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In-situ Determination of Endogenous Decay Rate of Heterotrophic Biofilm by

Microelectrodes
QIU Yu-qin, ZHOU Xiao-hong, SHI Han-chang

(State Key Joint Laboratory of Environmental Simulation and Pollution Control, Department of Environmental Science and Engineering,
Tsinghua University, Beijing 100084, China)

Abstract: A separated oxygen microelectrode was constructed, based on the improved structures to determine the oxygen distribution in biofilm
at an endogenous state. Based on the diffusion-reaction model, the endogenous decay rate was evaluated by curve-fitting with the measured

oxygen profiles. The results showed that the fluctuation range of output signal of oxygen microelectrode was reduced from (1.64 +0.25)nA to
(1.53£0.06)nA; the signal became stable with the fluctuation rejection ratio of 19.41 dB after the structural optimization. The endogenous

respiration rate and the endogenous decay rate of heterotrophic biofilm were evaluated to be 2.979 mg*h™' and 0.0059 h™".

Key words: biofilm; decay rate; oxygen microelectrode; endogenous respiration

FERE AR RE T, 240 F 1 B IR FE AN AL
DAFR LA A T 0 I ke A= 4 g Ak 1 AL P B B B
FEAZIY BE A (1 1 B A T 5 3 HOPK O T 3R
B R R AR O g U R i AR T
DGE A FE B ] T 9T 3 22 SR TP IR R R 3R A
IR TG MG Ve R G B R Y H, T
PRI 2% A A 1R P S i A B A Jor PR, T AR
BTSN AR H R TR D 2 T
SR P95 106 1R S 0ok 28 K0 B A P IR e R
B, B R Y A T B AR KR RS
FH 5 T3 30 SR IR A 0 1 S R 2 AR 2
JTEHAREARIUH A AR IR Dk R a2
AR FRAGZE 57, AT AS B8 I 5 3t S e H A4 0 e F)
iR AL

A SR A AR B AR e TV, L 448l O FA 5 A0
20 SR ETR 0 DS R R 1 R S VR B SR
.20 AL 60 XK, Bungay 20 2 o Tl PR A
7P i 0 A A D A TR B PRI ST 3 4
K, Bishop A58 30t — 215 4 S ok et A 1 FH 81 2 A 8 1A
I3 )2 AR RS AL AR PR F 2 o A AU B AR AR A
JIE P £ 2 B s

ABIFFUR) 2 H L S — o 3045 A= P
TERR BRI T i . ST R P AR R A s R A T
PSP IRCIR 2 K AR M P9 TR A8 0 A 5 DL 5 65 97 TR
PN 5 REAUA A BRAT A 0 F) S 9 3R B I TN 45
SRAENS S LI 1 3 TR 4 R Bl 2 ) 0 S il i
R, LA AL P RERE R HAT 0 L R

1 #MR57AE

1.1 R
WF 5T A R ) o s S 3 55 7= AR W . I N 2
9500 mlL BB, K BSOS S 1B He /N T g
AU Mg ek B /N aCASE I A8 AT SO 2%
AR AR ) IS (1) B8 AR SR FH 2 THT F T 15 1 A7 WL B 385~ AR
(3 em x 3 em) . JEZKCIG R 22 N AT V5 7K, B2
RHK 1R,
1.2 Tl AR AT R 3R 4 1) 4 4t
Y s H EA: 2007-11-08; 1&3T H #8: 2007-12-29
HEEWE: FR HRRI2EILE I H (504780090 B X & i S 57 &
R BR 5 VR T H (2005CB724901)5 B K BCE e 10k
4150 H (20040003040
1?%%ﬂ:ﬁﬁ§§(1984~ ), L, B F g AR, X ERIFSE T ) Sk PR BT

e,
% JHIHEER A, E-mail: hanchang@ mail . tsinghua.. edu. cn



113 IS 45 57 A%« T SR Bl R P A A R A S 97 W 5 0 AR B T ) 3111

X A W B S U R B AT I o e S A DA
MR R G MK R AR A 41 Wocklo]. R4 &
B = 4 r B B 5 CWN103TA100M, b 5Tk 4
SR AR A B A A D A Bl XUE G
(PA2000, Unisenses 75 2 )« $ 8L 9 B4 (60 mm x 60
mm x 10 mm) « 4 K 5 < (UA303, b 50RO AT pC
MUZL . b PR A A K 38— R )
Vg FL D L [T 5 0 ok 2R 0 Al o A DU Rl P AR ]
E=HErB T & I b, 26 )1 6 IRORS 3
NLL 50 pm 2P KA T B AP TT RN B A
HEAT ARSI, A W45 2 16 LA 8 B vk o
L, I ) e s R B AR B L AT
SER R
1.3 a4

