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Microbial control of river pollution during
COVID-19 pandemic based on big data
analysis

Hao Yan∗
Zhengzhou Technology and Business University. Zhengzhou, Henan Province, China

Abstract. Under the influence of epidemic situation, the treatment of pollutants is stricter. After the epidemic, how to treat
the river pollutants by microorganisms has become a difficult problem. In this paper, the microbial treatment technology
of water pollution was studied, and the water quality model was used to simulate the process of microbial degradation
of river pollutants. The dynamic equation is used to describe the relationship among microbial proliferation, removal of
organic pollutants, change of dissolved oxygen concentration, different forms of nitrogen and different forms of phospho-
rus, so as to realize the mathematical expression of water quality change in the process of microbial treatment of river
pollutants. Finally, the numerical simulation model of microbial treatment of river pollution is obtained through exper-
imental analysis, which provides an accurate reference model for the prevention and control of river pollution after the
outbreak.
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1. Introduction

The novel corona virus pneumonia outbreak
occurred worldwide in late 2019 and early 2020 [1,
2]. Under the influence of epidemic situation, the
treatment of pollutants is stricter. After the epidemic,
how to treat the river pollutants by microorganisms
has become a difficult problem. In this paper, the
microbial treatment technology of water pollution
is studied, in order to obtain the numerical simula-
tion model of microbial treatment of river pollution
and provide an accurate reference model for the
prevention and control of river pollution after the
epidemic [3].
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With the continuous development of industry and
urbanization, the concentrated discharge of indus-
trial waste-water and domestic sewage, the increasing
load of organic carbon, organic nitrogen pollutants
and phosphorus compounds in rivers, and the increas-
ingly serious water pollution in urban rivers, it is
particularly urgent to carry out research on river reme-
diation technology [4, 5]. With the advantages of
low energy consumption, low cost, good effect, easy
operation, long duration and no secondary pollution,
microbial remediation technology is the most promis-
ing main remediation technology [6]. In order to
further explore the water quality migration process
of microbial technology in river pollution control,
this paper combines Monod microbial prolifera-
tion model with expanded activated sludge model
EASM1, and Steeter-Phelps water quality model to
numerically simulate the process of microbial degra-
dation of river pollutants. Dynamic equations are

ISSN 1064-1246/20/$35.00 © 2020 – IOS Press and the authors. All rights reserved

mailto:43992275@qq.com


8938 H. Yan / Microbial control of river pollution during COVID-19 pandemic

used to describe microbial proliferation and removal
of organic pollutants. In addition, combined with
the change of dissolved oxygen concentration and
the relationship between different forms of nitro-
gen and phosphorus, the water quality change in
the process of microbial treatment of river pollu-
tants can be expressed mathematically, so as to
provide scientific basis for water quality predic-
tion and process improvement in the process of
treatment.

2. Establishment of coupling model

2.1. Model fundamentals

Organic pollution is widespread in major rivers in
China, and non-point source pollution is increasingly
prominent. According to statistics, more than 1 / 4
of rivers and river reaches in China cannot meet the
requirements of the most basic irrigation water (Class
V water quality standard in China) due to pollution.
As far as the reach is concerned, the water pollution
is serious and cannot be used for irrigation, that is to
say, the reach inferior to class V accounts for about
10.6% [7]. The water body has lost its use value, and
46.5% of the river reaches are polluted equivalent to
class IV and V [8].

(1) Monod model [9]. In 1942, French microbi-
ologist Monod Jacques found that the growth curve
of microorganism was similar to the biochemical
reaction curve of living enzyme. On this basis, a
Monod model describing the concentration of sub-
strate and the growth rate of microorganism was
proposed.

μ = μmax · S/ (KS + S) (1)

In the formula, μ is the growth rate of unit
microbial biomass; μmax is the maximum spe-
cific growth rate of microorganisms; KS is the
semi saturation coefficient; S is the concentration of
substrate.

