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Abstract 

An amperometric carbofuran biosensor was developed. It was constructed on 
carbon paste electrode chemically immobilized with alkaline phosphatase, brovine serum 
albumin, glycerol and glutaraldehyde on its sensing area for selective analysis of 
carbofuran by inhibition of catalytic reaction of alkaline phosphatase using an 
electrochemical analysis technique. The measurement was done by decreasing of the 
current signal proportional to increasing amount of carbofuran. Optimum experimental 
conditions were investigated in amperometric mode as follows: 1.2 unit.cm-2 enzyme 
alkaline phosphatase loading on active surface of the electrode, 10 minutes for crosslinking 
enzyme in glutaraldehyde, 8 % w/v of bovine serum albumin, loading of disodium phenyl 

-1 -1 
phosphate at 5000 mg.L , phosphate buffer solution (PBS; 0.1 mol.L , pH 8.0) and applied 
potential of +0.75 V vs Ag/AgCl at room temperature. The designed biosensor yielded a 
linear range for carbofuran from 1 to 6 mg.L-

1 <l = 0.991) with a sensitivity of 7.07 % 
lnhibition-L.mg-1

, a detection limit and a quantification limit of 1.12 and 3.75 mg.L-1
, a 

reproducibility of 4.31 %RSD (3 sensors), a repeatability of 2.80 %RSD (4 measurements). 
Moreover, the proposed biosensor was evaluated to determine carbofuran in Thai Jasmine 
rice samples and spiked samples. The Thai Jasmine rice samples were sampling from 
Warinchareonsri market, Mae-kimtiang market and Warin market from Warinchamrab district, 
Ubonratchathani province. Extractants of the samples and 1.5 mg.L-1 carbofuran spiked 
samples were determined by the proposed biosensor and the reference high performance 
liquid chromatography. As the results, there was not detection in extractants. The spiked 
samples were detected in average concentrations of 1.52 ± 0.08, 1.43 ± 0.20 and 1.57 ± 

-1 -1 
0.31 mg.L by the proposed biosensor and 1.39, 1.40, 1.40 mg.L by the reference method, 
respectively. A recovery study of carbofuran in spiked samples showed values ranging from 
95.6 to 104.8 %. The determination of carbofuran in spiked samples using the proposed 
biosensor was satisfactory when compared to the reference technique. Applying the paired 
t-test, the t-values of 2.86, 0.26 and 0.95, respectively, is significantly smaller than the tabulated 
critical value of 4.30 at degree of freedom of 2. It indicated that there is no significant statistical 
difference between these results at a confidence interval for 95 % probability. 
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L1JL Gl(;)l m 'VIflUflvil m • • 
1 UWLL L "li'U L (High performance Liquid 
chromatography, HPLC) LLnl.11m1J1L'VIf111W (Gas chromatography, GC) fl1':i1m5La'U16!1l1B1Jl;jL'U 

LLe:Ji.1L6!1 (Enzyme-Linked immunoassay, ELISA) (Colorimetric methods) 
b 'VIflUflL mhm 1 b 11 'Ufl1';i 1 

bb(;l::: a 1 tJi EJVI(;l 1 1 1e:Jtl . 
L"li'U (Test kit) • 

1u1m6!1'UL6!1e:Ji 
1 u 1m6!1'UL6!1e:Ji (Biosensor) L • 

fia 

1m6!1'WL6!1ai • 
l.1a.:rri1'1Jfia (Target analyte) 

(Biological detector) (Transducer) vi1 

1 u L 1 L"li'U ft'lJ'lJ1W'VI1.:Jbbi.1.:r 

wa 1 vrhL 1 u Le:JL6!1'UL6!1ai 

UWLL 1 U L e:Jb6!1'1JL6!1€J{LL 16!1lJel(;l . 

fl11(;1UWe:Ji.1W1 L(;)i.1L u1'U L uij'U b Lb(;l::: n(;l (;) 1 1 wvhfl1iu eJ'U L 'Vii.1 

'nelL UWbb 1 u tiL tl'Ub6!1'UL6!1e:Jn 

1 L tl'U'V11.:r taan 1 Vll.i"lla.:rL 'VIfliiflrn':i 

uwLL 1 'Ua'U1fl(;)i1.:r'V!u1 

, 
0 ..::::.cu CV.c:d 

1.2.1 1 uvJbb 1 u 1m6!1'UL'Ilai 1 u 1m6!1'UL6!1aiLL 

1'1llJeJ(;lfl11m1vJal.1'W1b(;)i.1L lij'U na , 
1 vJw1rniua'ULWi.1 
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1.2.2 th:aihJn11Vhn'U"ilfl-!ILLfllJL'YHl 1'U 1 'I.J 

f'l11lJL f'l11l.l 111 'U • 
.. .. 
1Lf'l11:::'\ll 

1.2.3 tJ1::: dJ'U n111 LL 1'U1 fl LLfllJ L 'Vl eJ 11 

f'I1TI 'I.J'V"JLL 1'U 1 'I.J 
'IJ 

1.2.4 L u'V"JLL m 1ml.l11 'VIm 
'IJ 

1.3 
-!!1'U1..ij 1-:1.ff1 1 f'I11'1.JeJ'U L n 111'1 '1'11-!1 Lf'li1"il fl.:! L fl'U1'lflJEl" f'l11"u • 

Yla61'V"J1 L1'1611 'I.Ji'UL L'lffl1fl" LL"::: n"l'11-r" mHvl L ru611101..ij 
'IJ 'IJ 'IJ 

f'I1TI 'I.JYILL 1'U 1 13 1 
'IJ • 

fl'I.J"11"!1tl1'U 1.2 1J"LL 'VIlJ LL":::L 'VIf'liif'l1f'l11 'ULLfllJL 'VleJ 
• 'IJ 

" QfLI Q.l <11:111 

4 cl ' 0 11 .. 1.3.1 'I.J flL'lf'UL'lffl1 

- mlJ1t:lJ"ilfl-!!Lfl'U 1'lflJel"f'I11"'\Jyja61'V"J1LI'l61 

- 1"11 'Un11L 1 "iJ-J Lfl'U 1'lfUel"f'l11m1Yia61YI1 

- ml.l1ru"ilv-!!1 'I.Ji'UL'lf-rl.Jel"'I.Jlj'U 
'IJ 

- 'V"JI'l 
cl - pH 'VIL 'VIlJ1:::61lJ 

' CV II' Cll I Q 

- • 
- , 'IJ 

1.3.2 u 

-

-

-
' "' .. .. - f'l'l1lJL 

'IJ 

- 'UYILL 1'U1 
'IJ 'IJ 

1 'I.J 1f'l1lJ11 '\11"161lJ11t:l'U:::61-:J 
'IJ 
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•• • 

ija.n1'rlL 'l61\l ':i'W vt2.i1 'Wfl1':i 'II , , 

':i'W , 
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. 
'U'VIV'i 2 

cl II 2.1 
0 .., Q.l 4 

2.1.1 
L 'VIfiliL 'VI EJ L L \'Ifill a 
L 1 

..., 4' ''Ill <Q6cv,: 
LL 'U\l 4 "lftl" "\ltl 

1) (Organochlorine) L Uti 
'VIuiL vi11 "'wu . ... . 

U1\l"lfU"IJlf1Fl1\lt11ti'VIa1EJautJ 'VIfiliG'i'Jtl L V1qjvY1 
1 .a' m 

(DDT), (Dieldrin), • • 
(Aldrin), (Toxaphene), (Chlordane), atiL"ti(Lindane), (Endrin) 

(Heptachlor) 
2) t1Yl a a L WIJl (Organophosphate) L Uti aavJ L Uti 

LL l111m 61 'VI n " , , I , 

"lfUI'l 1mi'l1 baati(Malathion), • 
t1at1 (Diazinon), (Fenitrothion), (DichloNos DDVP) 

(Pirimi phos methyl) 
3) (Carbamate) • •jj • 

R'l11JL EJtlmj'aEJn11w'ln aa1m1 tll'laaL 1 
(Carbaryl Savin), 

(Carbofuran), (Propoxur), (Methomyl), LUtiLI'llarnfu (Bendiocarb) 
L1J'VIfilaR1iu (Methiocarb) 

4) (Synthetic pyrethroid) 
1 (Pyrethrin) 

(Pyrethrum) 
L"!itl 

'1 tl,j1 LL wriam 111 ttl . ... 
(Deltamethrin), 1 u1m (Bioresmethrin), 

(Permethrin) (Resmethrin) 
UWLL 'U LeJLII:ftiLII:Iaf L 1m tiati"Ua\l 

R1n uYILL tJ1 "11'l1tltlan . 
1 u 1 eJLII:ftl L ll:lai L Uti a f1'VI1\l a G11 a fi1'lii 
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1 u 1m'lf'LIL'lfeJi (Biosensor) L , 
fia 

'U 

m;] EJ'*1 1 tJ , 
1u1m'lf'UL'lfeJi 2 a'J'U 

7 
fia 

(Biological 
L"li'U La'U1'lfl1 LU'UI'i''U 

U"-3aqJqpru (Transducer) L L "li'U 

LL5-3 L 1 't'lvhL 

L "!i'U .ff1 1 nvh 'VII"lLI'lai Lu'U!Pi''U 

m-sv'h-31'LI"lla-3l tJ 

3 .ff'UI'le:J'U 

1 LL u ...... 
.,j., 

2 u11 u 1 

:ilu tl'U 1 U 1 eJ L 'lf'U L LL VltJ-3,}1L L 

1u1m'lf'UL'lfai fl" (Biological recognition mechanism) li!1fl 

oih:ilun'Ufi11 (Indicated signal) 
.. G cl ., I cv tl cv 

LL5-3 il-35qjqj1ru 

3 1 't'lvh 

Vi11 L 

fl1Elfl1'V'l (Physical transduction technique) U'U 

2.1 

Bloreceptors or 
Molecular 
Reeognlzers 

Signal 
Transducers 

Signal 
Conditioning 
Circuits 

2.1 u 1aL'ii'UL'ilai v ...... 
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-;nnvrGlnn1)Vhnu"lle.J'11 u 1m'll'UL'lle.Jiiii'l'll11 u Le.JL'Il'UL'Ile.JiL 
'U 

1 u'WLL 'j'IJ 1'1llJL L 
'U v 

1'1ll1 

2.1.3 Le.J'U L'lflJ 

Le.J'U1'1ll1 (Enzyme)
9 

'U 

L CJ'ULL 1 tJ L 'U 

'i-3 nfl11lJ?I1lJ1'im 

L L U'UVI£;l1f.I;;11'UL ru Le.J'U 1'1ll1 L Vi f.! l11 LlJ£;l1i 

(Substrate) 
1lJL 

na 

1'1ll1L L Le.J'U 1 

vh 1 {;l1 LLa1 L rue/i 
'1 "' ... "' .J Le.J'U 2.1 

E + S ES 

E 

5 

E + p 

ES 
ell .c::llt. " .-d o:::::tt. P f'le.J 

...... (2.1) 

1WL (Active site) 
1 1 L Le.J'U 1lJij 011 L f.I'ULL 

'U 

2.2 \J \1 

Enzymt.....,ubstratc F.nzyme 
complex 
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nTs'I'11.:!1'U"ll£J.:JL£J'U 1'11ii 

1. !"11111L -ii'11-ii''U"lleJ.:JiuaL\Jl'j\Jl Lllmau 01L ,.;'e)\Jl'j1L 

1 tJ l1La'U1'1:1iJ 

'VIeJ\Jlf11'j'l'i1.:J1'U • 
2. fl1111L -iJ11-iJ'U"U8.:JL8'U 1'11ii 1 tTu !Pi' t-tl\ au 01 

Lau 1'11iimn'VI1mi'av 1 1lJ 

3. m111L iJun'j\Jl-L tJa Ln\Jltll) La'U 1'11111 

pH 1 '1Jf11'j'l'i1.:!1'U pH 
pH L\JleJ pH 6-8 pH 

l1La'U 

4. tlfii'VIflii f11'jL Ltl'U fi'ILLU11n1'jL , , dJ 

LL\Jl '1. tl'1Jf11'j 1 ,.;'La'U LtJ'U L , , dJ , \1 

• 'U 

5. 1'1:1lJL 

2 LLI'i 

L\JleJ151.\Jl 1il1th'U 1 tJ am1L 

L L8'U 1 'l:liJ 'U8 Lfl\Jl L 

L L 1 ,.;' 

trumrtJ WLa 1 'l:liiLL 1 
• 'U 

6. (Inhibitors) 
a1'jL L"liu 1 L "liu 

(Phenolic) LU'UIPi''U 

ua nil m tJ t a L'I:I'U L'l:lai n1'.l u qp ruii 

fl111JG'f1Rty111n "li1 1 'l:llJ tJ 

1 'l:llJ LL 'VItJ.:!"U8.:! L8'U 1 'VItJ.:! 
..., ... !'I I I ..lo t 4 1 ..... 'U 4 ..II, I .,j t 1 .. "lltl.:!Ltl'UL'I:I11 L L 'U"iftl-:111.:!'Yin1'VI'U\Jl \JlCJ\Jl'j\IL8'U 'I:IUntJ\Jl'leJ\JlLn1::'YI \JlCJLtl'U '1:111 

,i'UV.:!fl.:!fl11Ut;11111'SO 1 '1Jfl1'jd.:!tlfimm 5 15
12 

... 'U 

1. (Adsorption method) 
fia LL1.:!LL1'UL\Jlaf11aa (Vander waals 

'U • 

forces) 1 La'U 1 'l:lii L L 
'U 'U 'U 

• ... ..1 
\11eJ \Jl\11tl'VI 2.3 

'U 
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2. (Connection method) 
(Carrier bindina) , • :> 

LeJ'U 1 lllll1 L -n' 1 EJ LL 'U'U m EJ11 L 1aa aii 
' 

LflL hiv111 11llll1LaEJ 1 tJ • 
2.4 

• 'IJ 

3. (Cross linking method) 
Le:J'IJ 11llll1 ' . 