T JSUE IR R e v, AU o A 2 e T 2 IR R
TH, A5 S5 5ae v e T4 B v] e
JEE IAEAE FH LGB 2 (R 22l A DR BRI Clark 34 FR,
e, AR BRI S Y, i AR 032t H A o e 1] o
(10 53 1 X AR P A . 20 2 Al e AR P A 7 vk L S
BRL101. 5 Clark B FE AR AR E 8¢, 43 2 A e i 1 1
SRoE MR 2, I, AT 2 i R AR A T
ZERIPRAL . Jensen 254 H K A R R AR B A N L
PR RH R 1R B 0 A R A o ) R P Y KCL VA, 4
N AL 22, 4R 22 J: b BE S B B ik /5 T, Ao 4
FRr A P R A LA (4 A M L A AR T R AL
T ¥ 53 2 A S B A — R TR P, &
B CAB B, B D45 P A 2 i T S 3T 44 2R i Kl
B AR, AR A A R A T AT KC W I
TN/ AR 22 A5 SIS, R RS 22 452
Hh 6 EE 10 HR AR AR R Z5 R DAL T S B AR T 2
S, VR g R LA IR 2 5L
1.4 AEWNSE P9 95 v e ol 2R 5 s A5

MEPIRERE IR R ERE R 1 mm 25 AT KRR
P MR TR L] A k2R S N, ) A A
TETH K AR L DR FFAE 3 ~ 4 mg/LZ 18], TS T 5
g/ LACVBR R A A Ak e R E12) | A g i 3 o 45 1F
R e I TR, DR A AR R 8 AR W T Y 1) R
WREE AT REAT R . Y AE Ak T P U RF RS )
ERR 2 b RS I A= 40 B P (1 3 At A0 B T 4 A I O
73 B AN [1] B[] 420 R P82 B A2 0 MBS B2 T A e T 2

RRRELA Ty 5O PR AR E /i 5 N
PSR 2 1 O R 2, A D R

d*ec
Dy R OUR,, (D

BAoral 345

_ L(L J )
¢ = D, 2OURi“z + Az + B (2)

X, ¢ IR IE (mg/L)s D A2 A AE LW I
B AL (mm? /h) s 2 HAEDERE (mm) s OUR, M
AR N U IR E  Cmg/h, BL O, 7).
R STHRE 13 Tv0T 601 Ay 8 7 3k o4 5 5 ik 2R 0 1)
KR
OUR,, = MLVSS x K, x e "' (3)
A, Ky AE IR R ECh ™" )5 ¢ AR KD .

2 HZR5IE

2.1 AR g R e

WA 10 HLAET R AR A 25 A A | 5 1R R B, 48
T R, CEAR G 5 min I TR] PN, G800 R B A &5
PG JG 15 5 W1 2 L AR AL AT {5 5 A e . BLEE 4
SR A, B 1 s DA TS S B A
BN (1.64 + 0.25)nA, P4k J5 1A 5 389 (H K
P EVE A (1.53 £0.06)nA.

& AR AT TSI A -
Var( SO))
Var( S,)

Horb Var( S, A HTE 5 177 2, Var( ) 72
VAl JE A5 5 1 5 22 . Gk s Rl &5 A Ak 5 (45 5 D%
FINHEILE A 19.41 dB, K IAPCALRCR R 4T

1.9

NRR = 20 log( (4

1.8

1.7

S/mA

G

1.6 i

LI

1.5

1.4 I [P S 1 1
0 50 100 150 200 250 300

t/s

1 SEREREMRNLRTERIES R
Fig.1 Comparison of oxygen microelectrode signals

without and with the shielded pipette
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Fig.2  Oxygen distribution in biofilms
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Fig.3  Oxygen distribution in biofilms
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Table 1  Calculation of biofilm endogenous decay rate( calculated by 0, )
OUR;, - -
t/h 2D, /mg* mm ™2 OUR,,/mg*h~!
0 0.402 4 3.042 144
2 0.3945 2.98242
4 0.3917 2.961 252
6 0.3878 2.931 768
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