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(1) Gas sensor

NH,, CH,, NO,, CO, CO,, SO,, H,S =9
gas = o2 FE 77 Hy eh(14), o
oz 5714 4B} O, electrode & o] &
str] ZAsh= d2lE Figl s 2o}
2714 e]4EE acetylcellulose 2Holi} =44t
membrane & Al#3lel AF9oll 2]t} Cath
ode ¥H-F A4 5749 Teflon=te g @y Pt
cathode 9t Pb anode & zhz]ollof chr} A}g-3}
t}. O,% cathode Zwo4] &Y=z, o w %
2+ cathode A2} Teflon #H-g E&) slabs|of
Toloe 0% vwaAAA} Uk, AL Y
of 23 aeration 3ho] Al Z3A]70, O,

£ 35 g ERE el AAe U ol

9] ZFoll sl svlHw voiz] O,% Teflon
TE Edle] O, electrodeo] =wsia steady
stateoll4] cathode A#7} B2}, oo &
7IEel 238 A5 slFoldo] Fqlalwl x4
3 o] EL §7185 0,5 ol gaki4] u] AL 3
ol Bz 0, electrode o] =2slE 0,0
& ZHislel AdiHo 2 cathode AF7F 7h4%
o ol HF3be] (current decrease) 2 RE §7]
9 FEE 249 4 9o},

@ CH, sensor (2)

Methane & carbon % energy source 2 A}
7= Methylomonas flagellata & 1835}
Fig.2 o} Zo] 271¢] reactor system 2 2310 2
1€l Pt cathode ¢ Pb anode & o]0zl 0,
electrode Alolofl w5l A F2bo]7} methane
o Fxol ek Y2l o]4drh Res
ponse time 2 13- o]W|vd 2% oz Hao| s}
<5t (Fig.3).,

CH,+0,

g CH3OH+ Hzo

methane-oxidizing
bacteria

@ NH; sensor(3)

LEF AN & activated sludge o] 4] 2z
& Nitrosomonas europaea @ oFig c}z4o
acethylcellulose membrane ol oj7}3le] 1 A3}
A]71i. teflon membrane Alololl Fig.4 o} 7o)
entrapping 3t% flow cell o4 (Fig.5) O, elec-
trode (Pt cathode, Al anode) & AH%-, #H4 Zo
ammonia ¥5& 24319

2NH, +30,— 2 P, 5HNO, +2H,0
a8l" Ol a3 AFato]2 calibration curve
(Fig.6)ol <8l ammonia ¥%2& 738 4 9o},
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Fig. 1. 5714 v]4E% biosensor ¢ #1#

Fig. 2. Scheme of microbial sensor system for me-
thane. 1, vacuum pump; 2, sample gas bag; 3,
gas sample line; 4, cotton filter; 5, control reac-
tor; 6, methane-oxidizing bacteria reactor; 7, ox-
ygen electrode; 8, amplifier; 9, recorder; 10,
vacuum pump; 11-17, glass stopcocks.
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Fig. 3. Response curves of the microbial sensor for
methane. The sample gas was transferred into
the gas sampler at time O: (O) 0.66 mM; (@)
0.39 mM methane. Conditions as in Experimen-
tal; 300 mg of wet cells per reactor.
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Fig. 4. Scheme of the microbial electrode for ammonia
determination. (1) Aluminum anode, (2) elec-
trolyte, (3) platinum cathode, (4) insulator, (5)
rubber ring, (6) Teflon membrane, (7) vinyl patch
(spacer), (8) immobilized microorganisms, (9)

acetylcellulose membrane, (10) nylon net.
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Fig. 5. Schematic diagram of the sensor system. 1)
Sampler, (2) peristaltic pump (3) water jacket,
(4) flow cell, (5) magnetic stirrer, (6) microbial
electrode, (7) recorder. (A) Buffer solution
(8.9 ml/min), (B) air (250 mi/min). (C) hot water
(30°C), (D) waste

Ammonia ¢} H4A£=AFEE  005mg/lol
conventional method (distillation acidimetry)
o}8] relative difference £ *+6%°|Ath A7
47} steady state 7Hx] %=+ response time
£ gHo|goli ©] biosensor £ 2547k 1,400 as-
say 7} 7F53stt}, 2ol response time ©| 4%
oell ZA753 v (5)% it

® NO, sensor (4)