, . , ., "' "' 
1 'l-1qj;iu 1 l'iB 

"'Je:l'ILeJ'U11llll1 
' 6.1 • 

2.5 

• 'I .., " 'I J 0 .., 

4. L'li1J (Entrapment method) 
Le:l1J 1 lllll1e:J cia 1 EJ LLI'i t1n-;l1 n , 'IJ 'IJ 

(Lattice) (Gel) (Gel lattice) 1l11ifl111J 

L 1 11llll1aan1J1 1 'UL 1 
V .t::1t. V I' CLI c::J 

2.6 
'IJ 
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enzyme 

5. (Entrapping method) 
1'1111111 '1 

2 LL'U'U 
, \1 \1 \1 

5.1 Lti'U 11 1 
\1 • 

tl L£111tl £11-:im L a'U 1 'lll115il 81 "iJ L U'U G11':i 1 'W a L11 a{u':i':i11"!!1 £11':iG1.:1 m ':i • 
1'1ll115.Q' 1 'Wa L11t!TI La'U 1'1ll1m -if L 

5.2 Lti'U 111 f.Ja11 L 'l11aan 
\1 • 'U • 

La'U n1':i -ifvi1tJ 1 'Wa 

2.7 
• \1 

enzyme 

'Uan"iJ1 n La'U 1 'llllij a n1 ':i L .:IU LL!;l 

\1 

La'Lilfij,J 

1'1ll1L 1 tl Lti'U 1WL (Active 

site) 'Un1':i L La'U 1 tJ 

1'1ll1 1'1ll1 1 t1 

Vi1.:!1'U L -d'U 1m1L!;l'U\Jl 
, \J \J • \J \1 II 

(Polypeptide chain) 

1'1ll1aru 
\1 " 
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.., 0 .. 

n1"Sti\JEJ{Ifl1"5VJ1{11'U"ttil{l Lil'll 'i$3.1 

1'i!l114 vi11 '1 
1'if:u1 ti.:JeJBn 

U'U 2 LL uu fiB 
uuLL ezl.:J-fi'U n11 8.:J u uu hiLL 

LL uu hiLL 1'ifl1 1 'i!l1 
\1 

1. (Competitive inhibition) 
(Inhibitor) 

1rud.:J (Active site) "llB.:JLel'U 
(Reversible) L "Wfl1fl1:U LL .u'1,Yu 1 'i!l1 'V!1n 

1 El 
fl11:UL vi11 1 1ruL 2.8 

\1 • \1 

1 

2. (Noncompetitive uncompetitive inhibition) 
hiL oU1LL 1ruL 

EJnTH L ;i.:Jiil'ULEJ'U 8.:J LL uu hiLL EJ 
1 1 EJ n L u 'U L L 

2 LL'U'U 

2.1 1 (Noncompetitive inhibition type 1) 
L 1ruL 

L;i.:JieJ'ULeJ'U uud L 1'ifl1 
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La'U hJ 'V'l'U11 LL 
" 

'Jfi!L tl 

2. 9 
" 

')tlvi 2.9 1 (Noncompetitive inhibitionr v 

2.2 2 (Uncompetitive inhibition type 2) 

L iJ'Um'jrJ'lJ L oih,Yu L 

1flluLafJ Lfil'j\J'jtlhl 2.10 vh 1-H 
" " 

1 'Ufl1'jL 1 tl 

1 q 15 q oof ""••' f' f' 15 I I .J 'VI'U nL'Jfl'jL 'Umfl 'V'l'U'J1 'VI\1Fl1Fl\I'VI"'Ifl\l 

(Kn,) (Vmax) 

.,...t.rvtll 

IV ::; 1 I I Q.l .J 14 2.10 fl1'jfJ'lJfJ\ILL'U'U 1JLL"I.I.:J"ll'ULL'U'U'VI 2 (Uncompetitive inhibition) 



13 

3. (Irreversible inhibitor) 
'U'ULL"iJ.:!-1J'U hJLL"iJ.:!-1J'U 

1 tl'U Ltl'U 1 LF111 nuvr1i-ii'1.:! , 
(Side chain) 'U"llt!.:!W'l.l (Irreversible) 

tJ <II Lil'U l 
Lv'l.l uuvlf!a11-ru LLfl 1 ia LL '1..1 

" 1 .- ) ,J o 1 " • I 16 "' 1'1111"llt!l'lf16'l.:!"llt!.:!Lt!'U '1111 (Commission on enzymes, E.C. 6 
cl 2.1 

th:: mul 
1. (Oxidoreductase) L \ltll) 1vlil auf! 1 La 

2. (Transferase) 
L Lr1 

(Donor) (Acceptor) 

3. (Hydrolase) 
.. 

L f!n'Uu::Lr1ffi ml1 
4. 1f1Lva (Lyases) (H+) 

5. 1e L'IIL11eJL (I some rases) L 1 tlL uu 
8n1a 

6. 1f1Lf1G1 (Lygases) L 1.:11 

(ATP) 

LeJ'U 1 u 1m'll'l.IL'IIeJiL uw LL , 
LeJ'U l'lll1ejflr111a1J'WeJa'W1 Ll'lG1 (LeJ'U L uuLau 1'1121vlljm111..ij1L -w1::L 
L 1 'WI'l 1 '11l1ejar111allweJa 
W1LI'la t 1 tJ 

2.1.4 
'I .. ..- 1 .... 1 ··' 17 . iJ" 1 .-cl Ltl'UL'1111eJ6'11"11 fi'UneJa"1L!Jla (Alkalme phosphatase, ALP) L 'ULeJ'U 

.r ..I I f' 'i I I ... OV 1 0 1 IJ " 1 f' clcl l'l'U IJl LLa::a1 G1LiJ'l.ILeJ'l.l . , 
2 fle1 Zn Mg glutamine 

320 tryptophan 109 2.11 , , 
L oziu 1 Bflr11flaal'1 1 'Vll'1 L . , 

'WaaL Wl'li1-h 1 mLG'li'U (Dephosphorylation) am'Wr11111L 
1'11l1i1 Fla s.o 1"11111L 1 iL 

1 
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25-100 IU/L 300 IU/L 
L-du 

1 tJ 1 mi a 1 PI t1 n11 L l] t1 1 a 1.'11 Lfl-fi'tJ "ll 1V11 '1l til.! Vlil" Y'la 1.'1 L 1m a 'U 1'1ll1 
eJG'lfl11m.JV'Iai.1Y'I1L(;li.'1 2.2 

+0.75 , 
1aiflfleJ 1 L tl'UL 'U'U L"11fl11 'U'U (Benzoquinone) 1 U1(;leJtJ 
... .; ... ., 30 

V1-li.'1l.Jfl11'Vl 2.3 

o -
-o,l 

P""'o 0 OH 

6 ALP 6 + HO + H PO 
2 3 4 

...... ... (2.2) 

OH 0 

6 Pt- Ag/AgCl ¢ H+ + -+ 0 + e 
2 at +0.75 V 

.. ... .... (2.3) 

0 

m1L 1 L ma'U 1'1ll1aflfl11m1vlai.'1vl1L(;li.'1 
Gi-lc.JG'l 1 v; L vlvh 1 y;pY i.'111J11() 

' 
LflVlU l) a a y; LiiVl L tl'UaqJ qj 1 1 vlvhijc.J a 1\11.'11l.l11flm1lil1 
'Uaa 1V1 tJ LLG'l (;11l.JVI"' 

2.12 



(J4. 

£1v2. c ?J 

Benzoquinon 

Phenol 

Benzoquinone 

15 

Disodium phenyl phosphate 

Phosphoric acid 

Disodium phenyl phosphate 

Phosphoric acid 

atJvf 2.12 (U'U) 

vl1-11'U'tle:J-1 Le:J'U uvl LL 'i'Uvl11 ... 

u 1m"'l'UL"'le:J1vtl off ... 
1 'Uf11'ii UWLL 'i'U Le:J'U 1'!111 Le:J'U 1 ... 
vlm'1W1 n f11'ivl1-11'U U*b 'i'U 1 'IX 1 

nwvhn'U'tle:J-1 Le:J'U UW LL 'i'U L 1 t'UL e:J-1 ... 
Le:Ju 1"11111 u 1 'IXLe:Ju 1"1111 1 t1 Le:Ju ... ... 

f11'ivl1-11'U 

1 u 1m"'l'UL"'le:J1L uvl LL 'i'U vl1f11'ilJ11-l Le:J'U ... 
WVhR1'iU€J'UL Lf1iiLL UU L 1 1m ... 

1 'Uf11'ib 1"1111 L tl'UL mnULe:J'U 1"1ll.J11 ... . 
€! 1 'Ll • 

2.1.5 v 

1 
17 (Bovine serum albumin, BSA) LU'U 1 ... 

L Le:J'U 1'!111n -if • • 
1'!111 1"1111 1 ui'UL"'l-rl.JelG'!UiJ'Ull 1 '!X ... 

Le:J'U 1 1 arachionic acid ... 
2.13 

... . ... 
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: 

... 2.1.6 m'IPI1'H'I(;!Ltffl 
'U 

(Glutaraldehyde) C5H80 2 

2.14 ilm.J1 " , , 
L LL 1 LL!;l:: 1 -ffL , , " 

H H 

'UeJ L U'U E.J lm1 e1::iJ1 'U 1 'U , " 
LeJ'U 1 2.1s " " 
'l11n!;lm -ffL m 1 'lli1 LeJ'U 1 'lll1 L m L eJ'U 1'11l1u 1 

" m u LeJ 1 , 

Glutaraldehyde 

HC===o HC===o HC===o 
I H H I H H I H H 

2 2 2 2 2 2 -c=c-c -c -c=c-c -c -c=c-c -c -
H H H 

/enzyme 
HC=o HC=NH HC=o 

H I H H I H H I H H 
2 2 2 2 2 2 2 

HN-enzyme 
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2.1. 7 niherra"Hlfl 
21 

(Glycerol) C3Ha0 3 fH'IL 
" ' 

(Polyol) 1a (-OH) 3 vrlJ 2.16 ;;i..:J 
, \.1 \1 \1 

1 (Hydroscopic) uvml11111 iL 
'!bEJ 1oHLe.J'U 1'illlt:.JG11JL 

2.1.8 
1"11iUu'UL'V'lG112 

(Carbon paste) 
(Background current) 

EJ"!lU EJ L fl1'V'l tJJ1 Lflffi 

1. t:.J..:JFI1iuu'U (Carbon powder) 2.17 

' .:I( oQ 

1.1 1lf'l111lma'VlliG1..:J 
' " 

1.3 iiLL 
" 2. (Binder) (Oil) 

Fl1{'UtJ'Ut:.JG11J L tJ'UL tl'Ut:.J..:JFI1i'Uu'UL tJ'UFI1i'Uu'UL wa 

2.1 
2.2 

" 2.3 
2.4 

d ' 22 2.17 
" 

Lu'U 1 
'U 

L 1 1 tJ 
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Qq Q 

2.1.9 
(Indirect method) 

(Analyte) 
ru't! a EJ fh GJ GJ1 LLaffi ::i1 fi 1111 n 1u'VI1.:1 m ·hu 1 ru"ll a 1 m 11 b f1 11 ::t-1i1 

2.18 , 

2.5 l 
I n 2 -1 

a 1 

I 
1.5 ji 

+--...-----.---..----...---r-----. 
0 10 20 30 40 50 60 

2.4 

lo 
I 

%Inhibition = [ 10 ;, l x 100 .......... (2.4) 

fia (IJA) 

" % Inhibition ;ieJ 
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0 10 20 30 40 50 60 

1 YlvhFn{uauL Yi?IL tJu 1 u 1a uYI , 
u u 1m'I1'WL'I1a{ 'VIf1Uf1vflm fia , 

Q I 

2.1.10 

L 'VI flU fld
23 

yJ n 
CL1 Q,Cit. I .q, " d CV Cit. I I CV 

1.:1a nu n (11 

L fl!fl!1Wvfl m 

L'ii'W , 
2.20 

• o ud.a. •.::::..c:;: 
1. Electron gun 
2. condenser lenses 
3. objective lenses 

..:::.. Cit. 

4. secondary electron 

5. secondary electron 'IJL (CRT) 

SEM layout and funct1on 

Image btJildS up scan by SC8tl 
of the beam and hne by 
on the screen 

2.20 
.... .,; I 24 

n1111€l'ULL 
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2.1.11 1 
1 1mL 12 (Cyclic voltammetry) a baLL 

aLLn'WPi'mil w-rl1L 2.21 (a) 1 1 wvh 3 
1 'V'loWTVh-31'U (Working electrode) 1 WoW1eJ1-3B-3 (Reference electrode) 

(Counter electrode) 
1 1 1a1Pl1 m 

aLLfl'UPlfl6'1JeJ-3L 'VIflilfld f1a 1 WVhvl1-31'ULL 1 • 
f'11LL 

Pi mil w.W1LL vhnuf'l'J11l-il'W 1 'U'Ii1-3LL 

ii 

I 
! 

Cyclic Voltammetfy Potential Waveform 

(a) 
lime 

Potential/ V 

(b). 

2.21 'WL 'VIf'lilf'l1'llf'lan 1 1aLL (a) v 

'JaLL 'VIll 11lLLm1l (b) 

1 1 'll-li'1-3VItJ1 LLfl'UPi'n6:u1nau 1 tlu1 n 
2.21 (b) L 1 'Ja LL 'VIf'lilf'lvh m 

a w-rl L tl'WPI n6 

2.1.12 
L 1 'ULLeJllL 'ria (Chronoamperometry) L tl'UL 

3 .ff11 'V'l-r1Tvi1-31'U 1 WoW1B1-3B-3 1 L U'UL n 
1 vh 1 1 VJl.i 1 

1 L -ria 1 
f1a 1 WoW1vl1-31'ULLa::.ff11 1 

1\1 WoW1 LLa ::1 qJ1 rum:: 
f'l113JL vl11l1'L f1a ilm11J b 1 L nil 

v 

m:: LLa1 ww 1 
\Jl13JL'Ja1 (Diffusion current) 2 22 . 



