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ABSTRACT

A biochemical oxygen demand (BOD) sensing system using the combination of
three-electrode electrochemical detector, seed obtained from the activated sludge,
and flow injection analysis system (FIA) was developed in this study to examine the
BOD of wastewater.
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The detector contained an Ag/AgCl electrode (Reference electrode, RE) and a
Pt electrode (Working electrode, WE), which was coated with 20 xL Nafion to reduce
noises. The reactor was fabricated with acrylic plastic, and the activated sludge was
placed in an 18 mm (L) X 2 mm (W) X2 mm (D) cave, in which the tested sample was
reacted and detected with the above electrodes through the flow injection analysis
system. Standard curves were built from the experimental data for both GGA
(Glucose-glutamic acid) synthetic wastewater and swine wastewater by different
approaches: end-point, constant-time, quasi-kinetic I, and quasi-kinetic II,
respectively.

To verify the efficacy of this system, wastewater collected from pig farm was
tested. The results showed that, when using the standard curves generated by GGA
wastewater, the constant-time and quasi-kinetic I had better performance in
estimating the BOD concentration, with the deviations of 9.0% and 7.7%, respectively.
In addition, when using the standard curves generated by the swine wastewater, the
end-point, constant-time and quasi-kinetic I had much better estimate than the above,
with the deviations of 0.8%, 2.5%, and 1.7%, respectively.

Keywords: Biochemical oxygen demand, Biosensor, Three-electrode electrochemical
detector, Flow injection analysis system
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Fig.3 Sensor assembly of the sensing system

([3) - fﬁ%ﬁ@?ﬁiﬁﬂi? RILRLF] 2 | E PR
5 (Potentiostat, Model 1205, CHI, USA) > =i
F' CHI = il FiefRLfH o 53 A f g ) e 34
SRR R o

RS (R IRLS o) £ 45 mmX 30 mm X
10 mm i/l o “‘JPE‘F’?%“”H‘} = B
‘ﬁﬂ;‘? [ X 18mm P PR 4T EL 2 mm R
Wfﬁ 7 'F*%fw‘t" 72 mm? o & ElE k]

ERRORTRE B ImmpuitiE ([ 4) -

HPEIER S R RO B T B S
=k pr S (RIS R Tm FI‘JE/ ek
id] 7 }Zﬁfﬁ’ﬁv“?ﬁﬂﬁﬁfﬂu C 3’1“ LR
Ft 53 *’?Tq’ﬁ(FIA)puﬁ ﬁ%—r vp & —m’ﬁj—j%
=1 [F, R ety o 3—@[ SR E [F, i
i [ EEE T fﬂ P g T (A - BT
BORTAT i
- R R ELET

P PR AR AR
B 5039 '/if?"iifi FiAk o SRR A S AR
B ’ﬁmliﬁl@%ﬁ& 30+1°C > p%{inpuﬁrw
2 'J‘E%'f@ll—l ’J‘ E;J:, F]frij ;&‘ o Lﬂ' EL@TE gﬁﬁ
FUBLR 27 B UK COD 4 g@?ﬁ
%5 1,000 mg/L > G B 7 SRR L E

B4 KipEE
Fig.4 Reactor

& > 2V 20mL3jj I:L\[??:I?F"l I EESES T 3,000 rpm
B2 20 5544 ﬂﬁ’[ﬁﬁ'%#"ﬁw[ 1 e 0. 1M
2 fﬁﬁ?fﬂfi(Phosphate buffer, PB)3E Fﬁ' % 20mL >
IRt - VEECHER R F?ﬁﬂﬁéé"ﬂ'ﬂ%
R B > SRR R e U T
=Rl qgﬁl 4) -

H PR F"J?E[J: R SR
ot M T mé%jr'ﬁJmm
(Glucose-glutamic ac1d solution) » '] 150 mg &%



