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Abstract; The principle of the detector is based on the effect of microbial toxicity of water sample on the electricity generation in
microbial fuel cel( MFC). The performance of the MFC-type biotoxicity detector was evaluated with the synthetic water containing
heavy metals of Cd>* and Cu’". The experimental results demonstrated that; (D relative to the conventional methods, the MFC-type
detector is easy to operate, and suitable for on-line measurements with high sensitivity; @) it only requires 4 h to complete
measurements, and can get ready for next measurement within 4 h; @) there is a significant linear correlation between the concentration
of toxic metal(s) and inhibition ratios in Coulombic yields of MFC. As the IC,, ( concentration causing 20% inhibition) of cd®t, cu*?
and mixed metals (Cd** and Cu®>*) were 0.6, 0.8 and 0. 25 mg/L, the regression coefficients were shown to be 0.996 0, 0.974 4
and 0.990 7.
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Fig. 1  Operational procedure of the biomonitoring system

using air-cathode microbial fuel cells
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Fig.2  Correlation between Cd>* concentration and

Coulombic yield at different reaction times
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2.3 B R R

L BOD fA 2y 40 mg/L i) GGA ¥ W AF A fE %
W, AT AR Cd® " e A 0. 05 ~ 0. 8 mg/ LI £ i %
W (BOD B 40 mg/L) , il fEFRHERNZ (18 4) . &
4(b) AT, C* ¥R BE R 0.1 ~0.5 mg/LIsk, HAm
HRE Cd® W W H R MEAM L (R =0.996),
K 4(c) A5, 58 1 10,8 4 0.6 mg/L.

0.12 25 25
@ 2L ®) 20 *
X X
% 15t sl
g 008 Lﬁhi&r\ % 8
E jof 2 & 10 2
= R*=0.996 g R*=0.8605
51 Sty
0.04 . L 0 L L 0 I 1
0 15 30 45 0 0.2 04 0.6 0 03 0.6 0.9
t/h CA* R /mgL? CEP IR E /mg L1

(o) A IR 0 2 A o YR P FL TR - T S 28 5 (D) IR 5 Cd® " 3R (0.1 ~0.5 mg/L) RPER R
(e) M3 Cd>* W HE (0. 05 ~0.8 mg/L) &KX R
B4 mEFEN
Fig.4 Detection of Cd**



7 4

FEESE B MIC B A ) R A2 SRS 0o o 3 8 T G 0 A 5

1599

2.4 HE TR

JH BOD {8y 40 mg/L 1y GGA ¥ Wi 1F b Ui ¥
W A3 SARGIN Cu® " Yk BE Ry 0.1 ~ 0.8 mg/ LAk £ 0 4%
Wi (BOD fE )y 40 mg/L) , Hil /AR HERMZ (K S). i [

S(h)af A1, 76 Cu® ¥R 0.1 ~0.5 mg/Li, HAm
WIS Cu® Wk B EAMKE (R =0.9744) , & 5
(¢) AT 40,50 B T 1C, 5 M 0. 8 mg/L.

2.5 BT 5 E IR WA

0.14 20 25
@ (®)
0.12 F).\ 5L R2=09744 20 -
010 b = 151
g # 10| 5
| E L
0.08 = = 10
0.06 } Sr 51
0.04 1 L ( | I 1 0 L 1 0 1 ) | |
0 5 10 15 20 25 30 35 0 02 04 06 0 02 04 06 08 10
th Cu? W /mg-L! Cu* IR & /mg-L!

() e JERRS T S b L 00 fRL - G 3R 5 (b) DRI 25 Cu® " M BE (0. 1 ~ 0. Smg/L) (LR PEL &R
()Ml %5 Cu® " W F (0.1 ~0.8 mg/L) MLHER R
B S5 $EEFR

Fig. 5

L BOD {f } 40 mg/L () GGA ¥ Wi 1E i e IR
WA RN Cd*  Cu® T HEBE Ry 005 ~0.3 mg/L
R 4F DU %5 Wi (BOD B Ry 40 mg/L) , il £E b5 #E i £&
(1 6). HE 6(b) A, fE Cd*"  Cu" ¥ JE ¥ K
0.05 ~0.25 mg/Li}, Hilk =g cd®" Cu’  WE R

0.10

% @
0.08

S .

