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R} : Trichosporon cutaneum& FA %3} 7| A R332t Alole] IAHBAA ALA Sl Habg
o2 d&xeg 24€ T gl BOD AAE /Nuslgc) o] A2 ¥4 24 pH 7.0,
32~33C9 €%, 2~3m//ming flow rate @ 0.1M phosphate $+3&-8-4ojgit}. 4D o 3}
GGA EF 499 FE TAEEE o GGA 60mg/! ol3talA A& JYehiglen,
30mg /L2l GGAE 183t & of AHAHL 3% ad A5 Jepdiglch DO 309 F4t
Hel Aty 2w, FH&A1 Y A 7hrt o 58 102 0]sir). o] A E o] &5 AA
5142 BOD& %75t} BODs 3 v] Zahgich.

Abstrcat : A microbial BOD sensor for the continuous estimation of BOD was been de-
veloped by immobilizing Thichosporon cutaneum, which was immobilized between a dialysis
and a gas-permeable membrane, on an oxygen electrode. The optimum pH and temperature
for BOD measurement using this sensor were pH 7.0 and 32~337, respectively. The best
result was obtained at 2~3m!/min flow rate in 0.1M phosphate buffer solution. A linear
relationship was observed between 4DO and the concentration of standard GGA solution
below 60mg//(90ppm BOD;). The reproducibility was found to be within 3% for the
standard solution containing glucose 30mg// and glutamic acid 30mg/ /. The output DO
value of this sensor was almost constant for 30 dalys. The response time and the recovery
time were about 5 and 10 min, respectively. This sensor was employed for the BOD
measurement of waste pollutants and was compared with BODs; method.
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Standard Methods Committee2] “Standard Meth-
ods(A| 8 ¢) "l AR, FAHZ BODM 2
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a2t ol2)gt BOD A2 L2 280 A7HG5
d)o] 28 HH, APt STl ozl ex}7t =
7] w-Foll, B} w3 Al7H] o 7 3Al BODE 24
3= by ol gl |- AT} A= gt
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Trichosporon cutaneume] T3 EHE collagen& Atk
Aol K-35l BOD A& =Ysldod, o] o 7}
S A7k 158 A=) 19792 Hikuma $'= TH-
chosporon cutaneum-8 porous acetylcellulose®} Alo}el)
A A1H A BODE &4 3tz 34172 18%9]
R, A F HAFge] 27I4HE HEE = bl 50
2y r Ak 1991 Li %2 Hansenula anomala &
nitrocellulose®t Alolo] A A1#H BOD A& 71
8lgl.2n, o) uf o] 7}§-AIZHE 20% A Eg ) of 2o
= o8] 7129 v| A, Z Pseudomonas sp.°, Escheri-
chia coli’, Bacillus subtilis® R 24 it eo}
(thermophilic bacteria)® 5-& o]£% BOD A~}
A=k a2y o]&9 BOD AlMs= of 71x] 2
7133 E A A Ert Goer R g Fo {7
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AlZbo] iR 158 o] o2 vl EA e} AjZle] &
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- Fo| M= Trichosphoron cutaneum-3 acetyleell-
ulose} Alolol] A B}ale] AbA4 A Sl HAgLo 28
Ad4d e BOD AAME sHEstd, ©]z& DO
meter, 3&% 9 peristaltic pumpel] ATz
ol ZbHEHA ASH o2 24 sHegt 314 BOD &
2z 2) & 31eksledct. o] BOD 2A A a4
4N 2] pH, 25, flow rate®] 33 53} & ™ x
A& 21, o E F7133HE2 gkl dalME 24
slo] A4 #j4=9) BODE &3 53 BODs 1} v} iws}
st

2.4 ¥

2.1 #0109 o7
BOD sensorg] 232 ¢18] DO meter2} AFEAS

& 77 YSI model 589 YSI 0, 2% AHg-shsich.

CRAE - F

BOD ZAA=19] peristaltic pump$} head: z}zt
Cole Parmer 07524-002} G-07518-100)%ic}. 8§20}
pH+ Orion Research digital pH/mV meter 6115
&4l on, 22 & Eyela UA-1062 o] 83} 2
=& JAsA z4dsledct & Gk vickrre
autoclave, BOD incubator®} shaking incubator+= %+
et AFE AMgsigch £ oujeky ugEe
Hettich D-72002] centrifugeE o] 83} 3] F3lgc}.

