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Application of microbial agents in the rapid detector for BOD in
the wastewater from ships

ZHOU Juan', LI Jie'", YU Xueting', Ebaobamao?, Zhaxigiuzhong?, LI Songzhi', MING Zhijun'

1 School of Environmental and Municipal Engineering, Qingdao University of Technology, Qingdao,
Shandong, China
2 Monitoring Station of Ecology and Environment of Yushu Prefecture, Yushu, Qinghai, China

Abstract: [Objective] To develop a rapid detector for biochemical oxygen demand (BOD) in the
wastewater from ships entering ports in response to the stringent mandates of the International
Maritime Organization (IMO). The objective is to facilitate swift detection of domestic wastewater
produced by the multitude of vessels arriving at the port. [Methods] When testing the BOD
standard solution, Clostridium butyricum and Bacillus subtilis were used to manufacture the
biosensitive elements inducing electron transfer during the consumption of dissolved oxygen (DO),
which led to a change in electrical conductivity (COND). By treating dissolved oxygen as a pivotal
indicator and an intermediary in the monitoring process, this study explored the correlation
between changes in electrical conductivity and sample concentration. Through the development of
a quadratic polynomial fitting model that correlates electrical conductivity with dissolved oxygen
levels, and by establishing a connection between dissolved oxygen and sample concentration, this
research delves into the correlation between variations in electrical conductivity and the
concentration of the sample.[Results] The changes in electrical conductivity exhibited by different
solutions enabled the detector to rapidly distinguish between the wastewater with a BOD
concentration higher than 25 mg/L (the slope of the COND variation value is less than —0.01) and
that below 25 mg/L (the slope of the COND variation value is greater than —0.01). By establishing
a highly correlated fitting curve between dissolved oxygen and electrical conductivity (coefficient
of determination R*=0.977 83), this study achieved precise reading of samples within the ultra-low
concentration range (BOD<25 mg/L). The accuracy rate of the measurements exceeded 85% in the
in-suit tests conducted in Qinhuangdao, Hebei, China.[Conclusion] The measurement data read by
the rapid detector for BOD is highly consistent with the results obtained by the dilution inoculation
method. Moreover, the detector is capable of performing rapid quantitative analysis of BOD in
domestic wastewater from ships entering ports within 30 min, demonstrating high detection
efficiency.

Keywords: rapid detector for biochemical oxygen demand (BOD); BOD monitoring; Clostridium
butyricum; Bacillus subtilis; rapid detection

NEFEERE K FE R AR, T~ 21 (International Maritime Organization, IMO) £
AGE G KA B, SR, MYAA RS 2011 4E 7 A 15 H O /B I5 A 2 B F TV
IR 15 U FETS e F A S AR . EPRIEE4] [RESOLUTION MEPC. 200(62)] % 5K & i {3 £

>4 actamicro@im.ac.cn, 7 010-64807516



JEUE 55 | BEYEER, 2025, 65(2)

717

400 t &Lk Bz ik n] 2z 15 ALY E R
325 P 960 06 200 THC A 28k M 1) 75 7K Ak P 2 Bl 28 i
WS 7K IR A RN B R e T /KA, (5K
Qb 3R HE O ME AT PE RN SE S B ) (IMO
AR HORERERAR DX A M 4 fiE A S A o )i PR
i o RE R . R 2 TF [ 4K (total suspended solid,
TSS). Jofiifb iy # H 2k 1k 75 4 & (biochemical
oxygen demand, BOD) Fll fk 2% 75 4 & (chemical
oxygen demand, COD). pH % 45 #r # & T IR
P, BakdErh, BOD il 3301 ok ik
TS MAATEA T R SR Ar i OGS 3R

