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Abstract: The over-use of chlorine-based disinfectants and antibiotics decreases the effectiveness 29 

of sewage treatment, causing dominance of Pseudomonas in hospital sewage treatment plants. 30 

This study investigated bacterial species, abundance, and distribution in anaerobic sludge under 31 

different spatial distributions (drainpipe wall-attached sludge and floating sludge samples) in a 32 

hospital sewage treatment plant to establish a rapid method for identifying bacteria, monitoring 33 

microorganisms, and evaluating sewage treatment capacity. On April 11, 2022, 15 sludge samples 34 

were obtained from multiple points in the plant using a modified sampling device. Microbial taxon 35 

distribution and sludge sample diversity were analyzed via high-throughput sequencing of the 16S 36 

rRNA gene V3–V4 region amplicon. α-diversity, β-diversity, and relative abundance at the phylum 37 

and genus levels were calculated using QIIME2 and R software. In total, 409,705 high-quality 38 

sequences were statistically identified in 67 phyla, 165 classes, 317 orders, 449 families, 644 39 

genera, and 1132 species. SNK-q test revealed significant differences in the dominant phyla and 40 

genera between different locations. Increasing sampling depth resulted in improved sampling 41 

performance, increased diversity and evenness of the community, but decreased Pseudomonas 42 

detection rate. 43 

 44 
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Introduction 48 

Antibiotic-resistant bacteria in hospital sewage treatment stations mainly originate from inpatients, 49 

and they can enter the sewage treatment system through their body fluids and exfoliated tissue 50 

cells. Pseudomonas aeruginosa is a rod-shaped gram-negative aerobic bacterium and a common 51 

pathogen of the respiratory tract and urethra in hospitals. It can be isolated from the body fluids of 52 

infected patients. It has been found in all departments of hospitals, especially the intensive care 53 

unit, and there are reported cases of infection in the operating room[1]. In the hospital 54 

environment, P. aeruginosa can spread through all routes of transmission, including encompassing 55 

direct contact, respiratory droplets, the gastrointestinal tract, environmental surfaces, and 56 

waterborne transmission. 57 

Several methods disinfect pathogens in hospital sewage, and chlorination is a highly 58 

recommended sewage disinfection technology widely used in tap water, hospital sewage, and 59 

other public water supply systems. The common forms of chlorine-containing disinfectants are 60 

sodium hypochlorite and chlorine. Sodium hypochlorite is a traditional disinfectant with high 61 

efficiency and economic advantages. Chlorinated disinfectants are routinely used in hospitals to 62 

sanitize medical facilities, equipment, and surfaces, including countertops, beds, floors, and 63 

laboratory desks in diagnostic and treatment departments. In addition, they can be used to sanitize 64 

the environment after cleaning patients’ body fluids such as blood or interstitial fluid. For 65 

environmental disinfection in fever consulting and isolation rooms, a higher disinfectant 66 

concentration of 1000 mg/L is usually used, and a maximum concentration of 5000 mg/L is used 67 

in toilet drains[2]. The sanitization process is based on the active component hypochlorous acid, 68 

which is generated from the sanitizer once dissolved in water. This small molecule can quickly 69 

penetrate the cell membrane of bacteria, leading to death through the inhibition of critical 70 

enzymatic reactions and oxidative denaturation of proteins [3]. 71 

Bacteria injured by chlorine exposure might display enhanced antibiotic resistance when the 72 

sodium hypochlorite concentration is at the 50% lethal dose [4]. Cases of pathogens capable of 73 

repairing and regrowing even after disinfection in effluent wastewater have been documented [5]. 74 