42

B ESH T 571546 ST1H] 20067 3%

i (Glucose) ¥ 150 mg ZFH [ (Glutamic acid)jft
Fﬁ?.i&%?ﬁ? 1L PFLF"F’ % (Liu et al., 2000) » &
BODs 7% £% 198 mg/L o ¢ FF5 I FILRLFR M fjij it

TR0 > H BODsA 4 125 mg/L - GGA
PR BT R RO U’fﬁf‘*ifkiﬁ
U”JxFﬁ't*E" i | = AN [ S g R
FEARSL o [0 P (EERELE PV B A IRV T
’"E??i%i!*?@’; e pu by fs - H BODs 79 5%
200 mg/L > 5% ALY [y A RO IE A
ﬁ‘ﬂfi 4+1C gwe;‘%@ﬂ[wia o KL Il
Prg sy WIS WA TR R - iR
7I<E3j?ﬂj Pyl (ST 9 E, Whatman
W1001-110 » - £% 100 mm ¢ » a4 £5 11
pm) o [ IR R P P
‘]‘H i%lii f gi%i'r g -

. ﬁ L §15) #Tﬂﬁ (FIA)

R R AR ‘Iflﬁ\ ‘FE‘ 32 R Eﬂi*

Ft55 7F’?;?%“%(FIA) ) &y ? VR (SMP-23S,
Eyela, Japan) ~ &J (Model 5020 Valve, Supelco
,USA) ~ 1By (OD3mm ID 1 mm, Tygon, USA)

o BRI R S 30 mLh 3 H| P 4%
R VR 5% T IR PO

HisE I 5 7 -

5 ZAEMEE
Fig.5 Structure of the multi-channel valve

OBEAE
1. 5k [
CRUEEEI Sy ﬁ“éfﬁmﬁl‘ﬁﬁj
s I R A wﬁ?h‘ DS SN
— "¢ 20 uL pY Nafion F#IEU F |4k 2] WOH H
s Naflonp HF’BL’JF F[ e pT o ARt
d IEI ﬁ]ﬁig*ﬂl%%*— Nafion 1% 51 i {7
i&i@ 5%}~ Nafion J %YQJ J 1210 poE=f=p I
i
R \_Fuf@*rhfi/h[ﬂ ~ TEefer=e FIA
FRRE o Y R T 6 5T o
79 7 A i 1| Phosphate buffer (PB) =47 # 7
P BCEIFT ) S0 mUL/h oS o LS

E Potentiostat

Buffer Samplel  Sample2
Stirrerl Stirrer2 Stirrer3

RE
Effluent
| 4 Influent
Sensor
Microorganism
Reactor

Valve

6 EERRMECER

Fig.6 Schematic diagram of experimental layout



EXD

SR AR D PR

-:r

il I

43

P GRS T ] - 0.6 V IV RS
%ﬁﬁi’I@ﬁ T e
o BRFUN 2R

i T R
E e T”%éi{i NI I=UES
Bz AR R
SRR - FRIR A % %J&*&%ﬁ
=gt P BREES @EUE‘E A G
BT [ 1) 534 - E%%%ﬁ%%
FHH-06V] J?ﬁ’g{ﬁ F; %giﬁj]ﬁ YR A
H|RS232 fdi = {5 * r}*’«]},l_ﬁ 3P R BRI i
e 30£LCHVIT IR T - Ui Poafy
TE I (R -

CHRRHER

ﬁﬁ?ﬂﬂ’ﬁ’ﬁfﬁzPB FI1 1A B = E ﬁ[ %
T EE lﬁfﬂﬁ gj‘%"mfww%i [ - =
%%@U%{/J E"tilﬂﬁﬂj(End pomt) R
e o PB IR o fpl RO A TR @EU?W"H{? ’
& E"\’ﬁﬁt?’r‘fﬁ )RR LR ﬁ}' }%%f‘ &5
- lﬁﬁiﬁlﬂ”ﬁf?ﬁ'ﬂ 5 - Iﬁﬁiﬁ B A ] 7 &
%ﬂuiﬁiﬁw*%@'@u~wﬁ
I?:' AVER L E EJ;C'%\J Wé:ﬁ fy AL
I?Pﬁm*?o
'(3j WA 38~ T

