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Biosensor 

'I ~ <!"I..I .. do! '" ~ tlQ , 1 ~:l • dd 
lJ Lm WL 'JIti'LlJllLmti~lJti'YI L'JI L lln1.m1'\l1il 'lJlrnlfl'911~ ') ilVtilflVYill jlW.lnn1.111111''YI1J 

mllJ'I 1'Y11~;i1Il1Yi (Bioactive Substance) ~~til'\lLi'lliltill 'I 'JIll'lJ1ljl1i n~lJ'llmLtlll 'I,w (Multienzyme) 
A.r . ~_. X..;, Ad"" If" d ......... ., l.II "" ... .dI 

LLtillillJtiil (Anllbody) IIti. L>Jll (Hormone) LlltiLVtI'lIti~Yi'JI'll.tillm'll.m'JIa~all'Yl7V 1J1L'JI'1IJnlJLmll~1J1I 
.d ., Ad.. l.I..I!"1 .. I" .d .... tI ~ d Q tI......... .....d d 
maYIL'YI7llf1 'JI~'YI1'11111'Y1LlJll'Yl7111Ili11L'JIt17 'YI1111Jl.mlJu.a::LL a~lIllllll1rn'YILnil"ln !JmVl'Y11~LYlIJ 'JI1LYlIJ 

.. ",Q < , dd ~ d ~ d" Q <1"!"1 ~ ~ •• I." d ·~tI 
'II.tlnllYiIl ':'II11~1I1''YIIJmllJ L1'Y11~'JI1Il1Yi nlJlfl''YIilti~n1'1Lm1:'II . 'IILlJlllllllllllrn LT<'rtl'Y1~nlll L 'lIE11V 

" , ~ . M" ~ ~ •• I." d :t d ~ ~ <~ ~ d !"I 
LnlJ LLa:LLII~HI·milti LlJ L~ IIllllll1rn LnYi1'Y1LLII~~titinIJ111":lJmllJlIIJYillYfnlJ'lI1l1~'lIti~lIlll1111rn'YILlJlll·m'llti~ 

'lIti~n1'L tI~VllLI tlil~ LLa::'\l:jjm1lJalJYfllinlJtl11J1rn 'lIt1~if1ti !l~yjil'ti~n1.'iLml:li' 1 llil'\l~iill 'I lJ 1ti L WL 'JIiJ-l 

lI1IJl'{l"11J11i'l1ln1.1~tl11J1rnIl1.'I~'IIilltrrliil~1vnll L'lhl n1.1~tl11J1rnLtl'YIYfl11tlil, n~ 111illl, m~~111 

LLa:: BOD Li'lllil'll 

• • 
1. fDlll 

."< ~ ~ ~ "" "" "~tI' " ~ Q '" "d Q" .; .. , , X d 
lJ'\l~lJlll'YIl1 Lll LilV Liln11'11111 L tiVl~'1~1'1 LLil:llm'YIVlfllllm LillJn1'I1~I111Lmti~lJti L'IIIJ ') 'lI11tin 

..I,,,, Q < tI Q dro ~. " !"I Qd ~ ~ •• 1'" 
IJlnIJ1V IYitiL'JILlln1.1Iml:'II1I1. 1:ntilJlIll'Yl7V911~ ') L>J11'\l:llJ1-I1Yf'Yl1~ Ll11lJl Lilmlnn (chromatog' 

raphy) 'II'lti'iil 'YI1~ IILtin 1m 1 rflilJJ"1 (spectro-photometry) LLil 'iii n11I'11~1 d' ~ 1i~ 'W L'II1J1: nlJ 'iii n1.1~ 
tI 

.... :.: d 'tJ "'... ... '" "" ... A.... tI ...... ... I X d 
Ill •• :ntllJLLlJlJ on-line ~~llll"~ L.,IJn1111.,1111 LIa::YiilJlll1Yfn1.1.,1I1 •• :nlllJlIll'Yl7V911~ ')'lI11 'JI~ 

'I~LLfi'iilyjI1vn"h 'IlJ 1mWL'JItI-l (biosensor) 

.; "';' '" ~ Q '1 Q "" ~ < d:l • do Imti~lJlI'YI L'JI L lln11m1"1"1.hlJlrnIl1.m~ ') ilV1Yf LlJ Lm 'JfllL 'JIm '\l:IJYill jl11'\llnn1.111111''YIlJmllJ 

