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In order to investigate the cause of accumulation of the inorganic suspended solid (ISS) in biochemical tank for wastewater
treatment plant (WWTP) in recent years, the influent quality of one WWTP in Chonggqing was monitored in one year, and
the removal efficiency of ISS during the pretreatment process was studied. Results showed that the low removal efficiency of
ISS (<7%) was ascribed to the weak removal efficiency of sand in the grit chamber. The primary sedimentation tank showed a
good removal efficiency of ISS up to 69% and also had a good removal efficiency of COD up to 70%. The annual variation rule
of MLVSS/MLSS for mixed liquor varied in contrast to the influent quality, ranging from 0.24 to 0.57, much lower than the
normal value of 0.7. In order to maintain the normal function of activated sludge, it is necessary to retain the primary

sedimentation tank to remove ISS.

1. Introduction

The pretreatment system of municipal wastewater treatment
plant includes grille sand, grit chamber, and primary sedi-
mentation tank, among which the main grit chamber and
primary sedimentation tank could remove pollutants, and
the treated wastewater directly entered into the biochemical
tank. Some research was focused on the influences of influ-
ent and flow on the removal efficiency of phosphorus and
nitrogen in the biochemical treatment system, obtaining
much precious operation regulation experience [1-3]. How-
ever, less attention had been paid to inorganic suspended
solids in influent. In recent years, a large number of inor-
ganic solids were deposited at the bottom of structures in
oxidation ditch and other sewage treatment systems, result-
ing in reducing the hydraulic retention time of wastewater

and the effective volume of reactor, which seriously affected
the performance of wastewater treatment [4, 5]. Meanwhile,
a large number of studies had shown that MLVSS/MLSS of
activated sludge was significantly affected by inorganic solids
of influent, and the MLVSS/MLSS of activated sludge in
many wastewater treatment plants was as low as 0.3-0.5,
which was below the normal level of 0.7 [6-10]. The results
indicated that there were still a large number of inorganic
suspended solids flowing into the biochemical treatment sys-
tem after the pretreatment system, reducing the activity of
activated sludge. Therefore, the influent quality of one
WWTP in Chongging was monitored in one year, and the
removal efficiency of ISS during the pretreatment process
was studied. Meanwhile, the influences of the pretreatment
system of grit chamber and primary sedimentation tank on
the treatment of inorganic suspended solids in sewage were
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FIGURE 1: Sampling points of the wastewater treatment plant.
TaBLE 1: Average concentration of pollutants at each sampling point.
Index Influent of grit chamber Influent of primary sedimentation tank Effluent of primary sedimentation tank
Particle size (um) 60.93+7.17 57.58 £8.15 49.56 +7.73
COD (mg/L) 635 + 203 620 + 177 277 +91
SS (mg/L) 1123.2 £272.7 1048.7 £ 335.7 317.6 £125.0
ISS (mg/L) 809.2 +234.5 769.5 +261.3 231.9+86.9
TN (mg/L) 67.72 +£8.23 64.24+9.13 45.08 +8.22
TP (mg/L) 93+14 8.7+14 48+1.1
1SS/COD 1.34 +0.40 1.30 £ 0.51 0.93+0.89
COD/TN 9.30 +2.29 9.61 +2.24 6.11 +1.59

analyzed, providing technical support for solving the prob-
lem of the decrease of the organic component ratio of acti-
vated sludge.

2. Materials and Methods

2.1. Sampling Points of the Wastewater Treatment Plant. The
wastewater treatment plant was located in the main urban
area of Chongqing, and the combined sewerage system was
used for sewage collection. The service area of the WWTP
was 125km? with a processing capacity of 60,000t/d in dry
season and 100,000t/d in rainy season. The pretreatment
system for sewage treatment was composed of rotational
flow sedimentation tank, horizontal sedimentation tank,
and the inverted A”O process of biochemical treatment sys-
tem. And the process flow is shown in Figure 1. Besides, 27
samples were conducted from May 2020 to June 2021, and
the sampling points are shown in Figure 1. During the sam-
pling process, a professional bottom inlet water quality sam-
pler was used to take water samples, so as to ensure the
representativeness of samples.