& 52 1) BOD A6 I >R FH i) i B 42 Ak 32 7K
W AERROE PR WORE LL ) S 2 R R R S
T L FE BRI (5 d), EOKEIHEIANICE
KA FRGINEH, Har, BOD Ay P E M 2 A
2 Fp AT LISEEL . — R i BOD il COD .,
S A HLBK (total organic carbon, TOC)., ¥ fif &,
(dissolved oxygen, DO). TR & AT [4 {4 (mixed
liquor suspended solid, MLSS). 4 1k it 5 i 17
(oxidation-reduction potential, ORP), pH B
F % BOD ki Ay, F I #L 4% 2% > 52 B BOD
TR, B R TiE SRR SRR S
JETT, DT BR T R 1977 4R
H AR} 75 Karube 55 & W G 2E W) A8 I8 UL
43Pk T 5E B BOD Wi, [ A% B AR B R
BOD PR il g ) 55 —Fh vk, Bk W AR kA
SEARE A W TH ARG A AL ] 7 2 Y 25 R A
fEXF BOD #EA1E, Wnaferkast™ . AL
b2 2 G0 0 A A TR A T A RO
o PO IS R AE A R e A
RIRFATINE , W OERN IS5 b 55
R BOD fH . 2GARIERE A R FEAR A, R
PERT A S E R, (K2R B AF
FESTE M SE 4 T STk m Ak HoR
R e o P U N A VAR S TR AN N 2

(conductivity, COND) . T /F A% BHAT 5 A9 22 fh i)
LA [R) B o3 BT e B8, A0 355 Bl A= 0 08 L H Ttk
(microbial fuel cell, MFC) F1 3 2E ) H i H 3t
(microbial electrolytic cell, MEC) 2 Y 19 1% Jik #% |
PRt e, TR A AT

CURTIN E a7/ )Ll R e Tl R DR S A S
PRPO2 g A5 5 e 1y 5 AR R R L B
[ A HERS , A= s 2 LA R R 1 38 A 5 1) i
ST BOD Y=o, A=W TE MRS, FERE
DENGE PR KX 25 il & i B T 1Tkt , 3%
T FMBCEY IO R, B0t
25 5 A 2 1 R T A B AR AE B 1 13 2E i
LR AT R AR PLSR B, X R A
A—ERRIPEES, BAE LD T RUEY R R
I 2k 117 4 B0 N R % S5 B ) T g 42
O [ E A A R4S R & I T (polyvinyl
alcohol, PVA)?% | 332 %H (sodium alginate, SA)27 |
BN M BEE (polyacrylamide, PAM) | B fig1214
TEWN B ZRE R, A BEFEH PVA-SA BEIR T
W ATE AT B (Proteus terrae) ZQ02-MB, il 511
A TR X AR 24575 Yo ) EAT R A R g i R
A5 H PVA F SA YRR E (LA R, Rl
EYBETE—E SN, REFEWREE . S TE
AR, TEXG R T XS A0 SRR HRATRE T 10 ] i
Wb T RO R A T R B

1 T AR A 5 T5 7K FR A ] BEAE AR TR K LT,
X 5 Bl i 75 K KA BT A AR 25 5 o P 4R A
1L A AEAE 2 R o S KRR i v A2 24 Y A BIL
JA3 T T B W S SR AR A A B2 SR
R AR ) A2 T i B AT AE R e O A T R
K A fir, AHSZ2 X T35 i 9 1 A BRAG I A
YRR, TR A FE VR 76 TH X &2 = 3 3R e A A 3R
TR RE FID3, PO K BB 35 1 2 Rh
Y i A E W AT i A2 v e AR, AT e 1
A B A i S 0 T 1 A i AR ED), LU

http://journals.im.ac.cn/actamicrocn



718

ZHOU Juan et al. | Acta Microbiologica Sinica, 2025, 65(2)

RS AR Wy RO G Bk AR T B A
P ——RIR PR A G P ok il A A 2R, Ay 2
T PERR . DI RERRE 19 A W) BUB TR 4 i
XF I K B 52 Ve . Al R ZE A8 R TS (Bacillus
subtilis) 2 B TH MR AL G2 B0 7 FH A RRU436371 0 iy
TR GRS ALY T 35k e, R
Fedgssm, mT LAY Kpl A AR 3 D, A
T AT BRIR B (Clostridium butyricum), ] TR
(2 o N = A T = N T e G
RETE S 4 W PR v 4E R R 19T ), A B3
R AL RN AR SO0 SR W A AN I
PR AL AT DTS e A W ik, S B TR
RETEMCE SR T AT AL Tl 25 17 5
52 5 BAEVR T T R I st 1L 2 Rk
FUEY 2R, A B T 2 AR A R A58 454
TAT R, EAEMEE A R RN, HI A
E= R TN I =R NI ST EE 3y b N =R o e = ]
AR, B TR TS TR WA A B
PES2 TR A DA A SR S T ) e PR T
VIt R Re L TR BRI A8 5 R M ) el 2
AT