'I1'Y11~;i1Il1Yi (Bioactive substance) '111ti1L~lJl"ti-l (receptor) '111ti'llJ 1t111:":~lIi (biocatalyst) 1.11 H 
, .... d 4 ... ,. A .d .. "d!"1 ..... r ( ) d ~ tI ~ d 
11IJnlJII1111~lJlIml'!YIL 'YI11111 'JI~'YI1'11111'Y1 LlJ ll'YI.l11Ili11L 'JIt17 transducer 'YI1fl1J11mlJ LIl'!: LL a~II111Q!lrn 'YI 

IIi., '\llntlijnl Vl 'YI1~ Ll1jj ;i1Ll1jj 'II'ltiVlilmf.: 'II'h~ 'IlJ 1t111:":~lIinlJ 1I11yj il'1I~n11 'iLI111:'II1,r Li'lll «Q!Q!lrn 

'I vll'llyj~n"l 'ItI'lIVlm~lJlll'!: U.1I"~ Imiltl 'ItI'I~~~U.II'H lll~tlyj 1 «lllllllrn 'Ivll'llyj 111I"~il1lnlJ1d''\l:jjmllJ 
.... ... ....... .... d!"1 tid tI d "" .... r' .... tI"" .... I dtJ 
IIIJYillYf nlJ'lIlll"'lIl1~ IIllllll1rn 'YILlJll~a'llll~ n1.1 aVll LI IH 11il:';):1Ji111IJlIIJYillYf nlJ 'lJlrni11l1Vl~ 'YI"1I~ 
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f----~Information output 

-~ H+ ,ions,heat,gases,e-

Biologically sensitive coating 

luil fl.fl.1962 1u 1mWL'lfilii~lJ~U"'Ul"'L~lI!1r~LL1nlum1'lLml:lf 1"!JLeland C.Clark Jr. Lm: 

flCLI:: 1~1..h:~1fiiilU1'lflfliL<l111m.,~u~m1 HLilu1wmu~nu Electrochemical sensors ~~1~LLli pH 

electrode, polarographic, potentiometric lI1il conductimetric 

gl ucose oxidase 
GlucoS\': + O:! - - - - - - - - - - - > Gluconic acid + H202 

GOD 

1"!JY(1 '11ULLa11u 1mwL'lfill";):1.h:nilm11!J 2 li1u~lhfflll lie 1u 1ill1:~dilli (biocatalyst) 

LL<l: "r111U;~1L'lfil{ (transducers) 
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111 1iltl~il~iiliif '117il 'f1d~u£jn7v1'Y11~ihrn'YI ~"-uJ11 i'llW111 111 1m WL 'lJil{~~~Lilll 1 'lllf111~i LLI'l~ 
, ~, • x . } !'t.. ( ) ~ 'd x .. 

mUJ'lIil~Lilll 1'lllJ (multienzyme) LLilllil11il~ (antIbody 001 UJlI hormone il1V1~111~\nll '111il LlIilLVil 
, o!I .... r do .... .d~ d: ..I d ... r... ~ ~.:II .... 0 

'lIil~'YI'lfLLa~ff911 '111il L'lJa,l'IlImV[3) 'lJ~OO1'Y1";i~Lailn Hl11 1il~il~l'Iffil'lf1l~1~1I11 ";i~ilil~Ll'liln H1'II";i1L'YI1~ 
VI' .... 1 ..1.... A r 1........ ...... ... .d ~... r 1 !'I 

L";i~";i~ LLa~ nililIi11911ilV1~'YIilil~n-I11Lm1:'II LL~ 'IIIUI!'l!1I11'Y1hlLIUJ 'lf1LIUJ '111il l'llinli ~Vil1";i,;)~LlJlI 

OO1L U~tJlILL UI'I~tl11IJL iilJiill 'lIil~ 1 U1ililllliilillln-l'lJ ~lIImnJii'Yl1~ LLff~ '111 illi Ll'ltltl1 illl '[ ~ 5n~~"il~jjtl11IJtl~if1 
X d .1· ~ ~ 1 .ddo!, "d. ~ 1 ., d (. 