5·0 phenyl 

4.5 l <rJ (b) 
t l (c) 

3.6 l <t (l) 

30 . <t> T h) i 25 l lh) 

0 ' 
2.0 

15 

21 

EJdiiJll'U11 tJ lm'll'UL'Iler!h urlLL ':i'U 1 
'U 

1 tl 

2.1.13 

(Thai Jasmine Rice) 11 Oryz Sativa L. L'U'U?11EJ 

1;} L 1 
'U 

.olcliJG 11 'IIIII G"" 1iJ" '"'II '1•11 ... ..: ... 1 'U 'll11?11':i EJ11 'll11 ?IL 'UL-:11 LLn':i-:1 

LL 1 L . 
'U 

LL 1 'VI a 
'VI fill U'ULL LVJEJijLL 

• " llJ Ill 

(L 19 a1'U 1 'VIfil " , ""' " 
• , 't 

L L LLfln1':i 
'U 

1 VlqjL 

1 EJ'U L 

'VIllVl 
t ,J 4 4:111 _e:: Q.l II 1 3ot}ll II 1 G ..1 

L ':ill'ViVlb 'll1ll1 'U?Im.f11fl'U 'VI1 L 'VI.:IL 'Un1':ibf1tlbf1EJ'l 

nvh UJijeJ'U 1 

...... Ill ... 

• 
105 n'll. 

'U • 

15 2-acetyl:.1-pyroline 

n11 LntJ EJ'l n1':i LntJ-rmJ1oU11 b 

LLa'l Lm 
IJ' cf11 1.1 q 3 4 1 II .J11 v d 

L iJ'U ?!.:!'VI 
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oH11VIEJ11 1 vr:U 
" oH1'lVIEJ11 1 1 . ' d .Sv .cJ t.l .... 4::11 CLI I 41::11 Cl( ILl CV q I EJ'IJ'l 'U11L VI'UI:J'l 

I • • 
V "" " 1" 3 V I <0 V "" " "" V " 1"' iJ" <0 3 1 "ll1'lVIEI11'VILnU 'l'U1'U"ll'U ("ll11Ln1) fiE! "ll1'l'VILnULni:J'l111LLr;t'lLnU 'lL 'UL'lr;t1'U1'U 5-6 tJ 

fl'l111'1111 L 1:.1 
' ' 

vr:JJ 1 tl fl.:Jfl.:Jii 
. ' 

L vr:JJ 

1:.1 U 1m 'II'U L'lle:J'h m u'V'I LL tJ e:l'U 1 'UoH1'lVI€111 
" " 

eJ1L.fl€l'l1 ' 
' " 

111 1 tl 

.. 
2.2 

W{;lJ'U1 ' . 
2.2.1 u LVL'll'LIL'lle:Ji 

1 !"! . 25 "' "' "" "" 0 "' 'U1J fl.PI. 2004 F. Mazzer nn1Lfl11£'11VI"j"U 
1-Hna (Alkaline 

" 
phosphatase, ALP) (Malathion) 

(2,4-Dichlorophenoxyacetic acid, 2,4-D) 1 'U 
'IJ{;l LLe:J11L 'Vie:J 

u 1m'II'UL'IIe:Ji 1 i y.j{;l (3-lndoxyl phosphate) L 
1 1aLL 1 -tlf.ltia'V'Ie:JaL W!Jl (Phenyl phosphate, PP) LLe:J£'1fle:JiLUIJl-2-

··' ool ( 1" "" I ....... ne:J£'1L n!Jl Ascorbate-2-phosphate, A-2-P L fiE! 

pH 8.0 30 60 
'U1Vl 2,4-D L'Vhnu 1.5 60 1111fl·m1'11 

0.2 2,4-
0 Lvhnu o.s 0.1 

1 'Utl fl. Pl. 2008 G. Valdes-Ramirez W(;ll'U1LL€111L 'W€1 
Le:J£'1L'VIe:JiL "j£'1 (Acetylcholinesterase, AChE) 1 u 1m'II'UL'IIe:Ji fl1n UWLL "j'IJ 

" (Carbofuran), (Carbaryl), L11Via'Vi1"j1e:Je:Jn'lle:J'U (Methyl paraoxon) 
(Dichlorvos) 5% 3 .ff11-ir 

LEJ'U 'Vle:JiL 1£'1 vra 1 , 
(8394) (Wild-type 81) (Cobalt(ll) 
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phthalocyanine) L 1 1 u 
4 u 

'II 

1 u 1m'if'WL'ife:Jil 
Le:J'lJ1'if1i 8394 -wu 9.6x 10 -ll 2. 7x 10-9 

Le:J'lJ1'i11i 81 -wu 4.5x10-9 81 
'II 

-wu 1.6x 1 o u 1 
'II 

1 1l!LLe:JU 1 

1'Wtl fl.fll. 2008 C. Mousty 
1'if1iLL UUn1EJ.f11'W 1 2 .ff'lJ (Different layered double 

hydroxides, LDH) Zn2Al-Cl Mg2Al-C03 

ALP/LDH 111/jl.i 
'lJ MgAl-LDH "li1m Le:l'lJ 

1-if 25 % 1 
'II ' 

LDH n'l..l (Hydroquinone diphosphate, HOOP) 
..,; ....... .. ... 0 1 '1 .. ..,; '1 ...... _,...; 'l..l ALP /MgAl-LDH 'VI 0.4 

2.26 

100 

50 
H 

(HOOP) {HQ) {llQ) 
b 

0 -
-50 

-100 
-1.2 -0.8 -0.4 0 0.4 0.8 1.2 

E (V/Ag-AgCI) 

2.23 HOOP "tle:l'l (a) 1 mM HOOP, (b) 1 mM 
HOOP+ ALP (c) 1 mM HO Tris-HCl pH 8.5 50 mV.s -t 

1 'WU fl. fll. 2010 u1m'if'WL'ife:Jii.'f1vr1'u tltl , , 

LL 1 1EJ"11U"tle:l'ILe:l'lJ 
'II 

EJf11TI LL 1'ifiiLL 'l..l'l..l Low"' 
'II 

. . 
pH 
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0.5 4.0 7.5 v 

m1ll fl€! -2.78 ;zi(;l,)1n(;l1 'Un1) 

uWLL )'U o.s3 1ll urlLL )'U 1.0 v v 

1ll 

1'Utl 2010 E. Akyilmaz 

LB'U 1 L(;JEJ LB'U 

vl1LI'lG'InuG'I11L 1 'V'Ivhfiu\{G'I 'Vlii'U v • 

(Cysteamine) L 1 1"lfiiLL uu LL 1 o&'vr"'nm1ffi 1 u 1m"lf'UL"lfBiL 

L 'V'Ifl'U tJ'Un1(;1-L L 'V'IB{ 

L'Yill'Yi'U 50 pH 10.5 30 
' v 
o.1 10 ;n(;l,)'1n(;lt'Um)\Jl)1'0Jf'lu 

L'UU 2011 

1 u 1"lfii 2 "lfi1(;1 fiB LB'U v 

Y-IG'I UvlLL 1'U v 

1"lfii L(;JtJtJ LB'U uvl LL 1'UG'I1lJ1)(1 v v 

LB'U G'lvl1 L\Jl G'l 1 uvl LL tJ v 

1 ULB'U 1 u LB L"lf'UL"lfBTI 'Un1)1 

U)B'VIL 2 n ... 
L DORfv1-2) 4.64 

± 0.26 2.17 ± 0.09 

4.29 ± 0.05 v v 

'OJ. uvl 
' v 

LL)'U.yj 5.55 ± 0.07 5.52 ± 0.06 

L Bllij n L tln 1B'Vl L 'VI flU 1"1 ... 
G'IL'I.Jn UvlLL )'U Lrlm mtJUL hl ... v v 

ULB'U 1 u 1m"lf'UL"lfBiffi 1 

L'UU 2011 s. B. Adeloju 

(Bovine serum albumin, BSA) (Glutaraldehyde, GLA) v v 

(Purine nucleoside phosphorylase, PNP) 

(Xanthine oxidase, XOD) L tl'UL 't'IL 

flB BSA-GLA flB BSA-GLA-

PNP-XOD L(;ltJn1)11lJfl'U"llm.ff'U BSA-GLA BSA-GLA-PNP-XOD 

1 'VIlJ1:::G1ll -wu-l1 m1 

'U.ff'U'UBn'OJ::: 1 'Vi 4.5 1 6.8 L(;ltJ 
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Lvhnu 1:8 
30 'U1Vi Tris-HCl u'V'lL'V'la{ pH 6.8 

40 fl.:! 120 20 
21-l''U 

1'Utl fl.f'l. 2012 x. Sun 
\1 

u'ij LL 'U (Gold nanocrystals, 
DpAu) 4-4' 1 VIa (4,40-Thiobisbenzenethiol, 

1 1 'UL'IJ'UL'IJai Vlf1ilf1 L'IJfliin (Cyclic 
\1 \1 

voltammetry, CV) L Vlf1Uf1 Lf1:0(Electrochemical 
impedance spectroscopy, EIS) 1 u'\jLL 1:w 1 

tl'Uf11fl u'\jLL ;J1m 'V'laiL ... bmL (Differential pulse 
<> .. !'i.,l 6ct 6 voltammetry, DPV) 0.1 x10 (l.:J l.Ox10 

'U11 1 0.06 'U11 a:w:w 1 
\1 

LL1i'UV1 m Vl:w1;) 1 'U 

82.0 -109.2 
e1n 

\1 

1 ::"! 26 "' "l'i .. 'i' .. .,j 0 'Uu fl.f'l. 2013 A. Samphao 
1 ru mfl u'V'l LL ;)1 fJ a1 til f1 f11 .:J 1'U'lJ el.:J L el'U 1 'IJU 

\1 

u'V'lLL 
\1 \1 

L-n"' LVIflilflmm LVIf1ilf1 1f1'U 1 'ULLa:wL -na 
+0. 75 • 

'V'la"'L 'V'l(;}U'V'lL'V'la{ R11:WL "li':w"li''U 0.1 pH 8.5 'V'I'U-d1.:Jf111:WL 'U 
10 97 10 

: • d .., .., q .::1 
2.3 'Ufl.:!L 3 ... 

1u1aL'IJ'UL'IJeJi 3.4 (3 off1) 

'I ::"! 31 "' 'i' .. .. ... 'i' "" .. fl.f'l. 2013 Q. Zhou 
(AChE) 1 u 1m1l'UL'IJai (Sn02 NPs), • 
(Carboxylicgraphene, CGR) (Nafion, NF) (GCE) 

(Methyl parathion) (Carbofuran) vi1m':i 
A _. Q.l 4' d Clll II A _.Q. Q t 

'V'I"'f\l'U L\Jl':i fJ LVI f1'Uf1 f\1 f'I'U f'l1"' f1(;} LL 'U'U (Scanning 
\1 • 

electron microscopy, SEM) (X-ray diffraction, XRD) 
Vl':i1'U"''V'la{:w (Fourier transform infrared spectre scopy, FTIR) 

1u 1a 1 (ATCl) L 
pH 7.4 
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u'rJL'Wai R1111LeU1l-b''U 0.1 pH 7.4 
hteJeJ(;l 10-13 fi'l 10-10 U!;l::: 10-10 

fi-:1 LL!;l:::"li1\lf'l11:WLtl'ULa'UI'J'j.:i'iJeJ\If11'j 

1Lf'l'j1:::oHR1TIU'rlLL'j'IJ 10-12 ii'l 10-10 LL!;l::: 10-10 
5'1 

'U 

WU'i.le:J\1 L:WVi!;lW1'j1L'VIeJeJ(;l U!;l::: 

"I :;-, 5 ... " •• l'r "" 'U u f'l. f!l. 2014 T. LL!;l:::Rru::: m ')(;! LL 'VI:WL:W'VJ'jf1 

1 u 1m'II'UL'I1aiR111l 1 u'WLL 'j'LJ 1 
'U 'U • 

Le:J'U 'VIm 'j(;1 (AChE) u'UVIGf:w Le:J'je:J'Ue:Je:J n 'U 

(AChE!Fe30 43-CH/GCE) m 'VIf'lUR'WL 'VJ'j1'1JG1'We:Ji:w ij'U'rJ'j1L 
'U 'U 

LUf1LI'J'jG1Lf1U (Fourier transform infrared spectroscopy, FTIR) 

'WfhLRii (Electrochemical impedance spectroscopy, EIS) 
electron microscopy, SEM) . "' 

liJ(;l'VJ'j'jfll'liLLUULL 'j\le:J:::I'le:J:W (Atomic force microscope, AFM) . "' 
Le:J'U 'VIm u'WLL 'j'LJ f'l(;le:J 1 'jlii (ATCl) 

'U 

LeJ'jeJ'IJeJeJf) 'Uiif11'jU f)f'l(;l:WU'Ue:i'J'l.le:l\1 • 
SEM LL!;l::: AFM 2.27 AFM 'i.le:l\1 

'U 

Fe30 4-CH (C) 20, (D) 30 LL!;l::: AChE/ Fe30 4-CH (E) 20, (F) 30 Lrlml11u1m'I1'UL'I1e:Ji:w1iLf'l'j1:::oH'V11\I 

LRiil. 'rJrh R11:WL f'l(;le:J 1 1.ox1 o·3 

m1:wL "li':w"li''U'lle:J\If'l1TI u'rJLL 'j'IJ l.Ox10 -5 
'j::;f.I:::L1!;l11 "liL1!;l1 15 

'U 

'U1Vi s.Ox10-9 
ii'l 9.0x10-a 

'U 

f11'jm'JlilW'U 3.6x10-
9 

'U 

96 5'1 97 ViflunuL 'VIRUR:W11'l'j;)1'U1m:w1 t 'VIf1'j1VJ ... 
'i.le:l.:JL 'lll!;l1G1:W'j'jfl'IJ:::G1\I (HPLC) wu-J1 1 'U 1m '11'UL '11aidG11lJ1'jflU11 uL "If 

'U 

'j'IJ 1 



.. . "!:" • · .,·. . . . ... . .... 
·.r " .... ; .. 