22 A% 3 8

& Ay FE89L BODsHol we} glucose
(Sigma) 150mg //2} glutamic acid(Sigma) 150mg//
2] £¢49(GGA solution) & AH&-3hglon, o] L)
2] BOD+= 2201220t} EF899L Q4alyg =
tris-HCl $& 8¢ =294 Azsigde) AYFFE
Trichosporon cutaneum(ATCC 22164)-& Al€3}d 3,
o5 wloFslr] 913 yeast extract+= Sigma 4] FEo)
913l malt extracty= Difco #|F%, peptoned
KyokutoA] A|2elgdct. viekd 7528 72717 9
3 FA9te  Millipored cellulose nitrate (pore
size 0.45umE A}-2-8tdc). Tris-(hydroxymethyl)
aminomethane2- SigmaA] & X*]|2FZ, sodium phos-
phate monobasic ¥ dibasic® Shinyod] EF+)ek&
Abg-stgich Adol L83 4o BT Pl 33 3
78 AHg-slgch

2.3. #Fo| it

Glucose 1%, peptone 0.3%2} yeast extract 0.3%,
malt extract 0.3%& ¥ AbZtEatAzel] 200mi7b
S S8 FHFT8 Y9A 121, 151boll A 1587 dF
&lsde}. 7l THchosporon cutaneum-2 1 loop¥ A F
8le] 28 C 9 shaking incubatorel & 36X17} E-oF ujoF
A7 3L 5000rpmelt A 14l -] sled A3 od o).

2.4. 0|44 & BOD MirMe] =@

Fig. 1o 4] vJebd viol zho) ufofsl w| Y &4 filter
holder (Millipore, SX 1300) & ¢]£-3}e] FAulq F
25 ulE o}g nylon 2. g 7HE bottom cap® O-ring

© 2 k&R Fol ¥4 BOD A€ A=k,

2.5. BOD &§33x|e] 1= U HEWUY
A 2% BOD AAE flow cell €l &7 148
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Fig. 1. The microbial sensor for the estimation of

BOD. a. anode, b. cathode, ¢. outer body, d. gas-per-
meable membrane, e. microbial layer, f. dialysis mem-
brane, g. nylon bottom cap, h. O-ring.

Fig. 2. Schematic diagram of BOD measuring system.
a. air pump, b. buffer solution container, c. sample
container, d. 3-way valve, e. peristaltic pump, f. flow
cell, g. microbial membrane, h. oxygen electrode, i.
DO meter, j. recorder, 1. thermostat, k. drain.
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Fig. 3. Response curves of the microbial BOD sensor.
(1) 20mg /L, (2) 40mg /L, (3) 60mg /L of the GGA

solution were injected.
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7¥o] glucose?} glutamic acide] E£§ F5£89-¢ &9
Z91€ W DO meter®] DOgto] B x| chr} Al &2 4]
8 F= 3 d A oA HEFHE S o
F 9tk GGA RE&849¢ FXF 20mg//, 40mg/I,
60mg /l22 B9l& o, Fxr} A o2l DOgL
= 4R ol AE 4 5 9o £ GGAY ¥
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ol 7}
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3.2. Flow rate2] Y&

GGA 249 30mg/l{2 o] BOD &4 o
3} flow rate2] o3& TAlsle] Fig. 4o EAjEMsAc)
2l2 g e (1M phosphated A-8-3}e] 32TC4 3
¥ o A EE FYsA et o] of flow rated 1~6m/
/mine. 2 Wi3}A|A A 857} 9 9 DO} 779
E 5ol DOZe) 2ol (4DO)F vl wdhsic) Flow
rate 2m/ /min3} 3mi /min Aol 4DO7} 714 =24

2.00 -

AD0(ppm)
O

I3
s}
I

! { ]

1 3 5

Flow rate{ml/min)

Fig. 4. Influence of flow rates when the same
conditions with Fig. 5 were employed.

vhelgan, 17 o) Bl §l el A& flow rates} W5
=2 Fel gzt RFE 409 ofo] Ao 7Fgo] Ut
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7} 5 et wkgo] A deojuix) st}
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A4 8.07}k2] WMEAA iR 247 Aot o] uf
glucose2} glutamic acid-& z}z} 30mg /14 £¢3 &
o2 ADOF 343t} Fig. SlA B ule} gro]
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Fig. 5. Relationship between the DO difference and
PH of the buffer solution when a standard solution
{(GGA 30mg /L) was employed.
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2xol| @& o] v YFAA ] 4 EAE A A
o2, 2§ 28C~35TE WHAHA rpdHA o]
BOD Al Aol gl x50} o2& dolrglr) o] 27
oA Ri= wie} zhe] gz 2EE 32¢~33CHR
A3 & o) 4DO7} 7H =A Jebgel 285 o)
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Fig. 6. Effect of temperature on the microbial BOD
sensor. The experimental conditions were the same
as those described in Fig. 5.
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v & AAE BODE 4% o HA 35S
e 43848 2] Slstd 2530 FHE
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Fig. 7. Comparison of the response of the microbial
BOD sensor in 0.1M phosphate(:)) and 0.1M tris-
HC]1 buffer solution([]).
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k24 FE= 0.1Mo]sich Fig. 7oA B 75
o] 0.1M tris-HCIZ 23 & dl&= GGA 54
50ppm7tA) gt 2419 W 91§ el el 2, 0.1M phos-
phate $3-8-o42] 79l 60ppm7ta] FL 2414
£ 2o Fqck E GGA EE 499 2t TR &
D09} zbe] X 0.1M tris-HCL 2+38-f o 2] 21} 0. 1M
phosphate $t3-8-Y |4 o 2 7§ & 5 et e}
4] 0.1M phosphate 2}%& o] Tris-HCl &33gof W
o} vy g2 A 9ol 4DOgLe] & Aol E Mo
F9lo®m 2 (.1M phosphate £3589 & Alfdle]
E AdE A sk