1i11J11m 'YI1~ Lam '111il 'lIV1Vu11J11111~ ~V1Yf'YI LlJV1mL~~1VililOO1'Y1";i~1I 1Lil1111 iltl~il~l'IliilIJ1i11~ IID-

mobilized) n11m111H~1L'lJil11~tJ'lIl'W~lI!LiiV1i";im11J (activity) 

.-40. rd~I """" .... al .... ""!II d. ... 1...1 
'YI11111iVi1 L 'lJil1 'lJ~ L ull911 1 11 LL I'I~ 911 LL lJl'I~lill!lI!1111 'YI L ull~1'I1J1";i1nm~11111OO1 1'I1~ 'If'l L tllJ 1~'II 11~ff11'Y1 

~ • ,~ ~ 1 • '1 1 ~~ ~ .. I-" .I • ~.I" ~". ~ 
ilil~OO11Lm1~'IIn11 111 il~il~l'Iliil ViV";i~ 'lllill!'l!1l11ln'YI1'Y11i11J11n1l1Iu'llV1mn11LLI'I~LLIi~~~I'IIVi 1i1l1111OO1 

do .d ........ 1 ",t ..:. .,;.... .. ...... UA.. .... 4 .J ... 
Ll'liln '111ilililnLL11 11'Y11111 IiVi1L 'lJil11J1 'lfllll 1i~'YIilil~tl1lWn~ntlil tl111J";i1L 'YI1: L ,;)1~';)~n11 ~I'I lI1ilIi11'Y1 Ln~~1n 

U£jii'lV1ffi iiLilllif1~"1 (indicated species) OO'f1il11ffl1il~ 1 ",Ji1~'lIil~U'l1J1111 'IIiil tl111JL iilJiill~L 'II1J1~1iIJ 
001 111 HlI!lI!1111 ~1 ') tl111J 1i11J11n1 1I 011 ilil11 fflIil~ 1'" il[h~ 11Vi L ~1 011 'lf~ L'lfV (compensation) L rlill'l~ 
li'YIil'YII'I'llil~HlI!lI!1I11LL mmLl'l~HlI!lI!1I11LU~VlI,U~1J1'i1nii~ U'lVIaillJ L 'Jill ~1II'I\JJjj 001 drift ~ LiiVi,;)1nOO1 
. 1.1 .1 1 ...... oS 45 , .... .d I "l .. 1 d ~.... .. d: .d: .... :: 
LuI'lVlILLul'l~ 1I 'l1ll1i1J11il 'lIil~ Lmil~ lJil ilV1~ 'lf1 ') LlJil nll1 ~111 lu iln'YI~ ilil~ tl1lW n~ I'Inlffil:: 'lfll ~111 'lIil~ 

1'I1111H~1L 'lJil{"'il~L 'II1J~IiIJ.1ilO1'"1111 lil~il~iiliiWlfIi-lfitll~ 

'YI1111H~1L 'lJil{~"11J11 i'l 1I~111 111 1ilL 'lJlIL 'lJil11tlVl'Y1 '[ ULLa1 1i11J11nfi,;)~LL1j~ililmilll 4 n~1J hili ') 1"'~~ 
Xd 
lItlil 

3.1 u!lllblmlwmiollJlmllllbll1l1 (amperometric biosensors) 

r". ':1 ~ ...... 14 ... ... ~ d .... ' ..I A J' d... .... A,. .... A 
'YI l1111i~1 L 'lJill ul~ LIl'YIll ,;)~il1flV u£J01 V1ililn'lJL~'lf1l-101O'lf 1I 'YI Ln~'lI 1I'Y1 ~1l\1I 'lIilil Ll'ltll m Vi LLI'l1 LnVi 001 

111m 'YIliLl'ltli11illl~lI lViv~ff11if1nI'l1~ '117il jjL~m'1il{ (mediator) ti1'11"1~111ff~liLl'ltlil"lil1l1";Lii1ffliLl'ltl1'Y1 • 
oJ ... X 'A J'..,!;:. ............ IA d.... A "'.1"'" A 

1 Vi n 1~LLIi'YI L n~ 'lI1I 1)1n 011 n1V L 'YI ilLiltli11 illl 1I 1):1Jtl111J .,,'YIlIYf n11lJ1lJ1111ff11'Y1 ilil~ 001 1Lm1~'11 u£Jm V1 LLa~ 

. 10 d.X _I~~. I .,.""" ,~" ~ 
u1lJ1l11m~ LLff'YILn~'lI1I,;)~LLu1~1I IlJi11lJf111lJ'II1I1 LLIl~ 'l1ll1ilJ11ill lIOO1VilIJ I 'll1i11~111 l~lJ1nllilV'lIil~LlJlJL1J111 