.. . tJ. 
· .. 

41 nm 

, "' Onm 
./ 

/ of' 
. 
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1'Uu fl .f'l . 2015 G. F. Grawe Isolated 

endophytic fungus Eupenicillium shearii FREI-39 esterase 'U'U Halloysite nanotubes (HNTs) 
rntJ.rnfi m11 1t1.ff'U L 

" 
uvlLL 1'11l1 1vJ1 'V11J 

" 
(SWV) Halloysite nanotubes 2.28 mricl1tJ 

" " 
SEM "lle:J'I HNTs endophytic extract HNTs 

1'11l1 o.5 tJu\Jl Lti'U vl\JluvlL 5 'U1Vi 
" 

'UvlLL 5.o ii'l 1oo.o 11l 
" 

1.69 5.13 
103.8 ± 6.7 106.7 ± 9.7 20 

" 
'U 1m uvlLL 1 Vi'I.J';h hJijm 11J 

I I I I 'U dJI 

95 (t-test) 
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d I • d 7UVI 2.25 fi1YU11t:.l SEM "lltl'l (A) HNTs (B) endophytic extract 1Jl'l'I'U1.J HNTs 
" 

VlflUfl Flow-injection chemiluminescence l'i1m1G'1 G'11'lf1Tfl LL 'ltJ t:.1 
20 n-r11 urlLL (2-4 

" 
5 tJTVi (Ethyl acetate) 35 

(anh. Na2S04) 30 n-r11 
n1tl'IG'1ruunmlif (Vacuum) 15 

1 IU" \.1 'IJ 

(Rotary evaporator) 1l1L m 
2 3 (Alumina 

\1 

cartridge, 1.5 n-r11) 3 3 
LLna1tJ (Nitrogen stream) l1'1 'ltJ 
0.06 (i.:J 

1 :;"I 34 ..., 1 "" "" 1 ' o ..., 1.Ju l"l.lif. 2012 X. Sun V'l\Jll1.J1U.tl1JLV'ltl 
\1 

(AuNPs) (Fe30 4) via " , 
(FCNTs) (CS) AuNPs/CS-Fe30 4-FCNTs , 

L 1 (BSA) " , " 
1aaatJ 3 LLa1vltJf1111 'ltJI"l111lL'Ii'1l'li'tJ 

\1 

'1111 . 10 n-r11 
85 25 

45 'U1Vi 10 'U1Vi 6000 
rpm 1 (i'l 
100 'U11 0.1 (i.:J 200 'U11 0.032 tJ1 

1 90.7 ii'l 110.4 
'UL"'l'UL"'lt:J{U iif11111L f11111111 

" " " tJ1 1 
\1 
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L'UU 1"1.1"1. 2012 U-!IV'I'nl
5 

LLlJ(;l-!lfl1'fl LL m 'VIfliifli' 10 . 
aum1"!fti1U 'VIL'ilotl'U"IleJ.:!&11':ifl1TI ':i'UtlUG11':i 
' d.,J \J 6J , 

V'l1':i11 'U (p-nitroaniine, PNA) .n1£J u61 'V11t 
.. .,j _,j '} .,j I 5.,1 .. 525 U11LL ':i'U fla 

, \J , '\1 

flTfl ':i'U 3.12 6.3 'U 

20 40 (l'U 25 

Lvhnu 0.5 10 

o.o3 0.11 

':i'U L 10 

4.99 10.32 



"" \J'VI'VI 3 

30 

Ll"lii 1 i 
a'\.Jmru • 

3.1 • 
3.1.1 • • 

3.1 • • 

. . 
"" "" (itO 0 .., ... 

Lfl':ieJ-311eJ 

1. AUTOLAB (Potentiostat) Methrohm (PG12) 

2. Counter electrode : Pt CH-Instrument 

3. Hot plate VELP SCIENTIFICA 

4. Magnetic stirrer Methrohm 

5. pH meter EUTECH INSTRUMENTS pHSOl 

6. Reference electrode : Ag/ Agel CH-Instrument 

7. Vertex Labnet 

8. Homogenizer IKA (RW20) 

9. Rotary evaporator BUCHI 

.., "" ... 3.1.2 
3.2 ... . . 

tl'U 1u 1m'll'UL'1Ja{ 3.3 
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-. 
.. 

. .. ..,; II 0 ..... 

• 
1. (Beaker) 50 100 1000 mL 

2. (Volumetric flask) 5 10 20 25 50 100 250 500 mL 

3. (Spatula) -
4. -

(Bottles deionized water) 

5. (Magnetic bar) 1cm 

6. 1JJ1fl'lULU(;l (Micropipette) 10-100 100-1000 

7. (Bottle ember) 50 100 mL 

8. (Bottle clear) 500 mL 

9. (Cylinder) 25 100 mL 

10. LLvi.:JLLtl1fl1Ja1'l (Stirring rod) -

11. (Erlenmeyer flask) 250 mL 

12. (Watch glass) -
13. ULU(;l (Pipette) 5 10 20 mL 

14. m1mLEJn (Separatory funnel) 250 mL 

15. (Round bottom flask) 250 mL 

0 ., cl .. ... .,f . 
.c:il jQ a1f!tJVJ '51f.lfl1'l , 

1. (Mineral oil) AR grade Acros 
2. 'U (Acetonitrile) AR grade Analar 
3. (Hexane) AR grade Analar 
4. YJ1Jt1fl (Phenol) ACS-For analysis CARLO ERBA 
5. (Hydrochloric acid) 37.0% CARLO ERBA 
6. 11l1 'U AR grade CARLO ERBA 

(Monosodium dihydrogen 
phosphate) 

7. (Carbofuran) 99.0% Chern service 
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. 
0 "' d ., Q .! Q.Uc:IQ. 

fl1f!U'VI 
8. (Bovine serum 98.0% Merck 

'IJ 

albumin) 
LVJ t AR grade Sigma Aldrich 

9. 
(Disodium phenyl phosphate) 
Le.J'U AR grade Sigma Aldrich 

10. 
(Enzyme alkaline phosphatase) 

11. (Glycerol) AR grade Sigma Aldrich 
12. (Glutaraldehyde) 25.0% Sigma Aldrich 

LVJL '<i!'U'VJe.J£1L 99.0% Sigma Aldrich 
13. 

(Oisodium hydrogen phosphate) 
14. t:J-:wn{ue.J'U (Carbon nanopowder) 99.9% Sigma Aldrich 

q .ci ., 
3.3 

"' 
3.3.1 Lil1liJ1J 0.1 L2Jf11i (0.1 M 

NaH2P04) tn1J1\ij'l 250 
i-:J 1111 'U LlJL 'U (NaH2P04.H20) 3.45xx 

JTth1fll'<i11n 250 'U'll1V1Lnu£11";i 
.... ... ::"! d 0 ... 1'ULVltl'U1J 

3.3.2 lu Lfl'l"Llil1JOWe.Jii!L OW\ij Lil1lil'U 0.1 L2Jfl1i (0.1 M Na2HP04) 

tn2J1\ij";i 25o 

(Na2HP04. 7H20) 6. 70xx 
J,tl";i1fll'<i11n 250 t 'U'll1VJ Lnua1";i , 

3.3.3 pH 8.0 (Phosphate buffer) 
m111fl";i 1oo ilflaafl'l 

t:J£111 0.1 15 (m";i 
3.3.1) nu 85 (n1";i 
3.3.2) '<il1mTtJ\ij'l1'<i!ae.Ju pH pH pH 6.8 Lnu 

, 
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3.3.4 10 (10 
o/ow/v C6H5P04Na2) m:u1Vl'!i 20 iifliliiVl'!i 

(C6H5P04Na2.2H20) 2.330x 
pH 8.0 20 

' 

3.3.5 L.ff:u.ffu 100 (100 mg.L-1 
... 'U 

C12H15NO:J m:U1Vl'!i 50 ijaaaVJ'!i 
(C12H15N03) 0.005x 

'U 

50 

.,. "'"'1ffllllt1 T tJ"" ( 3.3.6 eJVl 2.5 LVlfl '!i:IJ1Vl'!i 2.5 
'U 

o/ov/v 
OHCCCH2)3CHO) m:U1Vl'!i 10 iiflaaVl'!i 

ULtll'l 25 % 1 
'U 

tl'!i1PI"il1n1aatJ'IJ"il'IJI"l'!i'U 10 

3.3.7 2 KU.ml-1 

pH 8 3.3.3) 1000 
1 uLa'IJ 1'ZiiirJ'afl11au'rlaa'ri1LVJa (P6772-2KU) c.JalJ 1 'li'1nut'11 

"" 1" 1 .. .., 1 .... I •• I -1 ... ..,j .., .. :"1 ..1 0 Lu'UL'Ja1 30 'U1'Vl 'Zil.le:Jaf11 a'l.lne:JG1Y11LVIG1 2 KU.ml 'J'ULVle:J'Uu 'Vl'Vl1 • 
fl1'!iLI'l'ifllJ 111, 4 

'U ' 'U 

3.3.8 lflliiaflfl11fluwaaw1LVJa 
0.04xx pH 8.0 (fl1'!i 

3.3.3) tnl.l11'l'!i 420 LU'UL'Ja1 
5 'IJ1Vi 2 KU.mL-1 (fl1'!iLI'l'ial.l 3.3.7) tn:IJ11'l'!i 60 

mml'l'!i 20 LtJ'Una1 30 'IJ1Vi 

• 'U 

(Phenol) 0.025x 
25 

' 
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3.3.1 o 

'111 'Ll11'1 'U n 11£1 LL£1 n LLfl::: £1 1 L'I!'Ufl 'U 
II II 

'U 

3.3.11 

'U L 

1. 20.xx n'S2.1 

2. 80 ijflaam 3.3.10) 
3. (Homoginizer) 250 

'U1'U 5 'U1Vi Whatman L'UHi 1 

4. £1 a 'U £1 LL£1 250 ijflaa £1 

so ljflaam 15 'U1Vi 

:::fl1 L 'U ma.:Je.i1'U t £12-li'fl L Yl 1'1 

2 3.3.11) 

5. 250 

(Rotary evaporator) vlaru'tt1.nij 40 
• • 'U 

6. 'U 2 ijflaam 
'U 

25 

... " 3.5.1 'Wfl 

1. m1J1ru 0.70xx n'S1J 

2. L911JJ121''ULd 0.30xx n'S2.1 

3. 'U 

.. 
3.5.2 WW1fl1iua'LIL 'Wfl 

1. 12 1.0 
..., fV 4 4 ..:::.. II .:II QJ CI(Q 111.1 1 II 1 

L 'li'U IJl L1J 1'1 'ill'l 1 Ll"lfl a'U 1'Vl tl.:J LLI'l.!ltl a £1m 11 £1fl::: Ltl LLfl :::'U 1'1 m !Jll'l n'U tl'l 

f!!'UeJnfl1-!J 0.8 

2. 11.5 LLfl::: 
'U 

0.8 0.5 
'U 

3. Yl 1) LoU1L 'ULL vi.:JL'Vl'Wfltl'UL L -waL1Ja{ 

LL 'Vl'Wfl a'UL LL 'Vl'Waa'U 1 U'U 
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4. (lil1n'!Jel 3.5.1) 6'1.:!L'UCh'VIoU1.ff1 
bb lil1fl1T'U L L6'1lJeJ n-1 
n-1.1 5.:J n-1.4) 

3.6 
1 W6'1 

1. 3.3.8) 10 fi.:JU'U 
1'1-1LL , 'IJ 

2. f"l';f,off'"J 1 1 fl.:! 1 U';i1lil?f1'l 5 
• 'IJ 

LU'IJL1fl1 10 u1Vi n-1 n-1.5 5.:J n-1.6) 
3. 1a1 thi1 1 1-H'tt 

3. 7 16m-s'YlflaeJ..:J 
3.1 .1 Vla;JuLamtn"tn:u'VI1..:JL .11aL'VIflijfll'lfflan t 1aLL'V13JL3.1'VI'i 

'IJ ... 

1. Ll'l'iEJlJoU'"J 1 WVhf"l11Ua'IJL W6'1 
2. i11'Wvh1i.:J1'1J (lil1nila 1) 

1 'lvl 1 "tJrh'!i1EJbb waViUlJL 1 • 
n n-2.1 n-2.2) 

'IJ 

3. pH 8.0 mlJ1\Jl'l 20 
I' II II "' 

1 w-rhl1'.:!?11lJfi.:J 1 • 
4. -1.0 5.:! 

I ..::::.. .c:::l IV \918d'IJ1'VI 

5. "lia LoUlJ"!i'IJ 1000 3.3.9) 
"' ... 