2.2. Index Analysis. The concentrations of SS, TP, MLSS,
TN, and TP were measured by Water and Wastewater Mon-
itoring Methods (4th edition). SS was calcined in muffle fur-
nace at 600°C temperature for 1h and calcined to constant
weight, so the remaining residue was ISS. The particle size
distribution in the test sample was analyzed by BT-
9300HT laser particle size measurement system (Dandong

TaBLE 2: Removal efficiency of pretreatment system.

Removal efficiency of pollutant (%)
COD S§§ ISS TN TP

Grit chamber 236 6.68 491 514 645
Primary sedimentation tank 5532 69.71 69.86 29.82 44.83

Structures

Better Technology Co., LTD., China), with the measurement
range of 0.1~1000 ym.

3. Results and Discussion

3.1. Removal Performance of Pretreatment System. The mean
values of water quality parameters of 27 samples are shown
in Table 1, and the removal efficiencies of each pollutant
using the pretreatment system are shown in Table 2.

According to the classification of typical domestic sew-
age by Metcalfe and Eddy company. The concentration of
SS and ISS for this sewage factory was higher than the
domestic sewage with high intensity. The concentration of
SS was reduced to the moderate strength, and the concentra-
tion of ISS was still higher than high strength after primary
sedimentation treatment. The concentration of COD for
influent did not meet the higher strength, while the concen-
tration of COD was lower than the low strength after waste-
water treatment.

As shown in Table 1, after the treatment of grit chamber,
the average concentration of COD of wastewater was
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TaBLE 3: The removal efficiency of grit with different particle size by two kinds of grit chambers.

Particle size (um) 350 250 200 150 100

Removal efficiency of grit using rotational flow grit chamber (%) 95 92 90 85 75

Removal efficiency of grit using aerated grit chamber (%) 92 80 95 42 0

decreased from 635 to 620 mg/L, the average concentration
of SS was decreased from 1123 to 1048 m/L, the average con-
centration of ISS was decreased from 809 to 769 mg/L, and
the concentrations of TN and TP were changed little.
According to the treatment efficiency in Table 2, it was
found that the removal efficiency of each pollutant was less
than 7%, indicating that the removal efficiency of pollutants
in the grit chamber was weak. In general, the grit chamber
had a good removal efliciency of suspended solids with par-
ticle size larger than 200 yum. As the particle size of SS for
influent in the grit chamber was about 60.93 ym and far less
than 200 pm, the removal efficiencies of SS and ISS were very
lower.

The average removal efficiencies of COD, SS, ISS, TN,
and TP were 55.32%, 69.71%, 69.86%, 29.82%, and 44.83%,
respectively. The removal efficiencies of SS and COD in
ordinary advection sedimentation tank were about 50%
and 30%, and the removal efficiency of pollution was
increased proportionally with the increase of influent con-
centration. In primary sedimentation tank, organic and
inorganic components in suspended solids were coprecipi-
tate when SS was removed, and excessive removal of organic
matter occurred during the removal of suspended inorganic
matter. In the case of high concentration of SS, the synergis-
tic efficiency for the removal of COD and ISS was more
obvious. Therefore, the wastewater treatment plant showed
higher removal efficiencies of COD, SS, and ISS.

The value of SS/COD for the influent in the grit chamber
of the wastewater treatment plant was about 1.78, which was
converted to BOD;/COD was 0.45 according to the typical
domestic sewage to [11], and the value of SS/BOD; for the
influent was 3.96. Compared with the value of SS/COD
(1.1) in developed countries, the value of SS/COD for the
influent in the wastewater treatment plant was high. After
the primary sedimentation treatment, the value of SS/COD
was reduced to 1.14, which was converted to SS/BOD; was
2.53 and still higher than 1.1. After primary sedimentation
treatment, the value of ISS/COD for influent was reduced
from 1.3 to 0.93, which was still much higher than the value
of 0.2 in developed countries. The results indicated that a
large amount of inorganic solids entered the biological treat-
ment structure, which might be the reason for the decrease
of MLVSS/MLSS in the wastewater treatment plant. After
treatment of primary sedimentation tank, the value of
COD/TN was decreased from 9.3 to 6.11, becoming a typical
low-carbon source wastewater [12-14]. At present, in order
to solve the problems of carbon source required for phos-
phorus and nitrogen removal in most wastewater treatment
plants, the primary sedimentation tank had been generally
eliminated in small and medium-sized urban sewage plants
using SBR and oxidation ditch. According to the research
results, it was suggested that the primary sedimentation tank

should be retained in wastewater treatment plants with high
concentration of inorganic suspended solids in influent, and
the carbon source was retained by hydrolysis and fermenta-
tion of wastewater in the primary sedimentation tank.