( ) .11" ~ ddd ,d~. 1"'''' membrane 'YI 'lf1i11911nI'l1~ l\1illJL~milil1'Y1lJnllVlJ 'If I~LLn ferrocene derivatives, benzoquinone, 

methylene blue, chloranil, ferricyanine '111il phenazine methosulfate Lil""'" 

3.2 1l1l11ii.mallJlmumll1l1 (optical biosensors) 

'0 0:.1 X!'I ,dd. ~ ~ d " .1°' ( . ) _" • 
'YI11111i~1L 'lJil1lJ1~LIl'YI LullL WL 'lJil1'Y1lJOO1111Lil1L 'YItll 1I II'IV'YI1~Vi111ililuiltlli opltcs LLI'l~ilillJ lililLl'ltl 

1 • '( '}"., n"" ·''''''.1 ,dd.I·· d ~ 'YI1l1tlff optoelectrorucs L'lI1lJ1u1~~nil 'If'lJ~'YI1I'11 lil~umlll 'YIlJ u1~ff'YIYfrn'YI ~~ lJ 011 1110111 ffll!lI!1111 

rnVlIiln"ilVlJ1n jjf111lJl1.1ilIi11~"'il~011'iLm~'II1111~if11 YlltlW1'I1{ (picomolar) LLI'I~ff1lJ11n"1lJ1Hn11 
• 'd~"'" 1" ~.I" '. 1 xl"· , nll 1'Y1V1 fl1ffil"l 'lf11l1'Y1 lil iltJ1~ 011~ 'lI'l1~ ilV'YI1 ') lu LLI'I1 L 'lllIL 'lJil1 u1~LIl'YI lIff1lJ11n 'If 'lLm1~l\ ff11 111~ 

U1~LIl'YI L'JilI ATP '117il NADP. 1'" 
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3.3 Il'iLl1wrum!J@lruulm'lllU'l!d (potentiometric biosensors) 

<Q <tI :r ~" 'tI.lQ ~ Q 1 1~ 
Y1111-1\Wn~'lJ1J1 1:UlYl1-l 1J1fmm1j~m1141I1-I1~~1-IWlJ1J~ 1:,Y1fl1111-111J ~~!1 Y11~fl1U O1fffl11: 

1 A. .d. ~I ..... 0..... A d,.,......do 
fflJ~1l ~U';i:1J senSIng membrane 1I11J selechve membrane ~lJ1-Imm';l~'J!1-I~'lI1J~ff11Y1i11J~ml1~1I11J , 
i~m1:i ;1H:i11J~jj m:lJ11-1m1fiilL~1Jm\lvn:51J1J1-I1I~1Jm'll~i11J~ml1i1 if1mh~'lI1J~ 1 YiL Y1,.li11JLIJillnilLIl!1 

1 l 
~ 'Q Q ~ .. ) d Q Q ~ J" l'1 Q ~ .Id 

mil ilLLn 1J1J1J,.lJLll!1 ~m~[ 4J (lOn-selective electrode ; ISE 'II~1J1J1J1-I1JL~!1 ~m~"LlJ"lJLll!1.~m~YIIJ 

i1111Jl1 m11J-,j1Lvn:L';i1:';i~ LLll: ff11J11Clfi~L~1Jm\lvn:51J1J"L"';1,i,. d,. 5Lll!11m~\hl\"lu1!1 Na+, K+, 

NH4+ LLIl:5L~f11m~1i1111u1~ff1l.h~ ~ 5nll111utll:UlYI Lti,.Ji,. 

potentiometric gas-sensing electrode ';I:jj~'lI1J~ gas permeable membrane iJ!1Yfu-i"'lI1J~ 
.. .""::: d ,:; X d :: I d d v 
lon-selechve membrane[ 5J 1J ~1Jn'J!" 1I"~ 1:1I11~ 'J!,.LlJIJLU11-1,. ';I: IJ ff111l:1l1U'lI,.nIl1~ 1J~ LlJ1Jm'llYi 011J~ 

ml1!1~1,.-i"'lI1J~ gas-permeable membrane L,)1 ltl';l:~;' 1 ~L1i.m11LtI~u"LLtlll~"fl1YiffIJ~llm~L!1jjfl1U 1,. 
.I:; , Q Q tid tI ltl~ d ~ tid tI 

"1111:111VYln"1JVmn~ "fl1YiffIJilll'll1J~1J1J1J"';i:Ln!1m1L IlU,.LL Il~ !11U 'II ~ff11J11Cl!111';i1!1mlL 1'Wl.iLL ll~ . , 
dL~ 1i1v~f15Lll!11 mil if11Jci1~'lI1J~ gas-sensing electrode l~LL11 C02, H2S Lm: NH3 gas electrode 

Lti,.i1,. 

