Ufl'U tJ'U t vj fl fl1 '.i 

.. q q 

A'il~tyA~U 11Pl (Xie et al., 2009) 
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20 

l B 
E 0 

* 
' "' i ·a 15 • .., 

.A c.o """" Iii • CPF ... 
0 s LJ 0 ... -.. 
CJ ;:J 0 GCPF 
~ ~ 

u 10 .... c.o 0 ..2 .A SuCPF ... 
<U 
.c 
E 0 SoCPF :I z 5 

0 

0 10 20 30 40 50 60 

Time (hr) 

a fl'mlm'H~'jtyt~h.J 1Y~'iiwrn~ 
'lnl 

I <V 

(Yiel1'l-A) 

CPF 3.386 ± 1.97 

GCPF 4.598 ± 1.15 

SuCPF 3.937 ± 1.20 

SoCPF 3.394 ± 1.93 

~" m 'j 'Vl~" v~ f111 :IJ'ffUJl'j t1 1 'W nu vm.J'fffl 1 tJ'ffl'j u 11 ci~m ~u tJ'U ~ 1:w 

't'1ui1~1Cli 1v~"~"~ l 'W'li'1i:w~~ 3 rl111fu'll~m'j'VJ~"v~~ hH:im 'j ~~:wt9ffl~nci:w'il~'U'Vl1v -ff1'U 1 'U • • • 
' " I I I 

'li~f1l'j'VJ~mn.yjijnnt~:wt;t:Jflci:w'il~'W'Vl1vm'jfl~fl~'lltJ~~1Clf 1 e:>~ 'il ~ t~:w"~"~ 1 'W'ih ill~-Yi 6 uf!~ . . . 
v ' 

~tltl 'l fl~fl~'il'U~'UbJ'~f11'j'VJ~fnN i~m'l"'.yj 4.6 (~tll,jfl~'I.JU'ff 'Pnh,Lfllfl~'U'Jfl '11) 'illfl~flfll'j 

'Vl~fltl~'il ~ !~'l-A i~i1~1Clf 1 tl~!~:IJI'i''U i 'Ult~fl ~ 'li~ij~l ilirvhn'U mr'il ~ ijf11'jfl'J'I.Jf1:1JmlJ1tu m~'I.Jtl'U • • 
l WJ~rhh~nvu'llv~ -r;ru ~~~llfl~ i'l.lu ll' 1nm:w m'li~nci11;i M't~'U v v1 ~'lf~t 'il'U i11l~mru (:IJ1fl) 

'Utl~fll~ 'I.JtJ'U 1 'U<Jj~'Vl ~ fl tl~'VJ fl'IJ~U~ 'il ~ fl'J'I.J ~:IJ 1 M'rvh rl'U lt~ fl1 'j tfl ~115m tJ ltl tlfl~t~'lf'U 'j ~11l1~ 
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, aJ ct t/ I 'l .c::i ,1, Ql eA 
fil':i 'l'lfll':i~ LV'IfW'Yll\l'lf1fll'Vi (bioavailability) '\Jtl\lff1H1UUti'W ':i 1l.J 'W f11H1f1fl1'WI'1Nf1'W ll.J'el 

ll':i ~l.J1~ rl~'fi'lf1rill~1l.J nu rl~f11'j l11~tljl~U ll'l 'l 'W f1U'Vlfl~'f.l\11'1 'f.l'W ~ H1'W l.Jl'ViUl111·n f1{]f11':i wd 

ri'lr~~ 'l1i'nril111~'W'Vl1Vff1l.Jl':itu11~tl.lt~u 11'1 ~~~1\ln'W 'fi'lr~~m':i t11~tum'Vi~ 4.5 
q q u (J 

~~~'e"lth~ I ':inml.J'il1nr~~m':i1tm1~l'i'fi1Cli 1 t~~i'W m':i'Vlfl~tl\ldiifi1~fl~\j 
rvhJ\It~ n u 'e) v ulY Vi u m 1111 ~ wt~ u i 1'1'\.1 v .:J n ri lJ 'j) ~ u 'Vl1 v b1 \Ill 1 n ctl '~ ;n n i ~f11i'u 'e"l'W u~ lJ 1 ru lJ 1 n u q q cu 

t'lf'W n'W) iflvJ 1 I utni'nm':i itm1~i1' rhtb-1 t~~t~'W m1i1m 1~i1' m mru vvn~t 'll'W ~~u~v"Wuu ~ '~ tv1v 

u\l;m':i tnfl 'e) t~n~tmTuu~ ~ u~ mru b11':i B'W 'Vl1 v ~~~ 1 d v.:J 111 nbl'n f11 fu t~'W ~ i ~i 'W m 'j ~nfl 1 d ij 

1m .:Jb1'~1\19f'ucM'u'W m':itnflllBm v1uun~tfli'Wen11v.:Jtnfi~'W l~'l 'W b1'1':i r~~l'lfirucyj'ri'lr~~ i M'fi1tb-iu~ 
9/ Ql ~ I \1] g) I i & .x~ tf I d .c:::.l eA 

~f!M'WtlfJl.Jlf) (Malghani et al., 2009) fi.:J'W'Wtl111f1m1 &1'111 'Wf11':ifff1fl1'W1lm1~'11f1191ltlfll'VW~ 

fi1':illl~v'Wllll~\I'\J'f.l\lml.J1W f11f 1Hl'W 'l 'W ':i~ UUl~'Wl'ViV.:Jfil ':iU\1; i 'Wl1j' tl.:l~'Wl'Yi 1J'W iJ tl111 ff':ill rl~ ~~ • 
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s • I s ._, 

I 
._, 

A Q Q 
0 500 0 500 
u u 

0 0 

0 20 40 60 0 20 40 60 

Time (hr) Time (hr) 

(GCPF) (SuCPF) 

800 

• • ~ 600 • •• 1:).1) • ! 400 
Q • 0 

200 u 

0 

0 20 40 60 

time (hr) 

(SoCPF) 

b1'l1m{ 'Utll.J m ~CJffl~Ufl (SuCPF) 'li~~ii b1'l1Vi'l:liit9f~rl't~ :tJbYl1fll {ut~u 1 CJf!~fl:tJ 
q 

tl~~!~1'Vl (SoCPF)) 
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4.2.1.3 r-.t~fll~V~WLHllVffl~ 1 Yl~YJ1 hi'VJBff'U'eNfl~lJ~~h.J'Vi~ rJ 
r--~~m~mmonn~ t'V'l~Yl1hlvJmruL1~-1~-:Jm'V'l~ 4.7 ffl~ t'V'l~YlluvJvff 

~~~-:JBVlnl~L~l 'l hi 3 'li'1 1mmmnmfhlfllllJt'li'wti'wuu-:Jb11~ t'V'l~Yl1 hlvlt~ff~-:JtilJfi-:J~ 1~mrlu 
RhiLJ'~flln'l~~u-:J (48 i1 11l-:J) ~~fll1JfJlJ~t~lJfl~lJ~~hiYi~vu\Plilil1m~t~lJffl~ul1ci-:Jmhmhl 1~v 

ffllllHl~~ffn 1Y~~Yl1hll'Jvffi~~mm::: 40 'JB-:J~-:Jm~v'l!'~~nnnt~lJmflifi~Ufl u~:::'l!'~~L~lJ 
q q 

,. A ~ 'j) Y ~~~ 'j)'j) I ,d 4 ~ ,. 

tCJf!~VlJB:::9H\Pl'J'Vl ffllJl~fl~~fl'JllJ!'UlJ'Uhi'Uti-:Jffl~ A~~t!V~::: 30 ff'lhi~~'VllJfll'J!\PllJfl~ tflffffllJl~fl 

~\Plffl~ hnYl1hi'VJvffi~\j'vv~m•'l ~v ~mm::: 10 ~~m'V'l~ 4.7 ('li't~lJ~~'UUff~~'lhlmflr-.thl'lfl '!!') ~1 
q "' 

cv ' 0 1 
(1.1 -7 -9 

tl\Pl'Jlfll~Vt!VffmVffl'J'ill!Yll:::'UtJ~ CPF, GCPF, SuCPF u~::: SoCPF !'Vllfl'U 2.60x 10 , 7.45x 10 , 

3.74 x 10 ·
7 u~::: 1.73 x 10 ·s ilJ 1mni'lJ\Plvtb-wvJ~IPlv'li'1 1lJ~ IPllmhiu (m~dmJff~lmilhl'llBmen 

fl'hlimrhlv) i-:JIPll~l~~ 4.6 'illnr--~~m'J'Vl~~v~i~nril'l'il:::t'"hl i~1l'll'~~nm~ t~lJffl'Jmfu Bhl~llJ 
"' q 

J-:Jl'llJ~lJfllllJffllJUfl 'l hlfll~~~ffl~ 1 Yl'JYlt hll'Juffi~.W t~t:Jflll~~fll1Jf)lJ ~-:JlJfllllJtilhl i 'lli~11 
ncilJ 'il~hi'Vl1 v'l <Nffl ~ fllf 'U Bhl ~ 'llJ~!~lJ ~~ i 'lllJlflflllfll ~VB tlffl ~ 1 Yl~Yl1 hi'VJU ff!~tl '1 <N'l hi fll~ 

q q 

. . . 
.QQJ.cll d.d. 6!!1 ..:::t cv ~ I 

HW'l'ilti'Vlr-.llhllJl (Malghani et al., 2009; Xie et al., 2009) 'VllJfll'Jfl'fl'l:JlLflV'lfl'Ufll~L\PllJfflml'l~~ 

mf'U BhiL~ m~ lJ'!.l ~::: ft'Vlll fll'V'l '1 hi fll~ vvv Lrm tJLYl~ ~'l:J 1 'lfhl 1~ tJ'l nhl Yl1J lltrl m~ lJ ffl ~ u 11 ri~ t11fu v hi 

~hlt~ml'I'U tl'illflffl~~'l:J ~~ i '11 'il:::ffllJl~ m ~lJ'!.l~:::ft'Vlll fll'V'l 'l hi fll~ VtltJffmVffl'J~'l:J i ~lJlfl~hl n\PlllJ 

I ~ ~ "' I " I "' QQ ~I Ill_ IIIJ ~.d 0 'I ~ 
U\Pl'l11 n t1 11m 'U 1J 'U hi 'IJ v ~ ffl 'J Yl'l:J u~::: ffn u l1 ~ ~ m 'J 'U t~hl U\Pl fl\911~ n hi fllJ fl 'lllJ L1Jhl t 1J t ~ 'Vl 'il::: m t 11 

fl11lJffllJl'Jflihlfll~VtltlffmtJffl~~'l:J'Utl-1~~hi'Vl1v~~~~ i~'lhl~lhli,)tJ'Utl~ Xie et al. (2009) ~ 

I tl .dt j) .c::.. li'J ... I .Ci Q.l I 'j) 9/ rl I iJ I 

Ul'!Ll-:Jfll~'Utlhl lJlfll'l~tlhltlV!flhl ! 1J fiB l11flB\Pl~lfflhlfllllJ!'UlJ'Uhi'UB~ ffl'Jfl1~1Jtlhl ~11Jhltltlflll 

ffl';j ~'l:J lJl f1 '11~ tJ fl\Pl~l LY'lhl 'U B-:J L1'l ~ m fuv hi~ 'llJlJl f1 flllfl 'lllJ L .,j' lJ .,j' hi 'U V~ffl~ ~'l:J lJlfl n 'il :::'1'1 1 '1"' 
mllJffllJUfl '1 him~ VBtJffLlltJL11~~£J'UB-:J'il~hi'Vl1 VLl~Ll-:J i~ 1~tJ'illmlhl !J,Jvi-:Jncillr-.t~ fl\Pl ~ lLYlhl ~ • 
mm:::ffll~Pi vnn dvvffmtlffl~~IJ ~v ~fl\Pl'J lftlhl 'U v~ 1CJft~tJlJCJ1fi~Lhl \Pl 128.6 ilLl~fli'lJ\Plvmm 

l'VlBBhl 1 iJ~~fli'lJ vll'l,r~lfi-:J~fll~VtlfJff~ltlffl~lJlml'VlBBhlff~G~ 3.5837 iJ~~fli'lJ~B~\Pl'J 
"' 

i1 llJ-:J 'illnr--~~nni,Jv~-:Jncil-:J trlvnn vurYivtJtl'u r--~~m~ dvvffl'J 1 Y~~vJvff~-:Jl1fllllJtilhl i '111~11 

1l'il,)'tJ'UB~fl1lm'li'lJ'Ii'hi'IJB-:Jffnmfuvhl ~1lJU~:::fllllJt'li'lJ'Ii'hl'llB-:Jffl~ 1 Yl'JYl1 hlvJBL1 LY-:JN~ '1 ,r m~ 

tivvffl~ i'V'l~Yl1 hi'VJBL1Ll~~~ i-:JtThi~-:J~ltilhi~B-:JlJfll'Jffnmif'il,Jvi~ncil-:J 1 hl~hi~Piv 1'11 
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-------, 
100.00 I • • ~ ~ • • • • A~o 0 o I 
80.00 0 AA D ~ 0 i ! 0 CPF - A ~ ! 

Q 

~ '-' 0 ooo 0 
"' 60.00 <> e GCPF .s 0 
0 = ~ 40.00 0 A SuCPF J. 
~ 

20.00 
D SoCPF 

0.00 

0 10 20 30 40 50 

Time (hr) 

<V I o 

8VI~lfn~fJ8f.JiHllfJtrl~'Ul&'Wl~ 

(9f!8l'JfJ~8ij~~~VI~~8~11'JJ-3) .. 
CPF 

-7 -9 
2.60x 10 ± 4.53 x 10 40 ± 5.02 

GCPF 
-9 -10 

7.45x 10 ±8.34x 10 5 ± 8.04 

SuCPF 
-7 -8 

3.74x 10 ±3.23x 10 25 ± 4.39 

SoCPF 
-8 -9 

1.73x10 ±6.11x10 20 ±4.08 

~ Q.l 9) 9) I rf I 

r-n1 m':i ftf1'1:1U ~ ~'Ufl 11m '\J :JJ'\J u '\J B-nn ':i u '11 'fl 'l m':i 'lJ B'W ':i 1 :JJ 'ill n N'fl nu 

'Yl~'fltl-3~ 4.2 uLY~-31 M!~'Wilm ~ifl;uflihh~iY'YlTiml'j 1 'Wf11':i'lhm~:JJf1l':i t'il1 rut~'U L1'1'\JB'lf1~:JJ " . 
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~fl~Ufl i 'Wf11:i fffl£Jl:i ~i1Jf111lH .u':JJ.u''W '\HJ'Iffl:i 1111 ri'lfll!mm 1 f"H.Jf111:JJt.u':JJ.u'mrt~'lm 'f1~f1~U fl~ 
i~trl'Wtmri..:Jm!mJ'W~B 4 40 11e1~ 400 iJCJ~fli':JJ~V~I'l:i 'V'11Jilffl:i 1'V'I:ifJ1'WTIVffCJ'f1CJ'ItJthn1'f1t~1 

' j) 

i'W 6 i'11:JJ'IU:ifli'W'lj'f1~ijfll:it~:JJfflm'l1ri'lm!tJv'W 4 HCJ~ 40 iJCJ~fli':JJ~V~I'l:i 'illfltJ'Wfll:iVtHJ 

ffmtJ~'Ifl'l~ ff1'W'lf'f1~ijfll:it~:JJffl:il1'11ri'lm!1Jv'W 400 iJCJ~fli':JJ~v~m ffl:i hbfJ1'WTIVffijfll:i • 
CJ'f1CJ'IVV1'1~1 'l i'WoH1'1 3 i'11mum 'illmT'W~'Iijf11:iCJ'f1CJ'IVVl'l:i1'f1t~1 'il'WG'Ii'11:JJ'I~ 12 'illmT'W 

fll:i vvt~ffmtJ~ 'If! 'I~ 1 'f1 mrl v~'W fff"l m :i'YI'f1 e1 V'l'lf'f1~ijf111lH .u':JJ.u'mm'l m f"l~fl ~iJ f1 400 iie1 ~n i' 11 . . 
~v~l'l:i ffl:JJ1:it1Cl'f1ffl:i 1 'V'I:iVJ1 'W Tivff1~mn~ff'f1 G'l ~ vt~CJ~ 8o :iV'ICJ'Im~v'lf'f1~ijf111:1Jt .u':JJ.u'mm'l • • 

ffl:JJ1:it1CJ'f1ffl:i 1wiVJ1'WTIVff111'~vt~Il~ 60 1'f1t~~lVI'I:ilfll:iVVtJffilltJffl:i~lt'V'Il~'UV'I'lj'f1 SuCPF 4, 

SuCPF 40 t!Cl~ SuCPF 400 rvho1J 8.56 x 10 -
16

, 1.86 x 10 -
15 tm~ 1.88 x 10-

15 
111 1mni':JJ~VCJft'tlTI 

~~vi11:JJ'I mml'1i1J (flUVtHJffmmlJ'W115mt~leJ'Wi1Jey'WeJ) i'lm:il'l~ 4.7 ('\i'm,jel~Ullfff"l'li'W 
' Q,l ' !)I Q,l «==IQ.I d t 

fllf1N'W1fl 'll') Nil'f1'1flill1ff'tl'f1flil'e:J'Ifl1J'Il'W1'iltJ'YINl'W:IJ1 (Malghani et al., 2009; Xie et al., 2009) 

~ ij nn fffl£Jlt~ tJ 1 fi 1J m :i ~~ 11 ffl :i u 11 ri 'I fll! 1JV'W t vi v r~ mh ~ ff'Yin m'V'I i 'W n n rJv tJffCJl tJff n ~II 

'V'IUlltrl vt~ 11 ffn f!l{ u V'W ~ 'W v m l1'W v 'ill fl ffn ~'!:I I1 'I 111 'il ~ ffl :IJl:i t1 t vi 1111 :i ~ ff'Yln m'V'I i 'W m :i vv t1 

ffill tJffU ~II 1 ~ :IJl fl~'W 'illfl Nili'l fl ri 11ll'l ;11 ffl:i !!'11 ri 'lfll f U B'W m 'f1~fl ~iJ fl ~f111:1J t ,j' :JJ'\i''W 
j) 

400 lJil~fli':JJ~'e:J~\91 :iijf111:1J!'I1:1Jl~ff:JJ1:Yl'l1i'1J i ~ 'W fll:i'YI'f1Il'e:J'IsU'W~'e:J 111 

VI Il flu 'V1 'f1 Il 'e:J 'I fl1 :it 'il ~ UJ t ~ 1J 1 1'1'11 'e:J 'I fl ri :IJ 'il ~ 'W 'V11 el'V'I1J 11 fl J 1 TI fl1 J ... . . 
t'il~tut~1J 11'l'UV'Iflri:JJ'il~'W'V11 eJ'ijm:it'il~tut~1J tl'ltvi:JJ~l'W1'Wtvi:JJ~'W:IJlfl i 'WoH1'1i'1t:JJ'I~ 6 G'li1t:JJ'I 

tJ ~ Q u 

I J} I I 3/ I I 3/ 

~ 12 'illfltJ'Wfll:i!'il~tu!~1J tl'l~'I!~:IJfl'l~i'l 3 'll''f1fll:i'Vl'f1Cl'e:l'li'lfll'V'I~ 4.8 t'f1tltlJ'e:Jff'Wff'f1fll:ifll:i ... . . 
' j) 

'Vl'f1CJV'I (48 'lf1t:JJ'I) 'V'I1J11i'l 3 'lf'f1fll:i'YI'f1Il'tl'lijflri:JJ'il~'W'V11eJt'il~tu!~U tl'lff'IG'I 10
15 CJf!VTitJ~V 

q q q u cu cu 

lJil~~l'l:i t'f1tJ~leJI'l:i1fll:i!'il~qj!~U tl'l~l!'V'I1~'UV'I'lj'f1 SuCPF Cell 4, SuCPF Cell 40 !lCl~ SuCPF 

Cell400 rvhfitJ 1.667, 1.696 !!CJ~ 1.715 ~vi'1111'1 1'1111rl1iu (fll:it'il~tyt~1J tl'lt1JtJ115mmeJ'tJiu 

'11~'1) i'll9ll:i1'1~ 4.8 ('\i'VlJC1~1J!!ff'f1'1l'WfllflN'W1fl 'lf) ~'INili'lflri11ff'tl'f1f1rfV'IOU'Il'Wi1i'tJ'U'tl'l 

Xie et al. (2009) ~ijfll:ifffl1ll!~tl101Jfll:i !~:1Jff1:ill'l1ri'lm!1JV'Wg'W'W 'tlfl'il1flffl:i~'l:l i ,r01Jflri:JJ • 
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ill'Vft14.8 J:-HH1l'JCJtlCJ~H'llCJ""l'J Vl'JYJ 'U~tlm·'l'f111lJ!'\JlJ'\J'U'\Jtl~""l'J!t'l1(1~fll'J'lJtl'U~l~ "1 
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- ~ 

I 

\911'1 '1 

y I 

jflf.lfl~tn';lf.lf!mnnf.l 
Q..l I o 

f!VI';llfll';)f.lflf.l(,lfllf.l(,ll';l'ilm~l~ 

(,1'1 ';! hn~hrrJ fl (,1' (llJ 1mn~lJgJfl~&f!'t'Jf.l~fl~11u~) 
"' 

Su 4 CPF 
-16 -17 

8.56x 10 ± 8.27x 10 35 ± 8.35 

Su40 CPF 
-15 -16 

1.86x 10 ± 2.30x 10 55± 4.36 

Su 400 CPF 
-15 -16 

1.88 X 10 ± 1.98 X 10 80 ± 3.23 

a ~\ll11fll';il'il1ru&Vi1J lVI~ll'Yil~ ... 
'l$6 . 

