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2 9 852 4 (dissolved oxygen; DO) Aol P]AE ha} B 5 RS H2kste] BOD(biochemical oxygen
demand) AXE AZsidith B & 223 @AEA A 23 tds nAdEES BOD A4l
A8t I Z-§EEE 2Alele] mE At 3593} 3 5HE Yehll= PSR Bacillus S HN24
o} HN93S AH3Id} F2 oz HA3}st BOD AA= Bacillus subtilis, Bacillus sp. HN24 Z18] 3L
Bacillus sp. HN93-S &85t plAlE 93} DO H=9] 7|AH %32 silicon rubber(SR) ZHe.2 ARS-gF A
ojm], ZHX 0T 4F-8 o 50% (Bt Hl&E FYst 5SS AT & Aol
A AZE BOD AlXE 100 mg/L BOD 5% o]A7FA] 94281 24 7H-3-4 (P=0.9986)% YETH

Abstract: The BOD (biochemical oxygen demand) sensor was fabricated by covering a dissolved oxygen (DO)

probe with a microbe-impregnated membrane and a dialysis membrane. Various microorganisms isolated from
the soils, water and activated sludge have been evaluated for measuring biochemical oxygen demand (BOD);
Bacillus species HN24 and HN93 were selected as they exhibited rapid oxygen consumption and fast recovery.
Improved BOD sensor could be prepared by using mixed microbes (Bacillus subtilis, Bacillus sp. HN24 and
Bacillus sp. NH93) and silicon rubber gas-permeable membrane for DO probe, and by bubbling 50% O, (N,
valence) through background buffer solution. This system exhibited excellent analytical performance resulting
in good linearity (*=0.9986) from 0 to 100 mg/L level of BOD.
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BOD AlA] o] AH&-E o] mAE FFEEE Tricho-
sporum cutaneum,”  Hansenula anomala,"™"  Pseudo-
monas putida,'™"" Bacillus subtilis,”'®"° Torulopsis can-
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AHWoburn, MA, USA)9] tecoflex polyurethane(SG-
80A)S AH&-3}Sith. Silicone rubber(SR) =+ tecoflex
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tetrahydrofurane(THF)-2 (5+)9 4t3} 8H(Ansan, Kyung-
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&3} Bacillus sp. BOD AlA] 3

2] 3L UV/VIS recording spectro-photometer(UV-240)2
Shimadzu AHKyoto, Japan) Al && AL&&A Tt AF
H(amperometry) 742> EG&G Ak(Princeton, NJ,
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o] AFE-3IA T G A Z = LB(1% tryptone, 0.5%
yeast extract, 0.5% sodium chlorid, pH 7.0) Wl A &,
a8 3 AlEFe] 718 o] 8% 2xYT(1.6% bacto-
tryptone, 1% yeast-extract, 0.5% NaCl, pH 7.0) HJA|
£ AFE3t ZARSIATE ol FA 2AME 73 BEAE

2 Bergey's mannual of systematic bacteriology® <}

¥ -llN
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LWW's organism central®® % Biochemical tests for
identification of medial bacteria®' ol &1 A 54 3l th
T HE A #57o FEE s S A HF A
+F9 genomic DNAE  CTAB(cetyltrimethylam-
monium bromide) Y H32S 2 F&3131, o] DNAE F
gJo 7 F3AMT-3(polymerase chain reaction; PCR)
< Y3t 16S rRNA 132 €71 AE8& AR
o} oolu) A #F39 168 IDNAS F%35l7] 913}
BIONEX *KSeoul, Korea)®] forward primer 5-AGA
GIT TGA TCM TGG CTC AG-3'Q7F)$} reverse
primer 5-GGT TAC CTT TGT TAC GAC TT-3'(1492R)

g A,

=

0:]7] /\1

£ Applied Biosystems A}

(Foster City, CA, USA)] ABI model 310& AH&-351

Table 1. Response time, magnitude of response current and recovery rate of the microbial BOD sensors prepared with various

microorganisms to 50 mg/L. of BOD standard

Strain Identification Response time?, min. Al LA Recovery proportion®, %
HN3 Pseudomonas sp. 171 1.49 34.1
HN10 Corynebacterium sp. 22.8 1.70 62.1
HN20 Pseudomonas sp. 18.8 0.320 18.8
HN21 Corynebacterium sp. 30.0 1.28 61.7
HN22 Corynebacterium sp. 64.8 2.63 <20
HN23 Corynebacterium sp. 223 1.31 <20
HN24 Bacillus sp. 12.2 2.40 86.5
HN42 Corynebacterium sp. 32.7 1.49 73.9
HN43 Corynebacterium sp. 43.9 1.51 543
HNG63 Corynebacterium sp. 46.4 0.83 51.2
HN72 Corynebacterium sp. 43.4 0.94 28.1
HN73 Bacillus sp. 17.1 1.28 322
HN75 Bacillus sp. 28.4 1.41 <20
HNO93 Bacillus sp. 252 2.77 539