High-concentration chlorine disinfection does not reduce antibiotic-resistance gene expression in 75 
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drug-resistant bacteria and promotes the emergence of chlorine-resistant bacterial strains carrying 76 

these genes [6]. 77 

These chlorine-tolerant pathogens should be monitored because of their survival and regeneration 78 

after chlorination, and policymakers have expressed concerns about the biosafety of 79 

chlorination-treated water. Based on the changes in the microbial community structure after 80 

hyperchlorination, researchers are exploring the effects of chlorination on the microbial 81 

community structure. They identified several chlorine-resistant strains in sewage after 82 

high-chlorination treatment[7]. They found that within 1 day after treatment, three 83 

chlorine-resistant strains (Stenotrophomonas maltophilia, Citrobacter freundii, and Klebsiella sp.) 84 

and two strains (C. freundii and Klebsiella sp.) with high lethal doses and regrowth inhibition were 85 

detected in the sewage. In another study, researchers detected Pseudomonas spp. in all samples 86 

regardless of disinfection by UV, chlorine, or hybrid treatment, and their counts could not be 87 

effectively reduced [8]. 88 

A survey conducted from April to May 2021 in ophthalmology and general hospitals in Zhejiang 89 

Province revealed considerable variations in bacterial species and abundance within influent and 90 

effluent of different hospitals [9]. The analysis focused on the phylum level of bacteria in the 91 

influent and effluent in the two hospitals, identifying four predominant phylum levels: 92 

Proteobacteria, Bacteroidetes, Firmicutes, and Actinobacteria. Moreover, at the generic level, the 93 

eye hospital exhibited dominance of Pseudomonas alcaligenes (2.41%) and Entomophila (2.37%), 94 

whereas general hospitals reported the dominance of Acinetobacter johnsonii (9.30%) and 95 

Aeromonas caviae (4.81%).  96 

Chlorine-resistant bacteria under long-term chlorine disinfection will significantly change the 97 

structure of microbial communities in the sewage treatment system. The peak usage of 98 

chlorine-based disinfectants and antibiotics decreases the effectiveness of sewage treatment, 99 

causing Pseudomonas to become the dominant genus in hospital sewage treatment plants. 100 

Antibiotic-resistant P. aeruginosa exhibits a resistance mechanism that prevents all known 101 

antibiotics from entering its bacterial cell body. Enzyme resistance limits the activity of antibiotics 102 

and potentially reduces the efficiency of sewage treatment. Considering that Pseudomonas spp., 103 

such as P. aeruginosa, are resistant to hybrid disinfection and they can form biofilms, particular 104 
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attention should be paid to antibiotic-resistant bacteria in sewage sludge, especially 105 

carbapenem-resistant P. aeruginosa, during hospital sewage treatment. 106 

For high-throughput analysis of sewage sludge postanaerobic digestion process, biosafety 107 

protocols sterile bottles (1–2 L) are commonly used as sampling containers [6, 9, 10, 11]. However, 108 

using this size of the container to preserve environmental samples may produce false negative 109 

results owing to separation from the original sludge matrix (including humic substances, organic 110 

salts, or other chemical ingredients) for a long time after separating from the original sludge [12]. 111 

In this study, 15 sludge samples were extracted from a medical wastewater treatment facility in 112 

Shenzhen City, Guangdong Province, China, including an anaerobic–anoxic–oxidation (AAO) 113 

wastewater treatment reaction tank. During the sampling process, a new sludge sampler with a 114 

mechanical timer was utilized. The sampler performed in situ sampling of the drainpipe 115 

wall-adhered sludge and floating biomembrane sludge of an anaerobic hospital water treatment 116 

plant multiple times. This sampler helps to avoid bacterial contamination and reduces the exposure 117 

of monitoring sampling personnel to the sewage environment. 118 

This study performed high-throughput sequencing of the 16S rRNA gene V3–V4 region to study 119 

the changes in the bacterial community composition of attached and floating sludge samples 120 

collected at different locations and depths in the anaerobic reaction tank near the inlet. In addition, 121 

we analyzed the distribution of dominant bacteria in the sludge samples divided into three groups. 122 

The sequencing depth of all sludge samples in the anaerobic reaction tank was adequate, 123 

permitting metagenomic analysis. 124 

Materials and Methods 125 

Sample Collection 126 

The sludge sampling method used in this study employed a newly developed sludge sampler with 127 

waterproof materials that was equipped with a mechanical elastic drive element within its 128 

waterproof shell. The sampler works by mechanically squeezing the rubber tube inside the shell 129 

with a mechanical timing component at regular intervals, enabling the scheduled sampling of 130 

sludge. The sampling process involves inserting the sampling tube into the shell via a hose hole on 131 

the top cover. Meanwhile, the sampling device, mounted on the head of a telescopic scale rod, can 132 
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be extended up to a depth of 5 m underground. The sampling device can then be rotated and 133 

aligned with the predefined surface and subsurface position in the drainpipe wall for sampling. 134 