(gJfloH1lU~) 

Su 4 CPF Cell 1.667 ± 0.46 

Su 40 CPF Cell 1.696 ± 0.10 

Su 400 CPF Cell 1.715±0.11 

. . 
4.3 fll';)fl mHth~rrnfim'Vl1u nnciflf.l(,lfl1mliflflcimf.l1~(,l.nn~nii(,ll';i 1 'Vl';i~1 u't'Jf!(,l Hfl~H't'i~-:J 

"' 

& "' ~ ~ I ') :o!l"i "'' d'l ~~I • N~fll':ifl'f1'l:JU~~1Jfl11lJ!'UlJ'U'W\911'1 'l 'Utl'l~1':i t'V'l':i-n t'W-ntl~ U~~ ~1':i'l-1 t'IH1J'WU'I1M 

mfutJ'W ~'Vh 111'&fi~m':idmJ~ml:l~1':i t'V'l':iVlt uvJtJ~~~~~~ 1~1:lfi111Jt.u'lJ.u''W'UtJ'I~1':i t'V'l':iVlt uvJtJ~ 
q 

.d..:i ~ ~ ~ QJ I ~ 9) 9) rl d ~ ~ Q.l I 

'1'1fl'f1'l:l1 fHl 40 80 u~~ 120 1l~1:1mlJ\9ltJ1:1\911 LW~fi111J!'UlJ'U'W'UtJ'I~11fi1HJtJ'W'Vl 400 lJ1:11:1mlJ\9ltJ 

" ~19l':i l~N1:1f11':i'Vl~~tJ'Iri.:Ju 

4.3.1 N1:1f111fff1'1n~1~rium1ll!.u'l!.u'u'Ut1'1~11 i'V'l1Vliu'VJtJ~ 40 iJ1:1~lf1~1l~tJ~\911 

N~n Ufff1'l:l1~ 1~riu fi111J! .u'lJ.u'u 'UtJ'I ~1':i 1 'V'l ':i Vl1 u'VJ tJ~ 40 iJ~~n~ll~tJ~\91 1 
I I :iJ t I i/ I 

'V'l'lrh ~1':ilJfll'j~~1:1'11u'li1-:Ji111l.:JVi 3 ~'~ 12 'il1nt1'um':i1:1~~'~!11lfi.:JVi'Vi'.:J'li~Vinm':it~lJ~utmci.:J 
q 
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'Vl~HHl\lffllJl';i\HWI~ll tvnYJ1urJu~l~ml't~£J\Ifl'UflU rmm~ 90 i'lfil'W~ 4.9 ~1fll';iVU£Jmnu 
~1';i~11'W1~'UU\I'l5fl CPF 40 tnl~ SuCPF 40 flu 9.19x 10 - 11 tn'l~ 2.48x 10 - 14 llJ1mni'lJ~UClHU'VJ£J . "' 
~ui'11lJ\I \Pl11Jrl1i1J < nutiuv~r11mrlutJumu1fl'uim~wr) f:-lr1i'lnci11trlua0mJtViv1Jn1J 

' ' ' ..::to Ql d. ' d.c:S .:9 .c:i Ql .oe:. 
\11'U1'ii£J'VlY-!1lJlJ1 (Malghani et al., 2009 Url~ Xie et al., 2009) 'VllJfll';jfffl'l:l1!fl£J1fl1JflU!\PllJ~1';i 

tm ci \1 fl1 f 1J u u t ~ urvill 11 ';j ~ ff'Vln m-w 1 u m ';i rJuv ~mv ~1 ';j Vi '1:1 ~ \1 'lu nu fffl'l:ll'W 1J -:htrlm~ lJ ~u 
fl1f 1JU'U ~ lJ umtrw U '\1 1 fl~UVi'l:l rl\ll tJ'l '1..1 m lJltu ~!11lJl~ ~lJ '\1 ~ffllJl ';i m -vi lJlJ ';i~ ff'Vl ~ .fll'W 'lu fl1 ';i 

duv~mtJ~1';i-ri'l:l 1~ u~Vi y..," 'il1flfll';j'VJfi"U\Ifl111.1~1lJ1HI 'lu fll'j "fl~1'j 1 'W';iYJ1urJu~'UU\I'ljfl~t~lJ 

~1';i U'l1ci\lm f1JU'UlJ~1fll';i VU£1~"1£1~ 1fl'.ll'ljfl~ 11-iiJfll';i !~lJ~1';i U '11ci'lmf 1JU'U u~Vi fl~lJ ~ ilu 'Vl1 VlJ 

fll';j t-vilJ1!1lJ 1lJt-YilJlJ1fl~lJY-I"i\lflci11U~\Pl\l 'l '11'tMlJ11flcilJ 'ilillJ 'Vl1 vi i'~1';i U'l1ci\lmf1JUlJ~l~lJ"\I 111 • • 
i IIJ ''l jl I rl d ~I oQ 0 Gl Sl I -4 11) l.d ~ j) ' .t::\ .d rl d 

t fl £J t lJ '15!1 '11 rl \1 flU 1J U lJ 'VI! 1J lJ ~U 'W '1:1 'VI1 t '11 fl1 ';i £J U £J ~" 1 tJ~U 'W '1:1 t lJ fl 'U lJ UlJ flrl lJ '\1 "'1..1 'VI HI '\I~ lJ • • 
0 .=\ ~ 
'\11'U1lJ!'WlJ'UlJ 

ncilJ'ililu'Vl1viJm';it'il1wt~1J 1~P~t-vilJ~1lJ1'Wt-vill~'!..lmn 'lu'!f1'1i'11ll'l~ 6 G\li'11ll'l~ 24 'il1mfunn 
• • u 

I I Sl I I )/ I 

t'ii1Wt~1J 11Pl~\lt11Jfl\1Vi'Vf\l 2 'l5flfl1';j'VJfi"U\I i'lm'WVi 4.9 !ij'Uff'U~flfll';jfll';i'Vlfi"U\1 (48 .Jf'd 1ll\l) " . . 
ri1'U 'If\PJ ~ LliiJ fll';j !~lJ ~U U '11 ci\1 mf 1J UlJ fl cilJ 'ilillJ 'Vl1 VlJ fl1 ';i! '\1 1 t1J !~ 1J 11Pl! ~ tJ\1 10

11 
CJf !U'VJ tJIVi U 1( ~ q u <\J 

iJ"ililiPI';i ~1fl1';it'il1wt~1J 11Pl~1t'W1~t'Vi1n1J o.s42 u"~ L4221Viui'11lJ\I \Pl11Jrl1i1J < fll';it'il1wt~1J 1191 
" " 

trlutJum mfl'ui1J'I1rt \1 ) '\11flY-Irli\lflci11U ~f) \I 'l '11'tMlJ 11trluiJfl1';j l~lJ ~1';i u '11 ci'lmf 1J UlJ 'l '11' fl1Jfl~lJ 

'\) il'U 'Vl1 V'\1 ~ ·vh 'l '11' '\) ~lJ 'Vl1 viJ fl1 'j! -vilJ ~ 1\J 1\J lJl fl~lJ i'l \911 'j 1\1 ~ 4.9 ~u f) fl~ U\ln 1J \11 '1..1 1 ,r V'UU\1 • • 
Malghani et al. (2009) ~lJfll';jfffl'l:llt~v1n1Jfl1';j!~lJ~1';itmci'lmf1JulJ ~lJlJUfl'il1fl~1';iVi'l:l 'l'l1'n1J 

'ilil'W'Vl1 v ~\I Y-1" fl1';jfffl'l:l1'W1Ji1'ilillJ'Vl1 viJm';j t 'il1wt~1J 1 \PllJlfl~lJtrl-uiJm';j t~lJ~l';i u '!1ci'lmf1Juu . . " 
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ill't'l~ 4.9 f-H'ltll':iflfl1Jl~':i~~1Jfl111Jt'li'1J'\i''U'\Jtl \HY11 1Vl-;;YJ1'UvJm:y 40 lJC'l~fli'll~tl~\PI':i 

4.3.2 ~JC'ltll':iflfl1:Jl~':i~~'Ufl111lt'li'll'li''W'Iltl~C'l'11 1Vl-;;YJ1'UvJtJC'l' 80 lJC'l~fli'll~tli'll'l1 

r·m flnflmn~ -;;~~1Jfl111lt'li'll'li''W'\J ti~C'l'11 1 Vl':iYJ 1 'Wvl tiC'!' 80 iie'l~fli'll~v~m 
1 I ,.. I I Sl f 

Vlu·;h C'l'l':iiim-;;C'lflC'!~'lwJh~'lY111l~Vi 3 ~~ 12 'illfltJ'Utll':iC'lflC'l~t1llfl~Vi'Vi~'lfflViiim-;;t~llffUtmri~ • 
m! u vwt C'l ~ 'lffl ~ 1~ ii m-;; t~ll C'l'n t1 '11 ri ~ m !u ti'U 111 mrl v i'U C'l'fl m n1 11 C'l v~ Vl'IJ i 1 'lffl m-;; '1'1 11 C'l v ~ ~ ii • • • 

m-;;t~lle'l'l':i tmri~m!uv'W mm-;; tle'lfl C'l'l':i 1 Vl':iYJ 1 'Wvlt~C'!'i~~mJC'l~ 90 bY1'U ~fl~ i~t~lle'l'ntm ri~ 
m! u ti'U C'l'lm 1 tle'lfl C'l'l 11 Vl -;;Vl1 'U 'VI m:Yi ~rw v~ ~ mm ~ 70 rh m-;; dv tJC'l'm tJ ffn ~1 tVll ~'\JV~ 'lffl • 
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m 'i d mHHn v ff n i1 'l:l ~ ~ 1 'U m 'i ~ n 'l:l 1 'Vl1.r:h trl m ~h.m1 'i m! u fl 'W ~ 'W fl m '1·1'W mn n m 'i i1 'l:l C1 ~ i 1Ji 'W 

uhnru ~mm: fflHl: ffllJl'i tH ~ lJ'l.h: i'fl115fn'Vl1 'U fll'j Vflf.Jff(ll tlffl'ii1'l:J l ~ '11 m-H'l fll'i 'Y1 ~Clfl ~ U ff~ ~ 

1 11'n1'W1ltrlflt~:uffn u '11 ri~mfufl'Wl'i11 11' fi1llJffllJl'itl 1 'W fll'j Clfl ffl'i 1 'Vl'JfJ1 'U'VJflff t~ :JJ'~ ~~wrlfl 
till vurVi vu n'U'ljf'l ~ ili t~lJ ffn u '11 ri~flll'Ufl'U umarl flt ill tJ'IJ rVi vu nm-1C1 fll'i 'Y1 f'ICl fl~~ 4.3.1 ~ii 
m'i~tl'l:l n ~~U'U fl~ffn 1 'Vl 'JfJ1 'U'VJflff~~l ni1 UCl~iinn t~:uffn u '11 ri~fi 1! u fl'W 1 'W nn 'Ylf'ICl fl~ 

t'lf'Wn'W 'Vl'IJ11trlmvi:ufi11:JJt.u':u.u''U'Ufl-:iffl'j 1 'W'JfJ1 'Wvlflff~'W nn t 'l~rut~u 1191'\J fl~ nri:u'il i'l'W'Vl1 e11 'W "Iff~ u q q q 

~t~:utw: ilit~:uffn u Mri~mfufl'W hJu~V~n~il~n'W 1'W'Utu~~fi1llJffllJUtl 1'Wm'iC1flffl'j 1 'W'JfJ1 'W 

yJ fl fftl~utvi:u lJ1 tl~'UU fffl~ 1 11't M 'U 11ff1 'j !!'11 ri ~flll'Ufl'U ~ !~ lJ(l ~ i tl'lf1mvi m_h ~ ir'Yl n m'Vl1 'U fl1 'j dfltJ 
I ~ d CJ" 

ff'Ol tlffl'j 'U fl~ tl'JlJ ~ (l 'U 'Y1 'j tl 

f-.!Clfll'i'Ylf'ICl fl~ fll'it 'il~ tut~u 1~V~ 'llfl~ nri:u 'ili'l'W'Y11 eJ'Wui1 m 1vl m 'it 'il~ rut~u 1~V~'Il -o~ 
u q q u 

1 I" I I 'jl 1 

!'il1tut~1.J 11Vl~~!1lJfi~Yii'l~ 2 "lffltlWYlf'IClfl~ ~~fiWIYi 4.10 tliflir'WfffltlUtll'i'Vlf'IClfl~ (48 "J11 1:u~) 
u • • 

'Vl'IJ ll"lffl~ii m 'i ~~ :u ffl 'i !!'11 ri ~ mf 'Ufl'U iJ nri :u 'il i'l'W 'Vl1 ut 'il1 tut~'IJ 1191 ff ~ ~ ~ 10
15 

;mvJ v\Pi -ofi C1 i'li'l~V~ 'i 
q q q u cu cu 

ff1'W 'ljf'l~ ili iJ m 'i t~:u ffn tm ri ~mf u -o 'W n ~ :u ~i'l 'W 'Y11 e!ii tll'i t '1 ~ tyt~ u 1191 tVl CJ~ 10
14 

;tflvJ ~~ fl 
fiCli'li'l~V~'i film'it'il~t1Jt~u 1191~1t'Vll~t'Yilnu 1.237 uCl~ L4821Pifli11:u~ 1911:url1~u c m'it'il~t1Jt~u 1191 

trJ'Uu~mtllel'U~1.J'\1rt~) ~~f-.!Cl~~tlri11trlmillvuti1tJ'Ufl'IJ~l'Ui<0tJ~~l'UJJ1 (Malghani et al., 2009 

~ d c/ .c9 ..:9 I ~ d a'd .:::to Q 1 ~ ~ d Q I d' 
'il (l 'U 'VI 'j tl C]f ~ f-.1(1 tl1 'j ft'tl'l:Jl 'Vl 'IJ 11 'il (l 'U'Vl 'j ti:JJ fl1 'j! 'il 'j tu!l91 'IJ 191:JJ1 tl'U 'U !lJ fllJ fl1 'j 1\Vl:JJ ffl 'j u '11 (l ~ fl1 'j 1.J fl 'U 
• • u 

U~'illtltlU'Vlf'ICl fl~ f-.!Cltll'i !'il~ UJ!~'IJ 1191'1lfl~'ili'l'W'Vl1 u1 'U"lffl~ Llit~lJ ffl'J !!'11 ri~flll1.Jfl'U!W:t~:JJffl'i 
u • • 

mfu fl'W 1 'W fll'i t 'il ~ rut~u 1~V~ff ~ NC11 11'1 'il ~rut~ u 1191 tvi:u ~ 'U!'W CJ~ t~ m! fl mrlfl t Yi CJunu "Iff~~ ilit~ :u ffn 
u u • 

' rl Q.l .d 
U'\1Cl~fll'j'!Jfl'U fl~l911'il~'Vl 4.9 
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4.3.3 H"fll~ffmn~~~i'I.Jml:u!.u':u.U'-t.J'U eFJt11~ hnYJ1'W'I'leJt1120 iJ"iln~:u~eJill'l~ 

H"fll~ fffll:ll~ ~ ~ i 'I.Jf111:U I .u':u .u''U 'U tl\1 t11 ~ ivn YJ 1 'U vJ eJ t1 120 iJ" il f1 ~ lJ~ llill'l ~ 
I I !J/ 1 I il I 

'Yl'IJ11 t11~iim~~1m~'lwli1\l'lf1 1~NVi 3 ~\I 12 'illflU'Ufll~~IPl~\I!~:Ufi\IVi'l'l'l'lf~PlViiim~!~lJt11~!!'11~\l 
q 

hh~:ut1n u '11 ~\lf11f'I.JeJ'U t11lll HI ~11 t1n 1 vn:W 1 'WvleJ t1 t~rvh.J\1 ~ t1 v~~ 60 fi 1m~ VeJVt1mvt1n 

~l!'Yll~'UeJ\I'lf~Pl CPF 120 ~~~~ SuCPF 120 ~el 2.72 x 10 -
14 !W~ 2.61 x 10-

13 t:u1mn~:u~eJCM!el'l'lrJ 
q "' 

~mt1 1:u'l l'llml'1i1.1 (H(lfll'j ~e1vt1mm~mJ~m v15'Ui1.l~'Wv) ~\lfilfll':i ~e1vt1mvt1n~wvn~ 
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.J. ~ d .d ' ' 0 ,::S ~ 
l'VUJ'\J'U i 'U '\JW~'Ylfl11'mHHl~'Yl 4.3.1 l!Cl::: 4.3.2 fllfll) r.Jtltl'ffmmnl'Vll~'\Jtl~'ffl1'\Jtl~'J1~'Yll~lJ'ffl';i 

u 11r;l-:Jm!1.1v'U lirh~lfrh]j~~ hh~ilJ'ffl'J u 11ri~m!1Jt~'U ~lllJ~fl11 vvv'ffmr.J'ff11i~~l'n-:J~ 4.8 

N~fll)'Yl~~tl~ fl1 m)~ Wl~1J i~'\Jtl-:JflrilHlil'U 'Yl1 tl'Vl1J'hm lvlfl11 l 'il ~Wl~1J i ~'\Jtl~ u q q u 

nrilJ'ililu'Yl1vlinnl'il~tul~1J i~~~lJ~l'U1'WI~lJ~u1mh~i'1 im~ 6 g-:J-;1 ilJ-:J~ 24 'i11mTum1 
• • u 

1 I Sf I I )I I 

t'il1tui~1J 1~~~~~lJfi-:Jli-.1'~ 2 'lf~fll'J'Yl~~ll'l i~m'Vlli 4.11llit~ff'U'ff~mmn'Yl~~v~ (48 'lf11lJ'l) 
u • • 

'Vl1J-ll'J1~~ i~lifl111~lJ'fflm'l1ri.:Jm!1Jtl'Ulin~lJ ~ilu 'Y11 VI 'il~tlJI~lJ 1~ tr 'l g.:J 10
15 

Cii1vvJ ~\PlviJ ~ilil~1 

ff1'U 'lf~~ n fll'j l~lJ'ffl'J 11'11 ri'lm!1Jtl'U flrilJ 'ilil'W'Y11 ti'limmi1tui~1J 1~1Vl r.J'l 10
14 

CiilvvJv\PlviJ ~ilil~ 1 
q q q u ~ 

~lfl11l'il~WI~1J i~~ll'V'll:::l'Vlltl1J 1.457 11~::: 1.304 ~t1i'1 ilJ'l ~llJrlli1J (H~fl11l'il~Wl~1J i~I~'U 
u u 

'!.Jumv1vui1J'I1~-:J) 
'illflf>.l~ fll'i 'Yl~ ~ ll.:J'Vl1J 111 ~vm'Vl'i1l.Hrl mvil.lfl11l.ll ~lJ~'U '\Jll.:J 'ff111 'Vl1Vl 1 uvJvff 

n~lJ~ilu'Y11 ti' c1 'U'J1~'Yl~~v.:J~ i~lim<JI~lJff11lm ri.:Jm!1.1vu ~ 1lJ) livmlfl111'il1tyl~1J 1~tr.:J~u 
0 " 0 

vv1-:J'lf~l'il'U (~nl-:Jli 4.9) H~i.:Jnri111l-:J;i~-ll'ffl'i i 'Vl1Vl1 uvJvff~'li~'Uimri~m{ 11 vu '11~f1 i u 

V1'111'i 1 ~tt-:!1 ~vd'V\'1 i ll'lrlm~lJfl1llJI~ lJ~'U~ .:Jff .:J H~~ Bfll'i l'il ~ tyl~1J 1~ '\J B.:J n~lJ ~~'U 'Yl1 ti'v d1-:J 

I~'U 'If~ ll~i 'U 'Yll.:J~ 'i.:! tl'U,rllJH~ fll'J l'il1tyi~1J 1~'\Jfl.:Jfl ~lJ~ ~'U 'Y11 vi 'U'lj~~~~lJffl1ll '11r;l.:J f\1{ 1Jfl'U 

~1lJU~l~ll'U,rl.:Jfl~~ (ium1'Yl~~ll-:J~iifl11lJI~lJ,r'W'ffn 1Yl1VliuvJvff~Pll.:! "1 fiu) 'illf1H~m1 

'Y111 ~tl.:J ff1'U d 9h 11'1 M 'U -llfl ri lJ 'il~ 'U 'Y11 vi cNffl ';j 11'11 ri.:Jm! 1J fl 'U I~ 'U '11 "'f1 i 'U fl11l 'il ~OJ 1~1J 1~ ~.:! ff11 
• • u 

i.:Jnri11 ~~~~lJ 1 uml.llw ~rvhfiu 1 u fl11'Y11l~V.:J'Vl f1'lf1lri ~H~ 1 li'm11 'il1wt~1J 1~'UV.:JnrilJ 'il~u'Y11 v 
q q u q q 

" " " 1 3/d QJ d d'V \1)9/1 1 '3) d 'J) j) 

fl~ If\ r.J.:J fl'U lJ fl'lj~ 'U tlfl 'ill f1 'U H~ fl1 Hl~ ~ tl.:l'Ur.Jn~ 'l.J ! ~ 11 'U ff fl11~ 111~ ~ tllJ'U fl11lJ I 'U lJ 'U'U 'U tl-:J 

ffn 1'Vl1Vl1 uvJvffi~li~'Yln'Vl~~vm'i 1 'il1 tyt~1J 1~'UV.:Jf1~lJ ~~u'Yl1 v 
ff1'U 1 'U 'I.J ';j ~ l~'U f11'j dv r.Jff~ 1 tlffl'J i 'Vl1Vl i 'U vJ tl ff1 'U f11 tl1 ~ ~~ n fl11l~lJ ffn 

u '11r;l-:Jfllf1J vu ~ 1ml'~1lfll'i dvvff~ lr.Jffn ~11 'Vll~~~ ~.:! vdl.:JlJl mrl vffn i 'Vl1Vl 1 u vJv m vilJ ~u 
I I jl j/ )I 

d ,d2 Ql I did Q <VQI3} Ql 1 ~ 

(~111-:J'Yl 4.9) CJf.:JN~~.:Jf1~11'U1J.:J'lffll'ilf1~fll1ti1Jti~WJti~1W~ (self inhibition) f1m1flll ffn 

1 'Vl1 vn 'U vJvff~-:!1 ~ 'U ffl'J f\1 f 1J tl'U'I1 rl' n1 'U fl111 'il1 WI~1J 1 ~'Utl.:J flrilJ 'il~ 'U 'Yl1 tlll~ 1 'U 'U W~l ~ tl1tl'U 0 
u • • 

t~u ff11Vifl~~liq'Yl~ v1JJ~nn'V\'1~1u '\JV~ n~lJ~ilu'Yl1 ti't'lfu fiu H~i~nri11dv.:Jri ~ H~~Plm~v~ i 11' 

'I.J'J~if'Ylnm'Vlm1 dvvffmvffn i 'Vl'iVli uvJvff~~~.:J~1m'!fu fiu 

rlmi'1JH~fll';i dvmYmtlffl';i i 'Vl'iYJi uvJvffi 'U mru~iifl11l~lJff11fllf1Jll'U~1lJ 
N~fl11 'Y1 ~ ~ V.:Jlii1 fl''Yll.:J ~ 1-:J tllJ ~llJ tl1J'lj1"1 ~ l ~ij fl1 ';i l~lJ ff11ll '11 ri -:J f\1 f 1J tl'U N ~ fl11 'Y111 ~ fl -:J'\t'I1J -J11rl tl 

1 ~I '1 •. 1 ~ ... I 0 ~ I ... .I o' ... d' ~I 
ffl'J 'Vl 'i 1"1 1 'U 1"1 v fft! .:J'U'U ll~ 'i lfl11 r.Jlltlffm r.Jff11 'ill! 'Y'Il~~ -:J'U u 1 'lf'U f1 'U u'i lfl!] fll'i w ~ fl'l:l tu~'Ul u'U 

m~ 1J1'U fl111lJ ~ 1111 ~~lJ~ 1lJ~.:J ffl 1 tm ri~fllf 11 vu ~~~lJ 1 u fll'i 'Yl~~ v~d u v n 'illf1 'il~ ffllJ 11 flfi.:J 

fll';j &'il1 Wl~1J 1 ~'\Ill.:! nri lJ 'il~ u 'Y11 Vll~1V.:J ffllJl ';j fltvilJ ffl.J'j ';j fl fll'Vl'\1 tl-:J nri lJ 'ilil tm 1 v~ 1fJ ~.:! Nrt fl1 ';j u q q q q 
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" . . 
'Vl~€Hl ·:J"iibrtJ~'i'l~tl'lfl1J.:Il'W~J\)vhJtJ~~ 'Utl'l Xie et aL (2009) ViiJtll'ifftl'hl11tlV1n\mnt~1Jff11 

u 11 rl'lm~ 1Jti'W g'W u tltl'illtlffl ~YiE~111 n1J 'il ~ 'W 'Vl1 r5 ~"m ~ fftl'hll'V'I1Jlltrl tit~ 11 ffl ~ u 11 rl'l m{ 1J ti'W ~ 111 • 
0 ct 3) ~ .d t/e:;t ~ ~ ,. ~ J 1 " Ql ' ~ ~~ 

'Vlll'H~"'W'Vl~V1Jt1111'il~t'\J1~1J A\Pl1'V'I1J'U'W'illtl'i'I111J'H'WlU'W'W'Utl'l19$"" 0.605 mll\Plti"\Pl~ 11J'W 

1.813 nfll~ti~IPI~ tm~a~mJ~ :dY'Vlnm'V'I1 u m~ffllll~onn dt~vff"ltlffl~'illtl~tl vm: 60 t~'W ~ eJvm: 

90 ~Mi'lnrlnu ff~'l111'n1u 11trlm~1lff1~u'Hrl-:Jm{1JtJ'W~1mY'l~" 111 'ii~'W'Vl1viim~t'il'1rut~1J t\Pl~ 
• u 

20 
100.00 e 

"' - 80.00 • • 15 '§ 
~ • b.O -Q 

000 
J. s '-' 0 
0 

"' J. --.s 60.00 

~0 
(J ;;;J 

0 0 
10'- ~ 

= 0 0 0 
~ u 

~ ..... b.O 
0 40.00 • 0 ..s J. J. 
~ cu '-' 

5 ,Q 

20.00 e 
::s z 

0 CPF 120 CPF Ce11120 
0.00 0 

0 10 20 30 40 50 60 

Time (hr) 

20 
100.00 b,. SuCPF 120 SuCPF Cell120 

e 
"' - 80.00 

f~~ 
• 15 '§ 

~ b.O -Q " J. s '-' 0 
0 

"' 60.00 J. 0 .s (J 

10'- ~ 0 ~ = u 
~ ..... b.O 
0 40.00 0 ..s J. J. 
~ cu .._, 

6~ 
5 ,Q 

20.00 6 e 
6 ::s 

~ z 
0.00 0 

0 10 20 30 40 50 60 

Time (hr) 
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,J Q,l ' 0 ' .q d O".cd Q,l 'j} il 
~nnrn 4.9 tl\9l'J 1 nn tJtJtJ{YmtJ{Yl'J \111'W1~ 'll tl'lf1 'Jl-l~ (l'U'Vl 'J tJ'Vl'J ~flu f1 '11lJ 1 'lllJ'IJ'U 'll tl'l 

{Yl'j 1'W'JVl1'W'YltJ{Y 120 iJ(l~f1i'lJ~tl~\9l'j 

v v v I 0 v I 

~ fl1llli'Ull'U'U tl~"ilfll"itltl£Hl'llltli;l'l"i~li'Wl~ "itltlll~ m ·nm tll;l'lll£1 
'lftl 

(tl!ifl'ln1ll~tl~te~'V'lt~~tl~1 iu~) ~ ~ Q..l ' ~ 
l;l'l"i i'W'lWiul'le~l;l' (llllllfl"ill~tlllll~"i) 

'II 

40 
·II ·12 

9.19x 10 ± 6.00x 10 89.0 ± 4.41 

CPF 80 
·13 ·14 

4.29x 10 ± 3.57 x 10 77.3 ± 8.34 

120 
·14 ·14 

2.72x 10 ± 1.33 x 10 67.0 ± 2.51 

40 
·14 ·15 

2.48x 10 ± 8.12x 10 88.6 ± 4.09 

SuCPF 80 
·14 ·15 

7.74x10 ±9.40x10 82.4 ± 4.57 

120 
·13 ·14 

2.61 X 10 ± 1.15 X 10 86.0 ± 4.35 

~nH~ 4.1 o 'ef\9l'J1f11'J 1 111ru1~1J 1 \91~11'Wl~'lltNnrim~'U'Vl~ V~'J~iuf1'11l-l1'limj''U 'Uti 'I " . . 
m'J 1'W'JVl1m.Jt~{Y 120 iJ(l~f1i'lJ~tl~\9l'J 

v v 
~~"ilfll"il~~tyi~U i~1Jli'W1~ ~ fl1llli'Ull'U'U 

'lftl . 
~ ~ QJ ' ..::::.. 