(2) EASM1 model [10]. One of the main tech-
nologies of microbiological technology is biological
addition. The simulation of biological addition pro-
cess needs to focus on the three processes of nitrifying
bacteria enrichment culture, nitrification and denitri-
fication in the main reactor. In 1986, the activated
sludge model No.1 (ASM1) developed by the inter-
national water association was used to simulate
the processes of carbon oxidation, nitrification and

denitrification with good results. However, the ASM1
model does not contain the phosphorus removal
process. if only ASM1 is used to model the bio-
logical addition, the change of phosphorus in the
river course and the effect of biological addition on
phosphorus removal cannot be simulated. EASM1
model is based on ASM1 and adds corresponding
phosphorus removal process, which can simulate
the changes of phosphate and phosphorus accumu-
lating bacteria in the river course. Compared with
ASM2 and ASM2 D, the dephosphorization part
is simplified, the fermentation process, chemical
precipitation process and denitrification dephospho-
rization process are omitted, and the model is
simpler [11].

(3) Streeter Phelps water quality model [12]. The
growth of microorganisms is not only limited by the
growth substrate, but also affected by the change
of dissolved oxygen, hydraulic conditions and flow
hydrological conditions. Therefore, the improved
S-P model is used to describe the law and expres-
sion of One-dimensional Steady-state River material
transport [13].
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2.2. Development of dynamic equation of
coupling model

By adopting the basic principle of self-purification
and the equilibrium of activated sludge method,
the numerical simulation in this study uses Monod
dynamic equation developed in EASM1 model based
on chemical oxygen demand COD as the equilibrium
between microorganisms and other biodegradation
processes. As the migration and diffusion processes
in rivers are controlled by velocity gradient, the
hydraulic model generated by longitudinal flow
velocity is very important [14, 15]. Assuming that
microorganisms and other variables change with
water flow, the migration and diffusion term should
be included in all dynamic equations. The mathe-
matical expression of biodegradation process is as
follows.

Concentration of easily biodegradable organic
matter (SS ) [16–22]:
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Active hetero trophic biomass (XH ):
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The names, units and typical values of the above

parameters are shown in Table 1.

3. Determination of model parameters and
model solution

(1) Dispersion coefficient Ex. Many formulas can
be used to simulate dispersion coefficients in rivers,
such as McQuivey and Keefer, Fischer, Jain, Liu, Seo
and Cheong, etc. This paper uses the most commonly
used Seo and Cheong simulation formula.

Ex = 5.915

(
ux

u∗

)1.428 (
W

H

)0.62

Hu∗ (6)

ux = 1

n (A/P)2/3 S1/2
(7)

Where u∗ is friction velocity m/s; W is the width of
the river, m; H is the average water depth, m; A is the
cross-sectional area of the river course (m2). P is wet
week (m); S is hydraulic gradient; n is the roughness
of bottom slope of Manning formula.

(2) Reoxygenation coefficient K2 . In this paper, the
reoxygenation formulas of O’Connor and Dobbins
are used to simulate:

K2 = 3.93u0.5
x

H1.5 (8)

(3) Pdepe solver in Matlab is used to solve the
partial differential equations in the model.