) m

F7l GGA I') 2 9

60 ~ 80 ~ 100 * 120 mg/L =+ 7 7} [l i *
TS o ST HIFI R BOD ORI (=R 0 2 q'
SR P AL - FI P =g o~ r%fdl.
o [EELEYE AR o W RRRE R )
fiel 1 BODs £% 25 ~ 50 ~ 75 ~ 100 ~ 125 mg/L 3~
FE AR - AR bl e
IASL [ P ) [l g 3 soref i B
R0

Lo
) (=255
PR B D BOD 47

WTW BOD 57 % (BSB 1020T WTW, Germany)
» Wtk = BOD {fif]|E (Closing cap) °
) FHE T A
Bl HEJ ey @Eﬁ’ﬁﬁ iISEE 7‘&
pIGEL > ST EIr “S‘P’ﬁi (End point measurement)
~ [l JLE% ff3# (Constant time measurement) ~
7| %3 T (Quasi-kinetic measurement I) » 3
3 I (Quasi-kinetic measurement II) =747
A e P I o LR FIJ*KJ e (S :El
I BOD fifi fits {#45 » fl 7 Fr T, U %ﬁ i
‘f » 2005) :

Fa-lfgRS - GGA 53 I ] BODs £5 20 « 40 - (5345 . B » 2002
4.30E-06 1
110
4.10E-06
3.90E-06 1

3.70E-06 1\ IT1

_—

3.50E-06 + \".

= 3.30E-06 } =\
310E-06: LI LLT T AREEEEEpETEEE, .l- 2

(2) Constant Time
measurement

2.90E-06

——

Al (1) End Point
measurement

3 S (4) Quasi-Kinetic
2.70E-06 i @) ﬁ::::::;t:ﬁ I measurement Il
] Quasi rate = (IT1-10) Quasi rate = (IT2-1T1)
2.50E-06 a ! L 1 1 L L
0 200 400 600 800 1000 1200 1400
Time(sec)

7 DT T (1)FEREE -
2002 ; §& » 2005)

(2)BIErRS I -

COMERE I (AREE N (R

Fig.7 Analysis methods: (1) end point measurement, (2) constant time measure-

ment, (3) quasi-kinetic measurement | ,

(B » 2002 ; §& » 2005)

(4) quasi-kinetic measurement Il



44

B ESH T 571546 ST1H] 20067 3%

Dz [ﬁﬁiﬁ (End point measurement)
B PR B O e
B fﬁ?ﬁﬂ H R AR IJ Ry IE?‘ HY
s AIEL AL T = F‘-fﬂ"‘T fift (=55 A ]
fﬁj}%{ o
@) il iEﬁ 13 (Constant time measurement)
ﬂﬁﬂﬁfﬁ’ﬁi*ﬁi-ﬂ
FJ E IJ == i IEP—*‘?J;{H%%JLF
ﬁ Y E o AT W 1 5 fAl W““%ﬁ?
El_q’:’r%t XE_E{L,FH—%“E# E,IHWO
37| F3# I (Quasi-kinetic measurement I)
EREI~ T%F'?ﬂﬁf} I ﬁﬁk‘[\?ﬁﬂ 73 R (AY
At) o Rl i pu B T 100 7R i thT
Y B0 7 A (MR [P B
LI W“QHF I fifi (lo) 71 100 P e
o lE(hoo) 1 i FH lﬂiﬁ‘“f‘ [Z1RESE
Wﬁ?@m AR V5 J‘F’?@TUE Y I A
EaNTREE) ﬁ«;ﬁ ugg f&@t\m@
[ﬂlbt»gﬁgﬁij FRE R S pu
(ER A f JPH%%
@ 3| 3 1T (Quasi-kinetic measurement II)
P B R o g
ot A fiagh [~ = SR ] o HER B (Eﬂﬂﬂj‘j%‘
EURPOREHAR N IP=RLI] 100 FRAT
400 FJ Frif] 6 Lﬁ fift (53 PIEE oo * oo )
FY = il s ?‘fﬁﬂgﬁﬁ“ﬁ‘i%ﬁ"