3.6. o ZIx| #2|8HEHES] I8

ul A E A Fo vlgE st o) 71x] §7)
3}HEo) drlt =g 2487 $iste 7 &
A2 Fxr} 0mg/iY o, HH A2 DOE &
sl Tuble 1ol vFehfgdct.

Table 1. Sensor response to various substrates. The
measurements were attemped at pH 7.0 in the pres-
ence of 30ppm of each substrate.

substrates sensor response
glucose 100.0
glutamic acid 105.1
fructose 78.9
galactose 98.0
maltose 82.6
sucrose 37.0
lactose 7.8
glycerin 96.2
alanine 43.7
glycine 21.1

Glucoseo] HgF o] BOD A4y 78 %E 10022
5}91g o glutamic acid®} galactose, glycerin 52
glucose®} ¥] 53151 2, lactoses} glycine S-of 3k 7
2L M4 AL AE g F Ut

3.7. ¥
BODE 24st7] 91 o] Al4e] AUTHE =4
CHELERELERCEEEETELE £ 25
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Fig. 8. Calibration curve of the BOD sensor. The
experiments were carried out under the optimum
conditions.

2] ADOE &4 3t Fig. 8ol e ich Fig. 84
B ups} go] o] AAE pH 7.0, $&29 &5
32Col4 GGA 549 60ppm7lA L A ¥
A& Jehgch Aol B vt} Fo] GGAY 5
=7t A4 0ol 717 obF F-& 494 (BODs=0ppm)
ol %€l <} BODs %ppm7}=] F& A @A 7} et
wewy, o A4e] ARl 0.9980]%ict. o]
30mg /¥ GGA £4E 43 E o vehts
DOzHe 2f 3% W 2loll A & AEAE ot =3,
o] BOD A& 8817 o2 df= 4TeollA] Rapsidd
Al Z2AE g Aol o 30U AR 5 WU
c}.

%48, Karube $-& Clostridium butyricum-3 BOD Al
Aol AHEled &, 0~250ppm BOD2] &40} 75
shet warsld ot Eofol A 2&d v|YE A
2ol 0~350ppm BOD el 4] A28 et
= Kulys £ Hansenulla anomalad A183815-& ol
160mg /{ glucose o] &Fe) M oAl A3 H-E A
t}. Riede E%] Trichosoporon cutaneum- A+-4-3151&
o) =AW 9l 0~100ppm BODel A viehde)l 51
A utee|ole] H-9E= 0~10ppm BODS =4 HeHE
vehflel. 22y AE 29 BODe 3183 BOD
ANx 2 7AE AEE HAste] AgEbE A W e
a7l ARgle]l 252 BOD 53] 7lssh €

- A - A S - oY

o.

3.8. diMe] 28

2 igte) 2 AEelM MEsE JUAS R A
H48 Zr x4 AestdA 1 s5e BODE &
Asl7] sisle] o] A¥oiA AUy BOD HA A&
o] 4313, 1 A -E JISH S Ao} vl st

Table 2. Applications of the BOD sensor

Sa&r:)[.)le BOD sensor BOD; method
E-1 17.8 21.2
E-2 22.0 18.4
F-1 48.2 51.4
F-2 42.0 49.0
F-3 54.0 53.8
F-4 40.5 43.2
R-1 70.9 76.3
R-2 55.2 64.2
R-3 98.2 103.3
R-4 90.1 81.6

Tuble 204} B.3= upel 7ro] BOD Aol o gt 77}
+ JISHlell vlaled oFzhe] Alel: iRt JISH AA
71 10% AEQ 2218 7R BRE of A AEs
¥e Aoz ARgrh g JISY Bk ole} 7] &
2] BOD Al Aol v]sle] wf$- w3 A}k o] Ao
2 A %3] BODE 24% 4 2k
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