(llllll n 'ill VI fill m) (vit~~11Wl) 

40 0.841 ± 0.07 

CPF Cell 80 1.237 ± 0.13 

120 1.457 ± 1.31 

40 1.422 ± 0.01 

SuCPF Cell 80 1.482 ± 0.01 

120 1.304 ± 0.02 
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~m1~~u~Prnnn~l.lHnJ'UtJ·nl1~vHi'W ~tJ 25, sou~~ 100 t"lf'W~tlJIP'l'J~tJi'W (UI'I'J1f1l'Jt'l1~ 0.55, 

1.1, 2.2 iJ~~~IP'l'J~tJ'W1Yi) m'Jl'liP'l~tJ~ftf1EJ1~~11lJt.u'lJ.u''W'UtJ·Hn'J 1"W'JYl1'WvJtJ~ 20 ~~~~ 

40 iJ~~nflJ~tJ~IP'l'J ~~~~ u'l1ci~mfutJ'Wmr~cif~~-w~ 400 iJ~~nflJ~tJ~IP'l'J (t~tJn'l.ffmr~cifr~~ 

lJ~\911lJ H~f1l'jfff1Ell 'l 'W M1.u'tJ~ H1'WlJl) !~flftf1El11h~~l'l TI.fll'Vi 'l 'W f1l'Jtl1irlb1'1'J 1 'Vi'JYl1 'WWtJ~ 

4.4.1 H~f1l'Jl'lrlfftJ1Jf1l'j 1 '11~'\JtJ~J 1 ~~~~b1'1'J 1 'Vi'JYl1 'WWtJff 

H~tll'Jl'lrl~tJ1Jf1l'Jtml'UtJ~J1u~~ffl'.i hnYl1'WWtJff 'Vi1J11~1 C/C0 ( c ~tJ 
3J 3J IIJ o' "'~ '1 ~I '1 •. 1 .d 'l "'~ 3J 3J IIJ o' 

mllJ!'UlJ'U'W'UtJ~~~tJ t'Jri'I1'JtJ ~1'J t'V'l'JTI t'U11tJff l'l!1m r1 <7J u~~ C0 ~tJ ~11lJ!'UlJ'U'W'UtJ~~~tJ t'Jrl 

11~-a ~1'J 1Yl'JYl1'WWtJff~nm!~l.ll'iw) 'UtJ~~~tJ1'J~ ~~~~b11'J 1"W'JYl1'WWtJffii~1t~lJ~'Wtrlt!nmH1'W 
1111 PV (PV: Pore Volume ~t! mmru'lft~~11~'l'W~tJ~l.llJ) ~~fll'V'l~ 4.121r~tm~~~tlci11!1~rl~iM 

n1 w 111rlt!J 111 ~~ ~1'J 1 'V'l 'JYl1 'W vJ t~ b1 111 ~ ~1'W ~tl~lJu ~ 11w .u'l.l.u''W 'U tJ~ b1'1 'j~ tJtJn '\11 n~ tJ ~lJul:i~ 1 

'l n~t~tmimn1lJ! .u'l.l.u''W !~lJI'i'W 'UtJ~ffl'J ~t.u'1~t!~mr ~~11~;11b1'1'J 1 'Vi'JYl1 'WW tJffii f1l'J tfl~mA ill 
'Vi~ t~mi'lJJ 111 ~~ i ~ij m'J cimmm tJ'I1 ~ tJ m 1 ~ r~ clflJ 'l 'W 'ljrll'l r~ ~ tJ~~ tJ~lJ u 

·- ---~~ ----

•••• • • ~ D D D D 
0.8 

uo 0.6 

---u • 0.4 +Chloride 

0.2 • 0 PF 

0 

0 2 3 4 5 

Pore Volume (PV) 
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.a. d dQI & I ~ I CV ~ 
I'H'l f11'HY11i 19l'i :::'lJ'lJ'Vlffflll:::'YleJ\91 l 1f11 'j 9flJI'I1'W '\1 el~'W 11'11~ f1'U flel 25, 50 U(l::: 

100 !9f'U~!lJ\9l'j~eJ-f'U 'b'~'Vl~(leJ~~nfl11lJ!'li'mi'tJ1~lJ~'W'\JeJ~(l'1'j 1vnVJ1tJ'VJeJ(l' rrhn'lJ 20 lJ(l~f1flJ • . " " 
~eJ~fl'j nr-.~(ltrJtJ~~m'WVi 4.13 'il1f11'1(lf11'imwv-n1~l1lJ~ 1u"h'WU'W'lJ':h tliff1ll1Hll9ll1'il~~mll 

" " (1'1'j 1'W'jYl1m-Jvff1~mv Crh1l1n~m'jitm1:::M' rvhn'lJ 4 iJ(l~f11lJ~eJ~\9l'j) r-.~m1n'l:lw:::l1tJ~;1~-;h 

'j :::'lJ Ull 'lJ'lJ \)1(1 tl~fl el;lJtJ~ ij f111 !~lJ IC>Jfmftm:::"n 'j elll11l -;j 1lJij tJ 'j::: iY'Vl ll fll'W \J' ~lJlf1bl ~ N(li 11' ff1'j 

" " 1 'WlYl1 tJ'VJt~fftlf1Vt!Vffmv'Vi~l1lJ~ N(l f1l'j 'Vl~"tl~ i tJ ri1'W l1 ffeJ~f!~ v~ n'lJ N(lf1l'j'VJ~ mJ~ u 'lJ'lJn::: i u 
"' 

l1 1.u't1~ ~l'U lJl nci11¥it1 1 'W f11'j l~lJt9fmfu":::ffnml1 n 1 utl~lJ1tu ~mm:::ffllri ~ N(l1 M'm'j civv 

ffmVffl'j 1 'W'jYl1 tJ'VJt~ffff~o~~tJV(l::: 80 tl'j:::iY'Vlnm'Wm'j'Vl~r~v-nf~l1lJ~ff'jtl1~~~mn:J~ 4.10 "' . 
bl1'U rl(lf1l'jfff11:ll'b'~'Vl~(lf.l~~nfl11lJ!'li'lJ'li''Ui~lJ~'W '\Jtl~ ffl'j 1 'Vl'jfJ1 tJ'VJ tlff rvhn'lJ • 

40 :}J(l~f11lJ~tl~\91 1 ijr~r~trlu ~~m'W~ 4.14 ~~N(lf11'j'VJfl(ltJ~'W'lJll~eJ\91 'j1f11'j~lJ ~l'U '\Jtl~J 1 

25 lC>Jf'W~llJm~V-f'W ~1 C/C0 tftlJ~'Utrltl~1'U1tl1 PV 'illmTut~lJ(l~(l~~ 2 PV l!(l:::fN~'il'W~'U~~ 
I d.QI ,dl I ~ ~ I Q.l I I Ql 

f11'i'Vl~(ltl~ ff1'UNri'YleJm1f11'j9flJN1'U'\Jtl~'Wl 50 u"::: 100 l9f'U\9l!lJ\9l'j\9ltJ1'W 'W'lJ11fll C/C0 l1(l~'il1f1 

1 PV ~1 C/C
0 
l~lJ~'Ull(l:::f!~~'il'W~'W~~nn'Vl~(leJ~ 'il1f1!l'W1lWlJ'Iltl~N(lf1l'j'VJ~(ltJ~1'Wm'W~ 4.14 

,., ' ' 'JI 

; 1 M'rl1 'W ll f11'j 'Vl~ (I tl~ 'Vi eJfl'j 1 f11'i ~lJ ~1'W ~1 (nm fim11ff ~) n 'lJ'lJij 'lh::: iY'Vl n .fll'Wff ~ 
"' "' 

ffll1 f 'lJ~~'Vl ~(I Cl~~ el\91 'j 1f1l'j ~lJ ~1'U 25 !C>Jf'U ~!lJ\911 ~ t~-f'W f1l 'j 'Vl~ (It)~ i 'W'lf1~ 

1 PV m1'il'WUff11 1 'W1Yl1 'U~elfft~m!eJVtll'il!~tl~lJl'illf1 itJ1:::v:::~t~lJ'Yl~(leJ~!9f"~e)~ijmlJltuUeJV 

u~trlt~nm~l'U 1 tl (2-5 PV) t9fmft'il~t1Jt~u 119lt~lJ~~~JtJmmwff11 1V~Yl1 tJ~eJff~fln'il'WU~~ 
SJ, 9J I 

"~(I~ n1 'j 'Vlfl (I t~~u.UtJ 191 tl'U l1 iJ 1 ~itfl 'i 1:::M' n11 t'il ~ tyt~ 'lJ 1191 '\1 e1~ tC>Jf(l rl'1 'Utt 'lJu 1l1" v~t u e1~ 'ill n 

'li' e11l 1fi~ '\Jtl~'lf~'Vl~ (I e1~ u~ N(l m1 'Vl~" v~..r 1'1i'vtiv'W 11 u 1rl (l'tJ 'lJ ff'W 'W N(l m 1 'Vl~ (I v~ rl ¥1 t1 i 'W m 'j • • 
'Vl~(ltJ~ll'U'Uf1:::'W'lJill9f(lrl'f1cilJ'il~'W'Vl1~'illf1 10

5 ~~tl~V~tllJ"~~\911 l'il~UJI1J'U 10
11 ;ltl~V~tl 

q q <u u cu 
1 I I )I I I 

:iJ"~~\911 i'Wnm 12 'lf1 tlJ~ (m'WYi 4.9) ~~ffllJ1Hl11~;1~ilt9f(l~l'WlJlJlf1f1i1 2 rvh 'lf~'Yl~"v~Yi 
q 

efm1m1~lJ~l'W 2s t9f'W~llJI911~v-f'W l11nfl'lu1wn;utll'WnmfinJl'il:::ft~t1JtJ 12 i11lJ~ ~~J'W 

ffllJl1t1nci11 i~iltC>Jf"rl'ncilJ 'il~tJ'Vl1 ~~rvilJff~~'Urlnri1tJ bi1fl'ru i tJ m 'j cie1 vffm Vff11 1 'W1YJ 1 tJ 'VJvff 
q q <u u 

ium1'Vl~"eJ~'lh~ 2 ~~ s PV 
. " . ct. <l!:lo .::::lQJ ~ 1 ~ ' Ql t::1 

llJeJ(l'tJ~~f111'Yl\9l"tl~~~'Yl~mtl~'Vltl\9lllf1l'j f1119flJ Nl'W 25 !91'U\9lllJ\9l'j\9ltJ1'U lJ 

mllJfl11lJffllJl1t11 'Uf111 cieJvffmVff11 1~mn~ff~ 1~vffllJl1tlVVvffmVffl'i 1 'W1Vl1 'U~t1ffl~ni1 
q 

~mm::: 90 mllJffllJl1tl i 'U m1 cimmmv"IPI"~trleJt~m)\91 'ilf11'j~lJ ~ltJ'Ilv~Jl tiPIVf111lJffllJl'i t1 

i'Wm1civvffmvffn~efl9l'ilf111~lJ~l'U sou"::: 100 t9ftJ~llJI911~t~-f'W tvhn'lJ~tJtJ(l::: 80 tw:::~vv"::: 
0 Q.l Ql d 

30 mlJmrru r~~m'W'Vl 4.14 
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~ dt d. - ~ o'd. 'J) 'l J 5 ?I 15 I 

'Uflfl'il1fl't.HlJtH'VUJ1J':ilJ10!1CJf~m'ilJ\Pl'W t'U'i~lllllJlfl'lJ'U 'il1fl 10 11J'U 10 'Vill11 

ffn1 'Vi 1YJ 1 u 'Vlt~ fftl n dt~vffmtJ'il'W '11lJ IPli 'W'Yl fl"lf\Pl fll'i'Yl\Pl ~fl\1 (fh ~1n1Plnni1fl11~11' rvhnll ., . . 
dci 0 QJ .<::l 1 q ~ ~ e:t tl 

(Siripattanaku1 et al., 2009) 'Ylfl'fl'il1fll'ifll'il\Plffl1'V'l'l;l \Pltl t"lf~~'U'Yl'itl Agrobacterium radiobactor 

G} Q.l cf'.Ji .ci f de Q.l & ' ~ ~ ~ I G) 9} I 

J14a t 'U flfl~lJ'UCJf'l ~~ fl11fl'fllJ1'Vill111lJflfl\Pl11fl11ClflJ~1'U 'lJ fl'I'U 11'VilJ'lJ'U 'il~ ff 'I~~ t '\1 fll'itlfltlff~ltl 

"' "'o' dt d. -~ o'd. 'J) 'I J 0 'l 'J} 'l 
ff11 'lJ fl\I~~'U 'Yl'i ti~\Pl ~\I 11~~1lJfl1 'VilJ1J'jlJl\U1CJf~ ~1 'j lJ\Pl'U t 'U 1 ~lllllJlfl'lJ'U 'il~'Vll t '\1 fl11lJ ff1lJ11 tl t 'U 

nn dt~ v ff~ 1 v ffn ~111 Yimn n~'U 1 IPl v ~~ nn'Yl IPl ~ t1 'I fffl \Pl fl ~ fl'l tlll ~~ n11 ftfl'il 1 ~'In ci 11 
y • 

th~iY'YlnmTim1'Yl\Pl~t~\li'l'l1lJ\Pl ff1u!~~'~~P1111'1Yi 4.11 

1.00 

0.80 

0.60 
~= 

u 0.40 

0.20 

0.00 

0 

-- ---- ~ ::~ I 
[', B25 I 

I 
I 

-ts.-n- --fr--6-~ 
2 3 4 5 6 

Pore Volume (PV) 

1.00 

0.80 

0.60 .. u --u 
0.40 

0.20 

0.00 

1.00 

0.80 

0.60 
~ .. 

0.40 

0.20 

0.00 

0 

+ AlOO 

0 8100 

0 2 3 4 

Pore Volume (PV) 

5 

• A50 

0 850 

2 3 4 5 

Pore Volume (PV) 

6 

m'Vt~ 4.13 m1 vt~vffmvff111 VJ 1VJl t.~'Vlt~ffi u11 'lJ'lJ~l~t~'~flm1irw fl11lJ! .u'l.l.u'u'lJt~\1 
ff111VJ1fJ1u'Vlt~ff 20 il~~ni'lJ~fl~IP111CJf~~1~lJ~'U 10

5 9fm'Vlv~t~il~~~\Pl1 (A) 11~~ 
"' 

1CJf~~1~lJ~'U 10
15 9fw'Vl~~t~il~~~\Pl1 (B) BIP111fl11CJ1l.lrhu 25 1CJfU~!lJm~t~1u (25) 

50 1CJfh!~!lJ\Pl'j~fllh! (50) 11~~ 100 1CJfh!~1lJ\Pl'j~fllh! (100) 

6 



1.00 1.00 

A A25 • A50 
0.80 0.80 

!::,. B25 0 B50 

..,0.60 0.60 .. u ~ --u u 
0.40 0.40 
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u --u 
0.40 + A100 

0.20 <) B100 
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Pore Volume (PV) 

mw~ 4.14 m'HitJtJ{YmtJ{Yl~ 1vnVJ1 ul'ltJ{Yl uuuu,)lmNfl-e:nrmr mlll1'li'll'li''W'UtJ.:J 

{1'1~ hnvriul'ltJ{Y 40 i!rt~ni'll~tl~\91~ 1CJ~m11~ll~'W 10
5 9fw'Vlv~tJiJrt~~m (A) urt~ .. 

1CJ~m11~ll~'W 10
15 9fm'Vl~~tliJrt~~\Pl'J (B) B\91~1m~9fmhu 25 1CJI'W~1ll\Pl~~tl1''W (25) 

50 1CJI'W~1ll\Pl~~tl1''W (50) 11rt~ 100 1CJI'W~1ll\91~~-erfu (100) 

51 

6 
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m-aH~ 4.11 th~iY'Vln m'Ylfl11 v~tlff" 1vm'j 1 'YJ'jYl1 t..I'W~ffi '\.Juuu ~l"~~fl ~~ll.U mlll!.Ull.Uwu~~ 

ff11 1 'Vj1Yl1 '\.J~~ffi~ll~'\.J 20 fi"~ni'll~~~~P~1 

~ ~ 

fllUU'U'll'U'l!'\18~ 

.... "' ' tlhn wteu" ~ tr1-a 1vnVJ1wtl8tr 
~ ' a VI -a 1m-a eu 'll m u -a 8 tm:: m-a £J a £J tr" 1 £J 

"' ' .... ( ~ ltl'V'ItJ~tliJ"iJiJVI'a) 
.q~cv r.q 

tr1-a hnYJ1u'V'Iatr (I CU 'l! VI nJ VI 'a VI tl1 'l!) ('ll"t'lfl'a'lJVI8"VI1) .. 
~ 

I '\111:: 'U'U ~a m::uu 

10
5 

20 ND > 80 
25 

1015 20 ND > 80 

10
5 

20 ND > 80 
50 

1015 20 ND > 80 

10
5 

20 ND > 80 
100 

1015 20 ND > 80 

m11~~ 4.12 th~ff'VlTifll'Ylnn vmmmvffn 1 yj'jYJ 1 '\.JTI~ffi '\.JUUU~l"~~flfl~lltf mlll!.u'mf'U'lJfJ~ 

ff11 1'Yl1Yl1'Wvlflmill~'\.J 40 fi"~ni'll~fl~m 

~ ~ 

fl11'll l'U'll'U'l! '\1 tl ~ 

.... "' ' mmwteut'l~ tr1-a l~1fJlu'rlatr ~ ' tl VI 1 1 fll'a CU 'lJ ~ 1 'l! "H>£Jt'l~fll1£1tl£Jtlt'l1£1 

""' ' .... ( ~ 18'ri£1PltliJ"ijiJVI1) (I CU 'l! VI 1 'lJ VI 1 VI 61 'l!) 
"' 

.q~v '.q 
('ll""fl'a'lJVI8"VI 1) tf11l'Vt 1 YJ1 'l! 'V'I tl tf 

~ ''\1 1 'a:: 'IJ 'IJ tl tl fl'a:: 'U'IJ 

10
5 

40 ND > 90 
25 

1015 40 ND > 90 

10
5 

40 8 80 ± 1.94 
50 

1015 40 ND > 90 

105 40 27 30 ± 6.88 
100 

1015 40 ND > 90 
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~ c(~d I d ,l !i) ,. A .I 
r-H'lfl111tml~l11o fll'HJe:Jti"'Hlltl'ff11 1 vnVJ1 ul'Je:J'ff!Ue:J~IPI'U t1ltlfllntm l~'YY'ff11 tl.lm 

'i II) " I 'i ~I 'i • .I d 'i 'JI "' d .!1 'l tU l~'Vl (metabolite) \PIN~ 'ff11 1'Yi1TI1'UTitl'fflJ 1flH'ffH:J C11H1503PSBrC1 1l~fll'Vi'Vl4.15 t}I.:J 'U 

'VJfl'lj1'lfl11'Vl1l~tl.:l'ffll.l 11 oitm l:::M'ViU 4 bromo-2-cho!oropheno1 (BCP) ~~ij 1m.:~ 'ffh:~i.:~m'Vi~ 

4.16 ~n~1 3.425 u1Vi J1MlTn 1llmrJ~ 206 t'lfu Yl~'UtJ~'ffn 1ti1Vl1ul'Je:J'ffl.lll'l1il'Umlllt'li'll'li'u 

15 jj~~ni'll~e:J~IPI1 YJ~'UtJ.:J'lf1l'Vl11~tJ.:JVtJtl'ffmtl'ff11 1ti1Vl1 uvle:J'fffl11llt'li'll'li''Ut~l.I~'U 40 jj~~ni'11 • 
• v 

~tl~\Pl1 i.:~mtiVi 4.171llflYHlfl11\Pl1111TIU BCP 't'U'VJfl'lj1lfll':i'Vl1l~tl.:!UfllW:h BCP tfl1l'illflfll)t!\Plfl 

~1'Utl~ff11 1 TI1VJ1 'U'¥Je:Jff~~ffll.l11fltfl1l~'Uttl-!l 11ltlfll':i 'V\'1u~m til nuJ 1 (hydrolysis) U~~/'YY~ tltfl11 
I d' .0::::. .c::t c( & ..::S Q Q.l d I d..o=:t & 

'illflfl11tltltl'ffmti'Utl.:Jtt}I~~~~'U'Vl1tl t}I.:JlJ-!ll'U1'ilti'Vlrll'Ul.ll'Utl-!l Zamy et al. (2004) 'Vll.lfllHI'fl'ill 

11lu uum1 u\Pl n~ 1'Ue:J.:Jffld '1 u nri11 e:Je:J1 un 1 uvl e:J'ffvle:J i' 'ffi u 'ff11 ~ ~~ ltl~t~mll.:J~1t1Jl 1111u.:J ffl 1 
~ . 
1 TI1Vl1 'U'¥Je:Jff~1tl Yl~fl11fffl'il l'ViU',ll 1 TI1Vl1 'U'¥Je:J'ff'ffll.l11 tlU\Plfl~1t~'U BCP ~~~-!lt~'U fl11'Vll 

ui)mt11nuJ1 u~:::.:Jl'U1it1'Ut1.:! Malghani et al. (2009) ~fffl'illfl11Vf.ltl'ffmtlff111TI1Vl1uvle:Jff11lt1 
IJ) dd d(l,l \f]'j/1 & ',r .d.c::t .dQ.I lJ'iY~ I 

i'lfttUfl'Vlt1 ti'Vlfl11Utlfl 111 1lt1Yl~fl11fl'fl'il 11:::1J11t'lftJUUfl'Vlt1 ti'Vlfl1l!Wfl 11'1 'U 'U ffll.l11 tl tltltlffmtlff11 

1 TI1Vl1 uvle:Jffi 11'ttl'lfl~1t~'U BCP ~~ 'illflt'YY~rm1i'.:Jnri11tll'il1 ~ 1J';h1Cim1 Ve:Jtlffm ti'UtJ.:J 'ffld 1 'W1Vl 

1 uvle:Jm~u BCP iu m1fffl'illdtn11111nm1'Vl11li)mt11nuJ 1 tm~I'H ~ t1 m1 rJe:Jvffmti'Ue:J.:J~~u'Vl1 r1 
Llll1 i'U'lj1l'Vl11~ tl-!lfl1UfJl.l (tl.ii1tt}l~rl' ~~'U 'Vl1 rJ) trltl ~11\Plll.l~ tlt ~ tl-!l'WU ilml.lltu BCP 

v v 

\Pf.:Ju'U ffll.l11o;'l111 i~i1m:::u1'Um1 ~~1m tCJ9fff'l 'U fl11fffl'illiiff11 1 TI1Vl1 'U vle:J'ffUl.:J ~hu 
' d 

fl-!l'Vl 

tlflVe:Jtlffmti!~'U BCP u~m:::U1'Ufl11dtl-i'fflll11t1Vtltl'ffmtl BCP 
~ 

m:::u1um1t~ 1111t~9tm'ff'Ue:J !f'lum'W~ 4.18 

trlt1itm1:::11' m1 BCP 1 'U'lj~fll':i'Vl~~e:J.:~~n~9$Clrl'~~u 'Vl1v'Wuil m1'Vl~CJ tl.:J~1 :::iu 

fl11ll!'li'll'li''Ut~l.I~'U'Utl-!lff111'W1Vl1u'¥Je:J'ff~l (20 mg!L) fl11\Pl11'il~~\Plll.ltl.i'WUff11 BCP U~trltl 

'Vl~Cltl.:J~mlllt'li'll'li''U!~ll~'UU.:Jlllfl~'U (40 mg!L) 'WU'ff11 BCP u~:::trlm1mi'Ufll':i'Vl1!Cltl-!l!.yilllllfl 
.% d. F- II) I II) 'JI I • I ~I 
'U'U BCP lJu1lJ1tl!~~Cl-!l'il'U 1ll'ffllJ11tl\Pl111l'ViU 1~ U\Pl\Pl11'ilTIU'ff11111:::fltJUTI'UtlCl (3-methoxy 

phenol) ru nm~tf'lti\Pl111l'WU BCP (!1Cll'tu~d ~tl nm'tum11tml:::M'ff11~1tl!flie:J.:~~9f-tgl.IWff 
~.:Jiim1ru 1 '1 'UlU'Ufl.:J 1 mm1~P~um l.l) ~1v VNt'lfu HClfl11'Vl~CltJ.:Jfl11 Ve:Jtl'ffCJl tlff111 TI 1Vll uvlv'ff~ 

f111llt'li'l1'1i'u 120 ij~~nfll~e:J~IPI1 'ViUiltrlm~l.lfl11'Vl~CltJ.:J~1:::tl:::nm'Vl~CltJ.:J 3 i1l11-:~ 'ffll.l11o 

IPI111l'WU BCP ru nm 3.425 'WlVi (nm'tum11tml:::M'ffn~·;wtf'liv.:J~9f-tgllte:J'ff) u~mt.:J'illfl 

6 i1tl.l-!l 'Utl.:lfl11'YI1l~eJ-!llllffllll1t11!ml:::Mff11 BCP ~~ U~IPI111l'WU 3-methoxy phenol~Pf.:Jfll'W~ 

4.19 
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>I 

tJ ~tl111tltft 1i'iJ fllHl j 11l't'l1J'ff1j 1.J j ~ fHJ1JfJ'lHH'1 (2,4-di-tert-butyl phenol) W 11~ 1 

.. ""' .. , .,j .... d 1 .,j ~ .M 
4.20 tJ1'Vl (nmitJfllj11m1~l1'ff1jfl1mm~~1!CJ$-LUlJW'ff) ~mlJt~'Vl1Hlt~~1 tJnmv11tJltJ'IJtJ 