3.2. Analysis of Low Removal Efficiency of Inorganic Solids in
Wastewater Treatment Plant. According to the above results,
the primary sedimentation tank showed high removal effi-
ciencies for ISS and SS and up to 69.71% and 69.86%, respec-
tively, but the removal efficiencies for SS and ISS were only
6.68% and 4.91%, respectively. Therefore, the main reason
for the low removal efficiency of inorganic solids in the pre-
treatment system was the lower removal capacity of sand in
the sedimentation tank. Generally, the sediment was
designed to remove silt with a relative density of 2.65 and
particle size larger than 0.2mm, but the removal perfor-
mance of silt with particle size less than 0.2 mm was not
good [15]. The removal efficiency of a typical grit chamber
on sand with different particle sizes under optimal operating
parameters is shown in Table 3.

The above results about removal efficiency of grit were
achieved basing on the optimal operating parameters and
skilled operation by the American Water & Wastewater
Institute. There was a great difference about the operation
effect of rotational flow grit chamber between foreign report
and research in our country, and it was difficult to achieve
the higher removal efficiency of sand in domestic grit cham-
ber (16, 17].

The combined drainage system was adopted in the area
that the wastewater treatment plant belonging to; mean-
while, the service area was large, and the sewage pipe net-
work was long. Therefore, inorganic particles with large
particle size were easy to deposit in the sewage pipe, result-
ing in small particle size of inorganic particles entering the
wastewater treatment plant [18, 19]. The average particle
size was only about 60 ym, which was much lower than
100 ym, so the removal efficiency of sand under the optimal
operating parameters was less than 75%. However, the
removal efficiency of the sand in grit chambers was lower
than 7% and far below than the design level coupled with
the gap between the actual control level of the wastewater
treatment plant and the operation process, resulting in the
lower removal efficiency of the sand in grit chambers for
the wastewater treatment plant.

Rotational flow grit chamber was used in this wastewater
treatment plant and the blade speed needed to adjust in
order to achieve the high removal efficiency of grit [20]. In
addition, the head loss in the tank was a function of the size
of sediment to be removed. So the head loss should be
increased accordingly in order to remove smaller particles,
but there was no clear and feasible operation method for
the adjustment of speed and water level. The HRT of
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rotational flow grit was short, and the flow rate had strict
requirements, so it was greatly affected by water fluctuation.
Therefore, it was the key to improve the capacity of waste-
water treatment plant to deal with the inorganic solids
through diversion of rainwater and sewage and strengthen
the operation control of grit chamber.

3.3. Annual Variation of MLVSS/MLSS. The annual varia-
tion of MLVSS/MLSS is shown in Figure 2. MLVSS/MLSS
ranged from 0.4 to 0.6 from January to March, reached the
maximum value of 0.57 in February, and then gradually
decreased to the lowest value of 0.24 at the end of
September.

According to outdoor drainage design specifications
(GB50014-2006), the sludge concentration of A%/O process
should be controlled between 2500 and 4500 mg/L when
the MLVSS/MLSS of the mixture could be stabilized at the
normal level (about 0.7), that was, the MLV'SS concentration
should be controlled between 1750 and 3150 mg/L [13]. The
sewage plant must obtain a higher concentration of sludge to
maintain the MLVSS at the normal level when MLVSS/
MLSS was much lower than 0.7. During the rainy season,
the sludge in this sewage plant showed a high concentration
of inorganic substances and it must be maintained at a high
sludge concentration. The value of MLVSS/MLSS was
increased from January to March, so the sludge concentra-
tion was appropriately reduced. Meanwhile, the average con-
centration of sludge was about 4811 mg/L, and MLVSS/
MLSS was about 0.49, so the concentration of MLVSS was
about 2357 mg/L. Similarly, the concentration of MLVSS in
rainy season was 1900 mg/L. After increasing the concentra-
tion of sludge, the concentration of organic matter for sludge
in the sewage plant meets the requirements of “Code for
design of outdoor drainage.” Although the sewage plant
can maintain the normal operation of the sewage treatment
system by increasing the concentration of sludge, the inor-
ganic solids in the influent might be accumulated in the sew-
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age treatment system. The inorganic solid suspended in the
mixture increased the density of sludge, which led to the dif-
ficulty of mechanical mixing or aeration, blockage of sludge
pipes, aggravation of mechanical wear of pipes, and dehy-
dration equipment. Therefore, it would increase energy con-
sumption and operating costs [14, 21, 22].