0.06 |- ]
0.04 I ! L . | ! !

0 4 g 12 16 20 24 28

t/h

Detection of Cu®*

H IC

» I

R (R =0.9907) oIH K 0.2 mg/L. 5§
Ay Cd* Cu® ML, 2 FhES T AY IR A W X MFC
FEEL I HR T L U G Gt A A A
FIFEE M, X 5 R F 95 4 B I 45 R R —
.

24

®)
R= 09907

HEIER/%

| I
0.1 0.2 03

Cd> FICu R AR /mg- 1!

() f2 JERR I 52 b VR 1Y P - 1) SC 2% 5 (b) DRI 5 Cd® * ok BE 9 ek 6 R
E6 BEFSHAETFRERMEN
Fig.6 Detection of Cd** and Cu®*

LRk LTk L MFC BUE Y SR RS T T
A= )RR ARG F 4 R SRR AR . AR S A 2R
EW, A —E RS TR, G’ kR
0.1 ~0.5 mg/LE, HAMN I 4 5 4 8 4 o7 vk B iy 4 vk
R Al €T Co’ IR AW P, CdYT Cu’ R
$70.05 ~0.25 mg/L(Cd** Cu®* ¥ BEAHEE) IF, HLA
il % 5 A 1Y) BTk E R LMl OC R A3 R W
1C, fE 43 %14 0.6, 0.8 1 0.25 mg/L.
2.6 &P AR EEVERS DN T 2 LA

AT P b 8 T 70 2 P A 0 ) 25 b e
P S50 5k 1 D B R e LR 1

HIE 1 AL, f0 28 | S ml o S B ML S 00 A7 A 4
A DR AT TR HE S 6 J 300 A B A 1 DR BB
RE PRI A2 [ G HE A2 bR HE Y KOG A0 R 7L (GB/T 15441 -
1995 ) WAF 1E 38 78 A W) DR A7 52t DL R (A B A ¢
B R) . 5 1 3R J7 1 AR BE, MIFC 3% ) FRL it H A
I R 7 R Bl R D AR s AR W, B A I
e A [a] iF M) B K A BLA I B, o e TTRAT 5 03



1600 AN 5

7

E2 31 %

F1 KRERSERNFELR
Table 1 ~ Comparison of biotoxicity assays of water quality
A6 75 72 A J5 B s e 27 30k
Szt bt KA B RS THTFHERS AL EN, LERAMK HREMEmE
oL I O = W [1a.16]
- HEWEXM KEERKEES i I 25 A 92 58 I [ 4K
FRTEHEIRI o ’ S 2E i, =4 . 17 ~19
R T SEIMBEHEM, 5 T M S e W A [17 ~19]
K 9 KA Y B B DA R R RN AR Sy TAER K, I R K R 120217
e £/ VPR WA b M T 4 AR A A ’
P MK AT B BX RO KR, BR R R B, BRAEECN B R A AR A (5.2
B TR OGER AR AL BAEC T VR X ’
PR WIS e A B
y . \ KA B Y BT MFC 7= R BRI AER = d w25 1 ROR iR A e .
B IIXE": 3 o g : NI
e Y UM R WA ML IR Aok el
e I

Sh, T B R Z M AN R T A I A 2 Y TR
B, RS R — R R AR (I RO A ) ML,
T A ) T B K S5 ) S B B

B MFC B A Wy R P AL AR 45 HA 1] PR, R AT
i, 5 T4 g, 2808 8w , ) SO I ) 5, o B
U T AT SR BT ST E U AN T S PR AR
I, O ARy MEC f% J8 A 1 < RS 2 P, 18 31 A4
Yy B 1 B 37 7 4 i i H B9