AMFE 5 TEAFRAEAN TS K BOD AR HAS
DR, B T — i T3 B A O AU b L 1Y
DA AL 5 o 2R S B (R & BOD fyb
L MERRAIN , [ 2 i A ) £ BORL AR
T R PR ) M .l AR %R R R X
AR HEAT I, 90 TR 2 R A A A S PR
B R PERE, DU g — 2P iR 2
MR AR 15 75 7K BOD 3 K6 4 ek £12 {6
SR AN AR

1A

1.1 fEREEN A
BOD i {0 1 28 5t 1 7 R PR A& 1A Jr
IR BRI EBURL (AR 2R 3 mm)VE R

P4 actamicro@im.ac.cn, 7% 010-64807516

NETGH, SR L e Sk (T A P R4
AT A D), AT LA AT AL T FE RS 1 FL T
A ES, RINBTRME(E 30 s B 1K),
HL 19 7 A G B 2 5 000 400 iR O 45 A £ 1
R s, RPN . SeAER . FLERAR A
Ho A A A Ak 1 S Y, Han 250 FH A 3 e 35
Az W I AR B R AR R SR MEAE, KRR A AL
Yiis Yemt, AW S SRR, AR IR AR
CER/ TN N S o i w3 S R e 7)1 2
fiff () A ML) 5 v R I L~ 2 % 381 4 R 440 i
PO, IR A RS B R L R
Fig HE AL 8 W Mk W 7 v, AR B A SR A R
(% A5 5 A E BRIR Pk B 5 BOD MR G
A DL i IR A AR BT BODPL, L R
TRSARAE S A 0 Py, RIS 4
i Kk AR R A, AR O S g
ik, B SR ) SR S TR
SR EE, I IS R = B R, BOD
ISP E 1B iR, P A ar . FEhl
. WoRBE . ORI E . B E N
S8 o AT N I S HASIN (PR, AR R 22 i
o FH IR 7 T 20 B 3 S KA HE 57 F BOD A
W ARG 15 min, 7F 180 r/min HY45 3 T L RETEHE
10 s AR5 SR BEFE MR A -
1.2 FERFA

ROIGWEPVA), FALAKCY, KEETEE
KL TARSERT; 1 BEMmEN(SA), LigaRIifky
RAABRA R WA (CHOs), LBk
IR RAF] ;. A2 PR(CsHNOy), To/K &k
f5(CaCly), 258 2EH A BRA R ; B
A (KHoPOy), KT R 25 BR A 253 7 4 B
AH]; B E T HI(NaHPO, - 12H,0), KEtHiH
MAbEA IR A RA A BRAES AU, A
WFFE Tl A ) T A R 2 o SE g s kL,
A VS e S FE 25 2 /K (MLL-Q) il 45 o



JilE 4 | MR, 2025, 65(2)

719

A
Reaction vessel \
Organics
=
=
c HO
2
£
‘§Q
S
& </

(DCOND probe \S,CHSOT internal structurm

@ Transmitter

4-20 mA Mandard singal

@Displayer ®@Controller 'l

Moving average processing

(BComperature [@Magnetic

\control unit stirring unit/

G cmanvennsnse
A

EoRss BomaR oy na

@® are located ®® are located

below the disilai below the paper cup f

El1l BODRELMBGZITIRIB(A) K SEYIEI(B) . AR PR LH LA B o0 A3 B A e B A B, B AT T

PRTE .
Figure 1

Operating principle of the BOD rapid detector (A) and physical image (B). The positions of each

component of the instrument in Figure A are marked in the corresponding positions in Figure B.
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Figure 3 The impact of strain type and salinity on electrical conductivity. A, B, C represent the changes in
electrical conductivity when different bacterial species are used to measure the standard BOD solution. A is
treated with a single Clostridium butyricum; B is introduced with a single Bacillus subtilis; C is supplemented
with a mixed bacterial culture. D, E, F are the changes in electrical conductivity when measuring the standard
BOD solution at different salinities (using a mixed bacterial culture, with D, E, F respectively adding 10, 20,
30 mL of high-concentration electrolyte solution). The vertical axis of the graph represents the difference between

the instantaneous conductivity values read every 30 seconds and the conductivity value at the initial state.
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BOD standard solution

E5 A EIBODFRAEARHICONDALIBERZE
Figure 5
different BOD standard solutions.