4. Conclusions

High concentration of inorganic suspended solid and low
treatment efficiency of inorganic suspended solid for the
pretreatment system were the common problems in waste-
water treatment plant. The low removal efficiency of ISS
was ascribed to the weak removal efficiency of sand in the
sedimentation tank after long tome analysis, while the pri-
mary sedimentation tank showed a higher removal efficiency
of sand. Therefore, it was suggested that the wastewater
treatment plant with high concentration of inorganic sus-
pended solids in influent should retain the primary sedimen-
tation tank and strengthen the operation regulation of the
grit chamber.

Data Availability

The labeled dataset used to support the findings of this study
is available from the corresponding author upon request.

Conflicts of Interest

There are no conflicts to declare.

Acknowledgments

This work was financially supported by the Zunyi Science
and Technology Projects (2021)197 and Project of Chong-
ging Scientific Research Institutions of Performance Incen-
tive and Guidance (CQHKY-2022-STJJ-ZX-00009).

References

[1] J. Suarez and J. Puertas, “Determination of COD, BOD, and
suspended solids loads during combined sewer overflow
(CSO) events in some combined catchments in Spain,” Ecolog-
ical Engineering, vol. 24, no. 3, pp. 199-217, 2005.

[2] P. Weyrauch, A. Matzinger, E. Pawlowsky-Reusing et al.,
“Contribution of combined sewer overflows to trace contami-
nant loads in urban streams,” Water Research, vol. 44, no. 15,
pp. 4451-4462, 2010.

[3] D.D.Liu, X. X. Ma, J. L. Huang et al., “Investigation of the aer-
obic biochemical treatment of food waste: a case study in Zhe-
jiang and Jiangsu provinces in China,” Science of the Total
Environment, vol. 806, Part 1, p. 150414, 2022.

[4] W.M. Xie, R. Zhang, W. W. Li et al,, “Simulation and optimi-
zation of a full-scale Carrousel oxidation ditch plant for
municipal wastewater treatment,” Biochemical Engineering
Journal, vol. 56, no. 1-2, pp. 9-16, 2011.

[5] L.Fan, N.Xu, Z. Q. Wang, and H. Shi, “PDA experiments and
CFD simulation of a lab- scale oxidation ditch with surface
aerators,” Chemical Engineering Research & Design, vol. 88,
no. 1, pp. 23-33, 2010.



Journal of Environmental and Public Health

(6]

9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

L.He,F. Y. Ji, X. L. He, W. W. Zhou, X. Xu, and M. S. Lai, “Val-
idation of accumulation models for inorganic suspended solids
of different particle size in an activated sludge system,” Biore-
source Technology, vol. 149, pp. 51-57, 2013.

H. Li, J. Fang-Ying, Z. Wei-Wei et al., “Deposition pattern,
Effect on nitrogen removal and component analysis of depos-
ited sludge in a carrousel oxidation ditch,” Desalination and
Water Treatment, vol. 52, no. 31-33, pp. 6079-6087, 2014.

J.P.Fan, F. Y. Ji, X. Y. Xu et al., “Prediction of the effect of fine
grit on the MLVSS/MLSS ratio of activated sludge,” Biore-
source Technology, vol. 190, pp. 51-56, 2015.

M. Kamali, T. M. Aminabhavi, L. A. C. Tarelho et al., “Accli-
matized activated sludge for enhanced phenolic wastewater
treatment using pinewood biochar,” Chemical Engineering
Journal, vol. 427, p. 131708, 2022.