-!1",.~n?Hhil"{ (conductimeter) ~ti"L'lI1-IL'II1J{~1J1iiuml LtI~U"LLtlll~'lI1J~m1"1 lrlrh ;1~ H 

L ti"~1u~itl11J1rnff11~Ji"~mliLm1:i "1Jml1m!ii~jjfillL~1J{iLIJ011n lU 1m 'lJ"~ 'II"{ (calorimetric biosen­

sors) Yi1'lJ5LIl!1f1'inm1"H~hL'lJ1J{ LLIl:LtJ!11JffiinL1rilu 1m'll,.L'II1J{ (Piezoelectric transducer and acous 

tic wave biosensor) 

m1YiilJ"1'l11J~lU lm'll,.L'II1Jl1,.1:u:LL1n ~ iinff\.ih~L1J"l'lJlf 1.m"1L1J1L1J"l'lllf1J101~~'l1nuilLllfl1mil 
;1~L1vnl1L""l'lllfil~Il!l1 m!1'8][9J ~1"ci1~L 'll" L1J,.l'lllf5LIl!11 m!1~Hl\1t1'i1J1rn'll1J~n~ l!1ff l!1v HL1J,.l'lllf 

nll1f1ff"1JnoiiL!1ffLti1-l 'Iu l"f1:01<ii".r LLIl: H1J1Jnoii~';I,.ilLllfllm'lLti,.m1"H~hL'II1J{ 1I~" HLtJ"l'lllfv'iLm~hm1 • • 
1I1t1'i1J1rn'll"~mil~'in[lOJ Lti,.Ji,. 1m:v:oi1J ~ 1J11~mlH'~"Y116 1I;1J 'tIJ 1m LUVllLLYI,.L1J,.l'lJ1f1J1n 

-TI,. ;1~L1unl1 llJ 1mLUUllilLll!11m!1[8j[12] m11-Th.J 1mLuulld"jj')1J~1J~1I111utll:ml~1vn"~1J[13][141[151 
d ~ , 1 ~ " < tI QQQ ,.I ~ 1 .. 1 < "<, d • 
IJm1IJmm~~n11m1 'J!L1J" ~'lJIJ !JmU1U1~1JU1~Y1011J~m1 f1L~l1m011J1 LLll: Ltl,. ~'lJ1J1J1nn1111"~'J!1-I!1 

'114 lm~uull1J1';1 'W-,j1~ti1-lil,,~ H!f1~~rlm011J{ ~~Il: L1J,.l'lllfg,.5n 1wlJrn:~~1J" 'I 'lIIf~1~ti,.Ji1J~ H ml1-Th.J 1m 

~UVll';i"jjl1m~nnl1ml HLtJ1-I l'lllf ~m1: 'WJi1J~~liU~1 H~1U 1wi"011J1-Iml"n~ ~~ll: rl1 1Y;ui~i,.tln';i1nd" 
m1~Y;!Jii';imllJ'lI1J~tlBn'iV1 (catalytic activity) "11J11m;11!1vml ~~lJtlilJ1rn 'IlJ lm~UVll~~1J~ml Hll~ 
ltl~~oi')"'ihn!1'l11J~m11 -Th.J 1m~uull~jj ~'ll" m11J~1~vn:~';I1:';I~~1J"')1~~1 ~ii1JH1nfl1U 1"~'II11jjL1J"l'lJIf1J~ 
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"~.. r. 1 '" d. ~ 2 ,.. d "(' b'I' d h I LIJ Lfi1L1W~L'l1l1L'l1117 "=lJ7=nllUmmflllYlIflI1l}! IIll1l1!l L'l1~Y1~nm~ Immo I lze woe 
ro r d ro rd1" 1 " .. ,.. ,..,,, '1 01 0 cell) LL~= YI111111~lL'l1111 'l1~ YI1111I1mL'l1!l1 YI 'JI" 1J1n 1I ~ Lfi1 LUU~ L'l1lIL'l1111 L~LLn ViLYIll YI !l LlJmn LL~= 