290, X(Al/AT) > 100% in to period
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Fig. 1. Structure of a microbial BOD sensor.
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Fig. 2. Typical response curve of a microbial BOD sensor.
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Azrste] 7H-3AIZE 7HA 2R AL S| ERE RALE
P
Bacillus sp. HN249} HN93 VA& Z+2HS B, subtilis
o} 1:12 &3¢k 93} B subtilis, Bacillus sp. HN24
°F HN93S 1:1:12 33 28 S35 A3, Al
7HA RS E9E who] ZHSAIZH10.78) A
(AI=2.50 pA) HolA @A e -5 BATKTable 2).
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v ¥t Eul e Hlﬂi &ate] ERlstaat skt
Fig. 3& YA &5 L= &3 Bacillus sp.2]
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Table 2. Response time, magnitude of response current and recovery rate of the microbial BOD sensors prepared with mixed

microorganisms to 50 mg/L. of BOD standard

Strain Response time?, min. Al pA Recovery proportion®, %
B. subtilis + Bacillus sp. HN24 12.6 1.38 92.8
B. subtilis + Bacillus sp. HN93 18.8 1.55 243
B. subtilis + Bacillus sp. HN24 + Bacillus sp. HN93 10.7 2.50 86.0

g, X(Alg/AT)>} 100% in toy period
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Fig. 3. Growth curves of mixed cultures for selected
microorganisms in crude oil.
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Fig. 4. Dynamic response and calibration curves of the mixed
Bacillus sp. (B. subtilis : Bacillus sp. HN24 : Bacillus
sp. HN93 =1 : 1 : 1) BOD sensor with Teflon oxygen
gas-permeable membrane to BOD concentration.

teco-PUE ARS8l B3kTh SR teco-PU 4ha: 71H]F
Fehe AT HFA o] Hojuh B Y 2F
AR A A 2ol g-o]sttt SR teco-PUL] AMHE-2
ool 37K &t 71 AT AR R AT
=3 Baczllus sp. 59 350 Qs AT}
3] FHFE MRS (4D SreF A HA
3 ‘?:-4-‘?](%‘23”&%)% 77, EAE 5 HF
AFFetst B E 9 Apelo] 714 S H4s)
24 ks Fae] EelA vHEY S Hisste
o iR gte 2 SR} teco-PU 2He] =912 BOD
E IAY BHE 429 AME AAE &

=

0] =
py

l

E AT Ao = 7|fskitt

q Teflon, SR Z&] 3 teco-PU 7| TS AL
3 DO A9 0, 10, 20 2 I 30% A (A 299
Hl &) FEo tig A4S vas] Hokth(Fig. 5).
LA A 2sE SRE} teco-PU 7]A|F2Het Fof] SR B
Teflon BFET} 2k Fxpdo] A 3dEE= RS &
T Atk wEA SR 2 7RGt e g e sy
&3 vlAlE BOD AAE A #slal o] & BOD 5k
(20, 40, 50, 60, 80 Z#] 3. 100 mg/L BOD) ¥3}o]| u}
2 784S Lol Yth(Fig. 6). 2 A3 Teflon 2+
AHE-8K(Fig. 4) BOD AlM Rt AFAT ] AT &
7} B 4 99k gy JAS Hos & A
4] %3t} 100 mg/L BOD 5% 7|59 = Teflon
2k 71H T3 ekE ARE-gE BOD AlA 9} SR 4t 7]
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154 O Teflon
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E
=
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0
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Fig. 5. Calibration curves of the DO electrodes with Teflon,
SR and teco-PU gas-permeable membrane to oxygen
concentrations.

12 BOD solution added

Time, min.
124
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g 8-
=1
=
o]
6 —
4 4
T T T T T T
0 20 40 60 80 100
BOD, mg/L

Fig. 6. Dynamic response and calibration curves of the
mixed Bacillus sp. (B. subtilis : Bacillus sp. HN24
: Bacillus sp. HN93 = 1:1:1) BOD sensor with
SR oxygen gas-permeable membrane to BOD con—
centrations.

AEH2S AFE3E BOD A9 AR/ 712} 0.521
UA(Fig. 4 3%)9t 471 nA(Fig. 6 F=x)olth Fig. 5

o AAZAS Bl A7e] AR Ak FE
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30

0 mg/L BOD solution added

28] 20 mg/L
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E 30
= 0.0723x +28.831
a8 2 = 0.9941 60 mg/L
244 % 26
5
5 24
22 100 mg/L
224
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T T T T T T T
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Fig. 7. Dynamic response and calibration curves of the mixed
Bacillus sp. (B. subtilis : Bacillus sp. HN24 : Bacillus
sp. HN93 =1 : 1 : 1) BOD sensor obtained while
bubbling 50% oxygen to nitrogen gas in the 0.1 M
phosphate buffer solution, pH 7.0.
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