X. M. Jiang, H. Wang, P. K. Wu, H. Wang, L. Deng, and
W. Wang, “Nitrification performance evaluation of activated
sludge under high potassium ion stress during high-
ammonia nitrogen organic wastewater treatment,” Journal of
Environmental Sciences, vol. 111, pp. 84-92, 2022.

Y. Bai, Y. H. Wu, R. N. Wang et al., “Alleviating the membrane
fouling potential of the denitrification filter effluent by regulat-
ing the COD/N ratio and carbon source in the process of
wastewater reclamation,” Separation and Purification Technol-
ogy, vol. 284, p. 120265, 2022.

C. B. Yuan, F. C. Zhao, X. H. Zhao, and Y. Zhao, “Woodchips
as sustained-release carbon source to enhance the nitrogen
transformation of low C/N wastewater in a baffle subsurface
flow constructed wetland,” Chemical Engineering Journal,
vol. 392, p. 124840, 2020.

S. Ana, K. Panttelis, and M. Sarah, “Comparison between dis-
integrated and fermented sewage sludge for production of a
carbon source suitable for biological nutrient removal,” Jour-
nal of Hazardous Materials, vol. 175, no. 1-3, pp. 733-739,
2010.

P. Kampas, S. A. Parsons, P. Pearce et al., “Mechanical sludge
disintegration for the production of carbon source for biolog-
ical nutrient removal,” Water Research, vol. 41, no. 8,
pp. 1734-1742, 2007.

W. L. Liu, Y. Wu, S. J. Zhang et al., “Successful granulation and
microbial differentiation of activated sludge in anaerobic/
anoxic/aerobic (A%0) reactor with two-zone sedimentation
tank treating municipal sewage,” Water Research, vol. 178,
p- 115825, 2020.

R.Y.Li, Z. L. Han, H. Z. Shen, F. Qi, and D. Sun, “Volatile sul-
fur compound emissions and health risk assessment from an
A%/O wastewater treatment plant,” Science of the Total Envi-
ronment, vol. 794, p. 148741, 2021.

S.J. Jeon, H. S. Kim, and Y. W. Lee, “Effect of iron media on
the treatment of domestic wastewater to enhance nutrient
removal efficiency,” Process Biochemistry, vol. 38, no. 12,
pp. 1767-1773, 2003.

M. K. Marichamy, A. Kumaraguru, and N. Jonna, “Particle size
distribution modeling and kinetic study for coagulation treat-
ment of tannery industry wastewater at response surface opti-
mized condition,” Journal of Cleaner Production, vol. 297,
p- 126657, 2021.

A. A. Mohana, S. M. Farhad, N. Haque, and B. K. Pramanik,
“Understanding the fate of nano-plastics in wastewater treat-

ment plants and their removal using membrane processes,”
Chemosphere, vol. 284, p. 131430, 2021.

(20]

(21]

(22]

B. Hoiberg and M. T. Shah, “CFD study of multiphase flow in
aerated grit tank,” Journal of Water Process Engineering,
vol. 39, p. 101698, 2021.

J. Wang, G. H. Liu, J. Y. Wang et al., “Current status, existent
problems, and coping strategy of urban drainage pipeline net-
work in China,” Environental Science and Pollution Research,
vol. 28, no. 32, pp. 43035-43049, 2021.

Z.Y.Guo, Y.J. Sun, S. Y. Pan, and P. C. Chiang, “Integration of
green energy and advanced energy-efficient technologies for
municipal wastewater treatment plants,” International Journal
of Environmental Research and Public Health, vol. 16, no. 7,
p. 1282, 2019.



	Influence of Pretreatment System on Inorganic Suspended Solids for Influent in Wastewater Treatment Plant
	1. Introduction
	2. Materials and Methods
	2.1. Sampling Points of the Wastewater Treatment Plant
	2.2. Index Analysis

	3. Results and Discussion
	3.1. Removal Performance of Pretreatment System
	3.2. Analysis of Low Removal Efficiency of Inorganic Solids in Wastewater Treatment Plant
	3.3. Annual Variation of MLVSS/MLSS

	4. Conclusions
	Data Availability
	Conflicts of Interest
	Acknowledgments