'W1Jil'ff1Hi~nci11lJtfhnwt~mnn~tJ 191 1mh~t'lftHHl fnj'Vl~~ ~~fllj d~v'ffmtl'ff1 j 1 'WjfJ1 tJ TI~'ff 
~fl11:JJt.u'mrtJ 40 iJ~~nf:JJ~~~m Lrle:ui:JJmj'Vl~~u.:J~'.i~v~nm'Vl~~u.:J 3 i1 1l1.:J m1~'W1J 

>I • • 

'ff1nh~n~ufJtJu~ 2,4-di-tert-butyl phenoi1~viJ~tJlii~m1Til'vhnu 7,633,043 tljunmitJnn 

'Vl~~~.:J~1tJ 1u 12 i1 1:JJ.:J ~tJ~i~nnwiJ~1tvi:IJ\T<l~tJt~tJ 1,898,706 ~.:Jm'W~ 4.2o 

~1tlH~~.:Jnri 1111 'ff~.:J i M'tlttJ i1n~:1J~ ~tJ vi1 ei'~i cUi tJ .:J1tJ 1,) v~ lJfl11:1J'ffl:IJ 1'.i mimmmv 

'ff1j 1'WjfJ1tJTI~'ff'Vl1~;1fi1Yl\T<l t1i''ffur-J~IPlntucn~iJfl11:1Jl~tJYiEJ~1 (Kegley, S.E., and et a!, 

20 10) ~.:J1ti i tJfll'.i tiuv'ffmeJ'ff1Hi.:Jnri11fi'.:J 11imm'.im~u 1~5.:Ji~t1ltJU~'ff1:1Jl'.i t1;i M'tlltJ ~~--;h • 
'ffl'.i 1'W'.iYl1tJTI~'ff\}tlVflfJ'ffmvuti1<JUlJtJutJ 1~tJ'ff1'.il:IJIP111u1m1u1<J'lfi1~ !~uri 4 bromo-2-

~ ' ' ~ e::J" cholorophenol (BCP) 3-methoxy phenol 11~~2,4-di-tert-butyl phenol j'J:IJ'Vl<l'W1J11tl~:IJ~~tJ'Vl'.ieJ 

'ff1lJ u t1 ti~v'ffmv BCP 1 ~~ n11'1v u~ v VH ~IPlllJfl 1'.i iJ -:ntJ 111 v~;.;~ i tJ 1.J'.i ~ ~~ tJ ~-!I ncin~n 
'j 1:1JvT<lfl1'.ilJ <l1tJ 1,) tl~ ell~ e:J<ll~ e:J'j ~ u1ti fll 'j Vel V'ffmtle:J V1<l 'ff:IJ1J 'j wi tJ e:JtJ 1fl\Pl . ~ 

Cl 

HO 

Br 

d 1 'J) ill't'n14.16 flH'ff'.i1-!I'IJeJ-!I'ff1'.i 4-bromo-2-chrolophenol (BCP) 
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Profenofos 

I \ 
Cl 

HO 

Br 

4-bromo-2-chrolophenol (BCP) 0-ethyle, S-propyle 

phosphorothioic acid 
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'U't1't1 5 

~ 4 I ,: Q.l I e:. d r/ .e:\ d r/ Q .c('llf 9J 
5.1.1 fll'Hffl'l:lll'VHllJ\1 'lHI fl'l:l W:: 'UU\1 fHJ11 ,~'U 'Vl'H.lff111 l'HUWfl,~ 'U 'VI 'HilJ'HJ''Vlli & ~ 

44 .Jida~ rl 11.ct' Ql '~I r, 
4 'lf'U~flfl PF1 PF2 PF3 U~~ PF4 9f\111~fl'l:IW~19f~~U~~ fl ~'U~l\1 "1 fl'U U~1IJ'WUfll11~lJ'Vl\11111~ 

~iiu 'Vl1 rf~fi ~twn 1 ~ ~\11111~ ff1111':i o 'Vl'Ufiu ff.nlv.~iiffl':i 1v.':i'VJ 1 u 'Wuffu~~ff1111':i o du r.Jff~l r.Jffl':i • 
1v.':iVl1u'Wt:Jff1~ hwiii~':ilfll':it~'1t1Jt~u 1~\iltV.l~'UU\I,ii'U'Vl1r1 rvhnu 4.40 ~\I 1.20 9it:J1u u~~ 

ffllll':ifiVt:Jr.Jff~lr.Jffl':i 1v.':iVJ1urluff1~~t:Jr.J~~ 90 ti~':ilfll':iVflr.Jff~lr.J~lt'rll~nhnu 1.25 x 10 -!3 ~\I 

2.37 x 10-
10 

111 1mni'11~fl~mrl~~u1u 

s .1.2 m':i dvr.Jff~lr.Jffn hh'VJ1 uv.Jvmrlvvvmr.J 1~ff.fl11~~iiffl':i fl1111':il111 .. 
5.1.2.1 fll':i~flr.Jff~lr.Jffl':i 1rl':iVl1uvlvmrlt:Jvdmr.J1~ffm1~~ijm':it~11m~tiflaJ$ilfl 

ffllll':if1Vt:Jr.Jffmr.J~~tl'~f1vrvr.J~~ so ~'iiifl'mlnndvr.Jff~lmhtv.l~ 1.88x 10 -!
5 

111 1mni'11~v 

~wvl~fiu'li'1111\l u~~ni~':ilfll':it~'1t1Jt~u 1~~11v.1~ 1.715 ~vi1111\l 

5.1.2.2 fll':iVflr.Jffmr.Jffl':i 1 W':iVl1 urlvff~':i~~lJfl11111'li'lJ'lr'U'Ufl\lffl':i 1v.':iVl1 'W 

rluff 120 iJ~iini'11~vii~':i u~~iim':it~11m~tiflaJftJflffl1Jl':ifiVmlff~lr.Jffl':i 1v.':iVl1uvlvff~~ff~f1v • 
9} d J Ql I 0 ·lJ 1tJ 1 Ql I .C::S. _.1 I J_, 1 01 

'HH.In~ 90 11fl1fl~':i1fl1'HJflllffC11tl'il11W1~ 2.61 X 10 11.1 fl':ifl':i1J9lfl9f1fll"l~9lfl'lf'l 1J.:j U't'l~fl9l':i1 

m':it~'1t1Jt~u 1~\iltv.l~tvhnu 1.304 fiu'li'1111\l 

5.1.3 fll':ifffl'l:llfl~':i lfll':i~Wh'W'Ufl\IJl~ 25 19f'U ~111~':i~V1'Uiith~ff'Vli .fllV. 1 'Wfll':i 

dvrJff~lr.Jffn 1w':iVl1u'Wuffff\l~ff~~\lrvr.J~~ 90 ':ifl\l~~mf1vi~':ilfll':i~ll~l'W~ so u~~ .. . 
100 t9f'W~t:JJ~':i~u1u 1~vfflm':ioduvffmrmn 1~rmm~ so tm~fuv~~ 30 ~111ri1iu 

...... ' 1 ~1 1 . .1 .!1 , ... 1IJ ' 1IJ , ... ... ' 
5.1.4 1fltll':itlflr.Jff~ltlffl':i W':in 'Wl'lflffllJfl\I~'W tl\1111ffllll':ifl':i~U 1~tl~'l1~l~'W u~ • 

ffllll':i fl;, M'tlt 'W 1~11ffl':i 1 W':iVl1 'WWflff\)flVfltlff~lr.JflVl~Uhi 'Wfl'W 1 ~ fJ~':i 1~W l.lffl':i 11J~111.l '1 ~...r 
~ ~, ' 

1.11~'.11\J~ 1~Ufl 4 bromo-2-cholorophenol (BCP) 3-methoxy phenol 11~~2,4-di-tert-butyl phenol 

':i11l~~wu11fl~ll,ii'W'Vl1rJffllll':ifiVflfJff~lfJ BCP '1!PWn~1fJ 
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5.2 .rio&auouu:: 

~ .l ... ... o' ... .i.J I "' 1 0 ... o' I ... I 

5 .2.1 fl1l flflll11 'lft'l ~ ftl.ll'l 'HJ1J l "J''t11il'lfl1\..l fll'Hl ~Utlfl ~ tl\..11 ~ ft \..ll'll U~ ft~ 'lf\..1 ~ 111 tl t'l tl 

1 ~~1 _J .J_., "" I I , , "" :'1 ~ 1 ~ , 

ffft1tlffll 'Wln \..lnt'lffl'l11~~tJ111~'l1'1f\..l fi11111'\11J'U\..I tJWlUJ11 Uft::fl1111111't..lfll~11J\..1~1~ 11J\..111\..I 

5.2.2 fl1lffflll1flTi~mmlll"WlfJ1u'rlvulumw~iiullmMl'ii111111flfl'h 1 "lfil~ 
" . . 

5.2.3 fl1'iffflll11~tJ1111~VfiF-humni~utJfl uvtJn'ft1tJff1'ifill'l1U~fl\..l'l lufl~11 

t'l t'l of U fl 1 'U 'rl t'l u'rl fl l ff 1 'lfu fl ft t'l 1 'W l 'rl t'l ff ( Chlorpyrifos) 1 ~ 1 fl 'i 111 'rl t'l ff ( Dicrotophos) U ft :: 

111ft11'tlt'lt'l\..l (Malathion) 1~'U~'U 

5 .2.4 fl1l fffllllififlll ~m.JffmrJ'Ut'l~ffl'i 1 'WlfJ1 u~vul M' n::&vtJ~111fl~'U 





, Ql 4 I oC11 4 .. t , d I 0 Ql' I 

fllty~ U 1 'Vi l'U U fl1. fll~ mu(l Vfl fl 'J11 ~(I U VI~ fJ'lJ U ;JU fl (1'111l'l \WVfJft'(ll fJ(I'l'l' fll ~~ 1111(1-:J flQ11 

vvfunu luvhJ(I'~Vi'(l'. m~tfutl1'1fl(l''l::mtyt1P1tr1m~11ff1(1'~'l11'111UWc¥i~ : 

" . 
t1i'.:JVi 1-2. thwn1~vwi'Jiu1i1m1vm'l~~~fi1.:Jm'lm'l:l~'l : m111'111m'lm1:1~':i, 2551. 

cv r~. d ~ -~ .::!!. " 1 .q .q r'l""" .1 
'U1~tl1 'il'UVJ':i(l'fl.:). fffl1:11'11'U~H{I::1J'l111Wff1':i'Vi'l:l~fltl1.:) 'U'Vi'lfl ~'U tt(I::'Ul ~~'U'IJV~HlJ~~ 

tfl'l:l~'lmmtl~::1'uvvmuv~1'11UV~vuciH~1111m.:)fll':i!fl'l:l~'l1fl'l:l~'l~1'11111::ff11 

(GAP: vt'lf) m.J~'l1'111i1iL nci11WI'JIU1fll'l~'l1'ilffV1JV4'1fu(l::tlm)vm'l~~~ ~hwn11i'v • • . 
~ 4 ~ 

H~::'Y'II'JI'U1fll':i1fl'l:l~'l 1'1J~VI 4 : fl':i111'111fll'l!fl'l:l~'l, 2552. 

fhv1;~ Q lj Vi1:1 rl1u nt111Jf>J 11Vl'111m:: 1(1'~ m 1 m1:1 ~ 'l. m111 w m'l u 11'li'1(1'n fi 1 11~ ff'~ 'lV4 'If. 

http:/ /www.oae.go. th/ewt_ news.php?nid= 146&filename=index. 9J mm.J 2553. 
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I ~ 1" I ~ ,l ~ 4o'ds 
1~'Wfll VIV~fi1W. fll'lff~1tlffl'l~1111i'l':il.J'If1~. fll'l 'lf(l'1':i1Hfll'lff(l1f.J11(1:fll'l1~111'11V~~'l..I'Yl'lti1'Y'IV 

ff(l1tJ(I'1'l4-tl(IV 1 'lv:il~u~tlwtivu 1 uiju. 1'YlmiJ'Y'Iui'mtyty11'Ylmff1ff~'l 
Ql oCl rl ~ Q,l 

11'111\JWCfl~ : ~W1(1~fl':iW11'1111'Ylf.l1(1tJ, 2548. 

ff1Um1um~'l,i1'l..lffUtf11fl'l:lm1m::m'l11mli~'lf1~ (11flV'If). "mmwtr1':i-w'l:l~nfi'1.:) (MRL) ~ 

fi1'11'1.Jfl i'lfiiium'I11'J"'IJV~ 1'VIv", m~·HnuihJti'11fl'l-ll9ll 2551. 

http://www.acfs.go.th/searchMRL.pbp. 9Jmt111, 2553. 
OGIGI ~ ..c::t. ocvf~ ~ Q 0o1rl 

ff1'1.J fl 'iltlfll 'l tJ W.fll'W hi 1 fl':il.Jtl11Jf'J1111(1'Y'I'I:I. 'l:: 1J1J1J11Jtl'U 11 fft1111J1J H V'Yl'Yl !11 ~ ~ ff(ltl 'il. 

http://www.pcd.go.th/info _ serv/water _ wt.html. 9Jmt111, 2553 . 
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vmyqp 'il'U'Yl'l11'J!'I.J::. 1'Yltl'Utl'Y'I'I.Jitl'U'Yll.:)'il~'lf11'Yltll. http://www.agro.kmutnb.ac.th/e-
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,K ~ ~ "' .J ~ <9 • ,K .J ?I 1 1 "' .J .J liJ ~ .1<9 .I ' 
t'lftl'l'Vi 1~ tfl1m.Jt~tl1'1 (Single colony) ~1f1'W'IH.:l'Wlt'lftl'VltlJ'W fl (I'Wt~tJ1'VltWf11~ llJI'l'f1'l:I1JlJ11-:l 

Ql Q..C).t ,dt'ljl "',r 1 d .d Q.I.J 
(lfl'I:JW:t tm:tf.)W~l.l'lJ\91\911-:l"] t'Yltl 'Vi'Vl'Jl'lJ'lf'W~t'lftl fltlll'JltJ(I:tttltl~l'l.:l'W 

'l
" d ~ d ~ .d.c:::t A 31 ~ ~ 

1.1 'lf~'l.Jt'Utlt'lftl (Loop) t'Utlttllt'lftltltltl~lf1'Vi(lti~'VllJt'lfUI'l1tJt'Vlfi'Wfl1l(l tl~t'lftl (Aseptic 

technique) fl.:lU~fl.:l'l'Wfll'Yl~ fl.l 

', ·,_. ~--- -
,--',I 

(f1) ('U) 

r 

(fl) ( .:l) 

' " " mwfi fl.l m"Jri1m~v~1m'VlfltJf11l"v~t~v cvntytyl 1l'W'Vl)li'JJ'W:t , 2553) .. 
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- .. 0 .d ~ .d ' ~ .,;.,. ,r .r diS) 91 "' II) 91 91 91 
1.2 'V11fll'H'IW1'lftl'Vltlti1hmJC'111Cl~ti'U 1l1'U1'W1:!:l'lftl'VllJtll'H1'H'Cltl~l'lftl'Vl !~11'1 ~ tllJ !1ll'Cl'J ~'Jtl .. '" 
Ql QI.Jzd~ Ql~ 

fl111!1~lJ~';j~'J~ Clf~lJ'IJ'UI'Itl'U~~'U 
, ' 

1 .2. 1 11!~ ~11l1'U1'W1~1tJrv ll\'lj'lft~~·;h ,:u'Viu~wt~li 1J~n't1~~111.U1 i lli~~ltl fi~un-~--1 .. 
L'Ufll'W~ r1.2 (n) uKnHl~~u~ih~t~uuf!Vi~mnhilnnl~ti~~'U~m.nm~'l.l 1 1~v1'W~~w:h.:Jm~ .. .. 
l~f.J1l~~tl.:j i~'Y11ll1'~1'1JtJ.:jtJl'Hl~lll'lf) 

t t t ,.. I I I I 

'111l1vt'Cl'l.l 2l!~'J'Y11m~ ~~vi'l.lit~v,.,~l~lJ~'U,.,~t!vliu~ntuVi'WVi'l1mm~'IJ l!l~1vllfll~l~vVii1lVi . .. 
~ ~ .d Ql d 

tl:il1tu'W'U'Yl'I11Jlf.J!Cl'IJ 2 ~~fll'W'Yl f1.2 ('1.1) 
I I 1 )I t "' 

1.2.4 1jjt1 1~v Viu~ntuVi'WVi'Hmm~'l.l 2 11~11 l1't.h~ut~t~nmCJll!.;tJ1~vm:i 1~n i-w .. 
,.,~~,.,,mf'W'Yllll1'~uv'Uel~ 1~vm~u~'~~~'l.lt~11'1Jt~.:jmm~t~v~l~t~ 'ln~"l tiuu~ntu 111llvt(l'IJ 2 

II t I iJ ! 

1.2.s 11ll'U 1ll'Wl'Wl~l~t~ 'l l1' t~v1 'U~lu'Htl~Viml11~ffllrl111i'um:il~vu~l1tu Vi'WVi 
q .. 

I t I iJ t I I 

mnm'Cl'l.l 3 u~1'Yl1m~ ~~vi'llit~w,.,~l~lJ~'U,.,~t~vViu~ntuVi'WVi'Hlllm'Cl'IJ 2 u~1'Vl1m~~~villVi 
q .. 

Sl J I I t )I t 

u~ntuVi'WVi'Hmf.l!Cl'IJ 3 fi~mwVi fl.2 ('1.1) rl'1mn~l!tl'Un'11ll:iflvllfll~l~f.!Viu1ntuVi'Wli'l1mti!Cl'IJ 4 

~~ 
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("U) 
(f1) 

(fl) (-!!) 

.d £, ,:. .e. e!SJ ~ .d l .e. Q.l Q.l 

ill'VfYI fl.2 "U'W~fl'Wf11'HWf1l'lHliJ'HJ''Vl1i~1m'Vlfl'Wflt'l.lm'll'fl (Streak plate) (fl.flqjqjl 'il'W'Vl111'JJ'W~, 

2553) 
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illfiH'W1f1 \l 
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IP'll1'il'l!mhl-A1l-Jt~fl~~l-Ji'11v~'l'YilJIPl11Plv1'*tf1ifl'lU1J~llJ1lJ 1f1 h\1 (Manual Colony 

Counter) Ul:l~UllJ1flllJ1tu~llJ1lJ~~Ui'l1V1u'YI'ihV ~tfl'WQ~fllll:l~~\Pl'j (colony forming units/ml) 
' .., "' 

(APA, 2010) \Pl'l'fflJfll'ji'l 1 

' X "' "'! 
O.l X 'j~\Pl1Jf111lJl'ilfl'ill'l 'fflJ fl1 'j .yj (1) 

X 
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illfl~'W1fl il 
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y y 

fll '.i va:u iYufl '.i :u 11~ ~ a~tJ '.i ~ fl auf1'1v'\J u l'ltl'W m '.i tl'l~ v:u u i t'11i' i 1mh~ut'l~ '\1 u 1'1 au m'.i 
' ~ 

VtJ:uiYum:u (t~u l911P1'ffl'H l1J!'Vlf1Uf1f11'mrl'Ylrl, 2553) ttl~ih1rm:::t~tJI'li~~a 1 tJtl 
y ~ 

q ~ ,, ~ .::t. d.Q.I Ql~ 

1. m·n~':itllHJ &L'IY~tWJUfll':itleJlJtr :U'IJ'WI'l'eJ'WI'l~'W 
, J/ I I Jl 

o t~·i~v:uatJmm~l~"l i~u 'Ht'ltJI'ltnut'ifa'Yi'ii~'Yi,m'.ii-lmn u~ubl'lt'l~ li1~1~m'ifa 
q 

cS <I -~ cS I i 
l'l:::!fW~!!'eJ"fl'eJ8'eJ" tm:::IJ1f1f11!'1JEJ'WW-I'W bl' 

rj) \q ~ ~ Q.1 I \f1 d'dd. \1) 3.} 9} i ~ I j/ I 

1hv"~U'Wbl' t"~'~ 1!1fl'W'Wf1"UUN'Wbl' t"'fi'Yl'IJ'fl nl'llt1111nm 'H'eJ~'fll'Wm~ 
J d. ~ rj) d " dE ' l t 9 9-ld 

3) !Nl'H"N!'IJEJ!'lf'eJ\Plltll'l:::!ntl~'ii'W'.i'eJ'WU\Pl~ !'YW~l!'lf'eJ'illfl'W'W'.i'eJ t'HW'W tJ'.i:::lJlW 
I , 1 I 

10 iu1Vi '.i:::1~arhi..rtJmvlil~t~m'ifam::'Y11JtlUff~~'W'.i'eJU"l 

4) i GJf'ijacM'lv~a'H"tl~'~t~ailmh~ 1i'lia'IJl1~~ffl~aafl'illfl'Ht'l a~P~tnut~a 1~P~v'.i~-r~ 
hii ..rijml'tH.fbl'tiutJln'H"'eJfl~l'W i 'W tN11J~ nw '.i a'lJtJln·vmaflut'l~ 1 uil~P~ffl~"~ iu'H"'tl~'~l'll:Ut~:u 

5) tJllfl~!~tl~~l'Wfil'.i~l!~'eJUal !~EJ!~'eJ'eJ'elf1'illf1'Ht'l'eJI'l!nU!~'eJ Ua";l!Nlthfl'H"'eJ'fl 

u":::1uil~P~ffl~"~ i 'W'H"'ell'll'll:Ut~:u 
d ~ II] "9 deS 1'J)'J)~cS I 

6) !fl"tl!'lf'eJ (Smear)** "~1J'Wbl' tt'll'l t'W1'lf1":U'Yl!'\Jti'W 1 fll!'lf'eJ:UfiJl:U'H'WlU'W'W~~ 

i'l1't~:uJln~utJ"a\Plt~ani:u~fl 1 'Htll'l H":::m~m~ai'l1'm~'ii1U:U1f1~"Q'~'~ 
7) tmli1~~~m~a11u~awtf1~ tftmnu 1 il'lf'iuflf~~a !tJ 

tJlbl'h~t tJ ~nHtJ t'll l 'VJ 2-3 fl f ~ tft'elt~'W f11':i'vll i '!1't~tl~f'IH,j 'W tlUH~'W bl' 1 "~ 1'JtJ~tl'W i:Ji '!1't~tl 
'Ht'll'l 'il1f1t1~'W bl'L"~i 'W'.i~'Hil~~'WIPI'eJ'W m'.iva:u in~~ tlflll Heat fixed m'.i'Vllt'lfu~'Vll i..rtnl'lm'.i 

q 

\Plfl\Pl:::fl'eJ'W (Coagulation) 'IJ'eJ~ 1 tJ '.i~'W'Vlli ,r!9it'l ~~\PIUH'W bl'lt'l~ fll'.i !\PI~ ti:Ubl'l t'l~fl'eJ'WV'eJ:UiYij 

clfl'hltu~i~m'Yl'Yi 'il.1 

0 d. d ~ .:!1 

** fll'.i'Yll!fl"EJ:U 2 11i fl'e) 

1. rl'luuf1Vi~m~v~aQ1'Walm'.im"1 i..rii'lil~t~m~a (loop) ~~,~~mtal (tl'ltlfil'.i 

O ll_l 11]_,1 'J) 'J) -1 1 9 'j)Q I 9 ,% ~ 'J) I d ~ J 
'Wl tlJ!Nl rn'ii'W'.i'eJ'WH\Pl~Ut'lllJ"'eJU t'Hiti'W) ~:U"~ t'W'eJl'Hl'.i!"tl~!'lf'eJ Ut'lltlf1'Hl~!'IJtl!'lf'eJ'IJ'W\PIH""] 'il~ 

tltuilijuHuvM:um~"l 1l1 itJthv"~uuuHu bl't t'l~~tl'l1 v:u 11 tfl~vt~a 1 ..rt~'W l~flt'l:Um~111V1J'W 
bl'l"~ 
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' " 
2. 1~11hf1'1Hlfl\Pli'l\Pl~el.:J!~flCJJ11'iffl 

' " 11~1~ll'I11.:J!~tl!'iffl~.:j 1 'U '11~fl\Pl 
q 

" " mm!'Ut~11hfll1~flfl~flfli'.:J 

' " ' 
3. tn~m'ifeJ~.:~mtJl'U1.:Jfl~llli111PlL1 
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"' "' y .::t .d Q.l Q.l d 

2. fll~fJ61JQ'UO'UJ (Gram · s differential staining) lJ'\J'IHHl'Ufi.:J'U 

1) UlffLIJ~~1t:!Vl-:!11-:JIJ.:J'U'U~::unHrlll1i''UVV1Jff lfltJ~l'U~ Smear VQ~l'U'U'Ul1tJflff 
, "'1 ~ I "' "' Crystal Violet IJ.:J'U'Uff Ilfl l1'YI11J 'il'U!1Ill 1 'Ul'Vl 

~ "' , o'~ ~ .:, "' ='' '1 ~ ~ lit I lit <I "' '1 ~ ~ 
2) I!l.:!fftltlf1'illf1ff I!flf11tJ'Ulf1"\Jl1'jtl!IJfl l1'Wl L'HI!Hl'Uff ti!fi!'Ul"ll1'jt:J 'lf'Ul'illf1 

"' ... " '\Jtl.:Jfftltlf1'illf1H'U.:Jt9mi~ 

91 91 ~td Q.ICj) 

