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Application of microbial agents in the rapid detector for BOD in
the wastewater from ships
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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
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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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Figure 5 Slope of COND treatment values for
different BOD standard solutions.

We s OC R M4 ) fm 22 B2 8, JfFRcHiEth 2 =4k,
Jr Sy S AH G R AL ik 0.977 83,

mE s fits, 16 BOD MRS, Hi SR
FEER K, % BOD HER FT-, MSRME
A Az s, B A IS P E T
F G AT LK S BOD e B A 25 mg/L A 138
JE 25 mg/L LR, T8 AR AR MR B il 4R A0 15K
ST XK A T I T
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" I ‘_ s e by 1Y BOD #R 7 il F S5 R p R e, X

T 05 , SHE IR TR, Ak B R

2 R

£l 25 FEILWSMMKLER

2 s SEBRR AT, I & H i BOD S 55
o I : =07 K U HLAL B E S5 SR EAT LA, B =T
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COND treatment value

[El6 BIRKE X RIZAFFHE
Figure 6 Determination of ultra-low concentration
relationship curve.

24 EEEMMRE
FEMRE-DEENSE, kISR
G FRRE J3E R AR ) A % 0 o R IR) B RE: i
FETIR, LAAMHT R RS B . ARRRSE Y, 7E
AN P B P % 5 A [l 1 vk 1 Bt

FESRBEATRG I, X R AR R T 3 IR E
SR, MEH A 1 fras. BOD fE 60 mg/L

&1 BODIMERBHEEMKRN
Table 1 Repeatability test of BOD standard solution

I HLFG  Z8 52 05 1 0 RS AG I B2 R AT BRS ]
>R JUA B A% 51T BOD AU SE . ANk 2 Jir
7, PRSI ASCI R ) FEL AR BOD (RS

W B AA IR B A S5 R BN — B, R IA 3
SEPRRR I E K

03 SRR ) 25 i 1 B Y e 2 H R R IR AR R
T F AL SE PR P KA B AT ATV . A AR T

2022 4F 7 A 12023 4E 10 A, fEWMIbZE RS S
bV R EA TR A I, R 9 Y. K
MZE RN 3 FiR

IR A AN A, DR 2 i 3] i B
IKBE R A AA A 16 V5 K AR BR S Kk, PR A

BOD concentration (mg/L)  Measurement value 1

Measurement value 2

Measurement value 3 Standard deviation

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/L ¥ S RESZEL I

FELHERFE, B AT b2 AT H (e

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 B AR SIREAN (N EE AL

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 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 Sample2 54 Sample 15 2
Ship2 in Qinhuangdao Port  Extremely large  >50 (1 462) Sample3 35 Sample 16 37
Hang Tong 9.1 <25 Sample4 44 Sample 17 26
Hesheng Xinshun 17.1 >50 Sample 5 53 Sample 18 21
East Sea 23.6 <25 Sample6 48 Sample 19 72
Baoxing Mountain 30.8 >25 Sample 7 13 Sample 20 77
Dongyao Haitai 46.8 >25 Sample8 25 Sample 21 23
Zhong Hui76 9.1 <25 Sample9 14 Sample 22 28
Xin Rong79 9.1 <25 Sample 10 36 Sample 23 29
N R - . Sample 11 14 Sample 24 10
PR X FARAC A ML) KA B — 22 JL R 1% Sample 13 14
F, FEER 3 X B SRS AE TR A R X ‘
By, (3) & T A=Y BOD il 4%

ON RSN R B 1, RO TR e 2 T B
J-rhoa] LAAS B 0 W KRR 250 T I K AR . F
55 =7 R B SC 50 2 A LRI [ AR BOD I
W B FE(BOD=18 mg/L), 1% T RN i H 4%
SR () 5 45 R BOD<25 mg/L)., Y g8 7E%5 =7 i
PN A5 R L2 4,
3 Wik

I E F 2002 4 KA KT A AT A
(BOD) Y AL 4y 15 B pesd il s v ) BOLR
FH 2 760 [ B TR T S P o AT ASE DA R e N 3 5T
5 58 2 1) R R T BE— 3K, AR IR E 45 SR Y
— 3, AN A Y I Y SR A 5 A K T
30 do (1) AAHGEAE FH IR A5 Bl a1l A 2500
ORI, AL S 1 T R
TR TR 7, w3k AR R O i
Dt 2% 1) [e] B m) DLDRIE R A I AR 5 B 2k W 10 72
AR RS, JCA ik Pk TR R 22 ] N — B ]
B, (2) BEOMLIEF A, AN FH 25 R

— T I o S B I BB 0 32 B A B IR
AR B 5 R0, —Fh IR W bR R G
(bioelectrochemical system, BES) f) BOD = #) %
TSR TETHE K hAS BN, AE WG R 7RI
A PO AM I T BOD, {HAEASWIAR fk A /K IR
SR JOuE A 00 R 1 i I B A ek X — )
A, (4) LSRR Ry AR BE VK A TN 52 38 0, 4
O A A 3 T KR A A X, T
IKAEAE T AN M A 1 RE
BOD ‘PR3 A5 4 30 min P i H 4G 45

TN 22 65 46 DU ASCRE PR 3 0 7 2 1 s L
/0 E PRATAR A=A S, {H i BOD R A5l
A A T B g T, VAL, EEARA
FEEE LA, AW R . —
SERE IR, IR IIRE A S N —
T, ZIRACETT QAL R, SRR AR I
o 2 A HL A A 7 AN, R A
SR A, A B4R HFR(110 V).
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4 H
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T AR A TS K AP BOD Rl A, ks
DIASLREE 30 min LN #ERR X 4> BOD 7E 25 mg/L
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Gy FREEA 1) BOD fEAFTERRFIRY T BE, HoAh ik
JE 1) BOD #f i m th T I 85 R e, FLE
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o e BTG EE BB SR, iz AR
S B B T 85%,  REME I K AN A 15 15 K
1 BOD Pl o 122K o

B

e 5L 5 T JR A A T 45 ) A A AR 0 3 e
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1E# TR = A
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Fit; T al kst RREE: =
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