6. ila 2-5 1 1'1.fllaa 

3.1 .2 ft L La'Lil 'l12laafl11a'llrlaaw1 Ll'la 
3.1 .2.1 La'L11'l12loafl11a'llrlaaw1 Lflfl 

1. 1 
0.6 

2. 1 .ff1 1 'Ww11 ( lil1nila 1) .ff1 1 
L 11v1 1 't'Jw1'li1mL waViulJL (ll1Wm'ltl'l:mau.ff1 1 ww1tt"""' 

4 Cf d 1 tf biCV 

Lf"l'leJ.:JlJa f1 11-2.1 11-2.2) +0. 75b bU'lLLn':ilJL 'VII"lUI"l 
1f"l'l 1 'ULLalJL wa 1 
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4. 1 3 • 
L 5 'W1Vi 

1.1 4 4 dcu 1 q 5. 200 
t 

6. 10 
3.3.4) 0.5 3 

7. tJL 1vvB'U 1 
8. L'li'll-iJ'U 100 

3.3.5) 1 
0 li' .... d 1 tld 1 " .... 1 .. ··' ··' iJ"' 9. 'V11'1!1"llel'VI 1-8 L 'U 1.2, 

1.8, 2.4, 3.0 3.6 
'U 

1 1.2 
2. 

'U 

3. 1m t 'Wm':iL "lli'w'W 1 
n n-1.6) LiJ'UL'lm 5, 10, 15, 20 30 

'U 'U 'U 
.. 0 .... 

'U1'VI 

3.1 .2.3 u1'UL'lfi':uei'auiju v 

1. 3.7.2.1 
1.2 1G'l1 L 'Un11L "lli'LB'U 1'1llJ 

'U 

10 'U1Vi 

2. 0, 2, 4, 6, 8 10 

3. 4.3.3 "ll "ll-1.3 

3. 7 .2.4 

1. 
1.2 

10 'U1Vi 
'U 

2. L'li'll-iJ'U 1300, 2600, 3800, 5000 
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625o 1'1111a1vru 
3. 4.3.4 bbfl::111flt.J'U'Jfl "!.1 "!.J-1.4 

3.7.2.5 pH 
1. 1vHh 3. 7 .2.1 1 effa11 • 

1'1ll1Bflfl11fluvlmwhLI'la 1.2 'Um1L 1 "!.11LB'U 1'1ll1nu , 
10 'U1Vi 1 u1'UL'Il1'11Bfl'Uii'U , , 

5000 
2. pH 7.0, 7.5, 8.0, 8.5 LLa:: 9.0 
3. 4.3.5 "!.1 "!.J-1.5 

lief 3. 7 .2.6 l"'n'l:t1flnan'l'::l'l'IJ'VI L V1111::a11 • 
1. 3. 1.2.1 1-ffa11 • 

fl::fl1meJ'U 1'1ll1Bflfl11auvlm'l'rhLI'l?l 1.2 1::v::nm 1 'Ufl11L "!.11LeJ'U 1'1ll1nu , 
1 o 'U1Vi 1 8 , , 

5000 pH 8.0 
0 

2. Vi +0.600 +0.700, +0.725, +0.750, +0.775 • 
+0.800 11a!JiL Vivunu.rr11 1BiflaeJ1 

3. 4.3.6 LLf1::111flt.J'U'Jf1 "!.1 "!.J-1.6 

3. 7.2. 7 . , 
1. 3. 7 .2.11on?l11 • 

a::a1me1'U 1'1ll1B'afl11auvlm'I'V'I1LI'l?l 1.2 L111'11 1::a::na11 'Ufl11L 1 "!.11LeJ'U 1'1ll1nu 
10 'U1Vi tl'il.l1UI"!..€l.:tL'U1'UL'Il1'l.lafl'Uii'U , , 

5000 ?111a::a1a'tieJ?IL'V'II'luv·lLliBi pH 8.0 +0.750 
LJfl!Ji 

2. 20, 25, 30, 35, 37 40 . , 
3. 4.3. 7 LLf1::111flt.J'U'Jfl "!.1 "!.J-1. 7 

3. 7.3 ffm:t1t.h::Lii'Lim1'ti1.:J1'1J"!.JB.:J1 u lvL'lf'UL'lfvi' 

3. 7.3.1 An'l:f1'Yh\lfi111JL 1 'U lVL'lf'UL'lfili' 
1. vlrhmf'Ue:l'UL Vi ?I 3.5) 

2. 1) 
L 1 

0 0 • 

Vi111f'lt.J'U'Jfl n fl-2.1 n-2.2) +0. 75 ba!Ji Lfl€ln1 tl1LLn1l.JL vtf'IUf'l 
Lf'l) 1 'ULLel11L 'Vi€! 
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4. 3 

L 5 'U1Vi 
v 4 dcv 1 q 5. 200 • 

6. UL L 10 
3.3.4) 0.8 3 

.,1 
m:::LLG'II"I.:J'VI 

7. 0.5 
8. LoUlJoV'U 100 

'U 

3.3.5) o.5 
LoUlJoU'U 100 0.5 100 1'U1Vi 

'U ' I 

3. 7.3.2 

1. 3. 7.3.1 
2. 1 350/5lope 
3. 4.4.2 "1.1 "1.1-2.2 

3. 7.3.3 t'Um-a\Jl-a1;J1flmlJ1ru 

1. 3. 7 .3.1 
2. 1 050/5lope 
3. 4.4.3 "1.1 "1.1-2.3 

g .,1 ... 
3. 7 .3.4 rJfl'li1fl11lJL 'VIEJ-3'tlfl-3n1"51Lfl<a1::'Vf 

.,j II 

3.1 .3.4.1 fl11lJL 'VIa-3'tlfl-3i11 vlvh 

1. 3.5) lii'1'U1'U 3 .ff1 

2. 3.7.3.1 <V'e> 2-8 
3. 2 .ff1 

4. rl1'U1W'Vf11"111lJL hivh 
5. 4.4.4.1 

3. 7.3.4.2 fl11lJLi'1EJ-3'tlfl-3n1"5\Jl"a1;J1fl 

1. 3.5) 
2. 3. 7.3.1 -De> 2-7 
3. LoUlJoU'U 100 

3.3.5) 0.5 1 'l1 'UW LL 
II II 'U 

L"l.llJ"I.J'U 100 0.5 truVinm:::LLG'f 3 
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0 d u 
4. 

5. 4.4.4.2 

2. 3.4 
3. U'YhL ':i'U L 

... 'U 

5 3.4 

'tl1fl1'fltfi:W11Jl':i'ti'U1fl 5 ......... 
fl1':ii1::i11El :Wi1i1i11Jl':i 

1 2 3 4 

100 PITfl ':i'U 0.00 0.05 0.10 0.15 

0.10 0.10 0.10 0.10 

L L Pl':i'U 5 ... 
4. 3.5) 

5. 3.7.3.1 -ira 2-7 
6. m:W11Jl':i 0.5 

...... 

3.1 .4.2 1Lfl':i1::..1m:w1tufl1il uwu L tfl':i v ... 

:w1l Vlfl':i1W'tle.J-1L ...... .., 
1. 3. 7 .4.1 "lle:l 1-3 
2. 

G'11'V'I. 4 

3. 4.5 "lJ "ll-3.1 
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\J'VI'VI 4 

40 

1 tlu 1 u uvJ LL ':i'U . 
LFlii"lla.:JLa'U Fl11(;lUl'Jaal'J1 LI'JG1 b 'Ui'UL L '!fa':ia(;l L 

1 Lau 1 1 m':i1 • 
t ul'JLL 
vJ aaL 1 ru'11wu a a LLa 1 n L am':i Ln EJ1aa 

1 tl'UL uu 1'!1Fl11 'U'U 1 
1 

1 u 
1 1 'U 1m'!f'UL flafl1TI LL L 
1 mLai'U"lla.:J 'UWLL 1 'U 

1 vh 1 ""La'U 1 
LL L LL ':i'U 

1 'WG1L tlu1 'U 1a ""ii • 
m"W,J1 L uu Lana 1 EJ L n 1'1 ':iau LL uu?i 

1 La'U 1'!131elaFl11auvJaa 
'VIFIUFI1'11Flflfl 1 'JaLL am':ifi''U 

Lau 1'1131eJ'aFt11auw 1a11 um':iL 1 "ll1 
Lau 1 pH 

l'Ja 1 1 u 1a 
1 u 1 um':i1 

Fl11lJ 111 
vl1'11'U"lla.:J 1 'U 1m'!f'UL'!fai ':i'U 1 a. lil. 

tl'Ua':i1"1151U LLa mEJ'U L a n1':i1 m LFl':ilJ1L 'Vln':i1W"ll tl-:1 L . . 
4.1 e.Jam .:Ji3•;wni1.C1l vlvh Lftflfl"ieJ'ULL 

L "Wa EJ L 'VIFliiFt'la . 
tl'UL 

4.1 
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'jtlvi 4.1 vlvh: (a) Fn1ueJ'ULYH1, (b) Fn1ua'UL 1'1111 e1am1a.J 
" " 
vleJG'ivl1L(;lG'1 (c) l'l11tJB'UL 1 tJi'UL"'l-rlleJntJli'U 

" 

eJ'Ufl11'l"!JeJ.:Jfn{tJB'Uih'\J11-:JLtl'UV11'l 4.1(a) 
, \J '\J '\J 

LB'U1"1llJeJnl'l11a.JvlaG'1vl1 Ll'l G'il:l'ltJ'UI'l11tJe.J'UL L ijG'111 tltJ l'l1{tJm.J L Lfl fl 
" 

L(;1G'11 4.1(b) 1"1llJeJi:l 
" " 

Ll'lG'i 1 u1 'UL "'l-rll B'UL L ijG'111Lfl1 tii'1 tl'UtJ'UCj1'VIU 11'111tJ B'U 
" 

L Lfl l'l lil1 fl LB'U 1 Ll'lG'i 1 tJi'UL '11-rll tJii'U Lfll'l c.J 1 fl B'U 
" ' 

1 

4.2 
" 

fl11Vll'l a d V'U EJ'U n 11vi "!l vl w 11'11 1 u a 'U L -ru '\J 1-1 Cj 1 'VIU 1#11 vlw 1 
' 

11'l CJ fl111'l .:JVI1-:J Ll'ln"!l Le.J'U1"1ll1 e1 aG'ivl1 Ll'l G'1 1 u1'U L"'l-rll e) auii'U L"'le.J1 a a na tJn-ra 
" " 

L L tl'U1 u 1a L'lfa1 Ll'l CJ Pi fl'!;1 '1! '1! 1 ru n11 (;1 au G'i'U "ll vlw 1 tJi aYJ'U a L tJ 'U 

G'111tii'1 fl(;ll.:JVI1-:J1 Lfll'llil1 fl fl11L L CJl.JYJUl:lvleJG'iL CJ LB'U l'l11a.JvlaG'1vl1 Ll'lG'i 

11'lCJ1 vlW11'l11tJa'UL 1'1fl1eiam1a.JvlaG'1vl1LI'lG'1 4.2 
" 
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40 

30 

20 

10 

0 

1 -10 c 
-20 

:::1 u -30 

-40 - CPE_Buffer 
CPE_Phenol 

-50 - CPE/ALP Disodium hen 

-60 

-70 
-1.25 -1.00 ..0.75 ..()_50 ..0.25 0.00 0.25 0.50 0.75 1.00 1.25 

Potential (V vs Ag/AgCI) 

4.2 'ViG1 

42 

6200 -1.0 + 1.2 t 
v ' 

am1G1LLn'U 0.1 

1 LLG1LLtl L n ( m1yja 

+0.75 
'ViU111 t +0.60 

(i\1 +0.80 L 

t ruefiL yjvh 

1 .ff.ff11 yjvhfi1{Ue:JUL tJ Le:J'U 1 LIJIG1L uu.ff11 yjvh 
" 

Lfl ruRTfl uyj LL L Vll.J1:::G1l.J 
" " 

"tle:J\ILBU uyjLL L 'VlfiUfl t ULLe:Jl.JL 'Vie:J t 
" 

g cl ' 0 'I 'l 4.3 Nan1'll10'1i1a.fl11::'V1L L U LVL'll\.IL'lltl'l 

L L 1.ffL U'Ufl111 uyju 1 u Lm"IIUL"I!e:J{ L uu!'i'e:J\1 
" 

1"1ll1 

1 "tJi' 

t 
\1 \1 I V 

1utm'l!uL"I!e:J{ pH l'i''lil 

4.3.1 

uyjLL 1 u 1B L"llu L"l!e:J{m Le:J'U 
" 

uyjLL uyjLL 1 u 
" " " 
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1'1!31 vh 1 v v 

LB'IJ L \IU'Uchwu1'llB\Ii11 v 

0.6 (i\1 3.6 4.3 

20 

18 

16 

14 

c: 12 
0 :g 10 
:.c 
E 8 
}}!. 0 

6 

4 

2 

v v 

!- !- T- h - 1 

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Loading of Alkaline phosphatase (U.cm·2) 

4.3 n11 EJ'U v 

'Y'la 1fn 1 1 'll1LB'IJ 5 'IJ1Vi v v 

ii'IJ 8 +0.75 pH 8.0 
3200 

LL 1'1J v 

1lJi1t:-J" m1f1u B B'IJ 1 1.2 v'i'l e1m11\l v 

( 120 L L • v 

V 1 'lJ-J Lel'IJ L(;1!;1 v 

1 \J 

4.3.2 

f'lrual.!Uii L tl'IJ Lf'l) v Lf'l11 v • 'U 

iJ1 'U'lleJ\ILel'IJ L Lel'IJ L L!;15V1 
U .al \1 11 IV II .J cv JAQ.cv 4 d 

1 'Un11 1 'II\11'1J'llB\11 u 1m'll'UL'Ilm nTH 'I!Bl.l 1 'IlL 1m'V1L 
'U 'U 

0 (i\1 30 'IJ1Vi 
'U 

4.4 
'U 



c: 
0 

20.0 

175 

15.0 

12.5 

10.0 :c 
-= ;fl 75 

5.0 

2.5 

._ , 

0 5 10 15 

Time (min) 
20 
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25 30 

4.4 1G'l11 1 ti'uLe:J'U 
1.2 1Ul'U 

8 +0.75 pH 8.0 LLG'l:: ' 
3200 

L 1 '111 Le:J'U 
f.lfl1i1 uYlLL 12.70 mil LL L '1i'11 tJ 

Le:J'U 
m11.1 LL tl e:JlJG'l V'll 1 1 Ldm 1 G'l1 
1•trJ nG'l tlU Le:J'U 1'11l1eJG'l ::li'U 1-H'fllfl 
LL '1i'11 Le:J'U L d 'Ue:J 

Ylvh 4.5 
" 'U I , \I 

1 LL La e:Jm:: f.J:: L 1m 1 'll1n"m ti'u 
10 'U1Vi E. Akyilmaz 

LLG'l::flru::31 1 5 1G'll 1 1 'll1Le:J'U 

4.5 1 
' 

u1Vi (i1f.l) u1Vi ('!111) 

1 'Ul'U L tl'UB ti11 LL e:Jn f.J m ru 
1u1uL'1111Ja"uiJ'U 1 tJ 
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1 U'U 1 L 'li1fl . 
1'1!l1 U tl'U"llel-!1 Lel'U 1'1ll1 'li1 fl 1 i Lel'U 1'1ll1:0 

'li1 tl'U n11 Ei Ln1 Lel'U 1'1ll1 nUUii'\l.tl ruafivfl .if ..ij 1UJ"ll el-!11 u1'U L '1!-!l.l , 
vJfh o fl-!1 1 o . 