4) Ill.:Jtltlf)fi'JtJ'Ul!'lf'U!fltJ1f)'U'\Jtl 2) 

5) ~l.:JffVVf1'illf1U~'UffLI~~lfltJl1tJ11 95% m'Ylni~uv"nv~v~~l'UffL"~ lfltJ~VffLI~~ 

~ <11 '1 d d Q.l~ Q.l Q.l tJ' I "'1 I 3) j} 

m.:JVVf1'illf1!91Il"ff1'U 'U m tu '\JV.:JUf)'jlJ'lJ1f1ff'il~ ti.:J\9111 f1'UH'\.J.:j!9f"I!VtJ UII~ tlJf:lf1m.:jtltlf1111tJ .. "' 
uvi~nmw~ (,ru~vuU't.ffnmilJ!nu 10 1u1Yi) 

9) dd t Cj) d d G) Cj) 9) d 

7) tJV1Jfftlf1fiH111tlff'YlffV~ Safranin (Counter stain) t'lfnm1hlf11'jtJtllJ 1 'Ul'Yl 

8) ~l.:JffVVf1~1tJJl\9111J~'t'U'1i'V 2) 

,£lit "'1~~1 .,9llt~~~ "~9~ ... lit" ~ 
9) 'Yl.:Jff tiJ11 mm~ 1ltJH.:J n mur1.:~m.:~ 'Yt'jtl t'lfm~1ll'l:l91'Ut'Ul"l ff t"1Jfl1'j'il~Ul1~ 

ffil'Ylrivw11'jtJ1 i 1l~~1vn"'v.:~~"'Yl 'j 'jfi'UU'U'Uu"" .:j uff1l~,r'U\91V'\.Jm'j vv1lffumm1.:~m'W~ 'il .2 



.All oclls o~~ppe1u· blue-bf,jit:k 

""""...__ __ ,_· -~ --'-""'__::, ~ 
Gnm-pos1tive c:ell s ~e•.,in the dYe complclt; 
Gn~m-ncg<~tive c.el•s .ztrc dec.oloun:sed 

' ~"'- ~ ~~--~--~\_._• __ /--------~~ 
Gr.am-posit;ive uus .appe;:~r' blue-bl.l!ek; 
Gr<llm~egllli,•e cell$ .:!PPC-~~r red 

' " ~ Q,/ 31 .c::::t 

.fll'Yf't111.2 'U'U~Hl'Ufl11tltl'lH1'Ufl'JlJ (Heritage, 2010) 
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flooo ·wrth crysbl vJolet 

ffood wlth l.~sgol'$ iQCJine 

Decolourise wtth a.cetone 

counters.taln with a l"e-d d~·e 



.fllflN'U1fl il 

inm"JiAfl'Jl~~tfl'HHl4Ufl'U 1 'UYhHY'Wel~tf 
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1. 1fitn11&fl11~1hTnfh~~U)Jtl~00~Um~1u~~HJ~fl~tT 

1n f11 ':i 1 tfl ':i 1~ M ffl':i n 1 ~ ~ ttlJ ~ ·HHJ { tt f1 'W 1 'W yj tl ffvl t~i' ff~ H ~h ~ 1 f1 QuEChERS 

d Q.l Q.l I 

1. u m':i m'lHm~m1:11~1u tl1-:j 

tfh.JI'flt~~1-!l~';ltlm.Jmw~ n'Wttff .:J fn':i !~'l.Ji'mnl'flfl~l-!ll~ tlfll':i tt'lft~'W~t!UA'Y! niJ 4 . . " 

d ... I 

1.1.2 fll':i!~':itllJ~'Jtltl1-!l 

~l-!!Jw1lt~~1nnlJl~':i 10 ml t~lJff1':i~~mtltl~ttl1~1'Wt~':irl'(acetonitrile) ~fflJ 
~~ tj} G) Q.l I Y 3) 3) 0 I q 9J 9/ Cll ~ 

fl':i~tl~CJf~fl (acetic acid) ':itltlll~ 0.1 10 mill-!! t'W~ltlti1.:J'Il1-!I~'WttllTY11fll'H'Iltll t'Y!!'Il1fl'W ~1fl'W'W 

~~JJff1':it"1ft~tiJJflllt~h~ 1 g uJ.JnthCtlvlJilltvl~-7-!m~':i~ 4 g t'll~lhi't'li'1n'W t11!11l1'Wm~v.:J~ 
fn1lJ!~l 5,000 rpm !~'Wtlm 5 'Wl'¥i t~'UI'ilt!~l-!l~~l'Wfll':iffn~ 1 ml t~lJffl':i~~CJ1'lJ'Ilfl\IU~-!I SPE 

t'll~11-Ht'li'1n'W~1mf'W~'Wm~v.:J~mllJt~'J 13,ooo rpm ~~'l.JI'ilt~~l-!1 o.5 ml tll!tJ1tml~l1'~1mf1~u.:J 
unfftf!':ilJlt~m1vl (Gas Chromatography-Mass spectrometry, GCMS) inm':iffn~t~'Wt'tJ~llJTI 

QuEChERS tJ':i~ff'Vlllfll'l"lfll':iffn~~fltlll~ 80 

"" <1 51 <!\ "'"' .Ji "' " 1 .t ... "' d "' •• 1 l!fl ';i 1~ 'YI ~ d tltfl';i fl.:j ~ C)fC)f .:j lJ ~lJ m ru ~ ';i d 'il 'il 'lJ u 'lJ Ut!lJ ffC)ft ~ fl'Vll'l (mass selective 

detector) cj'W 6890N, Agilent Technologies, ff'YI~~fl!lJ~fll) 1~tltfl~fl-:j\JCtl~1-ffijf1fl~mrlmm 

t~':ifl':i1vl'lfiJ~ DB-5 'll'Wl~ 30m X 0.25 mm u~~mllJ'Y!'WlttN'W:Wrl'JJ (film thickness) 0.25 J.lm 

" ':i ~'l.J'l.J~ ~l'ilfl~l.:J tt 'l.J'l.J ff11~'Vlmff (splitless mode) l'i-!!~lflW 'Y! nih ~'l.J'l.J ~ ~l'ilfl~N . " 
' ' " 

(injection temperature) '¥i 250 fl.:Jfl'l!C)fll!Ctltlff mm~':il'i'lfl~l-!!'¥i~~t!~ll~fl~-!l (injection volume) 
!il I 1 I 

tl'hn'l.J 1.0 LlJ 1m~m l'i-!!~1~W'YI.Qii'¥it~lfl'l.J (oven temperature) t1lJ~'W'¥i 90 fl.:Jfl'lt9fll!Ctltlff 

"' d. .J "" ~I "' 'L I .,.,; d. .J d 
fl~':i lfll ':it 'l"llJ'Il'W 'llfl-!I~W 'YI.fJlJ!lJ'W ~.:J t 1J ':i u m lJ~W 'YI.fJlJ'Vl !'l"llJ'Il'W (temperature gradient program) 'Vl 

U{Y~.:Ji'W~l':iN~ u.l m':i1tfl~il~Mi~ttnff~t~tllJt~'Wttn{YtJl'l"ll (carrier gas) tJ~m)~':ilfll':it'Y!ll~ 

2.0 tlJ tfl':i~~':i~um'¥i {1'1':itlflfl~ 9.07 m'¥i 



' 
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' .. ' .. 
0 <V ct <V <V .. <OS .. !I 

':i::;r.~::;nttl (Hold) ~nmrn 'UU~6U 6~-:ilfll':i&'W'lJ'lJU'lJM 6 W'Mfl'lJttWm tl • "' • .. ( oc) (min) tlW'Mfl'lJ . "' 
(°C/min) 

' 9) .. 
90 0.00 1 t'HJ1l'U -

.d 
., 

' 
"' .<1 2 f11'HVUJTIH'Yl 1 20 220 1.00 

' 
., 

' .. "' "' 280 3.00 3 f11'.Hl'llJTIH'Yl 2 10 

cv .d 
4 lHl.:J f11 '.H YllJ - 300 3.50 

'j'JlJ 20 

1.1.4 1 m-m11luml.l'ffl'Jl.l11l'J~Tt.Jn~l.l66{un'W 1 'Wvlt~'ffvle~i' 'ff 

~Hl'illflf11'Jl&TI'.i l::;M'ffl'JlJ11l'J~l'U'ffll.ll'JfiU 'fffl.:! i 'W~lluuu 1 TI'J m11lttf1'JlJ'Ue!.:!'ffl'J 

1'V'I'JfJ1'Wvlt~'ffi.:~flwl 'il.2 'ii::;Yl1Jil'ffl'J 1'V'I'JfJ1'Wvlt~'ff1l'Jlfl{] w nm 9.05 'WlYi u~::;~~ 1e~e~t~'UHl.l'ff 

'Uei.:J'ffl'J 1Yl'JfJ1'Wvlt~'ffi.:Jfll'V'I~ 'il.2 

r• sli 

2500lXl 

;ruxro 

1500XXJ 

111Xllll 

500))J 

q I m'nn 11'nn ,,,.., ,,,,.., Ann "'m ,~:, 
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139 339 

1500)) 97 

11XXXXl 
125 374 

..::i .d.e:t I 0 Q.f d fj} .Q rf 
!\PI ':i tnJffU fl:::: fl 1 tllll\Pl ':i ~ 1 'U 'YilJ ff'J'U r.lfflJ'\J tl~ ffU f11 'iJ \PI !!lJ fl ~ 'YI! ':i 1\Pltl~ f1U 1!fl':i 1:::: '11 

" i~t'lf'Wt'U~1'W11ltJut~ff1':i 1vnVJ1uYlt~fflJl\Pl':i~1'U ('\Jt1~1ihT'YI Restek Catalog 560935 fi111Jt.u'l.l.u''U 

'I d 'J) 'J) 0 'i 
100 Jlg/mL f!::::mtJ t'U Ethyl Acetate) f11':i!\Pl':itllJ'ljf'lfl11lJ!'\JlJ'\J'U'\Jfl~ff1':ifl::::mtJlJl\Pl':i~1'Um::::'Yil tfltl 

mn11ff1':i 1l'l-:iVJ1 uYlt~fflJl\Pl':i~1'Ufl~mtJ1 ut~::::~11Plt 'U l\Pl':i~~1'U1'U 4 fl11llt.u'm!u 'l11t111tm1~M 
.I"' 'JJ 'JJ 'JJ .;. o "" o' 'JJ •• 1 
1J ':i lJ 1 W fl 1 11J! '\J lJ '\J 'U ff 1 ':i f1 1 tJ! fl ':i tl ~ GC-MS !! fl:::: 'U 1 r.l fl f1 1 ':i 1! fl ':i 1:::: 'HlJ 1 ff ':i 1 ~ f1 ':i 1TI lJ 1 \PI ':i ~ 1 'U 

<V <V o' I 'J) 'J) 1 ~I 'i • .I ~ d"' 'J) •• 1 I>] 'J) •• 1 
fiJllJfflJl'l'U 1i':i ::::11 1Nfi111J! '\J lJ '\J'U '\J tl~ ffl':i l'l ':iTI ! 'U l"'tlff!!f! ::::l'l'U 'YI !\Plf1':i lTI 'iJ:::: ! fl m lTilJl\Pl':i! l'U 

'\Jtl~ff1':i 1l'l-:iVJ1uYlt~ffrl'm:Jw::::i.:Jml'l~ 'iU 

4000000 

3500000 

3000000 

Q) 2500000 Cl) 
c 
0 2000000 c. 
Cl) 
Q) 1500000 0:: 

1000000 

500000 

0 
0 20 

Profenofos 

40 60 

Amount 

y = 36388x - 169225 

R2 = 0.9528 

80 100 120 
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~ :, ~ J 
1.3 fll'lfl11J fll.JfiW.fll'Yi &'U'U'UVI V'U fll'lVI11~1&fl'll~'l1 

q q 

f1l'Hl'1UflllfiOU11'V'Ii'W~'WIPHJ'Wf11'Jlltlll~M~llJ1Hlvlli~1~vm'J1tml~Mi·:mvl..:J • • 
ct I 9) 9) .d IGt I 0 Ql A o'_ ~ 1 d I 

t'W'I51..:Jfl'11lJ1'UlJ'U'W'YlV~ t'W'I51..:J'illfWlfll'J11fi'Jl~l11J':ilJltu (Limit of Quantitation; LOQ) ~tllJfll 

rvhtiu 2 iJ~nni'll~vnm rl1Mi'u~n 1'V'I':i~t'W'rlv~ 1~v'l'Wnn'Yllml'Wllll'l':i!l'W~v..:Jl1rh R
2 

" " " lllflfl'h 0.95 'W Vfl'illflUrJ..:J i~l1fll'JI'l'J 1'il~vm.h~ff'YlTifll'V'I'Ii''W \PlV'W flU ~tl~ ~~ tlflll 1\Pll vmh 

i1VVVl~ijfl11lJ1~lJ~'W'UV..:J~ll1'V'Il~1'W'VJV~ 20 rhwL'W~lmh'W vllflln1'tl~l'llllln QuEchERS 

~ 0 liJ ""' <I 'J) "' 1:11 1 1 'illfl'W'W'Wl n.html:;;l1~'1tl1f1Hl..:Jl!fl~ mlll \Plml'rl (Gas Chromatography-Mass spectrometry, 
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QuEChERS 
1

' 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 

'1'1itl1 a low fat conten~ such as fruits, vegetables, cereals as well as JXOcessed JX"Od­
ucts including dried fruit 

2. Short Description 

The honl:lgeneous and representative subsarnple is extracted in frozen oorufition 

'1'~1f1 the help of acetonitrile. After ad<fition of magnesium sulfate, sodium chfori:de and 

.ooffering citrate salts (pH 5-5.5), the mixture is shaken intensively and centrifuged for 

pilase separation. An aliquot of the organic pilase is cleaned-up by dispersive SPE 

emplo'y'ing bulk oorbents (e.g. PSA, GCB) as well as M¢'0.: for the removal of resid­

ool warer. PSA treated e.xtr.acts are acidifi-ed by adding a sn~rr amount of fomi ic acid, 

to imJX"ove the storage stalXIity of certain base-sensitive pesticides. The final extract 

can be directty employed for GC- and LC-based deteminative analysis. OuMtifica­

tion is perfcm1ed using an internal st3fldard, v.tlich is ilikled to the extract after the 

initial addition of aceton.itlile. Samples with a low water content (<80%) require ttle 

addition of 'Water before the initial extraction to get a total or ca. 10 ml water. V'lllen 
dealing with :samples conlainrng <25% water (e.g. cereals, dried fruit, hooey, spices) 
the size of the allaljrfical sample may have to be reduced (e.g. 1-5 g) depending oo 

tile load of matrix-co-extractives expected in ttle iinal extmcts. A brief overview of 

the method is shown in the flowchart at the end of this document. 
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3. Devices and Consumables 

• Sample processing equipment e.g. Stephan UM 5 univer<"..al 

• A.utornafic pipettes (e.g. for 10-10J..1L, 200-1000J..1L arxl 1-10 mL) 

• 50 mLTe~ eenlifugle tubes with screw caps (e.g. Oak-ridge from Nalgene 

3114-0050) or disposable SO ml centrifuge tubes (e.g. 114x28 mm, PP, 

Sar<'..tedt article--no. 62.548.004) 
• 1 a mL PP-single ure centrifuge tubes v.ith screw caps (e.g. greiner bio ooe sr-

licle-no. 163270 or Simport/Cnooda, catalogue no. T550-10AD 

• 1 a ml solvent-dispenser for acetonitrile 
• Centrifuges for 50 ml and 10 ml centrifuge tubes 
• Powder funnels, to fit for the centrifuge tubes 

• 1.5 ml 11lals for GC-autost:lmpler 

• plastic cups (stackable) for the storage of the pre-weighed salt mixture (e.g. 

ffame photometer cups 25 mL art. no. 10-00172 from a) GML-Alfaplast (>1000 
pieces) or rram b) JURO..LABS, D-91239 Henfenfekl (> 1 DO pieces) 

• Sample divider, to automafical:ly portion the :salts (e.g. from Retsch/Haan, PT 

1 00 or FritscMdar -Obersfeln, Laborette 27). The oolids needed for .dispersive 
SPE" can be porlionated using fOr example the •Repro" h.igh precision e.ample 
divider from ~BUrkle' using lhe 1 0 ml PP tubes rrom Simport: 

4. Chemicals 

• Aoetoru1Jile, pesticide residue gmde 

• NaCip~. 

• Disodiurn hydrogencitrate ~uihydrate {e.g. Aldrich 359084 or Fluka 71635) 

• Tlisodium citrate dihy-drate (e.g. Sigma S4641 or Riedel-de Haen 32320) 

• Sodium hydroxide p.a., whereof:> SN-solution (02 g/1 mL \V3ter) is pl"epared 

• Bondooii-PSA 40 11m (\<'arian article no. 12213023,110 g or 12213U24l100 g) 

• GCB-sort>ent, (e.g. Supelco, Supelclean Envi-Car1> SPE bulk packing, article 

no. 57210U). Alternatively isolate material rrom packed cartridge5 

• Magnesi:urn sulphate anhydrous coarsely gruined (e.g. FLUKA 63135) 

• MagneSium sulpl\ate anhydrous fine powder (e.g. MERCK ·t.06067) 

Note: Phthatates can be remo'Rd in a n11Jffie fuf'l"'aCe by heatin!!J to 5!10 C {e.g. CNemight) 

• Fom1ic acid oonc. (>95%ig), !X"epare a 5 %solution (voL'vol) in acetonitrile 

• Pesticide Standards e. g. from Riedel de Haen, Dr. Ehrenstorfer, promochem 

• Internal 3lld quaUty cootrol (QC) !ltmdards see Table 1 

Micl1el31'1oelo Anast!ssi~. CVI...IA SM!oart 

89 



QuEChERS - Mini-MI,jfiresidue Method for fue Arratysis. of Pesticides 
Page3of 12 

Table 1: Potential internal standards (ISTDs) or quality control (QC) standards. 

Lo!i p CNartne e;.,ml>brY 1---.--"G"'cr--.--+---"Lrc---t 

E.H• l QH ESl t+l ESI (-) 

FCS9 S.l!S a !10 

FCB 19 5.55. 3 50 

FCB~9 5.SZ } 50 

FCSS~ ·S.i!S 4 50 

I~I d!e<:lll"'* .< . S~ :0 

Tn::~ 1 3-0itl'!IO!t:C<:,....,.,!H!M!rllote 3.55 .;; 50 

'""".en}lr::etrulne 5.37 10 

91•-dtroc:1ten•l. u= 1Nc<!lt:!2!nl 3.76 10 

FCS 139 

FCB 153 7.r; 50 

100 

'conoentr31ions ex:empbly, use acetcnitti!e as sol~oa1t 

Aooo!atiomt 1: 
The use of mon? than one internal and quality control standards is recommended to 
et~abJe recognitkm of errors due to mispipetting or discrimina6on during partitioning 
orcJeanup. 

ln thk method the infemaf standard ('!STD) is employed at an f:iNfy stage of lfle analytical 
procedure (comparable loa SIJIT09at.? standard). To avoid ovet"estimations ofres.u!ts it is 
important that the compound used as ISTD does not -experieonce any significant tosses 
during the procedure (e.g. higher than 5%). ~'Vhi?n analyzing fruit and vegetable samp!e~ 
this criterion Ia generally met by all oompot111dc fklted in the fable abo~·e. 
In the case of samples with higher fat content, however, the :::o'luation i.s different. Since the 
roJubility of fat in the aceronitrile laJE'r k Vl?JY limited_, excess we '6amp!e fat will fonn an 
:addi6onallayer info which analyfe.s may partition and get lost. The extent of losoes de­
pends on the amount of lipids .in tfJe sarnpk as weft as on the po!an1y of the analyte.s 1Mth tfle 
mo.st non-polar ones zhowi'ng the highest .losse-s. In the presence of elevated fat amounts 
(e.g. > 0,3 g fat/ 10 mL acetonitn'Je) it is thus recommended to employ the internal 
standard at the end of the procedure (to an aliquot of tr,e final extract) as.::t.vning the vat­
ume ol the organic phase as being exactly 10 mL It should be furthermore noted that the re­
coveries of pea!icides h;wing v&y low polarily (e.g . hexachl'orobemene and DD 7J wj,y drop 
below 70% at fat contents greater than 0,5 g/10 mL acetonitrile. PCB 138 or 153 may be 
used as sutroqate QC standards· to indicate or rule out any significant losses of pesti­
cides.. As forJg az one of those .M'O compound:; ~hews recoveries greater than 70% it is to be 
-expected thi!tl this wiii a/;;t;;J be the caze elll?n for the most non-polar prtc.ficides.. 

.Mid'lelangelo Anastassi~. CVlJA Stuttgart 
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L.=s of cerlain compounck (of low polamy and planar sfruclure) may also oocur during 

.(Jjsper.:.iv!! SPE'" when employing GCB s<Jibeont for chlorophyll rich samples (::ee 6.3). 

Some of the poteTJtiallSIDs listed above- may al~ be affected .. This can be avoided by em­

playjng the ISTD at the end of the procedure, acsuming the volume of the organic phase 

.as being exacfly 10 mL Anthracene. which .shows a vety strong affinity towards GCB 

may be used as surrogate QC standard. Anthracene rerovenes grea!ef: than 7096 will indi 

cafe that no unacceptable tosses of pesticides with very high affinity rowiNds GCB (such a.s 

hexachlorobenzene, ch/.orolhalonil, thiabendazoJe) have occurted. 

For the preparation of calrbmtion solutions a dilution of the ISTD solutions is neces­

sary accordng to the amount of extract used (see 6.3). 

5. Safety annotations 

l.'i/hen using dJy ice, solvents, solids an<! standards the corresponding safety direction 

sheets and !he safety infom1ation on the vessels have to be taken into account 

6. Procedure 

6.1. Sample processing 

Slbsaf11)flng of the laba'atory samples is performed foUawin9 the existing regulatri­

ons, directives or guidelines. In !he care of fruits and vegetables, cryogenic milting 

(e.g. using dry ice) is highly recornmen<led to increase homogeneity and thus reduce 

sub-sarnpling variation and to reduce the size of tile sample p3rticfes and thus assist 

the extraction of residues. Cutting the s3mples coarsely (e_g_ 3x3 cn1) with a knife 

and putting them into the freezer (e.g_ -18"C ovem ight) prior to cryogenic mimng re­

duces the anount of dry ice required and facilitates processing. 

Michelangelo Anasbssi3..~. CVLIA Stuttgart 
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Al"'llola.fions 2: 

• GMeraity, commrnmon at room tenperature may fead to ~or fu.sses fo.r several 

~ peslicide3 but also result in un insufflcient degree of comminution toos im­
peding the extracfabj/ity of ~sidues enclosed in remaining particles. Furthermore, the 
degree of homogen!?ify achieved is generally not as good as in cryogenic prrx;essing 
leading to greaters~sanpling variations. lf tile~ degree of comminution 

cannot be achieved with tho?. means available in the labocatoly; the use of larger sam­
ple aJ710lNlts for analysis (scafing up) andlvr the use of Ultra-Turrax during the first ex­
traction step may help to overcome these problems (see below). 

• Sampfes v.ffh a water content between 25 und80% (e.g. bananas) require the ad­
dition ofwatE.r to achieve a to..fal of 10 g w~ (wflen 10 g ~e is employed). 
Pror:fucre with a water content < 25 ~$ (e.g. !four, dried fruits, horrey, spicei::), the 

sample amount may have to be reduced and 111<rfer has to be added as shor.m in the 
table below. Dle added water should be at a low temperature (e.g. <4 t:) to co~­
:sates the heat developmer"it caused by the ad&tlon ofthe ~ 

Hom09enous samples (e.g. flower} can be weighed diredly into the e:rlracfion tube 

foJfOY.'ed by the add.'lion of the nec.;.ssaJY amount of water:. To avoid .a degradation of 
sensitive pesticitkM;, ltle tempera lure during the -extraction should be kept as low a.s 

possible. When dealing with inho.mogeneous $amples which are difficult to co.m­

minute (e.g. dried fruits) water can be added before processing to assist com­
minution. In· this case a larger amount of the prod~ {e.g. 500 g) is: weighed and thE' 
appropriate amount of water le added (for dried fruits for example 750 g). The mi.>(­
fure is then comminuted (prefe-rably with the help of dry i~). Cold water shoi.Jfd ~ 
us.ed her<! as 111-eH, to reduce the required amount of dry ice. An aliquot of lile resulting 
homogenate is u;;ed for furlher sample preparation as eescribed .below. 

Table 2: Water addition for se·veral sample types 
Sample type Weigh Watet" Annotation 

c~ 5q tOQ 

Dried fru.ifs 

Fruits and vegetables 

> 80 % water COil!ent 
Fruits and' \'egelables 

2$8.0 % wafer coo tent 
Honey 

5g 

10g 

10g 

5g 
2q 

Midielanoelo Anas:t:.55i~. CVUA S~-tklart 

7.5g 

Xg 

10g 

tOg 

~¥.iter Cim be added dur­
~ comtrli'rltltion s·ft.p. 
12.5 g homogMa!e is 

usi?d for analysis 

X= 10 g- water- amount 

in 10 a :samt)Je 
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6.2. Ex:tractionJPartltioni ng 

10.0 g ± 0.1 g of the comminute(~ homogenous and frozen sample are weighed 

into a 50 ml centrifuge tube, 10 ml acetonitrile alld the ISTD solution (e.g. 100 pl 

of an ISTD-mixture, containing one or several of the OOfllXlUnds listed in table 1 in 

1he coocenlrations given) are added and the tube is closed and shaken vigorousfy 

by hand for 1 minute. 