This method permits the effective collection of sludge samples for environmental microbiology 135 

research. 136 

Preparation before sampling included the use of a medical particulate respirator (Winner Medical 137 

Co., Ltd, Huanggang, China), medical disposable coverall (Winner), medical inspection gloves 138 

(Winner), single-use medical rubber examination gloves (Winner), disposable caps (Winner), 139 

medical alcohol, flashlight (built-in monitoring head), goggles, waterproof shoes, brand-new 140 

sampling device, telescopic rod, test-tube rack, 4.5-mL sterile Nunc™ CryoTube™ vials (Thermo 141 

Fisher Scientific, Waltham, MA, USA), a sterile transfer pipette (Beckman-Coulter, Brea, CA, 142 

USA), and a battery-powered cooling refrigerator. 143 

On April 11, 2022, sampling was conducted at the embedded sewage disinfection treatment 144 

facility (Shenzhen, China), which implemented an improved AAO process, and the anaerobic 145 

reaction tank could be inspected through two inspection wells. The anaerobic reaction tank was 146 

divided into closer and remote inspection wells according to the proximity to the inlet of influent 147 

sewage. With secondary protection, upon entering the hospital’s sewage treatment plant, the 148 

environmental sampling and monitoring personnel, together with our group, selected the closer 149 

inspection well and collected sludge samples by lifting the inspection manhole cover through the 150 

maintenance hole located at the drain of the anaerobic tank. The liquid level in the tank drain was 151 

3 m below the maintenance cover, and then the sludge sampler head was installed on the 152 

telescopic sampling rod. A disposable sterile sampling tube was placed inside the sampler, and the 153 

sampler was placed on the predefined site on the drainpipe wall. 154 

Sample Categorization 155 

A, B, and C sample groups as defined above the corresponding sits on A, B, and C plane. Six 156 

predefined sampling sites on the B plane of the pipe wall were located 1 m below the liquid 157 

sewage level, and three sampling sites on the C plane were on the floating object at the liquid 158 

sewage level. One tube of sludge sample was collected at each sampling site. 159 

At the inlet inside the anaerobic tank drainpipe, which was regarded as the initial point of the 160 
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circumferential plane of the drainpipe wall, the circular wall plane could be divided into 12 equal 161 

points with a 30° angle per division. Point 1 corresponds to sampling sites 1 and 13, point 2 162 

corresponds to sampling sites 2 and 14, point 3 corresponds to sampling sites 3 and 15, and points 163 

4–12 correspond to sampling sites 4–12. The sampling angle could be calculated by multiplying 164 

the value of the sampling site name by 30°. The collected samples were labeled according to the 165 

corresponding positions of the sampling sites. 166 

Along the pipe wall of the sewage liquid level (A plane), six samples were sampled via clockwise 167 

rotation around the wall surface of the drainpipe. The samples’ names corresponded to the values 168 

of the corresponding sampling site, and they were labeled as samples 1, 2, 3, 10, 11, and 12 169 

(Group A). After sinking 1 m below the liquid sewage level, six samples were collected at this 170 

level (B plane) and labeled as samples 4, 6, 8, 13, 14 and 15 (Group B). The three samples from 171 

the floating sludge (C plane) were labeled as samples 5, 7, and 9 (Group C). 172 

After each sampling, the tube in the sampling device was removed, and the sludge sample inside 173 

the tube was carefully transferred to a sterile cryogenic tube, covered with the tube cap, and then 174 

placed into a double-sealed plastic bag. All specimens were stored in a −20℃ refrigerated 175 

transport box and transported to the laboratory for DNA extraction. 176 

DNA Extraction 177 

After thawing the cryopreserved sludge samples at room temperature, the total genomic DNA of 178 

all samples was extracted according to the instructions of the iPure® DNA extraction kit. The 179 