4.6 

'\11 n 1 u1'UL L vil.l:fi''U fJ eJU 

1 u1'UL 1 Ui'\.h1'U"llel.!ln111 L 1'1lii:i1 

1 1UJL Fl1TI u'VJLL i'UL oih 1 1 

1 8 

s. B. Adeloju 6.8 

20.0 

17.5 

15.0 

12.5 
c r- -1-·---·----t 0 :e 10.0 :c 

..E 
'$. 7.5 

5.0 

2.5 

0.0 
0 2 4 6 8 10 

Amount of Bovine serum albumin (%) 

4.6 v 

1.2 1 'Uf111L 1 "111Lel'U tlU 

10 'U1Vi +0.75 pH 8.0 • 
3200 

11 ..J 1 .. QJ d .J LlJ el .fl11 ::'VI L el.!l"ll1 vJ Tt1 .!1 '\11 f1'\J'\J '\1-!lf'l .fl11 L 'lJ 

pH 'VJ(;lu'VJL vJel{ 

1 U . 
4.3.4 

Fl11l.l L 1'1ll1 tJ1 

L L L(;li(;l'\1 ieJ(;l11 L ..Ul.I..U'U 

1 'lXLel'U 1'1lii'VI n11vl1-31'U 
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1300 6200 
4. 7 

'IJ 

V'lt161L 'l-1-rB L mJB 

L 1l.l £J 
'U 

L 5000 L L 

20.0 

17.5 

15.0 

12.5 

.§ 
:B 10.0 
:E .s 
<F. 7.5 

5.0 

2.5 

1000 2000 3000 4000 5000 6000 1000 

Disodium phenyl phosphate (mg.L.1
) 

4. 7 1'lll1eJj;l 
'IJ 

1.2 'Jj;l11 1 "ll1LB'U 
'IJ 

10 'UTVi 8 +0.75 
'U 'IJ , 

11j;ll'l pH 8.o 

4.3.5 pH 

L L V'IBiL iJ'UiJii!..ij 

Ltl'U L'lll1 LrlB pH 
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20.0 

17.5 

15.0 

12.5 

g • 
10.0 !-------f----·----- T 

..E --, 
u 1 
5.0 

2.5 

7.0 7.5 8.0 8.5 9.0 

pH Buffer solution 

4.8 pH 1'1131B6lrl11m1 
Ylm1Yl1LI'la 1.2 1 

10 'U1Vi . 
Yll'l 5000 

pH vi pH 7 fi'l 9 
\lev _.J I II Q.l ci t I IJ _.J 4 d 

4.8 pH 8.5 
pH 8.0 L U'U 

'UvlLL \1 , , 

sioma Aldrich 36 . ::. . 
li1\11'U pH 8 

.., 4 ., .:I 4.3.6 • 
Ylvh 

b 1 +0.6 fi'l +0.8 1 L 1 . . 
4.9 



20.0 

17.5 

15.0 

12.5 

l5 
10.0 

:i: 
.E 
'#. 7.5 

5.0 

2.5 

0.60 0.65 0.70 

Potential (V) 
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0.75 0.60 

4.9 1"111:U"':U.W'Uth::'l .. 'VIln::a:u 1 v , 

Ll'la 1.2 ':i::f.J::b him':ib "tl1'Lfi'U 
10 'U1Vi 8 pH 8.0 

5000 

111 u vd f11':ifll mn 'rl'U11 ':i€1 f.l m':if.I'U f.l b 'rl:U"'.:J"tl'U b:Uflfll n f.l m::l'l'U b f:l.:Jfll n f.l m:: l'l'U'VI , ' 
+0.750 +0.775 ' 

V1:u1::a:u1 fifl +0. 750 L Vif.lunu.ff11 , ' 1 4' ..,j ... I V "" ..I ..I V "" ... ... 26 b ':iVI b A. Samphao , 
1 Le:J'U Ll'la 

L 1 1 +0. 750 ' 
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___ 
!___- I 

l 

20 25 30 35 40 

Temperature (°C) 

4.10 1.2 cJ'U 
" , \1 \1 

L1J(;l1 1"11 'Un11L 1 "U1 Ltl'U 10 'U1Vi 
\1 

mll1n.l"tltl.:!L tJ1'UL'1l-r1Jel"tJlj'U 8 Ylm'fL yj(;J'tJvJL Ylvi pH 8.0 +0. 7 5 
\1 • 

11"1Ji vJ(;J 5ooo 

vi1HU"tltl-:!1tJLtlL'1l'UL'1ltli 

4.4 e.Ja tJ lm'ti'UL'tie{ 

L 1 'Un111 tJYl LL Ylvhvivi1 
\1 • 

vi1vru1viL u'U 1 u 1m'1l'UL'1lvi uvl u 1'U 1 'U 
\1 

tJYlLL 1'U rl111JL L 
'II 

4.4.1 
1 EJ m'U 

4.11 
\1 'II 
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2.00 

0.25 

0.00+--...---.----..---...--..----,.---.---.----.-----,.----.------,,-----.---, 
1400 1500 1600 1700 1800 1000 2100 

Trne(s) 

4.11 'j'lJ wvh 
.., 11,1 '\J 

1.2 1G'I1L 'lJfn'jL 1 "111 
Ltl'W 10 'W1VJ 1 8 

WtiG'ILWI'l'IJWLWtJi pH 8.0 +0.75L1G=ttJl sooo 

: (a) 1.0, (b) 2.0, (c) 3.0, (d) 4.0, (e) 5.0 (f) 6.0 

L -ill.l-il'W"lltl-:!f'l1fl: LL 'j'lJ 

L fJG'I fn'jfJ'lJ n'Uf!11l.l L -iJl.l-iJ'U"ll tl-:1 fl1fl 'UW LL <j'lJ 

4.12(a) m 'UWLL 

-ill.l-il'W 1 6 (r 
2

) L vhnu o. 991 4.12(b) 

60 ISO 

55 
(a) • • 55 (b) • • • / 50 50 • y

2
• 7.065x + 13.122/ . c: 

45 45 • :2 .D r • 0.9908 . 
4() :c 4() 

/ .E 
;1. 3S • ;1. 3S 

30 30 

• 
25 25 

20 20 / • • 
15 15 

1 2 3 • 5 6 1 8 9 0 2 3 5 6 7 9 
Concentration of Carbofuran (mg.L'1) Concentration of Carbofuran (mg.L') 

4.12 -iJl.l-il'W"lltJ-lf'l1fl: u'WLL 'j'lJ (a) 

L-iJl.l-iJ'U 1 6 (b) 1 6 

wvhfl1i'Utl'WL fJ Ltl'W 
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4.4.2 

nT:im1\I'Viurnft uvl LL 1 u 1m'ii'U L'ile:Ji 
'II 

' v 
350/slope f'11'U1WeJIPl':i16'11'U"IIe:J-3R1L UV-3L 111 

3 Lvh iif'i1Lvhti'u 1.12 
' 

4.4.3 

tJYlLL 1 tJ 1m'll'UL'lle:Ji 
'II 

1 1 050/slope f'11'U1Welfl':i16'11'U"!Ifl-3R1L V-3L 

iru8-3nua.n1Vib 1 1 o Lvh 

i1f'i1Lvhti'tJ 3.75 • 

4.4.4 

4.4.4.1 

L 'U Le:JL'ii'UL'ile:Ji Lfl v Ylvh 

f11iue:J'UL Lfla lii'1'U1'U 3 .ff1 

Lflfl\11 1'lll1eJ" fl1 1"uvle:JG'1Yl1 Vf11TI 'Uvl LL LL"'1vl1 
'II 

4.1 
.:J Q.l IV I cv t.l -=1 I II I II Q.J .J 

L L 'VI10'1J 4.31 1Jf11'UeJVn11 5 'VIV-3"!Jfl.:J ... 
.ff11 Ylvh 

'II 

1u1m'ii'UL'i!e:J{ 
v 

(%) 

1 15.10 

2 15.53 

3 14.26 
-X 14.96 

SO (n=3) 0.64 

%RSD 4.31 

..,; ., 
4.4.4.2 

'VIfiG'1eJ'Uf1111JL 'UvlLL "li11"!i'U 3 
'II 

lii'1'U1'U 4 1 .ff1 "!le:J.:J1tJLm'ii'UL'ile.Ji 4.2 
L'Vhtl'IJ 2.80 i1f'i1oWe:JVn11 5 ... 
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" " 0 .., 
(%) 

1 4.21 
2 4.30 
3 4.14 
4 4.42 
-X 4.27 

SO (n=4) 0.12 
%RSD 2.80 

4.5 v 

1 u uV'l LL tJi 
" " 

13 LL'VIri.:J fia \Jla11'1LLl.JnlJL&itJ.:J " , "' 
,J1'Una \Jla11'1U.:!'V111tJ ,j'1'UI'lTII"lL'V1'U'il ,j'1'UvJ.:!Ln,;l.l 

, " • 

,J1'Un1\Jl ,J1'UU.:J1'VIl.i 1 uV'ILL 'U , , , \.1 

13 bL # 1-3, 7 -16) 'UV'ILL . " 
1.5 3 # 4-6) 
f11ft 'UV'ILL 1 1 'U b'iJLfli'ULfll'iliLLa::: L Vln11Yl"!J'il.:!L 'V1a1 " .., ..1 

4.3 
" 

u'rlu 1u 1mfli'ULfllainuL VJm1Yl 
'II " ... 

cwu-htnl.l1ruf11TI 'll'rlLL 1 \11 n 
" " 

1 'U b'ilLfli'ULfll'ilinuL bl"l11J1b ... " " 
1.12 LLa::: o.so • 

u'rlLL 1.5 1 
... 'II 

-if11'VI'il1J1J:::ii 3 u'rl LL tJL 
" 

uV'lu u 1mfl!'ULfl!afl. 1.43 - 1.57 L VJI"lUI"l 
" 1.39 - 1.40 ... " 

95.6 - 104.8 
L Vll"lill"ll"i'1 t cwu;h 1 'U 1 L ... 

95bl'ltJ ttabulated iifi1LvJ1tl'U 4.3 degree 
" 

of freedom = 2 LLa::: tcalculated 0.26- 2.81 ;.:Jfi1 tcalculated U'iltJn11 ttabulated LLG11'l.:J'h 
1 u L iatJa::: 95 

1 u u'rlu 1 
" 
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\1 

"' 1.1 ... 'tfl1110Jfl1'fl UvJU.1'lJ 
'U 

1u1m'll'Wb'l!ai HPLC 

# 1 NO. NO. 
# 2 NO. NO. 
# 3 NO. NO. 

# 4 1.52 ± 0.08 1.39 ± 0.01 
# 5 1.43 ± 0.20 1.40 ± 0.01 
# 6 1.57 ± 0.31 1.40 ± 0.02 
# 7 NO. NO. 
# 8 NO. NO. 
# 9 NO. NO. 

# 10 NO. NO. 
# 11 NO. NO. 
# 12 NO. NO. 
# 13 NO. NO. 
# 14 NO. NO. 
# 15 NO. NO. 
# 16 NO. NO. 

ND. = non detect1on 



.. 

54 

...; 
\J'Vl'Vl 5 

ti'U 1 'U 'UV'lLL ".i'U . 
1 

u 

".i'UeJ'UeJ'Ifi1".iL 1 vl\Jl1 

1 

hh\JlEl'U 

LL LLC;'I:::Lb vlvh 

Lb ".i'U EJVI"' fin1".i1 

1 'U ".i'U,r'U 

L Yl?ILLC;'I:::\Jl'i 'I'VI1'1 Lflij"llr.J'I L£1'1.1 1flll1el'" L\Jl?f LLC;'I::: n" :il EJ 

fi\Jl".iEl'ULL 'U'UG1EJ'I . 
.ff11 'U 1mfli'ULfliEJi 

1"11 'Um".i L 1 "ll1 LEl'U 

pH "llr.J'I?f1".ii;'I:::C;'11El 

muvr.nii L 1mfli'UL'ilr.Ji . 
111 1 LLC;'I::: 

... 
Yl'U11 

1. .ff11 EJ'U L Vl?f Lrlr.J\Jl'i LEJ'U 1flll1el'" LVI au"::: 1 'lli'U 

Yla El'U L 1flll1er" r111"uV'l EJaV'l1 

1 1. 1 1 vrn i;fi'U . 
2. LEl'U LVI?f?f11J1".im L wsn 

mEl1£JEl LrlEJL n L 
.:J I Gl Clll&l 3 

3. 