Aooafa!ians 3· 

• If the :&ample'S degree of commrntrlion is imufficierJt, the extraction can be aesisted 
by a disp.t:.nser (e.g.. Ultra-Tumrx}. The dispersing elemenl i.s immersed into lbe 
oamplela~tooilrile mixture and comminution is performed for abouf 2 min. at high 

speed. Jf the /SID sdufi.oo has been already added, no rinsing of fhe dispe.roing ele­
mentis neoe.ssary. Ne~-erlh~ the blender has stiff to be cleaned thoroughly be­
fore. .bejng used for the ne:At sample to al/Oid ~tal"linaifon. ~flen using the 

ciisposable 50 mL oenfrifuge tubes (see dewces and oonwmable.s) the common 19 
mm dispe:rs'ing elements c.an be used. The Teflon lubes hcwever ha~-e =Ner cpo:;n­
ings requiring dispensing elements of sma.!Ter dfametem (e.g. 10 mm). 

• The ~c.ribed extractkm step i.s ::cal able as de.."ired, a.s long as the amounts of .sol­

vent and :sai'ts used remain in lbe .s.:,;m,;. proporfun (~e below}. It should be l;ept in 
mind, ho11rever, that th.e smalo'er the amount of sample empfoye-d the higher the sub­
sampfing variabilfty WlTI be. During validati011 each laboratory :shooJd investigate the 
typical s~ampling variabillties- achieved when employing the availabff:' commilJufion 

devices, u:s.'ng represen!ati~-e .a.amples con!alning incurn:d re-s~-
• For recovery studies e_g_ 10 g :sample is fOJtified using 100 iJL of a ~&ide solution 

in acetonitrile or ace lone. A :;;hoff ~i"braoon ucing a Vortex mixer may help to dlsp~ 
sol~tent and pesticide:; wel11hroug.bout tile =an1po'e. Forlificat.ion using larger volum& 
of standard solution {e.g. > 500 ].JL) shouid be JVOided. Jffh~ is not poscibJe, a ~·ol­
ume compeoc.alian should~ in the blank cample:r used to prepare matrix 

matched calibration solutions, to a~<r>ki dl'fferences in the matrix ooncenfrafkm of the 
final extract. 

• Blank extracb> for the preparation of calibration so.futionz: The use of ma.fri.x matched 

c.alibration sol'utions is nece~ary tc minimizt!' EIT(X<; associated with matJfx induced 
enhancei'Tiffit or ~.:;.'on effect= during GC- .and L~et.?n:nination. The blallk 
matrix should be ~imilar to the main'\' of the campJes tc be analyzed and should nat 
contain any detectable resi~ of the anafytes of intere.!lf}. The blank sampJe is 
treated !ht!' same way as any other sample, but 110 JSTD is adde-d during extraction 

and cleanLI.P.(The preparation of calibration sc.Wr.diooo is de-scribed below. 

93 



QuEChERS - Mil'li-Mljtiresidue Method for the Analysis of Pesticides 

Page7 of12 

After that add a mixture ot 
• 4 g :1:0.2 g Magnesium sulphate anhydrous, 

• 1 g ::1: 0.05 g Sodium chloride, 

• 1 g ± 0.05 g Trisodium citrate dihydrate and 

• 0.5 g ± 0.03 g Disodium hydrogencitrate sesquihydrate 

Its easier to pr-epare the nece~ number of portions of salts before starti119 the ex­

tractial procedure. The rube is clooed and immediately shaken vigorously by hand 

for 1 minute (see annotations on how to prevent the formation of lumps) and centri­

fuged (e.g. 5 nin. 3000 Ulmin). 

Pesticides with acidic groups (e.g. pheooxyalcanoic acids) interact ·with amino­

sorbents sl.ICh as PSA Toos, if such pesticides are v.\thin the scope of analysis, their 

detefminative analysis (preferably ~tia LC-MSI'MS neg.) should be performed directly 

from the raw extract after centrifugation but prior to cleanup. For this, an aliquot of 

the r.r.v extract is filled into a vial (e.g. 200 JJL into a ¥ial with micro-inlay). 

Aooo.frefiong4· 
• The preparation c4 the saJl mixtures can be extremely faciiit3ted using a cample di­

vider- (~e 3. Dt?'lll'ce.s and Correumable:s). As an alternative the u.oe of porlion.~ 
~poo113 iz h~fut, although not as precise as ~ divider. 

• By adding the citrate buffering zalts moot samples obta.VI pH-value::: belwe.en 5 and 

5. 5. This pH range ro a compromi~, at which both, the qu3nlitative e:dr;ction of 

sour herbicic}e{J and ~ protection of alkali Jabi'ie (e. g. captan, fotpet, tolylffuar.kf) 

and acid labile (.e.g. pymetrozine, diox01c.arb) compournf3 io ~ufffcientfyachieved. 

For acid rioh samples (Mri'th pH<3) the pH-value 3chievE-d 3ffer the addition of 

buffering z-alf is norma.IJy b!:low 5. To protect acid l3bile ccmpoonds the pH-YaJu;:, 

can be el.;wated by addin9 5N NaOH: for /eiTIO{)s, Umes and currants 600 jJL, for 
raspberry ~L llaOH solution is needed. 

• In the txe~en..,--e of water, magne::.'um ~ufp/l3te tend:: to form lumps, 1\.flich can 
harden tapidly. This can be avoided, if immediately after- the addition of the cait 

mixture the centrifuge tube is sh3ken vigorou.sfy for a fe1v seconcis. The 1 minute ex-­

traction of the en lire batch can be perfonned in p3rallel after the 3a.l!s have been 
added fo a .IT the tJamples. 

MidlelanQelo Anasbssi3C'~. CVVA Stuttnart 
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&.3. Dispersive SPE: 

An aliquot of the extract is transferred into a PP..single use centrifugation tube 
vmicll contains 25 mg PSA and 150 mg magnesium sulp~te per ml extract (e.g.: 
for 8 mL extract 200 mg PSA and 1.2 g magnesium sulphate are needed}. The tube 
i5 shaken vigorously for 30 s and centrifuged (e.g. for 5 min. 3000 V!nvn). 

Annolalions 5: 

• Co-extracted fat and waxes may negatively affect the ruggedne~ of the GC analy­

sis.. The co-extrac!ed fa~ or waxes can be ::eparated from the extrac.+s to a large ex­
tent by putting them in tire freezer (more than 1 hour, e.g. ovem.ightJ. Bolt! ia possible, 
freezing out of the raw extract or the final extract afler cleanup and acidification. Af­

ter a short centrifuga5cn, the requi~ amount of tile 3tl1i cold extract is wilhdrcn<.m. 

This procedure is for example applicable for cereal$ and citrus fruits treated "Mth 
waxes .. It ha8· been 3hown that pe::/icides and the proposed Internal and QC d"an­

dalds .are not affected by this step.. 

Fats c-an be afro effecfively removed using C18 or C8 silica based reversed-phase 
sotbent.s (25 or 50 mglml.. extract reapectively.J together "M.ith PSA and magnesium 
sdfate in the dt;;peraive SPE clep. 

• Fa ~afll']e3, "M.ith a high contellt of carotinoides (e.g. red .sweet pepper, carrots) or 

chlorophyll (e.g. spin3ch, .lamb's lettuce, rucofa, rudy kale, wine leavec und L3ctuca 

varietie~ except icOO&g le.ftuce), dkper..ive SPE is perfon:ned using a combination of 

PSA and GCB (Graphitized Carbon Black). The cleanup mre (shakingj i.s extt?nded 

from 30 s to 2 min. It has lo be taken into a~.oon~ It! at ~ome planar pesticide:: hiiNe 

a great affinity to the planar struc~ of GCB. But recovery .cfudks sho-r'l'ed, th3t no 

noteworlh y Jossez occur, if the extract after di:;persive SPE with GCB s!ill maintalm: 

some ..,isil:Je amount of c!Jiorophyll or ·carotinakies, The folkY.>.ing amot.mts of GCB'inf.. 

ex.tr3ct can be u:;ed (exemp!atyj: a) 2. 5 mg for carrots, romana leifu...--e, head lettuce 

and the Hke, or b) 7, 5 mg for red ~1veet pepper, spin3ch, lamb's lettuce, ruccofa <~nd 

the like. Please refer fo "'Annotations 1" for information as regards the use of in­

ternal a11d QC standards. 

To simplify the procedure it is helpful to prep3re a pre-rr11'xfure of pulverized (.') MgSO, 

and GCB {MgSO, to GCB: 60:1 in caae a) and 20:1 in case b)). The amount of the 

magnesium sufph3telGCB mixture and PSA to be .:mployed w,'/1 depend on tile ~"C¥­

ume of raw extract (e.g. 1 mL . .cpinach extract v.i/1 require 157.5 <= 160m'} of the 20:1 

mixture and 25 mg PSA). 

Aft~ cen!rifugation the cleaned extract is transferred into a screw cap vial and pH is 

quickty adjusted to ca, 5 by adding a 5% formic acid solution in ocetonitrile 

(vollvol) {pro n1L extract ca. 10 JIL). 

Micl1ei311Qelo Anas:tassia::'es. CVVA StutiQart 
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The pH-adjusted extract is tilted rnto vials for gos- and tiquid chromatography and is 

used for further analy<'...is. 

Annola!Tono!t 6: 

• fio.IJiMing contact with PSA the pH of the e-xtracts ilfCfeases reaching measured values of 

above 8, thus compromising the stabilit'.t of base sensiti.,-e pecticidec (e.g. captan, folpet, 

dichlofiuanid, tclylffuanid, pyridate, methiocad> ~ulfon, chforothaloniT). If the extTacts are 

acidified quickly to pH 5 the degradation of ::;UGh compounds ~ recfuced significiifllfy .so 

that storage over several days is possible. At this pH add-labo'le ~!icfdes (e.g. py­

mebozine, moxacaro, thkxlicarb) are also sufficiently ::table over ~eveTai day~. Only 

some YeiY sensitive sulfOnyl urea herbicides, carbosulfan and benfuracarb aren't 

protected zufficientfy at pH 5. However, these compounds are stable at the pH of the 

non-acidified extract (after cii::;persi~'iE! SPE) aver several days. If thece oompooods are 

within the .scope of analysis an aliquot of the non-acidified extract 1:: wed for meao­

urement. If the measurement ccWJ be performed qtickty, the extretef at pH 5 can be used 

as we.N. Carbc:3ulfan and benfuracarb (both hcrvi.ng indivldua! MRLs) ii/"e' degraded to 

catbofur.m liflthin the samples as well ac in the extracro .:Jt pH 5. Thus, nlefl?fy if catbofu­

ran is present in the ·acidified extract an add ilion a! ron of the allo;aline aliquot k; needed. 

Normal1y no recidues ofi1Ulfonyl ureas are to be expected, because the oompounds are 

very instable and \lei}' low dc>Jsec are used fo achieve a sufficient irnpa...--1 in agricuftu~e. 

• The final extract has a concentration of ca. 1 glmL If GC cystem:; with normal 

splitlspfitiess fnjedOfS are use-d (injeciion vol. 1 j.!L) the limik of detection and determina­

tion achieved are in many case:r not low enough. The use of GC-inlets that allow in­

jection of larger volumes (2-3 pt.) and offer the· possibility of solvent VMting (e. g. 

P7V= Programmed Temperature Vaporizetj are thu::; highly recommendo?d. The ~oo'vent 

\'enling prot~ts NPD detectors v-.tlich can be addilional!yprotecfe.d by delaying the hy­

drogen flow i%1to the NPD during the firct minutes of .a ron. 

• If large ~&Jme inject:ioo cannot be performed a%1d the de::;o'red detecfion limits of the 

COJ!llOund'S of intere,ct cannot be achieved, the concentration of' the ~tracts and, if 

necessary, a solvent exchange may be con..--ictered: If GCIMSD i::; empJoyed a concen­

tration of the extract::; by a fac!or of four should be sllfficienL To achieve thi= e.g. 4 mL -of 

the acfc["Jfied extract (pH 5) are .ITan.::fered into a test tube and red-uced to ca. 1 ml. at 40 

'C using a sl.ight nitrogen flow. Solvent exchan9e ic an optfon if GC performance !Kling 

acetooibil is not catisfactofy or if NPD is MlfJioyed {without PTV-i-njedof). For thk:_, an 

extract aliquot is evaporated to almo:;t drynesc at 40 'C ucing a slight nifrogF>...n fiow 

(some droplets Df a keeper e.g. dodecane can ~lp to reduce looses of the mod volatile 

COf:lllOunds) and resolved in 1 mL of an appropriate solvenL The blank extract (needed 

for the preparation of.calibralian solution;:;) :Jlou!d be treated· the ~arne way. 

Michelanoelo Anastlssiad.::s. CWA St~:ttoart 
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6.4. Preparation of clllibration solutions 

To prepare calibration solutions a !:lank matrix containing no detectable residues of 

1he analytes of interest is necessary. The blank is treated as any other san1)le, but 
oo JSTD is added. To compensate matrix induced effects during chromatography to a 

large extent, it is best fo choose a matrix of the same sample tJtpe (e,g. apple for ap­

ple samples, carrots for carrot sarnptes and so on)_ 

An aflquot of the blank extract is fortified with the desired amount of a pesticide or a 

pesticide mixture and a knovm amount of ISTD solution is added at approJdmately the 

same concentration as tn the sample extracts. Pippetfing ISTD solution in the very 

same way as in the sample preparation (rome pipette, same volume) will help to 

n'inimize systematic errors. This means that a dilution of the ISTD is nece&-.al'f. For 

exan~e 1 ml of the blank. extr'act is fortified wi1h 1/1 0 of the an"XlUnt of I SID added 

to the samples. To reduce matrix in<fuced effects during GC, sample and calibration 

solutioos shot*i have the same ooncentratioo of co-extracted matrix oon1)0nents. To 

ensure this a volume oon1pensatfon may be necessary. In the case of MRL viola­

tions the quantifications is perfa:med as described in 6_5_ 

6.5. Calibration following the procedure of standard additions 

In case of suspected violative residues, or for OOf11JOunds which are knCN.n to caue;e 

severe problen-.s durillg GC (e.g. strong matrix induced effects), the proo...~re of 

standard OOdition is performed for quantification, where ~vera I aliquots of the extract 

are fortified Yiith increasing amounts of the analyte of interest. This procedure re­

quires a kno.vledge of the approximate concenlrn.tion of tne ~mal:y1e in q u:e.stion in the 

sample. 

The standard ootutioos 5flould be miscible wilfl the sample extract oollltfon. ~Joo, all 

vials should have the same end volume and lhe same sot\•ent compositioo. 

Pipette scheme 1: 
Additions I Vial1 I Via12 I \~al3 I !Jial4 I 

Sample extract I 1600 ~I I lO:xl ~ i I 1 ooo 1-1i _l mao !JI 
(1 g sampl~) ( 1 9 sarr.pl~} (1 g 5;3~) {1 g s3fmple) 

ISTD I Already in-
1 A!.reJI.Jy inc:lucled 1 Already in- ~ Al~-ly' »-

cluic!ed duded eluded 
Thia~ndazole standard I - I 100 ~[ I 2oo~t r 

-yJ) ~L 

solution. f2 u~mll 10.41Jili (0.8 1Jil f J 1.2u~:~ l 
~!mil I D JJL !2flb~l !oil pt I -

Final volume I 1300pL I 1300 IJL I 13001JL I 1300 ~L 
{~xemplary fcra.'l e~pected llll e c:on.::entrJbon or U.l:l mgag or u.~ ~g ltuaoEfldaZoieil 9 
sampl~) 
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The analyte concentration in the sample is calculated using the area proportiortS aoo­
Jyte to ISID as shown in Fig. 1 by calculating the linear regression. It is important to 

check that the generated standard addition curve is linear since any curvature can in­

fluence the Slope and thus the result 

AJ;e,a proportion 
AnaJyte/ISTD 

Added amount of analyte 

txl: absolute- amount of analyte in the sample e-xtr..lct before- fortifing (y=O} 

Fig. 1: lntemal -calibration using the procedure of ~ndard additions, ~hematically 

7. Reference 

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

Fast and Easy Multiresidue ll.tetflod Employing Acetonitire Extractiorv'Partitioning and 
•Dispersive Solid-Phase E>.'tmction" fa the Determination of Pesticide Residues in 

Produce, J. AOAC Int., 86 (2003) 412-43·1 
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8. Procedure schematical (for 10 g sample) 

II 

Add 10 rri acetonitrile and e . . tOO JJL at the ISTD solution 

Shake viQOrOUsiY for 1 min ( 1. extraction step} 
I 

Add 

4 g Mil~. 1 11 NaC1, 1 R Na,citrate dih'J'dl".lte und 0.5 a Na:2HCitrat sesQUihvdr3te 

shake uch tube directfy a.'ter the salt ad'citidn shonlv 

~ (fer lemons. imes. curra:nts +60DIJ).. 5N NaOH} 
I 

Sl\ak~vigorousty for 1 min (2. extraction v.ith phase separation} 

Centrifuge fer 5 fn at 3000 Wmin 

----------~~~------------, Option: 
Isolate an aliquot of !he raw exr.r3Ct for 
the cfet.::rmina:ion at sour pesticid-es 

For fat containing samp[-:s: frei:z:e f4t uut. 

X ml of the- extracts are transferred into a PP single use C>?ntrifugalion rube, 

whidl ron!ains X'25 mg PSA and X'150 mg t.lg30~ 

amotJnfs of chSoro II or carofinoids add GCB az weN ~ee 6.2 

Shake for 30 sec. (when using GCB 2 min.) 

Centri 

r Option: 
i solate an aliquot of the raw extract tee !he 
determ. at sulioo urea.s, carbosulfan ~c. 

Y ml of the extracts are transferred into sorew cup vial. and acidilie-d with 

The cle.med and acidiiie-d eJ<tracts are transferred into .3Uto-s.:unpler vials and used fur me mu 

tireskluec de:t;;,rrnin3tioo by GC or LC iechniques 

Michel.111oelo Anasassi~. CV\.JA Sruttoart 
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0 • 'ill'I-!1'1-!&CJf~Ul 

(~&errlg~ailLl~~vra) 

"' Oday 1 day 'IJ''I-!Vl 2 day 3 day 4 day 

PF1 2E+6 1.8E+10 1E+11 8E+13 1E+14 

PF2 6.3E+5 7.2E+10 7.4E+ 11 1.66E+14 3.5E+16 

PF3 2E+4 5.6E+10 2.29E+11 2E+12 8.3E+ 15 

PF4 6.6E+4 4.21E+10 2.88E+11 1E+12 1.3E+ 15 

fi1UJ&iJ"JJoU'I-!'t1Mtrl~ 1fnYJ1 uwa tr 

.c:::t. .c:::t. OJ ' .c:::t. 
('J.JiHI flj'JJV16L1VI ~) 

"' 'IJ''I-!Vl Oday 1 day 2 day 3 day 4 day 

PFl 20 17.326 4.802 4* 4* 

PF2 20 6.312 4* 4* 4* 

PF3 20 4* 4* 4* 4* 

PF4 20 4* 4* 4* 4* 
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0 • 'illU1'lW1HHI 
rnn 

(cutawu~aiittililvra> .. 
(hr) 

Control Glucose Succinic Acid Sodium Acetate 

0 6E+6 4.4E+6 8.6E+6 4.8E+6 

6 4.8E+7 6.2E+7 3E+7 1.4E+7 

12 1.2E+ 13 8E+12 2.14E+14 -

21 8E+14 4E+13 2E+l3 5.06E+16 

36 4E+14 6.6E+ 16 2E+15 2E+l6 

48 4E+15 8E+16 6E+15 4.6E+18 

0 • 

'illU1Ul91tltl 
t1tll 

{hr) 
(cumvlu~aii~ililPl-a) .. 

Control Glucose Succinic Acid Sodium Acetate 

0 5.8E+6 8.2E+6 7E+6 4.8E+7 

6 3.8E+7 5E+7 2.2E+7 1E+7 

12 1.4E+l3 6E+12 2.1E+14 

21 4E+14 6E+13 8E+l3 3.78E+16 

36 8E+14 7.4E+16 4E+15 2.2E+ 16 

48 1.2E+16 8E+16 6E+15 4.6E+18 
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I I , I 

~l"SHn 'lf.5 H~m·Hhw"nnv'ffl'.i LV'l'.ifJ1tJvhr"'mvlfi''ffm1~-Yiii'ffl'.itlll11'.i~-m f1i''I-Yi 1 

n~n f1 1lll&-tll!-tlow'lJtNtrn hnrri 'W'Wt~tr (iJ"~o~ll~t~~~'l) 

(hr) Control Glucose Succinic Acid Sodium Acetate 

0 20.00 20.00 20.00 20.00 

3 13.06 18.79 17.36 15.97 

6 12.42 16.95 17.27 16.14 

9 11.98 18.61 16.88 16.91 

12 12.14 17.60 15.86 17.79 

15 12.87 18.79 15.42 16.93 

21 12.65 19.51 13.61 16.35 

27 11.55 19.78 16.10 16.79 

36 12.40 18.06 14.81 16.01 

48 16.17 19.26 15.57 18.65 

I I Y I 

~l'il'ln 'lf.6 H~m'.idt~v'ffmt~'ffl'.i LV'l'.ifJ1tJvlt~'ffmvi~~m1~-viii~l'.itllm'.i~1ll f1i''llli 2 

11"1 VY 1 Wil"' ~~"''""' fl1lll!'lJll'lJ'W'lJtl\ltl'l'S 'Y'I'S 'W t)ty (ll""fl'Sll~tl"~'l) 

(hr) Control Glucose Succinic Acid Sodium Acetate 

0 20.00 20.00 20.00 20.00 

3 11.25 18.20 16.28 11.10 

6 10.36 15.46 16.17 11.49 . 

9 9.76 17.93 15.61 13.19 

12 9.99 16.42 14.17 15.12 

15 10.98 18.20 13.55 13.25 

21 10.68 19.27 11.01 11.95 

27 9.17 19.68 14.51 12.92 

36 10.34 17.12 12.70 11.20 

48 15.50 18.90 13.76 17.03 
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rlt'll rh;u1a~ (iJt'l~fl~ll~tl~~-a) 

(hr) Control Glucose Succinic Acid Sodium Acetate 

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 

y y 1 w1 ~ ~ ~ ~ · ~ fl1lll!'Ull'UWUMffl'a 't'n '1-! tltf {mlt'lfl'all~tlt'l~'a) 
rJt'll 

Succinic Acid Succinic Acid Succinic Acid 
(hr) Control 

4 aJL1il fl~)J 40 iJt'l~fl~)J 400 iJt"~ilfl~)J 

0 20.00 20.00 20.00 20.00 

3 12.10 16.36 11.17 19.11 

6 12.99 19.27 13.15 7.44 

9 10.34 12.26 14.37 7.37 

12 5.76 8.72 7.90 4.27 

15 9.45 10.63 12.25 4.68 

21 8.38 13.67 11.63 5.71 

27 6.26 13.18 9.75 10.18 

36 11.09 13.99 12.50 6.27 

48 4.21 8.40 5.89 4.11 
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ml<JJA~<JJ~uouMtrnlvnWiuwt>tr (iJt1iin!f<JJ~6iiVJ':i) 
!1t11 

Succinic Acid Succinic Acid Succinic Acid 
(hr) Control 

... ... QJ ...... <V 

4 iJt1iin!f<JJ 40 'JJtltlfl'UJ 400 'JJ ll ij fl':j 'JJ 

0 20.00 20.00 20.00 20.00 

3 9.85 14.94 9.04 17.80 

6 - - 10.69 7.10 

9 10.22 8.60 12.05 6.12 

12 6.26 5.45 5.39 -

15 8.63 7.43 - 4.28 

21 8.47 11.05 9.37 4.20 

27 5.78 9.43 8.21 -

36 - 10.20 9.31 4.40 

48 - 7.17 4.11 -

0 d 
~l'W1'W!CJfllt1 

(Cifmwo~6iJt1iiiivt':i) ... 