DNA concentration and purity were monitored using Qubit® fluorometers, and the quality of 180 

DNA extraction was monitored via 2% agarose gel. 181 

The DNA extracts were stored in a dry-ice box and sent to Shanghai Sangon Biotech Company for 182 

experimental and molecular biology analyses. The analysis featured several steps, including DNA 183 

extraction of the entire microbiome, amplification of specific fragments, purification of 184 

amplification products, quantification of fluorescence, construction of a MiSeq library, and 185 

sequencing of the samples on the Illumina MiSeq platform, with the ultimate goal of analyzing the 186 

microorganisms found in the 15 samples. 187 
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DNA Purification and PCR Amplification 188 

PCR amplification of bacteria in 15 sludge samples was performed by targeting the 16S rRNA 189 

gene V3–V4 region with the primer pair 341F (5′-CCTACGGGNGGCWGCAG-3′)/805R 190 

(5′-GACTACHVGGGTATCTAATCC-3′). The first PCR reaction system (30 μL) comprised 15 μL 191 

of 2× Hieff® Robust PCR Master Mix, 1 μL each of positive and reverse primers, 10–20 ng of 192 

PCR products, and 10 μL of ddH2O. The PCR program was as follows: 94°C for 3 min; five 193 

cycles of 94°C for 30 s, 45°C for 20 s, and 65°C for 30 s; 20 cycles of 94°C for 20 s, 55°C for 20 s, 194 

and 72°C for 30 s; and 72°C for 5 min. The reaction system for second-round PCR (30 μL) 195 

comprised 15 μL of 2× Hieff® Robust PCR Master Mix, 1 μL each of positive and reverse primers; 196 

20–30 ng of PCR products, and 10 μL of ddH2O. The PCR program was as follows: 94°C for 3 197 

min; five cycles of 94°C for 20 s, 55°C for 20 s, and 72°C for 30 s; and 72°C for 5 min. 198 

Molecular Biology Testing 199 

Using the Illumina MiSeq PE300 platform, PCR products were monitored via 2% agarose gel 200 

electrophoresis. The obtained raw data were uploaded to the NCBI Sequential Read Archive 201 

database under the login number PRJNA935118. High-throughput sequencing of PCR samples 202 

was performed on the Illumina MiSeq PE300 platform by Shanghai Sangon Biotech Company 203 

with a maximum read length of 300 bp per end. 204 

Data Analysis 205 

Cutadapt software was used to cut and filter the original sequences obtained (filter bases with a 206 

tail mass value smaller than 20, the minimum overlap length of 5 bp, and a maximum allowed 207 

mismatch rate of the overlap region of 0.2). The QIIME2 [13]  software platform was used to 208 

implement subsequent analyses, remove chimeras, perform clustering in the DADA2 plug-in [14], 209 

annotate taxonomy information, and evaluate the taxonomy of community diversity and similarity 210 

[10]. The chosen depth of sequences was unified as the minor sequence depth across all samples 211 

before the diversity index calculation. The RESCRIPT-CLASSIFYING-SKLEARN algorithm 212 

was used to classify the species [15] based on the 16S rRNA gene V3–V4 region and annotate 213 

them in the SILVA rRNA database (Release 138.1, http://www.arb-silva.de). The species 214 

classification table was exported after unifying rarefaction. 215 
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The Qiime2R plug-in function in R was used to compute the Chao1, Shannon, and Simpson 216 

indices to indicate sample diversity[16]. The rarefaction curves were used to determine whether 217 

the current sequencing volume accurately represented the original community’s diversity. 218 

Weighted and unweighted principal component analysis [17] among the three groups based on 219 

UniFrac distances was used to visualize the β-diversity of the overall microbial community 220 

structure. 221 

Results 222 

Statistical Analysis of the Sequences 223 

Statistical analysis of the original data and clean reads obtained by quality control treatment was 224 

performed to obtain basic information about the data. In total, 989,951 effective sequences were 225 

obtained from 15 samples, and 409,705 high-quality sequences were collected after filtering and 226 

removing the chimeras. Among the samples, sample 15 had the highest number of sequences 227 