3 #ig

(1) B3 MFC BU/: W) R P AL A 45 1 17 B B A
T R, A B AL G RO aE T, T T
ARG T (CA Co® ) AR B
(2) Bz MFC BLA: ) 3 1 15 AR 1Y 38 B G
DS E] g 4 b, 5 BEREE] 2 ~ 10 min, PR WS [E] 4 h.
(3)1Z A% By BRI A Cd®" Cu’" 1 2 B 1k
B IR G, 45 R R 3 R 1C, (8 43 0 A
0.6, 0.8 F10.2 mg/L, XJ A5 I 7™ H, Y 40 1) 5 5 K
WEREBZFLRECR, LXK 25 450.996 0,
0. 974 4%10. 990 7.
B30k
(U] ET 8, BERE, F s, 5. /K BT P R A ) AR R H R
JEa ()], IR ,2008,21(2) :27-29.
[ 2] Gerhardt A. Whole effluent toxicity testing with Oncorhynchus
mykiss( Walbaum 1792 ) ; Survival and behavioral responses to a
dilution series of a mining effluent in South Africa[J]. Arch
Environ Contam Toxicol, 1998, 35.309-316.
TR, WM. b =R R R e A W X KB & ( Daphnia
Magna Straus ) i) 2V 2 PECH [T ] 7K A 42 #7741 , 2000, 24
(3):201-207.
Wong S L, Nakamoto L, Wainwright J F. Detection of toxicity
organometallic complexes in wastewaters using algal assays [J].
Arch Environ Contam Toxicol, 1997, 32.358-366.
Stefano G, Luca B, Aldo R, et al. Improved detection of toxic
chemicals using bioluminescent bacteria [ J].
Acta, 2002, 8:113-120.
FAEIL, EAL R GF BT R ) Cellsense /1 ) %

Analytica Chimica

[6]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[21]

[22]

TEAS BT ERE AT Y [T BT AL 2% ,2009,30 (4) : 1210-
1214.

Kim M, Youn S M, Shin S H, et al. Practical field application
of a novel BOD monitoring system [ J]. Environ Monit, 2003, 5
640-643.

Ampai K, Proespichaya K, Punnee A, et al. Microbial BOD
sensor for monitoring treatment of wastewater from a rubber latex
industry [J]. Enzyme Microb Technol, 2008, 42 483-491.
Dhall P, Kumar A, Joshi A, et al. Quick and reliable estimation
of BOD load of beverage industrial wastewater by developing BOD
biosensor [ J]. Sens Actuators B, 2008, 133 478-483.

Je T BB B, 2 ER K. IR K [ 25 A b 305 A W HRORL L
BT[], BRESRL2% 2006,27(9) :1786-1790.

Mia K, Hyun M S, Geoffrey M, et al. A novel biomonitoring
system using microbial fuel cells [ J]. J Environ Monit, 2007,
9.1323-1328.

S XK TRDURE , S5 AR AR 5 AR W KL LI B BOD
R AS MR [ T]. 3R EEARE4%,2009, 30(10) : 3099-3103.
FRTE, T O YR IR AS BOD M i 3 B 5T 3 R
[J]. BREERF2E 24, 2007, 27(7) : 1066-1082.
RE,FRE AT, % L IRELEXNAEMFRES
AR i 2R S BN [T ] B R 44,2002,23 (1) :
103-107.

Toussaint M W, Brennan L. M, Rosencrance A B, et al. Acute
toxicity of four drinking water disinfection byproducts to Japanese
medaka fish [ J]. Bull Environ Contam Toxicol, 2001, 66 :255-
262.

Roex E W M, Langen M C T, Gestel C A M. Acute toxicity of
two compounds with different modes of action to the zebrafish,
danio rerio[ J]. Bull Environ Contam Toxicol, 2002, 68:269-
274.

Barbosa I R, Martins R M, Saemelo M L, et al.
chronic toxicity of dimethylsulfoxide to daphnia magna[ J]. Bull
Environ Contam Toxicol, 2003, 70:1264-1268.

Lan C H, Peng C Y, Lin T S. Acute aquatic toxicity of N-

Bull Environ

Acute and

methyl-2-pyrrolidinone to daphnia magna [ J].
Contam Toxicol, 2004, 73.:392-397.

SR, A E R PR L FOROLAT N VRN B A 1 B
PLT]. N A2 ,2005,16 (1) :171-174.

Ma W, Liang J, Xu L, er al. Acute toxicity of 33 herbicides to
the green alga chlorella pyrenoidosa [ J ]. Bull Environ Contam
Toxicol , 2001 ,66 :536-541.

PNELSC, B 22 2R 5 A HLTS Gy 18] A9 AH AR AR (]
HiE b2 ,2003 ,22(5) :440-444.

Aruldoss J A, Viraraghavan T. Toxicity testing of refinery
wastewater using Microtox [ J]. Bull Environ Contam Toxicol,

1998, 60:456-463.