NO, FollA 7]l ede] AY Bas F~ NO,
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Fig. 6. Calibration curves of the microbial electrode.
The determination was carried out by the
steady-state method (©) and by the pulse method
(®).
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Fig. 7. Schematic diagram of the sensor system; (1) air
(280 ml/min), (2) pump, (3) buffer (pH 2.0), (4)
sample gas (5 1), (5) peristaltic pump, (6) pump,
(7) valve, (8) incubator (30°C), (9) microbial elec-
trode, (10) waste, (11) amplifier, (12) recorder,
(13) electrolyte (30% sodium hydroxide), (14)
Teflon membrane, (15) buffer (pH 2.0) contain-
ing NO, gas, (16) immobilized whole cells, a7
gas permeable membrane, (18) cell space
(1.0 mi), (19) Teflon cup, (20) waste, (21) rubber
rings, (22) platinum cathode, (23) lead anode and
(24) insulator.
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Fig. 8. Calibration curve for nitrogen dioxide sensor

electrode o <Ja S4get, AFuFae chea
9] acetylcellulose membrane (0.45 4m, pore
size) 0.2 i3}, nA3 ¥ o] nAI} v]Ygu} o}
el teflon membrane 3 gas permeable mem-
brane & #Ax|{hcl, §EAlLE TEE oldalg
flow celloll Y3 "7~} steady state 2 = )

#E7k=(NO;)E injection 3 w450 o3|

C AkE4v]7) S]2 membrane FHlo] £ZEAbAs}

727 FAloll steady state 7} 2 Wiz HE
ZHrt odonde}, 27)9} steady state Abole] A
T4t NO, 55 Alole]l Fig8sl o] 2sn

A7} "}, Response time-& 3% o|ule] 713}
T NO.#J 7]& £4ubiq) saltzman 7= Fig,
99} 3] correlation coefficient 0.99 &) =43}
A7} A},

olgtel o]e} zH2 f2)E o]&3led CO, CO,,
SO;, H.S 59 gas ¥5& 2HY 4 g},
Biosensor type ©] ol 7|&¢] gas HAAu]E
4913 (6) NDIR(None Dispersion Infra
Red)®el ¢¢ SO,, NO,, CO gas £4< gas
o we} = Aoll et Ao gas F4abaro] 717
e H2E o83 Aeoloh, zajm A Aslur
A (EEMEEHN) S 71aFadd Hue Eslof
SO, gas & AshA&Aoll F4417 A7 3sbd u}
o2 &8l F5F PohE uholt), falxs
& (M) ol o138 NH, 242 sl g2
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Fig. 9. Comparison of electrochemical and conventional

methods.
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Fig. 10. Correlation between current decrease and BOD
value. The measurements were attempted at
pH 7.0, 50°C.
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Fig. 12. Field installation model

) =& =3 BOD sensor
2T PR, A3, w3 5o A
5 Aol gl Hﬁé% taira 9l
Hal Fd3A 7] g5l BOD A& 547lo]
o] &abwl H-& Alzkated
= 7}531et,  Thermophilic bacteria & ©|
43 A7) 29l vkt AlE nitrocellulose
membrane filter ol &=4]7]3 gas permeable
teflon membrane # dialysis membrane A¢]of
flAsbe 5 dloiet, 3F BOD &2+ 150
mg/ [ glucose 2} 150mg/!/ glutamic acid &, A
2 0, electrode & 483} steady state
current + 73+ %ol ZAEo| response time &
2 5}k, Fig.l0 & standard BOD €-°8& A}
43 BODZk2 current decrease 7} &A1 #A) 7}
o] WZolxl ooz current decrease 27l
BOD %+ 7% 4 2Urth. Sensor ¢ stability &=
°F 409 Ax FAskAct, dA) AlEss BOD
biosensor & %4 4]7h2 20~40% 22 system 2
T2+ Fig.11, 12 9} 7o},
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gko] 71535lct, TNT(Trinitrotoluene)S flow
injection ¥4l o2 oA4ZA =] (Fig.l4) & A%
3o 10°g/mil #F9 FE=5 & 302k 4
(8)% 4 ik, o] Ax|+ electrode type < of
Aab &5 7] 9§ Fof 3 fIERY AS
3 ¥Ao| sixslgletn 2o, Toxic £%Hal
HRP £ labelling & digoxinoll gt
CO, electrode & PIMIA #
ionophore modulation im-

digoxin &
gAE AHE-stof
(potentiometric
munoassay)ll 218 pico-mol 5312 &A% 7
+(Fig.15, 16) (9, 10)= 3levt S8 Aot

(a)
Fig. 15. (a) PVC membrane containing digoxin-

ionophore conjugate. (b) 10 mM KCI solution.
() Plasticizer. (d) Digoxin antibodies.
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Fig. 16. (b) Competitive binding curve for digoxin work-
ing at a constant antibody concentration
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