Slope of COND treatment values for

W BE O R MR m 22 R, R IR R AL
JIT ST IERAH M R AR X 0.977 83,

mE 5 fiR, 16 BOD ¥ FEmARRT, SR
TR K, k% BOD ¥R ETF, M SR(E
ORI RSt 3 W N SR SRR B oA <K
H AT LUAIKT Y BOD ¥ 2 7E 25 mg/L D L ik
JE 25 mg/L LIF, PR el ARk B i 4 1 12
AT K B A T I T
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wl 9 Corres ponding value RO AL T o AR oAy, APAE iR AT EE,
! YSSTRXSLIN010219 figif Y BOD # R RSSO, Xf
g 05— SR > TR BT, A I 5 1 BT e Y
L R
g 25 FESESHIAEGR
2 st SEBRRHTET, B Y BOD S 54
I T SRR LS R T I, 5=t

0.05 0.10 0.15 0.20 0.25
COND treatment value

Ele MBIRKREL X RHILZANHE
Figure 6 Determination of ultra-low concentration

relationship curve.

24 EEMMRE
BREMRE-DELZNSE, TR R
J AU (AR 52 o A A ) 14 250 X A ) A i 2
FETIER, DA Mr BRI RS B . AR v, A
BEANTE P BB 6% 5 AN AS ] R e B p b e
RS EATAREIN IR R AR A R T 3 IR
I, EEEE 1 iR . BOD 7E 60 mg/L

#*1 BODIERGHEES 4RI

T AILAY Ay Z& 52 5 3 0 PR B A I B R AT R A
K HI R B RE Ry V54T BOD 5 o g 2 J
7N, CHOEURS IS Y E AR EE & BOD il (E -5

Mo B AA TR B A S5 R BN — 8, MERR A3
SEBRRR I E K
I3 D Y £ 4% R 1 BE B B 2 H Y SR R R

Y FH A S BRI KA AT AT o AL S T
2022 4F 7 AMI2023 4E 10 A, fEWILERRS S
b i R FEAT A, R 9 FUBE . K
MZER N 3 P,

IR AR A s, DR 2 i 3] BT B
IR A A A T S K AL B K, PR A T

Measurement value 2

Measurement value 3 Standard deviation

Table 1 Repeatability test of BOD standard solution
BOD concentration (mg/L) Measurement value 1
10 16 19
30 41 42
60 43 >50
80 >50 >50
200 >50 >50

19 1.41
41 0.47
39 -
>50 -
>50 -

BOD=50 mg/LI1)#A A g S e

TR AE, P ABCA ARIEZE A TR

The solution with BOD>50 mg/L can only achieve the definition of the measurement range, therefore, there is no calculated value

for the standard deviation.

R2 EZHRNNAA S HREEN O ER LR

Table 2 Comparison of third-party testing organizations and detector measurements

Sample ID Dilution inoculation (mg/L) BOD rapid detector (mg/L) Relative error
National standard sample 1 16 15 0.062 5
National standard sample 2 22 18 0.1820
National standard sample 3 60 56 0.066 7
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Table 3  Comparison of BOD rapid measuring