= BREER

BRI P OB T T SRR
Y- ﬁﬂﬁ}ﬁ TR GGA - BT ’4?,[ 73 RN R
I R PR AR O RLE R

O GGA R 2R 7%

1. e Al Ssa s o — GGA
[p 8 7 #% ~ 5 GGA 7 BODs £ 20 »
40 ~ 60 ~ 80 ~ 100 * 120 mg/L ~ 7 7 [ L% 10
REEIENAE > 55 15D GGA20 ~ GGA40 GGA60\
GGAS0 ~ GGA100 ¥ GGA120 - 7 U B+ YL 4%
N H R i B R R
o Pl
2. el gEcl Ffit— GGA
[ 9 = 1 12 53 IS ASRIEE - L
P RS TR RS R AR sy
AR A BRI 10 fY T R
200 ~ 400 ~ 600 ~ 800 % 1,000 F ] #H iz U -
S U T R ] [ S
ﬁ'}ﬁ,’ﬁqﬁfj?[J%f%Ei'((Rz) i I\;,;a}[iﬁ’ﬁi pu
D RE g 0 10,9892 A HE YA it
£L GGA ufgivE sl » (EI [ 5L «;;ﬁ; F'?éfdf;lré
T R 14 1,000~2,500 7 7 357 - fi‘fﬁiﬂﬂ’ﬁ’ﬁ
T IO R AR gy 2R R

5.00E-06

L 4.15E-06
AO0E-06 52 srarnss GGA 20

: GGA 40

] GGA 60
3.00E-06 .

] s GGA 80

—_ Biiats TSN
< ] ., oo GGA 100
2.00E-06 T —— oot ssstrsso s onatn, GGA 120
1.00E-06 +
0.00E+00 | L L L L L
0 500 1000 1500 2000 2500 3000
Time(sec)

.8 TH/IEFGGA E@./m.gﬂﬁﬂﬂ%&%

Fig.8 Curves of current dynamic change at different GGA concentrations



SRR B AL PR

]

2.50E+00 1
J n
< 2.00E+00 §
2 ]
2 ]
2 1.50E+00 }
g ]
o ]
= 1.00E+00 }
e o
£ ]
8 5.00E-01 1 y=00198x-0.1615
3 R?=0.9892
0.00E+00 1 L L L . . L .
0 20 40 60 80 100 120 140 160
BOD:s of GGA (mglL)
9 GOCA IR#ihR—HE0A
Fig.9 Standard curve of GGA using end point measurement method
2.00E+00 + u GGA200 . /E T=1000 y =0.0174x - 0.0672
© GGA400 “e R?=0.9809
_ A GGA600 5 T=800 y=0.0165x - 0.034
S 150400 } A GGAS00 P R?=0.9752
"g” & GGA1000 ,,g,‘/ i ﬁ T=600 y =0.0154x + 0.0125|
s g R? = 0.966
2 1.00E+00 + T=400 y=0.0138x +0.0625
8 R?=0.9571
a3 T=200 y=0.0104x + 0.0938
5.00E-01 + R%=0.9511
0.00E+00 . , . . . , A . ,
0 20 40 60 80 100 120 140 160 180 200

BODs of GGA (mg/L)

10 GGA ZH#ihiR—EERFEA
Fig.10 Standard curve of GGA using constant time measurement method

1.20E-02
1.00E-02
8.00E-03
6.00E-03
4.00E-03

2.00E-03 y =8E-05x + 0.0006

,R?=0.9641

Current Change (pA / sec)

0.00E+00 L L 1 L L
20 40 60 80 100 120 140 160

BOD; of GGA (mg/L)