3.1 1.2 

3.2 'Un1".iL 1 "lli'Lr.J'U 10 'U1Vl 

3.3 

3.4 vl\Jl 5000 

3.5 pH L'Vhn'U 8.0 

3.6 +0.750 11"1'1 LVJEJ'lln'll.ff11 • 
L 1r.Jif1C;'Ir.J1 

3. 7 L EJm".i1 . 
4. [:.JC;'In1".iU".i:::Lii'Un1".ivl1'11'U"llEl'11 'U 1mfli'UL'i1Eli 

4.1 1 0'1 6 LLC;'I::: r2 



Lvhnu 0.991 
4.2 fl'l111 7.07 
4.2 1 1.12 
4.3 3.75 
4.4 

LVhnu 4.31 ... 
4.5 -wu111u 

,d ICLI II 

LVI1n'U 2.80 ... 
5. LL L 
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5.1 1 • • 
hi-wum111ruf1111 1 u VlfltifllJ1m;)1'1..1 V1m1VJ v ... 

v 

5.2 1.5 v 

'U LeJL'II'UL'l!eJ{ v 

1.52 ± 0.08, 1.43 ± 0.20 1.57 ± 0.31 \Jl1l.Jci'1vl'U 

Vln11fl'UeJ-3L ... v 
.rr .... l Q.l IIIJ clcJ 1.39, 1.40 1.40 v 

5.3 95.6 - 104.8 
6. t owui1 t 

Lvhnu 2.86, o.31 0.95 t Lvhnu 4.30 
95 u 1m'll'WL'IIeJfnu • v 

1111 
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ti d .. -a 'VI n-1.3 v 

n-1.5 v 
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D 

n-2.1 (1) (2) v 

eJ1\IB\I Ag/AgCL (3) (Pt) 





1 u 1v L'lf'LI L 'lfvi 
L UWLL 'i'LI 

"' 

11-1 LVL'lf'LIL'lfvi 
11-1.1 

2.00 
lA) 

1.7$ 

.... 
015 

• • • • m 
Tme(•l 

2.00 
(CI ..,, 

1.!10 

i ... 
o.oo+-.......,.--.--..---.---,--...----. - - - -Tme($) 

2.00 
(£) 

us 
, .. 

0111 ... 
- - - -Tme(tl 

200 
(B) 

t.f$ 

'·"' 
i 1.25 

U

i 1.00 ,,, ... . ,. . .. 
015 

o&50 500 MO eGO t10 1t10 150 

2.00 

1.75 

'·"' 
1 ... ;· 

1()0 

.j ... . .. ... 

Tme(o) 

(0) 

8 • • • • m 
Tme(s) 

200 
{f) 

'" 
1!0 

... 
021 

* 
Tme(s) 
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'U-1.1 hw 1 oii.ff11 'rlvhrn{Uv'LIL 
0.6, 1.2, 1.8, 2.4, 3.0 3.6 

" 5 t11Vi 8 
" " 

+0.75 pH 8.0 (a) 3200 
(b) (c) 6 

" 

'U-1.1 u'rlLL 1'U 1-ii 
" " '\1 \1 

'U-1.1 " 
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11-1.1 11'w1'li , 
.ff1 1 1 1 

L\Jl?f 

,_, 
UIO 

i us 

i "" 
o.n 

0111 

0.21 

-2 
(unit.cm ) 

0.6 

1.2 

1.8 
2.4 

3.0 
3_6 

eoo aec eoo • 100 rso .,. 1$0 

Ti!M(t) 

200 (C) 

I.?S 

:s 
j 

i 
1 

11 .., a 

(Mean ± SO); (n=3) 

12.69 ± 1.06 
12.75 ± 0.41 

12.71 ± 1.20 

12.99 ± 1.41 

11.67 ± 0.61 

12.19 ± 1.62 

, .. 
(B) 

17! 

.... 
1.2S 

.... l!JI :tli .,. 
400 

- t • (C) '-- --.'- l 
-----....._ -

0.25 . .., ... 

lJlO 
(0) 

1.75 

.... 
ta} 

1.2!1 i ................. .... J {<) 
1.00 ....... -·-.......... -·--! ..... 
0,75 ... . ,. ... ... ... ... ... 700 ,... tOO ... 

Tlme(t) 
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2.00 2.00 
(El (F} 

1.7& us 

.... 
"'' i IC) 

] •. oo j 
0.7$ 

.... 
i .... 
I •.00 

5 . .... .., 

(C) 

-. I 

... ... . .. 
soo WI 6GD • 7CIO no a • a aoo eoo e.50 JOG 750 100 150 

'Tme(t) Time(t) 

ti d ... ... .. ' ... 1 1 "" 1 "' 1 ..... 3 VI '!1-1.2 "l.l'JLeJ'W '1!1lnU 
0, 5, 10, 15, 20 30 'WTVi 

"' 
1.2 

"' "' 
pH 8.0 (a) 3200 

(b) (c) 6 
"' 

'!1-1.2 U'V'ILL 'Jfl1l "l.l1 LeJ'W 
"' "' 

1 v.Jvhfl1iuv'WL Lv'W 1 'WLLv11L 'V'lv 1 
1""' .., cv a 

'Wn1';iL'l!eJ11 "!J'JLeJ'W (%) 

(min) (Mean ± SO); (n=3) 

0 14.55 ± 0.38 

5 14.01 ± 0.54 
10 15.29 ± 0.14 
15 14.54 ± 0.01 

20 13.83 ± 0.04 

30 13.95 ± 1.02 
av " . .X ... "' ... ..._ .r ... ... ... 
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1.!10 (A) uo 
(8) 

1.25 

2:50 3rJC 350 400 -450 500 550 100 700 750 &00 850 900 950 1000 JOSQ 

rune(s) Tune(s) 

uo (C) t50 
(D} 

••• ; i Ccl 

t.OO I 
........................................ ... 

1.25 

0.50 

026 .,. 

3CC 310 .oro 050 600 ... tOO 650 S3:l 5&1 MO 160 100 750 eoo 150 

rune(Sl Time(s) 

1.50 (E) (F) 
1.50 

1.25 1.25 

(b) 

0.26 

300 * .oro 050 ... ... tOO 650 
Tirne(s) Time(s) 

"U-1.3 2, 4, 
6, 8 10 
1.2 10 'UTVi 

" " 1 

+0.75 pH 8.0 (a) 3200 
(b) (c) 

" 

"U-1.3 urlLL i 
"U-1.3 
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"ll-1.3 1 
'U 'U 

fllTfUB'UL 'Ylflliifll1fll'j 1 'ULLel11L V'IB1 ., 
1 (%)a 

(% w/v) b (Mean ± SO); (n=3) 

0 7.92 ± 2.28 
2 8.07 ± 4.68 
4 8.17 ± 2.67 

6 8.21 ± 0.32 
8 8.99 ± 0.34 
10 7.96 ± 1.73 

v ., 
= -

1 1 = <m111ru 1 
'U 'U 

1 L\>161 )*1 oo 

2.00 
(A) 

200 
(B) 

1.1$ 

1.10 150 

i 1.25 

J 140 "' r 075 l I ... ... -. .. ....... . .. 
oa . ... 
0.00 

300 "" ... ..,. 500 550 too ... 360 400 450 500 550 600 6!0 

rome(sl rune(s) 

240 
(C) 

240 
(0) 

us 1,76 

1.10 .... 
i 1:1$ /lll 

: ' 

1 1.00 

o.rs 

1 1.25 

100 

§ ,.,. 0 

(C) 

l * -.. .-............. , 
>..,;-·...-· ..... ..... ,.. ........... "\.,.... .. """'••--J< .. ..., • ...,_ 

OliO 0.50 

oa 0:1$ 

0.00 0.00 
300 - ... ..,. 500 550 too ... 300 

Time(s) 
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2..00 

us ,;. i (<) ... ' ;./''4.,._4o .... "M.,..,...\ 
... { 

(E) 

.... 

.... I 
.., CHS 

300 * 400 450 500 550 «JJ 650 
Tirne(s) 

atJvl 'tl-1.4 1 Yll'l L "li'lJ"li''U 
1300, 2600, 3850, 5000 6300 
LeJ'U 1.2 na11 'Ufl11L 1 'lli'La'U 1'11llnu 

10 'U1Vi 8 +0.75 
1 

Ylai;1LYII'luYILYia1 pH 8.0 (a) 3200 (b) 
(c) 6 

'll-1.4 uYILL 1'U %' 
'll-1.4 

'tl-1.4 uYILL Yll'l i 
Lel'U L\Jli;1 L 'Vlfliif1Lf11 1 'ULLellJL 'Vlel 1 

(%)a 
-1 

(mg.L ) (Mean ± SO); (n=3) 
1300 7.99 ± 1.58 
2600 7.99 ± 1.22 
3850 8.29 ± 0.63 
5000 8.99 ± 0.34 
6250 8.50 ± 0.39 

au " X "' 
. 

II .... ............ _X "' "' "' 



... 

2.00 
(A) 

1.75 

1.!0 

0.!0 

0.25 

300 ...,.. .o$1 500 S50 100 
Time(s) 

2.00 
(C) 

'-'" 
1.50 

0-2'5 

300 3511 400 450 1100 S50 <00 650 
Time(s) 

2.00 

Ul i' 
ua 

1 
i 

1.00 

,_,. 
1.!0 

1.7$ 

100 

(8) 

(,) 075 

300 .350 4CO 450 500 550 eoo eso 
T1111e(s) 

100 
(0) 

1.1t> 

1.50 

1 1.20 

J 1.00 

0.7$ 

0.10 

0-2'5 

o.oo 
"" 3511 400 450 1100 5110 flQO ISO 

Time(s) 

(El 

1.2$ 

1.00 

a o.n 

.... 

3110 4(10 uo 5110 S50 100 ..., 
Tlme(s) 
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pH 7.0, 7.5, 

8.0, 8.5 9.0 1 i.ff11 bel'U 1'lllleJG'trl11c;l'tivleJi.'!'rl1b(;li.'l 1.2 
'U 

1 'Un1'lb \<!rJLeJ'U 1'llllfl'U 10 'U1Vi L u1'UL'll-rlJeJG't'U 
'U 'U 

ij'U 8 +0.75 L'Jc;l\Ji (a) • 
5000 (b) £'!1'lG't:::c;!1EJLL'UG't.:lrl, (c) i.'l1'lG't:::c;l1EJFl1ft'UvlLL'l'U 6 

'U 

'UvlLL 'j'IJ 1 otl 
'U 'U 'U 'U 

.ff11 1'lllleJG'!Fl11G'tuvleJi.'!vl1L(;li.'l "ll-1.5 
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"ll-1.5 pH hmLod 
.ff11 'Wvhtniu-a'WL 'VIFltif'lLf'11L 'WLL"VlJL 

pH 'W-ai 
.. 

(%)a 

(Mean ± SO); (n=3) 

7.0 9.49 ± 0.71 

7.5 10.14 ± 0.84 

8.0 10.16 ± 0.09 

8.5 10.71 ± 0.31 

9.0 8.32 ± 1.83 .. .. .. 



.. 

i 
6 

] 

'"' (A) 

.... 

.... 
01:'1: 

{.j ltli "' .... 
.... 

(C) ,.._ i • 
.... -............... _....... 

............ ; 
··-.......-.... .•• -. ....! 

'"' 
.... 
'·"" ..... ... _ ..... 

075 ... 
.... 

• soo eoo eo 1ro no a m 
T-(1) 

... 
lEI 

l 
............. 

.,. 

.... 
500 110 eoo 110 7&l no eec 1$0 

r.ne(>) 

"'' (9) 

"' 
'"" (a) (r>) 

(<) 

..... 

(0) 

(<) 

soo sso eoo eo 100 7S) 100 aso 

T 
" .___, 

'"' 

Time (S) 

(F) 

'"·''"'V•o .. .,,. 

........ 
500 S50 !a) 1!0 100 700 1130 1$0 

T.,..(s) 

72 

'YJ-1.6 vi +0.600, +0.700, +0.725, 
+0. 750, +0. 775 +0.800 t 1Gil'i 1 

1.2 'U1Vi 
u1'Ub'11-rlleYa\jil'U 8 'V'Ja?lb pH 8.0 1V1v (a) 

5ooo (b) (c) 6 

'tl-1.6 u'V'Jbb 1'U 1V1v 1 i 
<tJ-1.6 
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"'l-1.6 urlbb 1 'U , 

'ULbeJlJb 'V'Ia 1 
"' ... ., 

, 
(V vs Ag/ Agel) 

+0.600 

+0.700 

+0.725 

+0.750 
+0.775 

+0.800 ... ... 

. . 
d Qd "'l-1. 7 tn':il"'fl'l'!t1awvr.n11'VIL'VI111:::a11 . .. 

2.00 
(AI 

'·" 

0.50 

300 )$(! 400 450 &00 &$0: fJClQ $5(1 

Time{S) 

200 
(C) 

uo 

... 
000 ____,.--.--, 

300 350 4GO .uo !tOO 450 dOC 850 

... 
'·" 

i 1.25 

100 

071 

.,. 

(f\ 
I ... 