4. Case analysis

4.1. Treatment measures

HX River is an east-west urban inland river on the
west side of WAA Road in NC district, WX City,
with a total length of 1.36 km and an upstream sec-
tion with a water surface width of 4.5 m, water depth
of 1.4 m and sludge of 1.6 m. The water surface of
HX Bridge is 25 m wide, the water depth is 1.5 m and
the sludge depth is 1.9 m. The downstream section
is 7.5 m wide in water surface, 1.1 m deep in water
and 1.2 m deep in sludge. The river directly receives
the domestic sewage of surrounding residents. The
sewage from 5 public toilets and 5 garbage transfer
stations along the river all the year round and dis-
charges about 10100 m of sewage directly into the
river every day. In this paper, the improved numeri-
cal model uses the hydraulic data of the long, straight
and regular trapezoidal channel, the river width is
25 m, the river bottom gradient is 0.00001 and Man-
ning’s coefficient is 0.020. From November 12 to 13,
2018, according to the monitoring results of river
water quality and the results of laboratory small-
scale microbial acclimation, the cultured microbial
agent (containing more than 3.0 × 109 viable bacte-
ria/ml) was diluted with river water in the proportion
of 1:5, and added with promoter in the proportion
of 1:1000, and then the diluted microbial agent was
injected into the river bottom mud and river water
with pump by plum blossom inoculation method. The
inoculation range is 1.2 km from the upstream gate
of the river to the box culvert of Wuai road in the
middle and lower reaches. 250 kg of microbial agent
is inoculated every 100 m, 120 kg of XL microbial
accelerator product and 150 kg of culture medium are
put in. Three times of inoculation were carried out.
9000 kg of native microorganism, 6000 kg of medium
and 5000 kg of XL microbial growth promoting agent
were used.

4.2. Result analysis

The average monitoring data of 5 water quality
monitoring points were used for simulation from
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Table 1
Representation of model dynamic parameters and correction results

Symbol Name Units Typical value

10◦C 20◦C 17–18◦C

Yh hetero trophic yield coefficient 0.67 0.67 0.67
Fp Attenuation product coefficient 0.08 0.08 0.08
ixb Nitrogen coefficient in cells 0.09 0.09 0.09
ixp Nitrogen coefficient in attenuation products 0.06 0.06 0.06
Ya Yield coefficient of auto trophic bacteria 0.24 0.24 0.24
�max,H Maximum specific growth rate of hetero trophic

bacteria
d-1 3.00 6.00 12.00

�max,a Maximum specific growth rate of auto trophic
bacteria

d-1 0.30 0.80 0.80

kh Decay coefficient of hetero trophic bacteria d-1 0.20 0.62 0.62
bA Attenuation coefficient of auto trophic bacteria d-1 0.10 0.20 0.20
KS The half saturation coefficient of the solubles of

hetero trophic bacteria
(COD) mg/L 20.00 20.00 20.00

KOh Half saturation coefficient of dissolved oxygen
in hetero trophic bacteria

(O2) mg/L 0.20 0.20 0.20

KNO3 Semi saturation coefficient of NO3 production
by hetero trophic bacteria under hypoxia

(NO−
3- N) mg/L 0.50 0.50 0.50

KX Half saturation coefficient of organic matter in
hydrolysis process

g/g 0.01 0.03 0.03

KNH4 Half saturation coefficient of dissolved oxygen
in hetero trophic bacteria

mg/L 1.00 1.00 4.00

KO,a The half saturation coefficient of dissolved
oxygen in nitrobacteria

mg/L 0.40 0.40 0.40

kh Maximum hydrolysis rate constant at 20 ◦C g/g 1.00 3.00 3.00
ηg Anaerobic hydrolysis rate constant of hetero

trophic bacteria
0.80 0.80 0.80

ηh Correction factor for anoxic hydrolysis 0.40 0.40 0.40
qPHA Rate constants of PHA storage of

polyhydroxyalkanoates
g/g·d 2.0 3.0 3.00

qPP Rate constant of polyphosphate PP storage g(PP) /g(PAO) d 1.00 1.50 1.50
�PAO Maximum growth rate of PAO d-1 0.67 1.00 1.00
bPAO Bacteriolysis rate constant of XPAO d-1 0.10 0.20 0.20
bPP Decomposition rate constant of XPP d-1 0.10 0.20 0.20
bPHA Decomposition rate constant of XPHA d-1 0.10 0.20 0.20
KO2 Saturation coefficient of SO2 g/m3 0.20 0.20 0.20
Kss Saturation coefficient of SS g/m3 12.5 12.5 12.5
KPS Saturation coefficient of phosphorus stored in PP g(P)/m3 0.20 0.20 0.20
KP The saturation coefficient of phosphorus in the