11 GGA IR#RR—RIZE |
Fig.11 Standard curve of GGA using quasi-kinetic measurement | method

o



46 HIF R 5715%  571H] 2006:F 3%
__ 3.50E-03 ;
o 3 | |
& 3.00E-03
:t% 2.50E-03 T
g, 2.00E-03 T
{_*: 1.50E-03 3
;:: 1.00E-03 3 y = 2E-05x + 5E-05
t 5.00E-04 T R?=0.9074
0 O‘OOE.*.OO 3 Il Il Il Il Il L 'l
0 20 40 60 80 100 120 140 160
BOD:; of GGA (mg/L)
B 12 GGA {ZZEpE—RIZEZE I

Fig.12 Standard curve of GGA using quasi-kinetic measurement Il method

I E Y R Ly R T R R
L) e (DR (R o

A TR A (RO R AR
W0 RS T 100 Fp [V 1) AR
e IS+ (FRLPS EG R P o 0 BV
PRI BTS BT i e
TR P R2EE (S 0 59T 0.9641 QZFZ/' z
SRR T R wﬁ%wWF
%%o%$ﬁﬂﬂﬁﬁ$MWWWﬁﬁ@ﬁ
W TR R R AT AR L
0.9074 -

| R LH Ifl

o AT i T
LﬁrﬁII%WHtﬁEH@@Wﬁ
7 5[ 200 7 > R2#97E) 0.9511 ffsf
B [P R 0 (T AL Y S5 A ]

3. GGA 52 v I S6L b ) 25 7 L

Y HILS E RER R
$HIB%$ﬁHW@ﬂW%§Wﬁ$ﬁﬂ%
BV AR A EORRRIAS N IR 1 A

fF 1 387 F‘ A VE RGBT IR N L

5% g’ﬁi WE S I pY 53 ES 18.7% 1)

’]:B‘?I

*U

el

= 2
RSy

W-15.7% » il R R R A TR
£5-9.0%1) % 7.7% > la?xﬂ,j/?f'i% i ,J:gt [cg ,

P R T g GGA (BT )fﬂy‘*lgﬂhg,\ﬁﬂjf
T%” Eh'JLF'ﬁ R A AR T 7 %@i‘“
FE'”F'?EH@
fhy i HL,IJL;HJE R L | HL,IJLFHJ;
#W%Qwﬁ@ﬁFﬁZWH’%}ﬁlw%

&1 GGA R AIESEEK BOD 2 L& !
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v * .
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#EE ik
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Constant Time
#E %
Quasi-Kinetic I 135 7.7
# %1 145 15

Quasi-Kinetic II
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2 Swine wastewater was analyzed by a WTW BOD
analyzer, and had a value of 125 mg/L
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Table 2 Comparison of the swine wastewater e .
BOD measured by swine wastewater =
2 s e
standard curves OB ERE KL (MBRKE)
. " BOD fa:]{& E S o
T\J_/Iethocis Estimated BOD Fzgc;r ﬁ Ji;r}H S S A F'Uﬁ@f 3{“@*% b
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Table 3 Comparison of the swine wastewater BOD
measured by swine wastewater standard
curves (dual points calibration) 2

Foook BOD 7 {& ® 2
T\]—/[ h (i Estimated BOD Error
ethods (mg/L) (%)
LR
End Point 124.93 01
EEH?F&J% 124.81 0.2
Constant Time
RS
Quasi-Kinetic I 121.83 25
&% o "

Quasi-Kinetic II

' Bk X WTW BOD #4428 » 244 2% 125 mg/L
2 Swine wastewater was analyzed by a WTW BOD
analyzer, and had a value of 125 mg/L
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Table 4 Comparison of testing time and errors to estimate BOD of swine wastewater by
using standard curves derived from different substrates
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5 3 swine wastewater dual points calibration
Methods BAR % £ RAEM ® £ o ® £
Measuring time Error Measuring time Error Measuring time Error
(s) (%) (s) (%) (s) (%)
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) 2 B B i
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