Time (I) 

... ""' 
Time!•) 

(Ei 

.,. ""' 

"' 
'"' 

v Q.l a 

(Mean ± SO); (n=3) 

7.56 ± 0.96 

10.04 ± 0.17 

13.30 ± 0.66 

14.96 ± 0.64 
10.26 ± 0.56 

9.64 ± 0.27 

.. , 
i 
i 

(8) 

lOO m .&DO '50 eoo QjO 

Tilrw(s) 

.. , 
200 .. , 

(0) 
; ,., 
""' 

:"(It} l50 .. oo -450 500 s:so • ero 
Time(l-) 

, .. 
(F) 

,,. .. ,,. '•, .. 
100 

::j 
TwM(S) 
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l'I.Jvl "ll-1. 7 1 1 20, 25, 30, 
35, 37 40 1'!1lJGi'1vJU 1 1 16lllJeJ(lr111mJv.leJG1'VJ1LI'lG1 
1.2 1'11lJGi'1vJU 1m 1 'Un1)b "lli'Lel'U 16lllJnU 10 'U1Vi v v 

mll1N"llel.:J1u1'UL6ll-rlJa(l'IJij'U 'VleJG1L'Vll'lU'VJL'VJeJ1 pH 8.0 11'1tJ (a) 
5000 (b) (c) U'VJLL )'U 6 

v 

"1.1-1. 7 u'VJ LL ';i'U 1 i 
1 "lJ-1. 7 v 

" mu'!-1.niJ (%t 
' v 

CCC) (Mean ± SO); (n=3) 

20 5.80 ± 1.94 
25 8.09 ± 0.81 

30 10.11 ± 1.19 

35 11.56 ± 1.33 

37 13.31 ± 0.87 

40 11.60 ± 1.35 
" " " 

"ll-2 u 1m'li'UL'lleJ{ 

"ll-2.1 "a'LI 

'U 

fld11JL oUlli'U"l.lel.:!rl1-fl U'VJLL ';i'U v 

.., v d a 
(%) 

·1 (mg.L ) (Mean±SD) 

1 18.06 ± 2.65 

2 26.43 ± 3.70 

3 34.34 ± 3.44 

4 42.04 ± 2.61 

5 48.02 ± 1.18 

6 54.35 ± 0.22 
" " " 
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't.l-2.2 

"ll-2.1 L 
'II ... 

rnfl urhL ';i'W "ll-2.1 
'II 'II 

55 

50 

45 

r::: 40 
.Q 

35 .s::. 
-= <f. 30 

25 

20 

y = 7.065x + 13.122 

r2 = 0.9908 
./ 

/ 

2 3 4 5 6 

Concentration of Carbofuran (mg_L.') 

't.l-2.1 1 6 iil;lan1'lJ 
'II 'II 

"ll-2.1 "ll-2.1 
'II 'II 

mlJ1rul"11fl u'V'ILL 1u 
'II 

..... 0 

'Jon111"11'W'Jru 

"il1n Detection limit = 3SD 
Slope 

"ll-2.1 (Slope) = 7.07 
'II 

(SO) ... 
., ., ·1 

L"lllJ"ll'IJ 1 mg.L = 2.65 

LL'Vl'Wrh Detection Limit 3 X 2.65 (%) 
·1 

7.07 (o/o.mg .U 
= 1.12 mg.L 

-1 

vl.:JJ'W Lvhnu 1.12 mg.L-
1 

d .,. 0 .., 'I .., 
V11J1fl'Vl 't.l-2.3 

"ll-2.1 "ll-2.1 um1 

u'V'ILL 1'W 
'II 

..... 0 

'J6n11fi1'W'JOJ 

"il1n Quantification Limit = 10SD 
Slope 

"ll-2.1 (Slope) 
'II 

·1 = 7.07 (%.mg .U 



(SO) v1f111lJ 
"" ., "' -1 l"lllJ"ll'U 1 mg.L 2.65 

ll'Vl'UFJ1 Quantification Limit = 10 X 2.65 (o/o) 
-1 7.07 (o/o.mg .L) 

-1 
3.75 mg.L 

lvhn'U 3.75 mg.L-1 

c 
0 

4.0 

3.5 

3.0 

2.5 

:g 2.0 
:E c 

1.5 
0 

1.0 

0.5 

y = 11.204x + 0.359 
,-> = 0.991 

-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 

Concentration of Carbofuran (mg.l'1) 
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'tl-2.2 o 0.3 v 

1 ... 

fl11lJL.n'lJoO'U"ll€1-:!f11-fl UriLl 
-1 (mg.L ) (o/o) 

0.0 0.36 

0.1 1.33 

0.2 2.39 

0.3 3.70 



... \11 mUJfl1'HG1'UIPl1-:l 
LL'VI'Url1 

y = 11.20x + 0.36 
y 0 
0 11.20x + 0.36 
x = 0.032 
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2 r = 0.991 

uv-ILL 1uvi:Wmj'l, 5 0.032 
\1 \1 

\11f1 CNt 
-1 

(32 IJg.L )(5.0 ml) 
= C2V2 

= C2 x (0.1 ml) 
-I 

C2 = 1.6 mg.L 
# 4 1.6 

\1 

d "" .r. r;! ••• "I ... "" "'l-2.4.2 1bfi11::'VIu1111Wfi1'HtJnbb 1'1..1 # 5 .. 
5.0 

4.5 

4.0 
y = 13.111x + 0.409 

3.5 f = 0.989 . 

c: 3.0 
0 :a 2.5 ::c 
.5 2.0 
#-

1.5 

1.0 
./ 

0.5 

/n' 
-0.05 0.00 

/ .. 

0.05 0.10 0.15 0.20 0.25 

Concentration of Garbofuran (mg.L'') 

• 

0.30 

"ll-2.3 tJV'lbL1'U o 0.3 
.. \1 

t:J lii'1 v 1-:1 ... 
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fi'J11JL"ii'1l"ii''I.J'lleJ'IfiTfl 'U'V'JLL 1'1.J 
'U 

-1 (mg.L ) 1'1.J (%) 

0.0 0.46 
0.1 1.84 
0.2 3.05 
0.3 4.78 

0 0 

'll-2.3 'll-2.3 'U'WLL 1 u"ii'1TVIeJ1l 
'U 'U 'U 

"' # 5 

.. 
0 ""'"" 

0 

... 13.11x + 0.41 2 y = r = 0.989 
bb'Vl'UFh y = 0 

0 = 13.11x + 0.41 
x = 0.031 

'U'WLL 5 0.031 
'U 'U 

:u1n CN1 
-1 

(31 IJg.L )(5.0 mU 
= C2V2 

C2 x (0.1 mU 
-1 

C2 = 1.55 mg.L 

L # 5 'UvlLL 1.55 
'U 
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5.0 

4.5 

4.0 
/)I 

y = 13.262x + 0.323 
/// 

3.5 r' = 0.992 // 
// 

/ 

3.0 / 
/ 

c: /. 
0 :;::> 

2.5 :0 
:E 
.E 2.0 .. 
0 ,./ 

1.5 / 

1.0 

0.5 ... / 
./ 

-0.05 0.00 0.05 0.10 0.15 0.20 0.25 0.30 

Concentration of Carbofuran (mg.L') 

"ll-2.4 uv.JLL1'U 0 0\1 0.3 v v 

... 

(%) 

0.0 0.31 

0.1 1.70 

0.2 2.88 

0.3 4.30 

"ll-2.4 "ll-2.4 'UWLL 1'U L 'Uoli1TVI€lll v v v ... 
# 6 

"' 
LL'VI'Ufh 

y = 13.26x + 0.32 

y = 0 
0 = 13.26x + 0.32 

x = 0.024 

2 
r = 0.992 

5 0.024 v v 

C1V1 = 
-1 

(24 1-Jg.L )(5.0 mU = 
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C2 = 1.2 mg.L 
-1 

# 6 1.2 
'U 

... "' ... L 'VIfi'Uflm-a1fla 

'V!111flvl 3.1 L 'VIf1Ufl111fl'ati11J Lfl'a111L 

''i 

{a) {b) ; 

4.77 

2.28 

.. 
w' t "'1 

22.58 {c) 47.36 (d) 
,, 

., . 

.... _,-
.. '""-

.,.-' u, .. J .,, Jl ---·-· 

95.12 {e) 145.71 (f) 

,· 

•' 

.. 
"'l .. ; 

{g) 
" 520.25 

'1 
• t···-.···· '- -··--

··--·-··-·· .\ .. ... " . ....... 
(a) 0.5, (b) 1.0, (c) 5.0, (d) 10.0, 

'U 'U 

(e) 20.0, (f) 30.0 (g) 100.0 

1 'il-3.2 
'U 



.. 
.,; 

... 
••.-

... 
6.17 

•li 

... . l. .. ... 

,, 
.. ··" ' ..... 

·i 

U' 

u' 

(a) 

(c) 

(e) • .. 
" I 

. .... :. .... _. ____ _ .•. 
(g) 

(i) 

! 
• 

_ _.. 

: 
: 

I 

.. 
" 
u: ... 

--
..-- -- --

·- .. H 

6.14 

I. 
6.19 

.... _ .... 

• ............ L .. .. 

(b) 

u•. 

(d 

(f) 

.. "- .. .. ... 

(h) 

l ... :.·. ·-· . -· ... ' •--·---.---- .. -. _____ . 

'"1 .. ti 
G> 

,. 

H ---- -·· ... 
• j 

--'-- .. J. -·-·" ____ .)L_ 
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'tl-3.2 1f11lJ11 (a) # 1, (b) en1'J'VIt:llJ 

# 2, <d # 3, (d) # 4, <e> # s, <f) # 6, <g> en11 

# 1, <h> # 8, o> # 9 G> # 10 



: 

(k) 
,· 

" 
,,· 

......... -. 

.......... } ..... ..... i=.. .. ..... 

(m) 

. ,· 

: ,: 

.. L ... 

.-

,.-
. .. 
: .. , 

.... 

(l) 

. .. :f. _______ _ ..n .. 

(n) 

lf. ... . . ........ J1 .. . t. ________ _ 
. ' . . ... ,., 

(o) (p) 
. 

,. 
. 

;-· 
.__·• __ :_:···•::::_::c:=_:·_·······-···''_···-··-·--······-·······-···"-------· ____ ____ _, ____ _ .... < .. ·- ...............• , ··-····· ··" ..... 
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:t1vi "ll-3.2 (k) # 11, (L) -U'11 

# 12, (m) # 13, (n) # 14, (o) # 15 (p) oU11'VItll.J 

# 16 

u'riu 'jtJ .K .. • , 
't11.J'Vl't1fl (Peak area) -1 

(mg.L ) 

0.5 2.28 

1.0 4.77 

5.0 22.58 

10.0 47.36 

20.0 95.12 

30.0 145.71 

100.0 520.25 

# 1 NO. 

# 2 NO. 



... urhb ... 'U (Peak area) -I 
(mg.L ) 

# 3 

# 4 
.., 

# 5 
# 6 

II 
# 7 

# 8 
II 

# 9 
# 10 
# 11 
# 12 
# 13 

# 14 
# 15 
# 16 

ND. = non detection 

160 

140 

120 

100 

60 

40 

0 

y = 4.6418x • 0.5943 

r2 =0.9997 

5 10 15 20 25 

Concentration (mg.L·') 

ND. 
6.14 
6.17 
6.19 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 
ND. 

30 35 
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'tl-3.2 tJYl LL 1iJ 1.5 
'U 

'Vlf1Ufl3..111'11:o1u 1fl1111 t 'V1 

1.39 

1.40 

1.40 

d -f.;! "" 111 "' - .-= 111 'I "i .. d "' J "' ' d '1112J'J(;I'Vl 'tl-4 L t UWLL t u 
'II 

1 t 'VIf1Ufi2J1(;1):01'U 1fl1111 t(;lm1Yl'tlv\l t 
'II 

"il1f1f1111 tJYl LL )iJ 1 
'U 

tJYILL "lJ-3.1 "lJ-3.3 tJYILL 
'U 'U 

'Vlf1Ufl3..11m:01iJ 1fl13..11 t -test 
'U 

d ... d. I';! !'\ •• 1 1 111 "" 'tl-4.1 t \JnLL )'lJ # 4 
'U 

1 1.60 

2 1.45 

3 1.52 

X 1.52 

so 0.08 

"""" 0 11ln1)fi1'U1W 

1.39 

tJYl LL f1 L 1 fi)3J1LI'l m1Yl"lJa.:l L L vh ntJ 

' LL 'VliJfl1 

'U 'U 

t = 1x-
s 

t = j1.52 - 1.39lv'3 

0.08 

t = 2.81 

tcaLcuLated LvhntJ 2.81 ttabulated i1r11LvhntJ 4.30 of 
CV CV Q I l.f I I . f' 1/ <Q..IQI 

freedom = 2 95 3-6 'V'Itl11 tcalculated iJe:ltlnd1 ttabulated 

1tJ 95% 
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1 1.54 
2 1.56 
3 1.20 

X 1.43 
so 0.20 

"""' 0 1tin1'afi1'1J1W 

1.40 
uw bb n b trmn L\91 b b vh n'U 

'U ... 'U 

t = 1x-
s 

t = 11.43 - 1.40iv'3 
0.20 

t = 0.26 
tcaLcuLated bvhn'U 0.26 '111ll1bmCJ'UbViCJ'Un'U ttabuLated iiri1bvhn'U 4.30 of 
CV d QJ' Q I t.l I I .:::.. II oC:IIoo=i 

freedom = 2 95 M> 'V'l'Ul1 tcalculated 'IJ€1CJf1d1 ttabulated 

1 'U b 9 5% 

.,j ... !T ··' t ., ... 'VI111Vl'VI 'U-4.3 1Lfl'a1::'VIu'alJ1Wfl1'a"L 'UnLL 'a'IJ 'IJ'U11'VI€1lJ1J::a # 6 .. 

1 1.79 
2 1.22 
3 1.71 

X 1.57 

so 0.31 
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...... 0 

1.40 
uvhL 1'U.ffil11'"il1m 'Vlrrurn.n(;l1;i1'U Lf11l11L(;If111Yl"lle:J.:JL L vhnu 

" "" " 

t = Jx-
s 

t = J1.57 - 1.40J.J3 
0.31 

t = 0.95 

tcalculated L'Vhnu 0.95 ttabulated ilfi1Lvhnu 4.30 of 
' ' 

freedom = 2 95% 'WU'h tcalculated Ue:JVn11 ttabulated 

1 u 1m L 9 5% 
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