(hr) Succinic Acid Succinic Acid Succinic Acid 

0 9E+5 8.7E+5 8.2E+5 

6 5.5E+6 3.2E+6 5>9E+6 

12 1.17E+ 13 3.1E+ 12 2.6E+12 

21 3.53E+ 15 5.9E+14 1.3E+ 15 

36 2.25E+ 16 2.2E+ 16 3.2E+ 16 

48 9E+15 1.3E+l6 1.6E+ 16 
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. . 
3. fH1tn~~mntl~~~nfimn1um·nh:mtY"lmiit>Bdmt~1~tY.nndlihn~ 1-w-aVJlu 

f11llJ1~lJ~WUtHtln 1 'Yi'lVfi oul'JBtl (i1t1ilfl-l'l.I~Bilm) 
11t11 

Profenofos Profenofos 
(hr) Control " . " . 

v ... v ... 
m-rn 1 fl'l~'YI 2 

0 40.00 40.00 40.00 

3 22.12 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 3.52 6.39 

36 4.81 3.76 4.89 

48 4.79 4.79 -

0 ' mU1UICUtH1 

(hr) 
(Ciiwl'Jg~Bi1t1ilil~'l) 

Control Profenofos Cell 

0 2.55E+6 2.08E+6 

6 1.48E+7 2.06E+7 

12 l.63E+ II l.5E+ I 0 

21 4.8E+13 2E+I2 

36 3.77E+16 1.81E+13 

48 8.7E+14 2.3E+ ll 
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V V 1 ~1 ~ Q Q ~ I Q fl1ltll'Uti'Ul!'UM'tl'l'l vn u em (tl~~mtl~ent~'l) 
11~1 

Profenofos Profenofos 
{hr) Control .. ' .. ' ~ 4 QJ 4 

fl'l~'YI 1 fl'l~'YI 2 

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 

0 <! 
'ill'l-!1'1-!lC)f~~ 

<;m~r.r~e1ii~~n1~'l> 
"' {hr) 

Control Profenofos Cell 

0 2.97E+6 2.47E+6 

6 1.53E+7 9.08E+7 

12 3.02E+13 1.76E+12 

21 1.96E+ 15 6.3E+14 

36 2.06E+ 14 3.6E+ 15 

48 7.8E+ 13 4.69E+ 14 
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fl1lll&oUlloUU'UMlfl'llvnYJ1uvhm (ij"ilfl~ll~flilvt'l) 
&di;'ll 

Profenofos Profenofos 
(hr) Control " ' .. ' 

Cl.l q cv"i 
fl'l..:i'YI 1 fl'l..:.t'YI2 

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 23.41 

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 -

0 • 

mu 1t!& 9HH1 
ni:n 

(cti&e~g~fliji;'lililm) 
(hr) 

Control Profenofos Cell 

0 2.62E+6 3.53E+6 

6 9.5E+6 3.64E+7 

12 5.4E+l0 1.69E+l3 

21 1.7E+ 15 1.43E+ 15 

36 6.9E+13 1.41E+l4 

48 1.44E+15 2.48E+ 14 
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..t I 1 ~~1 .. 1 i o ., d' !j/ !jl 
Yll~Hfl 'lf.17 H~fil'HJVf.J"Hllf.J~ll 'Vn-n 'U-nV~ 'UU1J1J'ill~il\lflil~l.J'W fi'JllJt'\llJ'\I'U'Uil\l~l'j 

1'V'l'jVl1uvJvmill~'U 20 n~~ni'll~il~\Pl'j 

m'mtl.!t9Hl~ fl1llJAoUlJoU'U'llV\Itll'l T "W'lffl ul'hnr .., .:t I 

VYI'llnl~CUlJf-ll'U 

(~tv'V'Imiv .::::. .::::. ~ ' ~ 
(mmn'llJYientYI'l) 

<> I V ... 
(ACU'UYIAlJYI'lYIV1'U) 

"' """" y 

lJ~1HlYil) A'llll~'U'U 1 PY 2PY 3PY 4PY SPY 

10
5 

20 ND ND ND ND ND 
25 

1015 20 ND ND ND ND ND 

10
5 

20 ND ND ND ND ND 
50 

1015 20 ND ND ND ND ND 

10
5 

20 ND ND ND ND ND 
100 

1015 20 ND ND ND ND ND 

. " . 
1uvJvm~l.J~'U 40 n~~f1i'l.J~eJ~\Pl'j fli''I-Yi 1 

mmwtcu~~ fl1llJA~lJoU'U'llMtln 1 'W~rJ1 u'V'Iem .., .:t I 

VYI~lnllCUlJ~l'U 
.:t yJ I (ill:~~ n1'1-1~ tl~Yil) (9HV t.IVItl 

<> I v ... 
( ACU'U YIAlJYI '1 Yl eJ TU) 

"' """' y 

lJ~l:ll:IYil) A'llll~'U'U 1 PY 2PY 3PY 4PY SPY 

10
5 

40 7.41 ND ND ND ND 
25 

1015 40 ND ND ND ND ND 

10
5 

40 4.23 13.20 - 5.27 7.55 
50 

1015 40 ND 4* ND ND ND 

1d 40 30.78 29.85 27.70 25.80 31.73 
100 

1015 40 ND ND ND ND ND 
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..; I 1 ~~~ .. 1 1 0 Q/ <I ~ ~ 
m1N't1 '11.19 ,:.mn1'H.JtnnHntJ{1'11 'Vi1Yi 'WnULY 'W111J1HI1~U-:JflU~lJ'W fl11lJl'l.llJ'I.I'W'I.IU-:JL1'11 

' , ' 
1v.1VJ1'Wvlu{1'1~lJIPi''W 4o iJ~~nrlJ~u~m f1r-:~V12 

tn'-11W19H'Iii fi11'JJAoY'JJoUl!'\JMtfl'a 1-fn~1l!~8tf 
cv .<t I 

UVI'alfll'a91'JJN1l! 
(Ciha~g~a 

~~<V r.c::.. 

Q I CV 
('lnmm"JJVJ8ttfl1) 

(A91l!VIA'JJ~ 1VIel1l!) .,. .,. ... v 
'J.Jt'lt'lt'IVI'a) A'\Jl'a~1J1J 1 PV 2PV 3PV 4PV SPV 

10
5 

40 9.60 ND ND ND ND 
25 

1015 40 ND ND ND ND ND 

105 40 4.90 ND - 7.21 8.33 
50 

10
15 

40 ND ND ND ND ND 

10
5 

40 36.47 34.92 21.30 25.27 28.35 
100 

1015 40 ND ND ND ND ND 
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illfi~'W1f) 9f 

f-ltl~l'W f1l'i~ lHY'Wfl 1 'W f1l'i'lh~~lli'lfl f1l'i'i~~U'lfl~ Utl~'Wl'Wl'lfl~ 
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fll'l fi'V~Htl fHl ii lA n ~~u~trn fi fi trl~l'l ori emtr't1ltltrl 'l fh~VI fl' Vl'lrl'lf lvnVfl lA 
q q 'II 

' ., 
'VJfltriJlfl~l-A1l-A,~v.~ontJ'l-!&iJfll! 

Isolation of Profenofos Pesticide-degrading Pure Cultures from 

Contaminated Chilli Farm Soil 

1':i1Q'Ylli uijh~ 1 
f11ty1l'U1 'Vi1'UUI1'1

2 fl~ff1 i'li'\..13 
um: ~lJ'\..11 ID~\PlJ'U1fJI'12• 

Warayut Patichoe, Kanjana Pankaew2
, A lisa Vangnai

3
, and Sumana Siripattanakul

2
• 

1 '!!n~tnnurueYi~f1rr~n M'timrm1ff1m':il.l~'lu11Pl~fl1J mf11'lf11ff1m':i1Jtf1iJ 
" ~ rl .q Q.l ..::S d 

f1W:::1ff1n'i':i1Jff1ff~':i 1Jl111'VW1M~'Uil':i1'lfli1'U 1:1. ~'Uil':i1'lfli1'U 34190; 
2 .Q tl rl ~I .Q I .q gJ QJ ~ gJ ..::S QJ 

f1 ru::: 1rr1m ':i 1Jff1ff~ ':i u"::: I!)''UVf111lJ tlJ'Utllffll'H 'l '!11~ fi1'U n 1':i 1:1 1'1 n 1':i ff ·m 11'11'1 'tllJU n::: ~ t1 'lt ~W'tl'U ~ -s 1v 

lJ'I111'Vw1'timrun-s1'lfliTU 1:1. ~'Un':i1'lflil'U 34190; 
3f1ru:::1'Vlmff1ff~{ ~W1n'lmtU1J'I'n1'Vlm'tiv tl('lt'Vl'Vi 10330; 

·imff'mi' : 045-353300 fit~3359, imff1':i: 045-35333 E-mail :sumana.s@ubu.ac.th, 

jeans_ sumana@yahoo.com 
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f11':i 1 'ii {)~ ij i'fl{J u ':i::: ff 'lrll Yi 6 fl\Pl!Wfl ~~'U 'VI1 U'U ~ ey'VI t 1:11 f1 n ~lJ ~ ~'U 'V11 v~ ff1l.J 1'S tl Vtl {Jffi'J 1 {Jff1'S 

i Vi-s:W i 'Uvlt~ff1l1n~'U i'U '1 ~'Vi~ n~u'Uitlt~'U i fl v~'ltU'U ~n111m-s 11:1 ~ tyt~'U i'fl ~ t~'l ~ ~'U 'V11 v'U~ ~'VI tu"::: m-s ~n111 
fl11l.J ff11Jl 'S tll 'U f11 'S V tl Vff 1'1 1Vff1':i i 'Vi'S VJ i 'U'VJ tl ff f11 'S fftl1111l::: 'VI \Pl M 'l i 'U ff il11::: ~iJff1 'S i 'Vi -sVJ i 'U'VJ tl ff 

20 lJI'l~tl!lJfitJ~~'S l'Vi1:::t~V'll'Utfl~eJ'lt'IJdlU'lJ'lJ'I..ilJ~~W'I1iJlJ 30 tl'li'l'l!'IH'It;,Vffiim ·H'IJVl~fi''JllJ!~1 100 'Hl'lJ 

~tl'UlVi l~'Ul1Cl14 i'U nmn'U~1tlV1'ltn'Ufitlt~tl'l'Jf1i''UtYia1tm1 ::: l'i'mff1':i L'Vi':i:WL'UvlBfffl-:Jl'H~tlUI'l ::: ~1'U1'U 
t9Hl-cl'~~'U'V11V ~llfll'Sfl\PltWnLlifl ii'Jil~~iJ'tinE!tu:::~1'ln'W 4 'tin11ru ::: fit! PFI PF2 PF3 Ull::: PF4 ~'lt~'U 

ll'Uf1Vit1 mtm1Jmn~ii~'U1\Pltw:::~1fi1'l 1 n'U m':itrnmm-s 11:1~ t\Jl~'U 1'flui'J::: fi111Jff11Jl':itl 1 'U m':i vBvn-mv 

'Vi'Ui1~~'W'V11ui.:JM1Jflffl1J1':itlVBvffll1vffl':i 1'Vi-s:W1'WvlBffhi'1J1nn11fBvll::: 90 mvi'W':i:::v:::nm 4 i"W ttll::: 

~1"W1'Ut'1Hlrl'iJnTnvi1J~'U1J1ni'Wi1'll1ll1ffB'li'Uu-sn v-~-s1m-st1l~tyt~'U1'fl~1t'Vi1:::l'vhn'U 4.40 ~-:J 1.20 ~vi'W 
tm:::v'fl':i1fll':ivBvffll1tJ~1t'Vi1:::n'iln'U 1.25 x 10 · I3 ~'l 2.37 x 10.

10 
Ll.J 1mn!1J~Btb-wvl~fiBi'U ~'l1l1f1~" 

~'lnci11llff\Pl'l ilfrH'Ui1~~'U'V11 u'U~~'Vlt~rifltwn 'Miiu-s:::i1'Vlim'Vi i'WuBvffll1tlff1':i 1 'Vi-s:W1 'Uvlt!fftJ' -:Jun:::-u'l; 

fi111Jt~'l.J '1u'1~'Um-su':i:::Qn~1'*'t~t~~"W~m-su'Uttlm.Jff1':i 1 Yi':i:W1'WvlBffi'Uvf'U~1l~ 'l M~v '1 u 
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Abstract 

The main objective of this research was to isolation of profenofos pesticide-degrading pure cultures 

from chilli farm soil. The work focused on microbial growth and profenofos degradation of the pure cultures. 

The experiment was performed at initial profenofos concentration of20 firl~fli'lJ~e~m. The tested conditions 

of temperature 30 °C and shaking at I 00 rpm for 4 day were applied. Samples for residual profenofos 

concentration and number of microbial cell analysis were collected everyday. The result showed that four 

patterns of colonies (designated PFI PF2 PF3 and PF4) were isolated .. All of them were gram-positive 

bacteria with different in size and surface. In growth and degradation tests, all isolates could utilized 

profenofos of more than 90 percent within 4 days. A large number of cells increased during the first two 

days. The specific growth rate was 4.40 to 7.20 per day and the specific degradation rate was 1.25 x 10.
13 

to 

2.37 x 10-
10 

!lg/CFU/day. Based on the results, it indicated that the isolates were efficient for profenofos 

degradation and potential for profenofos remediation. 

Keywords : profenofos ; biodegradation ; isolation 

UYI'Ih 

m-stJ~n'Yi~nl:im-sHffl'Stil~~ff'fl~YI·lfl1r111J'Jri1~ 1~v'l1~\lluff1'S~l:im-s1-li'mn~-q~ fie ff1'i 1Yi-sl!J1u 

• .1 .!1 ~I 9 ' " 1 .. 1 •• 1 ~ • ~ • Sl ¥jeff (Profenofos; C11H 150lSBrCI) 'll'\IIIJ'Uff1'i !'Ufl(JlJee'SIIfl'U '\.JyjtJffyje'Sff ff1'Sfl(JlJ~\Iflr111ff1lJl'Stl'flfll'll\l 

1u nnlJ'lfl~h1Junrll'U 1u ~ue ~tiuffm'Yimml'l'llrl::ff .nn:: gu 'l 1 ~1Jff1lJ11 tl'fl nri'l'l1uJ 1 Mu '~"J'fl 20 iir1 ~ni'lJ 
~tl ~'fl 'j 1:1'11 fl~llili1q'Yl~ri \1 r;.l('j f)'j ::'Ylmi tJ n 1'S'Ih:n'U '\Je\I'S ::'IJ'IJ'!.h ::ff1'Yl ff1'U f) ('11-:j '\Je 'lft'flll! n:: lJ'4lJ rr [ 1-2] 

'U fl f) 'in nil 'ill f) .,rfll,j "~ ':i'!::'l.J 1 nu ~hun~ l'U ft'U ~ 11f11J~'j 11"!::(lll1l':i' 11'1-i\1 'lfl~ 1..l'ilJlfll1:1'l'S-};1J 'fl flfll'l \1'~ "!'fl~ 
IJt~lJi''IJ1~ (Maximum Residue Limit; MRL) '1Je'lff1':i' 1Yi1Vj1uvleff fie 5 iir1~ni'lJ!kg 'il1nnnH1:1'l'S 1Yi1Vl1u 

vleffmmrnmntJ-s:: ne'IJti'IJmllJtlJ'U~u '\J t~'l1:1'11 ~'~ ~lt 1Ju ~ e.:J'\1 111 'U1'Y11.:J1u n 11~'U~~'U~ 'il1n nntJut ~ e~u 
'\JtJ'Iff1'i 1 Yi-sl!J1 uvl em'V1e-se.:Ji''lrUtlJ'11 1m1 'fl nri'l'l'llt~'lff1'S~'Inci111 u eu 1fi'fl 

1n fll'S~'U ~~'U ~ tJut~ e'U ~ t 1J 'U ~UIJlJ1n f1 11 '11~ 'I fie n 11 ~'U ~ ~ 11J1n nn 'Y1 Ni11'Y11J1 

(bioremediation) ~ 1fl·!ll'U 1 ~ IJ~~l'U lJll:i fll'S 'IJ IJ11Jfl ~lJ~ ~'U 'Y11 V~ ff1lJ1'S tl de IJ ffr111Jff1'S 1 Yi'SYJ 1 'Uvl flff ~ 1fl ~'U 

tJ'Ut~e'U 1'U 1 ~Yi"l n [3J 1~vn~lJ~~'U'Y11 v~ri~twn Mff1m'Smie1Jffr111Jff1-s 1 Yi-sl!J 1 'Uvl effM~ nci11fie n~lJ 
~ ~tm1 Vff1lJ1'St1ti1~~ff11 1 'Yi-syj1 'UvleffMmn n·:hf eJ IJrl:: 90 ~~~1 'U m1 i'Ynu 1~\1 nci 11 iJ.:J1li Mri ~tw n~~'U 'Y11 v . . 
'li1-q'Yli (pure culture) ~lflfl~lJ~~'U'Y11V~'Iflft11 'i1lJJ'Iir'l1lil:im-si'Ymnffll'IJ~'\Jfl\lfl~lJ~~'U'Y11v 

~'~J'U1'U.:J1u1~vil~'~*~"w'Wm'ii'Ynul~n'I;Jru::tdeN~'U'\Je'ln~lJ~~'U'Y11v~'~nril11~vtJ'S::ne'IJ~1vm'i 
!Wfll~tl'U~"J''Yl~llrl::i'Yn'I;J1~f11J w::'\Jel'I~~'U'Y11 vJ'U 'l nlJJ'Ii'YnmmllJff1lJl'S t11'U f11'j VeJIJ'ffrlliJffl'S 1 vl-sYJ 1 'U 

vleJff'\Jel'l ~~'U'Y11v'IJ'1-ey'Yl~ r;.ln nni'Ynu1il ffllJ 11 t11 i't 1J'U .,rellJ nvi'u~ l'Utfie1tJ ':i':: n el'IJ m1tJ-s:: qn~1 i'n~lJ ~ ~'U 'Y11 v 
il1~'Utl'U1~'fl 
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... 1 I ~tte~. 
fJun·mma::1litn'i 

.: .; 
t. tll'tn'ilati'II'IHl 

t'l1'111':idu.:u~ellglJit'lfflglJ (Minimal Salt Medium; MSM) U':i::flfl'IJ~1tl NaHP04 5.8 n~lJ KHl04 

3.0 O~lJ NaCI 0.5 O~lJ NHp I OllJ 11?1:: lJ?l~tlllJS04 0.25 O~lJ ?~::?~ltlffl'J~.:Jl1lJfl~1Uvlt'lfflvl~'tlyjlyjt'l{ 
"" ""i . I"' • F- "' 1 "' ~I "" .!', o '1.1 o "' .l "' "' ..!! , (phosphate buffer) 10 mm lJ?l ll?~::u':i'Uu':ilJl~':i"J'fl'Vlltl l11u'W I ?l~':i 1lltl'W'W'Wl tun11lfll'lftlfl1tll1lJt'IWI~l 

~~m'mlJ~u'1t~~~rul1tJiJ 121 t'l.:Jffll'll?~l;un ~~'W':i::u::mn 30 u1Vi ':it~1'11'1~'W~.:JI~mn':in11i'fllllJM~~,'Wm':i 
' .l 1 """' ' .,;.. i 1 ' d d .... d 
~ ll'lft~ flti1Iinl':i mt'l.:Jf'n'W m ::fl l'Ymt~.:J'I'llJ 'll'W lf1~~1'W 0.20 lJ m llJm ff1'W t'lll11':i lt'llJit'ln'WlJ'lf'W flU 'll.:J 

o Ql QJ A .c:!t. ..::s "'d QJ .:::~. r1 gJ jl ,.. 

ffll1':i'Ut'lfllltltll'lftl~?l'W'I'J'jiJlJtll':i~fflJffl':ifftlf11lltltlfff1 (yeast extract) ':itltl?l:: 0. 1 11?1:: ~.:J1'W (agar) ':itltl?l:: 1.5 

[3] 
Q..l A ~ ttel. J ~ .C:: 

2. nl'ifl~lltltll'llt'l'i}a"Wmtlm~'Yili 
)/ t/ I , 

tll':iftfllltltli:Jit'l ~~'W'I'11V'll~"J''I'lnH'1'1'1!'1U t'ltll':il~ m :Jit~'U'W1ll'W (streak plate technique) ifluH't'lll11':i 

~ ~ d d .0:::. d .d Ql d. rl 31 i .. i 
IM.:J l'lft'lltllJWff!t'llJ'lf'Wflii'\J.:J'I'l~fflJffl':iffOf11lltltlff~ (Yeast Extract) ~.:!1'W (Agar) II?!Zffl':i ~':iYl tJvlt'lff 

60 lJtl~tl~lJ/~f]'j ~.:jfll'jftf11Wtll'4lJ~'W 1llflfll'jl ~tltl~lJ~~'W'I'11 V~ffllJl':itHlt~ tlfftlltlffl'j i ~'jfli 'Wvlt'lff ~'lltlltl . , , , 
111n~u 1u ·nu11iuVi~l'WlJ1 [3] 1llnt1u~.:~Tif11Wtl il'l iaihin"Yru::~l.:JntJM i'Wt'lll11':il~u.:~I:Jit~,.,,u 1'11li~1tiTitll'i 
d. QJ I I .d; ~ '1 'j) .l ~ d fl' .q ~ I .o!fo QJ i i d1 ~ .l ,4 QJ 

lfltl1tl'Wtltll.:Jfltli'Wt'l.:J1l'Wm::'l'l.:J fll'lltl~tl'W'I'l'iti'U'itJ''I'lli tl?l11t'ltl tltl'Ytu:: fl tl'W 'W1ll'WI?IIJ.:JI'lftlll1lJ'fl'Wtl'W 

t I .l I d :.,,£ :, td,d Ql .l j/ 

'l'l.:Jl1lJfl (tllHilfJI'lfeJ'i::l111.:J'flll11':i II'\J'l':i1lJ'I'l'lff'W 4 t'lH) 1lltl'W'W 1l'lfftl'Y ltiO'Ytu::I'IJtl'lfl'\.HW::fl11lJffllJl':itl 

.. 
~ Q.l .a v Q, tte~.J 

3. nl'ifftl'YltlO'YW:::I'Utl'IVI'W'\JM'i}tl'WYI'.itl 

..::9 Ql .l " .l .q drl.c:~t. c{ y QJ QJ d 

nl'ifftl'Y l?IO'Ytu::I'U el.:Jfl'W 'lltl'll'lftl ~?l'W'I'l'i IJ'IJ'jtj'l'lli 'lh ::tlt'l'Ufl11J fl1'jff .:Jitlfl?l tl'Y ru:: i !'1 i?ltJ'U'W 1l l'W 

.1 .l ..:9 Ql rl .q d. 'J) .1' rl 
I tit! .:II 'lft'l nl'ifftl'Yl?IO'Ytu::'llt'l.:JI'IImUitl::tll':iflflffllmlJ ifluhnCJt'l.:J ~am ':iff'WII'U'UIIff.:! (optical microscope) 

i" oTI m'i'l'lflt~ t~'ll~u i 'iJf11lJl1 ~n m':ii'ln"Y 1'1'11'li11'1'1u1J1 '1 tJ 

4. nl7fttl'Ylnm:it>mnmrtn71rnWh.!vlt>trua::nl'il111qJI9i1J1VJ'Iltl.:J'i}ii'W'YI"1~1J1~n~ 
nl'iffn'Y lfl11lJffllJl':i t~1un1':i Vt'l tlfftlltlffl'i i ~':iYli uvlt~ff if~ 1.11~t~,., ~u'l'11 V'U~ff'l'l~ iH~tltJ':i ::n 'lrl 

q • • 

~~t~':i::'I.J ~~u'l'11 fi'~nllJl'jfl vt'l unmun1'j i ~'jm uvlt~n1u n~lJ ~ ~u '1'11 v 11lJ~u i" um':i ~~lJ ~ ~u '1'11 v~ ~1u m'i 

Tifltwn 1M1'l M1'W-e:J1'111':ilglJWffl~ll'lfUflll1tl1~i1m':i i~':iYliuvlt~ff 20 iJ?~~ni'lJ~t~~m 111mTu1~1::1iu.:~1u 
ffil11::~iifll'jt'11'UfJlJ~Ull1fJlJ~ 30 fl'lffll'lltll;tlff Uti::I'IJV1~!'111lJI~1 I 00 'jt)'IJ~tl'WlVi I~'WI1?11 4 l'W IR'U 

f1'1t~Vl'lt~ll11':ili u.:~l~eJrvtt'lilm l::Ml11ffl':i i ~':iYli uvleJfft'l.:J 1'11 ~ eJilt'l 'j 1:: -Hi" vi ~~!'1~ eJ'lilfl'i 1::M11nff i mlJl i '1'1 

m1vl (Gas Chromatography; GC) lyjt'l'l11!'111lJffllll':itlllt1:: 1l t~'W~tlfflff'flf tll'i Veltlfftlltlffl':i 1 ~':itli urleJff'\Jel'l 

~~lm1fi' ut'lmln~ii''l Mi'lnm,.,au~afflff'f1fmm~tyi~'U i'f1'1Jt).:j~~u'l11 v'U~"J''I'l~i"vl1'1m':il!'U~lu1u i fl it!il 
i 1 "' "" d ,X .Ji ., ' ~I ., • .1 ' "" """" 

fltl 'lfl'l'lfl'Wfltll':iltlMI'lftl (spread plate technique) 'll'llJl1'W1tllu'W'llltll1~fltllJtl?ltlfl':i (Colonies Forming Unit 

per milliliter; ;lt~'YI~~tllJ~~~'f1'i) 

s. m7ilfl"n::~trl'.i 1 'Y'I7Yli urlt>tr 

m':iilt'l'il::Mftl':i i~':iYli uvleJfffl'lll1~t~ i~wm':iffnflffl':i i ~':iYl i uvlt~ff1l ltlt~ll1 mi ti.:JI ~mSweJffl~ll 
"' ""1 l L "' "" "" "' & ~ .f ::'1 "1. I "' ~nuv::'ll ~ 'W ~ 'Hl(acetonitrile) ~fflJfl'j~eJ::'ll~tl (acetic acid) ':i€ltlr1:: 0. 1 'li.:J11itll':i'WIIJ'W tuflllJ'H~tltll':i 
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QuEChERS [5] ~1mi\Jt111'll1Lm 1::'11' ~-:wLI'l1 tl-:!~91~-:lii~tJm ru~'l1~~'1.JlL 'I.J'I.J1LlHY9iL~ n-vioW (mass selective 

detector) <iu 6890N, Agilent Technologies, ffl1i'l'tJL1J~m) 1~ml'l1tl.:J~9i~HiJI'ltJ~1JtJlm1Jl1~'lm1oW'lfU~ 