growth process
g(P)/m3 0.01 0.01 0.01

KPP Saturation coefficient of polyphosphate g(PP) /g(PAO) 0.01 0.01 0.01
KALK Saturation coefficient of alkalinity mol/m3 0.10 0.10 0.10
KIPP Inhibition coefficient of XPP storage g(PP) /g(PAO) 0.20 0.20 0.20
KPHA Saturation coefficient of PHA g(PHA)/g(PAO) 0.01 0.01 0.01
KMAX Maximum ratio of XPP/XPAO g(PP) /g(PAO) 0.34 0.34 0.34
iPBM Measurement coefficient 0.20 0.20 0.20
vp Measurement coefficient 0.01 0.01 0.01
YPAO Yield coefficient of polyphosphate bacteria

(biomass /PHA)
g/g 0.625 0.625

YPHA PHA required for PP storage g/g 0.20 0.20
YPO4 PP required for PHA storage g/g 0.40 0.40

November 12 to 23. The simulation results are shown
in Fig. 1. From Fig. 1, we can get:

(1) The simulation results. In the first 4 days
after microbial inoculation, microbial agents
and additives were put into the river, and
the manual operation was frequent. The river

was affected by human disturbance and the
DO concentration rose rapidly. The simula-
tion results of Fig. 1 model were high. After
4 days inoculation, the disturbance weakened
and the DO concentration gradually decreased.
At this time, microorganisms multiplied and
decomposed pollutants in large quantities. The
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Fig. 1. Model simulation results.

water quality of the river was improved and the
DO concentration slightly increased. However,
due to the metabolism of microorganisms, the
DO concentration fluctuated. The simulation
results are ideal.

(2) COD simulation results. COD concentration
increased two days before inoculation, which
was caused by the continuous proliferation of
microorganisms. At the beginning of the third
day, due to the role of microorganisms, COD
concentration decreased rapidly and finally
became stable. The simulation results were
ideal.

(3) TP simulation results. Due to the continuous
injection of domestic sewage, the effect of
microbial action on TP removal in water qual-
ity is not particularly obvious in the data, and
the simulation value shows a slight upward
trend and then downward trend. The simula-
tion effect is better.

(4) Ammonia nitrogen simulation affection.
Within 4 days after inoculation, the concen-
tration of ammonia nitrogen tended to be
stable, and on the fifth day, the concentration
of ammonia nitrogen increased, which may be
caused by a small amount of nitrogen element
in the adjuvant.

In conclusion, the coupling model can be used to
simulate the change trend of water quality in the river
after microbial inoculation. Among the five moni-
toring points, the difference between the individual
monitoring data and the simulated value is large,
which may be caused by the accidental error during
the field operation in the process of microbial inoc-
ulation, or by the indefinite discharge of domestic
sewage of residents along the HX River. The overall
simulation effect of the model is good.

5. Conclusions

In this paper, for the first time, the extended model
EASM1 based on the process of increasing phos-
phorus removal by ASM1 is coupled with Monod
microbial proliferation model and Steeter-Phelps
water quality model. The corresponding dynamic
equations are put forward to simulate the change trend
of DO, COD, TP and ammonia nitrogen in the pro-
cess of treating pollution by microbial technology,
and relatively ideal results are obtained. In this paper,
the water quality index TP is added to the water qual-
ity prediction model module for the first time, and the
dynamic equation describing its migration and trans-
formation process is obtained, which expands the
water quality prediction in the pollution control pro-
cess and provides reliable basis for the development
of water pollution control technology.

Because HX River did not completely cut off the
pollution source in the treatment process and the acci-
dental error in the process of artificial field operation,
the water quality during the treatment was simulated,
and the results showed that part of the simulation
results were not ideal, and there was fluctuation phe-
nomenon.
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