(48,677), whereas sample 9 had the least number of sequences (10,295). 228 

By counting the ASVs, the specific composition of the microbial community in each sample at 229 

seven taxonomic levels (domain, phylum, class, order, family, genus, and species) was identified, 230 

and the numbers of taxonomic units contained in the species annotation results of these samples 231 

was counted. 232 

Microbial Community Composition Assessment 233 

By counting the amplicon sequence variants (ASVs) in each sample, we created the specific 234 

composition table of the microbial community. In the species annotation results of 15 sludge 235 

samples, the number of taxonomic units present at seven taxonomic levels (domain, phylum, class, 236 

order, family, genus, and species) was determined. 237 

In total, 75 phyla, 190 classes, 408 orders, 602 families, 917 genera (genera distribution is shown 238 

in Figure 1), and 1850 species were identified. After eliminating species with fewer than two 239 

isolates, 67 phyla, 165 orders, 317 orders, 449 families, 632 genera, and 1132 species were 240 

identified. 241 

By taking the species number of all taxa as statistical variables and performing one-way analysis 242 

of variance (ANOVA) and SNK-q test among the three groups, no significant differences in the 243 
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number of species were detected between Groups A and C at the phylum, class, order, family, 244 

genus, and species levels. However, the number of microbial units was significantly higher in 245 

Group B than in Group A/C at each classification level. 246 

 247 

Figure 1. Venn diagram of the microbial composition at the genus level. 248 

 249 

Phylum-Level Composition 250 

The RDP and BLAST homologous sequence clustering methods were employed using a relative 251 

abundance greater than 0.1% as the criterion for identifying dominant phyla(relative abundance at 252 

the phylum level is shown in Figure 2). 253 
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 254 

Figure 2. Bar plot of the relative abundance at the phylum level based on unified depths 255 

NOTE: The X-axis presents the name of each sample, and the Y-axis presents the relative abundance of 256 

each taxonomic unit at the phylum level. 257 

 258 

Fourteen phyla were identified in Group A, including Proteobacteria, Acidobacteriota, 259 

Bacteroidota, Gemmatimonadota, Chloroflexi, Planctomycetota, Verrucomicrobiota, Nitrospirota, 260 

Actinobacteriota, GAL15, Latescibacterota, Firmicutes, Methylomirabilota, and Patescibacteria, 261 

with the top three being Proteobacteria (27.32% average relative abundance), Actinobacteria 262 

(25.80%), and Bacteroidetes (9.27%). Notably, there was significant consistency in the prevalence 263 

and abundance of Proteobacteria, which emerged as the most dominant phylum in all samples in 264 

Group A. 265 

In Group B, 13 dominant phyla were identified, namely Proteobacteria, Bacteroidota, Chloroflexi, 266 

Halobacterota, Desulfobacterota, Patescibacteria, Verrucomicrobiota, Planctomycetota, 267 

Firmicutes, Spirochaetota, Acidobacteriota, Caldisericota, and Actinobacteriota. The top three 268 

phyla were Proteobacteria (average relative abundance of 16.43%), Bacteroidetes (14.43%), and 269 

Chloroflexi (11.62%). Notably, all samples in Group B exhibited a high degree of phylum-level 270 

consistency, with Proteobacteria being the most prevalent and abundant phylum. 271 

In Group C, 15 dominant phyla were identified, including Acidobacteriota, Proteobacteria, 272 



 

12 
 

Bacteroidota, Gemmatimonadota, Chloroflexi, Planctomycetota, Verrucomicrobiota, Nitrospirota, 273 

Actinobacteriota, GAL15, Latescibacterota, Patescibacteria, Firmicutes, Methylomirabilota, and 274 

Myxococcota. Acidobacteriota (29.33% average relative abundance), Proteobacteria (27.53%), 275 

and Bacteroidetes (8.16%) were three most abundant phyla. There was a consistency among 276 

samples in Group C at the phylum level, with Acidobacteriota being the most prevalent and 277 

abundant. 278 

Genus-Level Composition 279 

Among Group A samples (relative abundance at the genus level is shown in Figure 3), RB41 was 280 

the most common and dominant genus, with a relative abundance of 7.54%. In Group B, 281 