DB-5 'IJ'U1fl 30 LlJ~l X 0.25 ij(l~LlJfl'l Lm::!'l111Jl1'U1LL~'Utlli'1J (film thickness) 0.25 llJ lmllJ~'l 
~ 

U1l1i''l.lnnl'llLm1::'1'i'iJ'l1U(l::t~u~fit~ 'l::'l.l'I.JU~i1tJV1-:JLL'I.J'I.JfftJ~'YIL(lff (splitless mode) i.:Jth 
' ' ~ 

t!tul1ilii'l::'l.l'I.JU~i1tJVN (iniection temperature) -vi 250 tl.:Jff1L'If(ll9fun mlJl~'li1tJVNYiu~Ll~(l::f'li'.:J . .. " 
(injection volume) l'Viln'l.l 1.0 llJ ll'l'l~~'l ~'lfll~Wl1i.Ji'i~Lmtl'l.l (oven temperature) l~lJ~'U~ 90 tl.:Jff1L'If(lL9imY 

Q,l ~ J "'=' d QJ 1 ct..d .0::. ~ .J GJ 
tl~':i1nl':il'l'i1J'IJ'U'Utl.:J~W'I1i.J1Jlti'U~.:J ttlmm1J~W'I1.fJ1J'YILYi1J'IJ'U (temperature gradient program) 'Vlllbl'~'l t'U 

.d ~ o'19Jc:Y.c:t.:::t d c:Yo Q.IQ.I lfl d "''t.Q I .o::t 
111':i1-:J'YI 1 nl':i11!'l'n::H 'lf1Lnbl'~L(lU1Jlti'ULLnbl''U1Yi1 (carrier gas) tJmtJ~':i1nl':i tl1(l'YI 2.0 tlJ tm(lm~tl'U1'Vl 

.. .. 
bl'1'ltltlfi'YI 9.07 'U1'Vl 

2 
' ~ ' 

nmVl1JI'li'-3Yi 1 

3 
' ~ ' 

nmVilJI'li'.:!Yi 2 

4 

' . 
<V ..... 

tlvr:i1nl"HYilJ'IJ'U 

'IJ6-3tlW'YI{!ii 

(°C/min) 

20 

10 

.. " tlW'YI{!lJ~VI'YI1U 

( oc) 

90 

220 

280 

300 

o <V A A i I t ~~1 _.f 
6. 01~fll'U10HlVI~1fll~L'il'H!JLVI'IJ V1Ua~fll~tltltr61'a1tr61'1~ &Yi~l"' 'Ul1tl61' 

(Hold) (min) 

0.00 

1.00 

3.00 

3.50 

20 

nn fi1'U1W elfl':i lnl':i 1 'II~ ()JL~'I.l 1~u ~:: nl':i daunn 1 Ubl'1':i 1 Yi':i'Yl1 u ...Jan~ wvn:: ttJu m'i~mnti.:J 
Q.l QJ G' I iJ 9J 4 Ql 0 r/ ~ .d d'.d .Q. ~ J I .., 

!'1111Jbl'lJYi'U li'i ::'1111-:l !'1111Jl 'IJlJI 'IJ'U '1Jtl'lbl'1'i 1'1.:!111 ntl fi'I.JL 1n llLn:: 'ill'W 1'UL 'lfn n ~ n'U 'YI ':i U'YI L YilJ 'IJ'UI1Jtll1~ 1N1'U L tJ 

fl1'ifil'I..!1Wfilei'~'i1nl'inl':il'll~(\jl~'I.J l11~11Yi1:: (specific growth rate; )!) LtJ'U,j'.:JfflJnl':i~ (I) 1L(l::elfl'i1nl':i VM 

ffn1Uff1'i lYi':iVll'UoWtlbl'~11Yi1:: (specific substrate utilization rate; q) ttJ'U,j''lfflJnl'i~ (2) 

lnx, -lnx0 J1 = ---'---~ 
t 

[(s0 -s,)/t] 
q = .,;;:--=---~.:.___.:, 

[(x, + x0 )/2] 

trla x, fia ~1'U1'Ul'lfnn'-q~'l1'1u (9iwoW~~aiin~~m) x0 fit~ ~1'U1l.JI'Ifnn't~lJ~u (9itaoW~I'it~ 
iln~~~':i) 

(I) 

(2) 
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--

IV .::., qt! .t::\ .c::: .ci V ~ V .:::. q,J 

1. N~fll,fl~lltlfl~~ll'YI,tJU,t.J'YifiU~:::fll,flfl'lll~fll!W:::IUMVIll'IJtl'l'iJ~ll'YI,tl 

m·:;riflw.tn~~'U vi~ vti~q-'Ylin"::: m~~nllllinlltu:a~ eJ~~'U'IH>~ ~~'U 'Y11 v mvl111'~ m~ ti fllWn M1 fl hil 
.d..d.c:t Ql I Ql QJ .o!t 't ,. d 1 I d d ~ .a 
'Yl'Yll.l"nlltu:::~mnu 4 "nlltu::: fleJ tflt"'U'I.I'Ulfl '11(\J nm~ lM ll":::rt"lnl.lln (~:::'I.J'lfel fleJ PFI PF2 PF3 nm~ 

PF4) lfiVIinlltu::: lfll"U'UeJ'I PFI PF3 11"::: PF4 ljihml'llJ''ULL":::'I.IeJUl11lufi'I~U~ 1 ff1'U lfl hU'UeJ'I PF2 ij 
.Q Jl Ql Ql 

FOl1'Ull.I'U ll":::'UeJUl1 Vn 

~ 0 .Q d rJ .Q ..! t ~ Ql J/ 9) fl I Ql cf.et Ql 

ll.leJ'U 1~"um vm q''Ylli'Yl'l 4 mfl'nm"nll tu:::fl1vn"eJ'~ ~ "m'J fl''U'YlU11" nl! ru::: '1.1 eJ'Il'lf" "l.l 2 Mll ru::: 

fltl uvi~~'U (short rod) ll":::1~fi"l.l (cocci) lfltl~ PFI ijlinlJtu:::l~'Ullvi~~'U ff1'U PF2 PF3 LL"::: PF4 ljlinlltu::: 
c:f Ql .d Ql 4::lro d../ .Q ~ d Ql .l J/ 4 .di fl \It jiGI 
lU'U1'1n"l.lfi'I~'I.J'Yl 2 f-mm~muwn~"umvm~'Ylli ll":::m~fl'nm"nlltu:::lueJ'Ifl'U'I.IeJ'I~"'U'Yl~V ff1U t~lfl'l 

• 

n) '11) fl) -3) 

au~ 1 linllw::: lfl hu'IJeJ.:j~~tm1 Vtl~q''Yli n) linlltu::: lfll"U'IJeJ.:j PF I 

'1.1) linlltu::: lfll"U'I.IeJ'I PF2 fl) linlltu::: lfll"U'I.Itl'l PF3 '1) linl!tu::: lfll"U'I.IeJ'I PF4 
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('II) (R) (3) 

·nJ~ 2 "fllltu~':itlh~L'IH'IGi'm'l~fll':i~~fflLfl':ilJ'IJfl'lq'I~'W'I'iMu~n"nt (fl) "fllltu~L9H'IGi''IJtJ'l PFl • cu ~ • 

QJ " QJ " QJ " ('IJ) Mlltu~L'liC!Cl'IJtl'l PF2 (fl) Clfllltu~L'liC!Cl'IJtl'l PF3 ('l) Clfilltu~t'liC!Cl'IJtl'l PF4 

.it tlfl'tltu~YIHOltlill'Vl'IIM1fl1t~u 
v d "' "'' 'llfl Mlltu~l'lltltl~tl'WYI':itl 

tlfllltu~ ':i,H,'l "' "' '11'1-n~ .. fll'lVJ~r;JUfl':ia.J 

Q ,QI d ~ 

PFI htt\i Yl1'H'WllJ'W 'IJtl'I.JL':iti'I.J Ul'l'lft'W Ufl':ilJ'I.J1fl 

PF2 
Q 9/GJ Ql 

flCll'l Yl1'H'UllJ'W 'IJtl'I.JlWfl 1-!lflCllJ l1fl':ilJ'I.J1fl 

d <Q ,QJ d 

PF3 1M Yl1l1'W llJ'W 'IJtl'I.JLHJ'I.J 1-!lflCllJ l1fl':ilJ'I.J1fl 

d Q j/QI .d 

PF4 LClfllJlfl Yl1'H'WllJ'W 'IJtl'I.JL'HJ'I.J 1-!lflCllJ u n ·w m n 

2. NClOl':iftfl'tllOl':i!·iiityi~'I.J 1VI'IJM~ii'WYI~~U'i~Yii 
YlClfll':i'Yl~CltJ'lfll':iL'illtlJL~'I.J L'fi'IJeJ'l~~'W'Yl~V'I.J~"J''Yli l'I'I.J':hnnvlm':il'il~tyL~'I.J L'fi'IJeJ'l~~'W'Yl~viJ"nllru~ 

fi'lltl~ 3 tltl 1'W':i~tl~fll':ifll':i'Yl~Cltl'l 4 1'W ~~'W'Yl~V lJfll':il'il~tyi~'I.J L'fllvilJ1il'W1'WLvilJ~'WlJlfl I~'W'ltl'flllJ 
YlCl Ol':i11it~~ 'l~lJfll':ifffllllfll':i 1 'il~ tyi~'I.J L'fi'IJ tl'l ~ ~'W'Yl~ u~ ffllJl':itl Vel tlffl':i n ~lJ f) eJ Ufl 1 'WoWtl ff'vltl~ff [3, 7] 

tO tl'l 'illfl 1'W fll':ifffllllll1 i'tJTHl':i L~lJ!tl ffL~lJ~ '1liiJri1'W tl':i ~fltl'I.J 'IJt).:j ffl':i fJ'U '1'1~ umf'I.JtJ'WlLfll'l'I.Jil~~'W '1'11 v 
u~cy'YliJ'.:j~nmml~ty,~'I.J L'flmn ~'l'illflHC!f1''lnri11Uff\P1'l 1r1'1l~'W1l~~'W'Y11 tf~rr\P11wn Mi1f1111Jffll1l':ifl1'W m':i 

1i'ffl':i L'YI':iYllu'vlt~ffi~'WU'Hri'lfllf'I.JtJ'WI~tl1 (sole carbon source)1'Wfll':il'il~tyi~'I.J L'fl L\P11.1~1eJ'fl':ilfll':i 
!'il~i!JL~'I.J L'fl1ili'Yil~'IJtl'l~~'W'Y11u PFI PF2 PF3 11ft~ PF4 I'Yhnu 4.43 6.19 7.26 l1Cl~5.93 fit~1'W 'fllll'llf1''1.J n 1tJ 

i~f1'l'fll':il'l~ 3 'Wtln'illn~'illnNftm':iRnlllv'lu'l;'l~1,~~'W'Y11ufiwlfiliP1iJe5'mlnTm~tyL~'I.J 1'flu'fln~l'ln'W~1t~ 
LIP11.1 PF3 iJeJ''fl':ilmm1oH~u L'flff'lff\P1 

u ~ • 
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PFI 4.43 

PF2 6.19 

PF3 7.26 

PF4 5.93 

3. fnlfll"lflOlJli'l1lll~1m·Hl iu fl1"1~6tl~£~ltl~l"lLVi"lrl1'1-Avla~ 

HMl':i'YlfH16.:J i'l1l:IH'I'11Jl':i t1 ium':i fiavmnurm 1 'Vl':ifJ1uvlaff'IJa.:~~iiu'Y1'1u'l.J~ ~'Yli 'VlU111'1111J 

t'li'll'li'u'IJa.:Jffl':i 1'Vl-:irl1'1-AvlafflW1Miu'lf1mnlffa-:~1ummrla~nfiau hw~ii'I-A'Y11u PF2 PF3 un~ PF4 lhum':i 

fiauffmUffl':i'IJeJ.:J~iiu'Y1'1u PFI 'Vl'l.J11mlll!'li'll'li'u'IJa.:Jffl':i 1'Vl':ifJ1uvlaffMlM1u'lf1mm 0-31'u fi'.:.~2'l.J~ 4 ~.:.~ 

Hllfll':iVMfflllflffe!f!fltfa.:~n'l.JHMl':i!'il~tu!~'l.J 1~ ~.:! PF2 PF3 un~ PF4 lJ~lel~':ilfll':il'il~tu!~'l.J L~i:Y~fl11 PFI 
u u "' 

• i ""' y "' ~ y y 1 ~11 .. 1 .!1 ~I , <I ..s 'Yll '\11Ji'1111J~6.:! fll':iffl':i 61l11':i1Jlfl fl.:Jl.Jl.J 1'1111!! 'IJlJ'IJl.J 'IJ6.:Jffl':i 'Vl ':i¥1 lJ1161:l''!i ~!11\.JL!'\1 Mi'll':i'l.Jfl'W 'il.:!ll f!M 

e!VlU1fl!~1 1 lJ 'lf1~ 0-2 iu lJ tlfl 'illfl~trlmm U'l.J!'Yi flU tlU.:Jl'Wi1i U 1 lJ a~~fl mYill~'W 'IJ6~'illlJ1lJ ~~lJ'Y11 rJlJHll~tl 
m':iVMfflllUffl':i 1un~1Jaaun1uvlaffvlai'm'lfunu [3, 7] ~1ei~':ilfl1':i fia ul:l'lllUffl':i 1 'Vl':ifJ 1uvleJn'illt'Vl1~'1Ja.:~ 

PFI PF2 PF3 l!ll~ PF4 !'Ylln'l.J 1.25 X 10 · l3 1.35 X 10.11 1.79 X 10.10 l!ll~ 2.38 X 10.10 ill 1mni'lJ~6;!avJu . 
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Jl .c:i Ql a' ,. ,. d I Ql I :'1 t ~ .Q r/.d Ql '1 !i} t 
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ffllJlHl 'Y1 'U ~ eJ ff ill 'Vi~ ijffl~ 1l'l ~ YJ lt.! vJ eJ ffU ft ~ ffllJ l'Hlf)eJ tlffCiltlffl~ 1 Yl ~ YJ 1 'U vJ eJ ff l ~ 1 ~ tlij ~ fl ~ 1 fl n 
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Abstract-This study aims to isolate and 
characterize a profenofos pesticide (PF}-degrading 
bacterial consortium and pure cultures from chilli 
farm soil. The work also focused on bacterial 
growth and profenofos degradation. The 
experiment was performed at the initial profenofos 
concentration of 20 ilDiinr~fieiim. The result showed 
that the enriched consortium comprised three 
predominant PF-degrading strains designated PFI, 
PF2, and PF3. The isolates (PFl, PF2, and PF3) 
were characterized as Pseudomonas plecoglossicida, 
Pseudomonas aeruginosa, and Pseudomonas 
aeruginosa, respectively. For the growth and PF 
degradation kinetic tests, a consortium and all 
isolates could utilize PF as a sole carbon source with 
PF removal of more than 90% within 6 d. A large 
number of cells increased during the first two days. 
The bacterial growth and PF degradation rates 
followed the first order kinetic reaction with the 
rates of 0.40 to 2.68 1/d and 0.34 to 1.96 1/d, 
respectively. The PF utilization rates of 3.0 to 19.6 
ilDiinf,Jiieiill,/d were determined. The results indicated 
that the consortium and isolates are efficient for 
profenofos degradation and have potential for 
profenofos remediation. 

Keywords: degradation, insecticide, 
profenofos 

Introduction 

isolation, 

It is known that organophosphorus pesticides 
(OP) have been developed to replace 
organochlorine pesticides for agricultural purpose. 
The pesticides are efficient and inexpensive 
which result in extensive utilization [1 ,2]. This 
leads to OP contamination in either agricultural 
products or environmental media [I ,3). 
Organophosphorus pesticides do not only damage 
weeds and insects but also could cause inhibition 
of cholinesterase activity resulting in malfunction 
of nerve impulse transmission and toxic to 
invertebrates, fish, animal, and human [4,5]. 
Among OPs, profenofos (0-4-bromo-2-
chlorophenyl 0-ethyl S-propyl phosphorothioate), 

C11 H15BrCI03PS, 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 shoLid be a technique to alleviate the 
problem. 

BrO 9 f_ ,...___
0

......-- r - SCH 2CH 2CH3 

Cl OCH2CH3 

Figure 1. Profenofos 

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 Pseudomonas aeruginosa 
strain OW) were previously isolated for China 
soil remediation site at PF concentration of 200 
J.lgfg [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 
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enriched consortium and novel isolated strains 
were conducted. The cultures were also identified 
and characterized. In the future, the isolated 
cultures could be applied for the PF-contaminated 
site remediation. Also, the kinetic result could be 
used as a basic knowledge for the future 
application. 

Materials and Methods 

Chemicals 

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

Enrichment and isolation ofPF-degrading 
cultures 

Profenofos-degrading species were isolated 
from chilli farm soil experienced PF exposure for 
years (Ubon Ratchathani, Thailand). A sterile 
basal salts medium containing KH2P04 of 3.0 
giL, NH4Cl of I giL, NaCI of 0.5 giL, iiniini'JJS04 
of 0.25 giL, and PF of 20 iiniini'JJtivii~, (in I 0 mM 
of phosphate buffer solution) was utilized. Agar 
of 2.0% (w/v) and yeast extract of 0.1% (w/v) 
were added in agar medium preparation. 
The culture enrichment and isolation procedures 
were as follows. Air-dried soil sample (20 g) 
from the site were mixed in the PF-containing 
basal salt medium (100 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, there­
cultivation was conducted for 4 times 
consecutively. The enriched consortium was 
maintained for further investigation and was 
purified by spreading and streaking plate 
techniques. All plates were incubated at 30±2°C 
for 14 days. Single colonies were obtained after 
several subcultures. The consortium and isolated 
cultures were then characterized. 

Characterization ofPF-degrading cultures 

Colony and cell morphology of the isolated 
cultures were characterized. The isolates were 
identified by 16S ribosomal Ribonucleic acid 
(16S rRNA) sequence analysis. In brief, each 
bacterial culture was grown overnight. The 
genomic DNA from each culture was extracted 
using a standard boiling method. The 16S rRNA 
gene fragment was amplified from the genomic 
DNA by the polymerase chain reaction (PCR) 
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using the bacterium-specific primers: a 63f­
forward primer 
(5'CAGGCCTAACACATGCAAGTC3') and a 
13 87r-reverse primer 
(5'GGGCGGWGTGTACAAGGC3'). A 25-jll 
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 (I 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 QIAprep 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 (NCB I). 

Profenofos biodegradation by PF-degrading 
cultures 

Duplicate batch experiments of PF 
biodegradation by the consortium and the isolated 
cultures were conducted. The consortium and 
cultures were shaken in the 200-mL medium with 
the initial PF concentration of20 iiniini'll.iviiAl on a 
rotary shaker at 100 rpm and 30±2°C for 6 days. 
Profenofos concentration and cell number (viable 
plate count) measurements were performed daily. 
Abiotic control test (no bacterial cultures) was 
also performed. The bacterial growth and PF 
degradation kinetic rates were then calculated. 

Profenofos and intermediate metabolite 
analysis 

Profenofos concentraion was measured using 
a QuEChERS extraction technique and a gas 
chromatograph with a mass selective detector 
(GC-MSD) and DB-5 column (30.0 m length, 
0.25 mm i.d., 0.25 1-1m film thickness). The 
sample of 10 mL of was placed into a 50-mL 
disposable polypropylene centrifuge tube with 
1 0-mL of acetonitrile and acetic acid of 0.1% 
mixture. The centrifuge tube was capped and 
shaken for 1 min. After that, NaCl of 1 g and 
anhydrous iiniini'JJS04 of 4 g were added. The tube 
was then shaken vigorously for 1 min and 
centrifuged at 5,000 rpm for 5 min. The 
supernatant (acetonitrile extract) was transferred 
into a SPE tube (QuEChERS D-SPE, Agilent, 
USA) to clean up residue. The tube was capped 
and mixed in a vortex mixer for I min, and then 



centrifuged at 5,000 rpm for 3 min. The cleaned 
sample was transferred to a GC vial. 

One-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 (carrier gas) flow of 2 
~J.Limin. The GC temperature program was 
started at 90°C, increased to 220°C at a rate of 
20°C/min and retained for 1 min, increased to 
280°C at a rate of 1 0°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. 

Results and Discussion 

Enrichment, isolation, and characterization of 
PF-degrading cultures 

The PF-degrading consortium (referred to as 
MIX hereafter) was enriched in aerobic condition 
at pH of7 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 utilization as a sole carbon source [2,5,7]. 
The consortium plated onto 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 PFI, PF2, 
and PF3 were observed morphological 
characteristics (Table I 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. 

The isolates, PF1, PF2, and PF3, were 
identified by 16S rRNA analysis as Pseudomonas 
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 strain PF2 and 
Pseudomonas aeruginosa strain PF3) isolated 
from chilli farm soil in Thailand were proposed 
for PF degradation. There were prior studies 
reporting OP remediation by Pseudomonas 
aeruginosa strains, such as profenofos and 
chlorpyrifos degradations [5, I 0]. The result 
suggested that Pseudomonas aeruginosa might 
conserve OP-degrading microbial enzymes 
resulting widely discovered the Pseudomonas 
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aeruginosa strains able to degrade OPs. For PF1, 
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 I. MORPHOLOGICAL CHARACTERISTICS OF 
PF-DEGRADING BACTERIA 

Characteristic Isolate 
PFI PF2 PF3 

Colony color Yellow Yellow Yellow 
Colony form Circular Circular Circular 
Colony elevation Raised Raised Raised 
Colony margin Entire Undulate Entire 
Colony diameter 2.0mm I.Smm 1.0 mm 
(at 24 h) 
Gram staining Negative Negative Negative 
Cell shape Short rod Short rod Short rod 

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

Kinetics of bactieral growth and PF 
degradation 

The growth of MIX, PFl, PF2, and PF3 
measured by viable cell counting is shown in 
Figure 3. The MIX consortium and the pure 
cultures (PFI, PF2, and PF3) provided the 
different results. The viable cell number of MIX 
grew from 7.1 to 7.6 log'inrrly9iviilliiii•u. The MIX 
cultures reached the stationary phase after 2 d. 
Cell numbers of all three isolates quickly 
increased more than 7 log'iwrly9iviilliiiifll within 4 d. 
This indicates that both consortium 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 
II). 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 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, PF 1, PF2, and 
PF3 removed PF for 90.0%, 95.0%, 93.1 %, and 
95.3%, respectively (Table III). In the abiotic 
control test (no cell), the PF concentration 
remained more than 95% (data not shown). The 
consortium and isolates performed the PF 
treatment (PF utilization) at the rate of3.0 to 19.6 
iiaiini'u~oii~t,/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 
treatment rate compared to those by the pure 
isolates. The PF degradation by all cultures 
followed the first-order kinetics (Table IV). 
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Figure 3. Bacterial growth by MIX, PF1, PF2, 
and PF3. 

TABLE II. BACTERIAL GROWTH RATES OF PF­
DEGRADING CULTURES 

Culture Growth kinetic equation* 

MIX 
PFl 
PF2 
PF3 

y = 0.40x + 7.05 
y = 1.9lx + 7.28 
y = 2.48x + 6.86 
y = 2.68x + 5.36 

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

Rl 

1.00 
0.90 
0.95 
0.85 

The PF degradations by the consortium and 
cultures (more than 90%) were comparable to 
those by Pseudomonas 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 no environmental 
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stresses in the tested condition leading to better 
growth and performance presented 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 4. PF degradation by MIX, PFl, PF2, and 
PF3. 

TABLE III. PROFENOFOS UTILIZATION RATES OF 

PF-DEGRADING CULTURES AND PF 

REMOVAL PERCENTAGE 

Culture Substrate utilization rate PF removal 
(iiaiini'mivii911/d) (%) 

MIX 3.0 90.0 
PFl 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 

Culture PF degradation 
kinetic equation* 

MIX y = -0.15x + 1.12 
PF1 y = -0.57x + 1.55 
PF2 y = -0.85x + 1.42 
PF3 y = -0.85x + 1.02 

* y = log (PF concentration) 
x =time (hr) 

R2 

0.87 
0.86 
0.95 
0.75 

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 of207, 281, and 73) 
was detected (data not shown). Similar result was 
also reported elsewhere [5]. The result suggested 
that PF was transformed via organophosphorus 
hydrolase enzyme, which was known as a typical 
bacterial enzyme for wide range of 
organophosphorus pesticide degradation [1]. The 



potential profenofos degradation 
proposed (Figure 5). 
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Figure 5. Potential profenofos degradation 
pathway. 

Conclusions 
Novel PF-degrading consortium and three 

isolated cultures including Pseudomonas 
plecoglossicida strain PFl, Pseudomonas 
aeruginosa strain PF2, and Pseudomonas 
aeruginosa strain PFl were isolated. All cultures 
were efficient in PF insecticide degradation (PF 
removal of more than 90% within 6 d). The novel 
cultures were promising for PF remediation. For 
further study, the influence of environmental 
conditions on PF degradation should be 
performed. Also, the full PF degradation pathway 
by the novel consortium and isolates should be 
conducted for insight investigation. 
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