LLlIIJLVi!l11LlJ~'in 

Oz 

C02 

substrates -H-t NH3 

SHz 

, ro r:; ..}(.; .1 wi! ",.. r 1 ..}(, ~ 
IIll1 YI1111I1mL'l1!l11111 ":~m~!ln'lJ1I1J1 LVilllJ7=nllU L 1I LIJ Lm LUU~L'l1lIL'l1!l1 ~Un11 Llmn'lJlIB~nU 

'JI"ii~'lJ1l~«UIlLm~ LL~=1-l~~ifrnoyJ~Lii~;l'",nnl.l!in'iu17=1\":h~«UIlL~m'fu 'UJ 1mL UU~[ 11) 

1BfI=~=~II~ri1l1l 1~Un11Liu~ Acetobacter aceti 111 glucose yeast extract medium ~l.l1=n!lU~i1u 
n~ 1f111 1-l~ UII.1 IIn~ LL!l1J 1IJL14ulJoifm rl~ LLlJniiL oilUlJoif~L rl~ LL~= 1l.l~IIL oilUIJ 'l~ h 1~mll rl!lIlL rlil 5, 0.25, 0.1, 

0.05 LL~= 0.1 n11J mIJ1i1~UL~lJ\r1ni1l11l'l~1l'i1J1m 100 Ij~~~m LL.r'~1L'f1lJl1u1~m11J~1I'lmr1 15 

l.l!l1l.1~!lm11~d"~lIrnllfllj 121 1I~!l1L'l1moilull L~lIn~1 15 mil 1I~n1milll.l1u pH 11i1~ 5.6 ~,U , . 
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• ol'.I' .I d "~l" .,' ••• . ,. • •• , 
1I1S1"'1,L~~~LOJfSl1lm~3,JLllnLL~1 1l~~LWjJ1"4uOJf3,J"':I"lIlil" 250 3,J~~~mu,3,Jlm 20 3,J~l1l1m (l1~ 

.I' . dol' "gl I "'(· b)d. 30 LOJfS A acell 'Y1 L~mlJ"S1"'l,LL"lI~ ucose yeast extract s ant 'Y1lJ3,J mcu ate 'Y1~ClI"'IJ3,J 

S~ff1L'l!m1i~1l l.l':3J1Cl1 40 -il1m~~~l.lLLlI'lihL1J1 ~l.lU3,J~~ClI"'lJjJ 30 1J~illL'l!m1i~llml3,JL~l ,SlJ"lIS~m, 
fit • .,__ d:; 1 :t fit ",}f 

L"lIcil 80-100 'SlJ.JsmYi LiI" L1~1 13-20 oifl UJ~ ,.b L1Jl A, aceti 'Y1 L~~~ "111..,1, ml11" Lilli n~lLOJfS 

(inoculum) 1.,~ Hl.l'i3,Jlm 1 jJ~iiiim (h~~~ l""lIl"41.l0jf3J~"lIm., 250 jJ~iiiim~jjsl"'l,m~lOJf{i" L~~l 
n" 20 jJ~iiii." UlJ"l'rl'sm"llcilBnl.l':3J1Cl1 6-8 -il~~ ~~111m'L!i'lJL~01 (harvest) L'l!~ l.,mL~m'l!~~l~ 
LfI~S~ii"LL~n (centrifuge) ~ 10,000 '1JlJ.J1J"lYi 10 "lYi 4 1J~illL'l!m1imnll.,:nS"Yh~3,Jll1'l~~l~.jjLm., 
iiYlLYl.rf (citrate buffer) 0.5 ~~1{ pH 5.6 IlE~Y!f~ .,nn~"ltl.,:n1J"L'l!~vn~3,J1LL"lIll1~SUBnfl~~l" 
Ill' 1l:1l1 u.jj L .".,ii yj L yj s{ 1., ~ 111 m,1.l1lJl.l'i3,Jlmlll1 ~:1l1U~ L~3,J L vis 1..,'1 ~ Ill" 1 ""lim L 'l!~.J sjJ ~iill., , "lI s~ L "'~1 

" d • ~, ~d .I d ~ v.l' .~." ~ d ,~ . , 
m3,J.,s~ml 'l!~~:"'l~l"l"L'l!~ L.,ULOJflli viable plate count L'l!~'Y1Lm~3,J L""~:"l LuLOJf"'~"S Lu 
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1. aluminum anode: 2. electrolyte: 3. insu lator: 4. platinum cathode: 

5. rubber ring: 6. nylon net: 7. teOon membrane: 8. microorganisms: 

9. acetyl cellulose membrane: 10. porous teflon membrane. 
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