4 BODRM{UMELER

Table 4 BOD rapid measuring instrument measurement

instrument and third party test results results
Project name Dilution BOD rapid Project BOD rapid Project BOD rapid
inoculation detector name detector (mg/L) | name detector (mg/L)
(mg/L) (mg/L) Sample 1 9 Sample 14 30
Shipl in Qinhuangdao Port ~ 52.0 >50 Sample 2 54 Sample 15 )
Ship2 in Qinhuangdao Port  Extremely large >50 (1 462) Sample 3 35 Sample 16 37
Hang Tong 9.1 <25 Sample 4 44 Sample 17 26
Hesheng Xinshun 17.1 >50 Sample 5 53 Sample 18 21
East Sea 23.6 <25 Sample 6 48 Sample 19 72
Baoxing Mountain 30.8 >25 Sample 7 13 Sample 20 77
Dongyao Haitai 46.8 >25 Sample 8 25 Sample 21 23
Zhong Hui76 9.1 <25 Sample 9 14 Sample 22 28
Xin Rong79 9.1 <25 Sample 10 36 Sample 23 29
. R . . Sample 11 14 Sample 24 10
ﬁ?lj%fXd‘;@{uYﬁ ZKE(J#IJHEJ?*%J_‘? ’ Mﬁzﬁ’%i&/ﬁ( Sample 12 19 Sample 25 13
PR X FARAC A ML KA B — a2 JL R 1% Sample 13 14

I, SR 3 PXE A BRFEIA A EA R
ON LRI R B 1, RO R I e 2 T 3
J-rhoa] AR B 0 B KRR 250 T K B AR .
55 = R I AL S8R 2 A BRI AR BOD I
W HFE(BOD=18 mg/L), 1%l il & i 45
TR (2 45 BOD<25 mg/L). A 2§76 55 = 7 iy
JO7 P B 2 R L2 4
3 Wik

FEF 2002 4FE R ORI AT A
(BOD) HM 5 24 ) A% SR DRt ) 52 3 ) 90R
FH 2 360 [ B BAT T 1S P o AT S DA R e N 2 5T
5 58 2 1) R R T BE— 3K, AR IR E 45 SR Y
— 3, DA Y I SR A A5 A K T
30 do (1) AW FE A FHIR A P P il ok v 38 7510 oy
SRR, AR S R T R A AR
TERT AR TR 7, dl b O ik AR R O
Uit < 04[] B AT LG UE AR G I 7K A 5 A= 0 1Y) 72
SR RS, TCA ok TR R 22 ] N — B ]
B, (2) OIS, WA FH 2% PR A

B#eny @, (3) BT A YY) BOD KA &+
— P TAT I 25 S o g FH BsF Al A 0 0 52 380 B 45 Ui
AR B2 Y, R AR AR R G
(bioelectrochemical system, BES) i) BOD 4 ¥1%
EAFTEFAE K TPAR B BT, AR A% R e D)
R PO I & T BOD, (HAEABIAR L A9 /K IR
FAF T TR AN, AT I A X — 1)
R (4) BLHIGRDN] g £R BE MR K AR A2 19 0, $
ORI AR T AR Y 3 P S X, T
IKAFAE T AN S A 1 e
BOD 3 A6 I3 30 min A 4 H G 0 45

AT H] 2 G KA RE PR I 5 2 s A
I [ PRATUAR A ISTA I G, {HiZ BOD gt e il
A4 5 EE IR M T5, AR AR, AR
FIEHE FATI R, A SRR R . —
RAREN— ML, KA HREA T E S T —
TR, R EWT A ST IR, BRI AR I 3
it SR AT R TR R A 2 AT L R AT Y
SR AN, My EAREE HAR(110 V).
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4 i

AT rh e N R IR E R R AR &
T AR AE TSR A PLE BOD R AY, Ik
AL FETE 30 min DAY HERR X > BOD 7E 25 mg/L
DAL % 25 mg/L LR PR IAAE TR 157K o (R
TR R R LR TR AT Vg 7K P A 00 bl e A R AR 1Y
KR . LI E EE R R, BT
GRS AT W) BOD (EAATERFIRY AT RE, HoAh ik
FE% BOD #B 7w H T I 25 R i fEdfg vk, HLE
RT3 2RI Jr i ELAA R A DA
JE o FErp L ZE B S A SR e, 2 A
I B BT 85%, REME I I AR A 16 15 7K
H BOD PRl i i 2K

B

e I % 1 2 Sy J) AT W) A5 ) R A 0 0 st
NABEFERAL T E AR, FEIEEOEL

16 FT#R = A

JtE . ieSCRE S50 FHE: iR
Fgit; T A fsdr; MREE: =
HI3hhe; JLPERE: 25308 B0
Be: Phhsm R WIRRZE. Bl S AR,
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