Methanosaeta predominated with a relative abundance of 8.99%, whereas in Group C, 282 

Sphingomonas predominated with a relative abundance of 7.33%. Specifically, Pseudomonas was 283 

the predominant genus in samples 2, 5, 9, and 10, with relative abundances of 1.26%, 1.18%, 284 

1.16%, and 1.05%, respectively. 285 

 286 

Figure 3. Bar plot of the relative abundance at the genus level based on unified depths 287 
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NOTE: The X-axis presents the name of each sample, and the Y-axis presents the relative abundance of 288 

each taxonomic unit at the genus level. 289 

 290 

ANOVA of the abundance of Pseudomonas in the three groups revealed the following data: F2,12 291 

= 10.1.. Meanwhile, the F-value table showed that p < 0.05. The difference in the abundance of 292 

Pseudomonas spp. among the three groups was statistically significant. The SNK-q test was used 293 

to analyze the relative abundance of Pseudomonas in the three groups, and no significant 294 

difference in abundance was identified between Groups A and C. However, the difference between 295 

Group B and Group A/C was statistically significant. 296 

Escherichia coli, Shigella, Salmonella, Vibrio, Proteus, Clostridium, Yersinia, and Staphylococcus 297 

were not detected in any sludge samples. This indicates that the sewage treatment plant’s function 298 

is reasonable. 299 

The composition and distribution of microbes in each sample at the phylum level were visualized 300 

via statistical analysis of the feature table and presented in a histogram. After removing species 301 

with counts lower than two, clusters were generated according to the abundance information of the 302 

remaining species and samples. Heat maps were utilized to identify species aggregation in each 303 

sample. The outcomes at the phylum level are illustrated in Figure 4. 304 
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 305 

Figure 4. Hierarchical clustering analysis of frequent phyla based on the average depth of the relative 306 

abundance. 307 

Note: The X-axis presents the name of each sample, and the Y-axis presents species annotation 308 

information. 309 

 310 

α-Diversity Analysis 311 

The Chao1 indices of Groups A, B, and C were 372.58 ± 55.85, 1132.92 ± 55.13, and 363.87 ± 312 

76.91, respectively. The Shannon indices of these groups were 7.90 ± 0.26, 8.74 ± 0.12, and 7.87 ± 313 

0.37, respectively(alpha diversity within the groups is shown in Figure 5). Group B exhibited 314 

significantly higher Chao1 and Shannon indices than Groups A and C, whereas no differences 315 

were noted between Groups A and C. 316 
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 317 

Figure 5. Box plot of alpha diversity within the groups. 318 

 319 

The coverage index was approximately 0.98–1.00 for all 15 samples, indicating that the 320 

sequencing depth of the collected sequences sufficiently reflected the bacterial biodiversity and 321 

community characteristics in the anaerobic system. 322 

β-Diversity Analysis 323 

Based on the species abundance at different taxonomic levels, principal coordinate analysis 324 

(PCoA) was conducted. In the analysis, a closer position on the PCoA map between two samples 325 

indicated a more similar species composition (PCoA map is shown in Figure 6). 326 
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 327 

Figure 6. Principal coordinate analysis map. 328 

 329 

The distance between Group B and Groups A and C was significantly different, but Groups A and 330 

C exhibited relatively close proximity on the map, indicating a similar bacterial community 331 

composition between these two groups, possibly attributable to the proximity of the sampling sites. 332 

Spatial location was the main factor affecting the differences among the groups, and differences in 333 

the spatial location significantly affected the sedimentation performance of bacterial communities 334 

in sediments at different depths. 335 

Discussion 336 

The distribution of microorganisms at seven taxonomic levels (domain, phylum, class, order, 337 

family, genus, and species) did not significantly differ between Groups A and C. However, the 338 
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number of microorganisms at each taxonomic level was higher in Group B than in Groups A and 339 

C, and the Chao1 and Shannon indices were also higher in Group B, indicating that the samples in 340 

Group B had rich biodiversity and good biological sedimentation performance. Group A had 341 

poorer sedimentation performance than Group B because its sampling site was located at the 342 

aerobic interface of the wastewater level. 343 

Proteobacteria and Bacteroidota dominated Groups A and B, whereas Acidobacteriota dominated 344 

Group C. Comparing the bacterial species classification at the phylum level between Groups A 345 

and C indicated that the species clustering distribution overlapped to a certain extent, consistent 346 

with the results of the heat map, and Acidobacteriota became dominant with the expansion of 347 

floating sludge. The bacterial composition of floating sludge at the phylum level was consistent 348 

with that in the later stage of bulking sludge expansion [18]. 349 

Proteobacteria have the ability to degrade and consume complex organic matter, which is 350 

necessary for the removal and degradation of biological nitrogen, biological phosphorus, and 351 

organic pollutants in activated sludge [19]. The abundance of Bacteroidetes reflects the stable 352 

performance of anaerobic tanks, as anaerobic heterotrophic bacteria dominate in anaerobic 353 

reaction tanks [20]. Therefore, the microbial composition of sludge in Groups A and B was more 354 

consistent with the microbial composition of the sludge with stable degradation. 355 

Antibiotic usage peaks in spring, and the large-scale use of chlorine-containing disinfectants might 356 

decrease the effectiveness in treating chlorine- or antibiotic-resistant bacteria in sewage treatment 357 

plants. 358 

The sludge samples from Group A exhibit poorer sedimentation performance compared to those 359 

from Group B, whereas the pipe-attached sludge localed at the B plane is 1 meter below the A 360 

plane.  361 

The abundance of Pseudomonas was 33.33% in Group A and 66.67% in Group C (the relative 362 

abundance was significantly higher than the 1% rank as positive). There were significant 363 

differences in the distribution of the relative abundance of Pseudomonas among the three groups, 364 

and the community distribution of Pseudomonas differed at different sites depths, indicating that 365 

the distribution of Pseudomonas is related to the depth of the sludge. In addition, the 366 

sedimentation performance of the sludge decreased as the abundance of Pseudomonas increased. 367 
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Considering that particular species in Pseudomonas, such as P. aeruginosa, have been reported to 368 

be resistant to disinfection or hybrid disinfection and that they can form biofilms, it is necessary to 369 

regularly remove floating biofilms from the sewage pipes and monitor their composition. The 370 

persistence of Pseudomonas can lead to further bulking of floating sludge. Therefore, the biggest 371 

concern regarding P. aeruginosa is the presence of virulent or antimicrobial-resistant strains. 372 

Considering the detection of carbapenem-resistant P. aeruginosa during municipal sewage 373 

monitoring, the effluent should be subjected to secondary chlorine disinfection and dechlorination 374 

before entering the municipal sewage network only when Pseudomonas is not detected. 375 

Because Pseudomonas was not detected in any Group B samples, it was also suggested that 376 

Pseudomonas could originate from infected inpatients or the sewage pipelines upstream of the 377 

anaerobic tank. It is recommended that the sewage treatment plant periodically isolate and protect 378 

the inflow and discharge pipes of the anaerobic tank regularly and, if necessary, use an ultraviolet 379 

radiation disinfection scheme to efficiently disinfect the inlet pipes. Therefore, the attached wall 380 

sludge at the liquid level can be considered the critical sampling site for sludge monitoring and 381 

used as a conventional sampling site. 382 

The number of high-quality sequences in the sludge samples collected by the sampling device was 383 

adequate, indicating that the specimens collected by the sampler were suitable and qualified for 384 

high-throughput sequencing of species composition and diversity analysis. The samples can also 385 

be further to analyze the antibiotic resistance of characteristic bacteria in sludge. 386 

Conclusion 387 

Among the sludge samples from the three groups, the microbial count was highest for sludge 388 

samples below the liquid sewage level, which exhibited rich microbial diversity and good settling 389 

performance. Meanwhile, sludge samples taken below the liquid sewage level were negative for P. 390 

aeruginosa, whereas the detection rate of P aeruginosa was relatively high in the other two groups. 391 

The efficiency of the hospital’s sewage treatment plant in controlling this bacterium needs to be 392 

improved. 393 

 394 
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