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Abstract 18 

Domestic and industrial wastewater treatment plants (WWTPs) are facing formidable 19 

challenges in effectively eliminating emerging pollutants and conventional nutrients. In 20 

microbiome engineering, two approaches have been developed: a top-down method 21 

focusing on domesticating seed microbiomes into engineered ones, and a bottom-up 22 

strategy that synthesizes engineered microbiomes from microbial isolates. However, 23 

these approaches face substantial hurdles that limit their real-world applicability in 24 

wastewater treatment engineering. Addressing this gap, we propose the creation of a 25 

Global WWTP Microbiome-based Integrative Information Platform, inspired by the 26 

untapped microbiome and engineering data from WWTPs and advancements in 27 

artificial intelligence (AI). This open platform integrates microbiome and engineering 28 

information globally and utilizes AI-driven tools for identifying seed microbiomes for 29 

new plants, providing technical upgrades for existing facilities, and deploying 30 

microbiomes for accidental pollution remediation. Beyond its practical applications, 31 

this platform has significant scientific and social value, supporting multidisciplinary 32 

research, documenting microbial evolution, advancing Wastewater-Based 33 

Epidemiology, and enhancing global resource sharing. Overall, the platform is expected 34 

to enhance WWTPs’ performance in pollution control, safeguarding a harmonious and 35 

healthy future for human society and the natural environment. 36 

 37 

Keywords: Wastewater treatment plants; Microbiome; Environmental engineering; 38 

Information platform; Artificial intelligence  39 
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1. Introduction 40 

Domestic and industrial wastewater treatment plants (WWTPs) are sophisticated 41 

engineering systems designed to eliminate pollutants, ensure human health, and 42 

maintain ecological sustainability. Within WWTPs, biological treatment methods are 43 

widely employed as central technological units [1, 2]. The utilization of microbiome 44 

engineering in wastewater treatment can be traced back to the late 19th century [3, 4]. 45 

Since the mid-20th century, activated sludge and anaerobic digestion have emerged as 46 

worldwide benchmarks for treating domestic and industrial wastewater [5, 6]. Currently, 47 

these microbiome-based WWTPs play a vital role in connecting the societal and natural 48 

cycles of elements on our planet. 49 

However, the escalating complexity of pollutants in modern wastewater poses 50 

significant challenges for WWTPs. Biological treatment processes often inadequately 51 

eliminate emerging pollutants [7-10], and the transformation and removal of 52 

conventional nutrients still lack stability [11, 12]. This issue renders WWTPs into 53 

pollution point sources with considerable risk worldwide. In recent decades, there has 54 

been a remarkable expansion in our understanding of the microbial world, driven by 55 

significant advancements in fundamental disciplines, such as microbiology, 56 

biochemistry, molecular biology, and microbial ecology. This burgeoning scientific 57 

knowledge has promoted the development of two strategies for microbiome 58 

engineering in the context of wastewater treatment: the bottom-up and top-down 59 

approaches (Fig. 1) [13, 14]. 60 
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The bottom-up approach starts with specific microbial isolates with known 61 

physiological characteristics and metabolic pathways. Then, based on the effective 62 

performances of individual microbes and the well-organized interspecific interactions, 63 

a consortium with desired functions (i.e., degrading target pollutants in wastewater) 64 

could be artificially assembled through co-cultivating processes with rational designing 65 

and regulating strategies [15, 16]. Conversely, the top-down approach initiates with a 66 

seed microbiome containing culturable and unculturable microorganisms, which 67 

usually originate from activated sludge in engineering systems or contaminated 68 

sediment and soil in natural environments. Then, techniques like enrichment, artificial 69 

selection, and directed evolution are employed to domesticate this seed microbiome 70 

[17-19]. Finally, it will be shaped into an engineered microbiome with desired functions, 71 

such as efficient degradation of target pollutants and elevated tolerance to unfavorable 72 

conditions. No matter which approach is adopted, the engineered microbiomes for 73 

wastewater treatment could be assembled and improved through an iterative “design-74 

build-test-learn” (DBTL) cycle [13, 14]. However, both approaches are currently 75 

constrained to theoretical frameworks, as they have encountered practical bottlenecks 76 

in engineering applications.  77 

At the “bottom”, research on pollutant-degrading strains, functional genes, and 78 

metabolic pathways has become increasingly comprehensive. In controlled laboratory 79 

environments, carefully constructed microbial consortia can indeed manifest desired 80 

functions in simulated wastewater treatment experiments [20, 21]. However, these 81 
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consortia often fall short when dealing with the real-world complexity of domestic and 82 

industrial wastewater [22, 23]. This inefficacy stems from several key factors. (1) 83 

Individual microbes adapt, survive, and reproduce within specific habitats. When 84 

inoculating these microbes from a laboratory environment into an engineering 85 

environment, their metabolic functions will be unpredictable during the adaptation 86 

process [24-26]. (2) The simple co-cultivation of different isolates does not guarantee 87 

combining their functions due to metabolic division of labor [27, 28]. Hence, 88 

establishing a microbial consortium that can stably perform its intended functions 89 

requires a clear understanding of each isolate’s metabolic pathways and their respective 90 

roles in the division of labor. In addition, these isolates must develop mutualistic 91 

interactions in specific environments, which is often fraught with uncontrollability [13, 92 

26]. (3) The constructed microbial consortia lack a variety of unculturable and rare 93 

species that possess unknown yet indispensable functions [29, 30], making it difficult 94 

to form stable engineered microbiomes for long-term use. Consequently, the bottom-up 95 

approach usually proves inefficient and unfeasible for real-world wastewater treatment 96 

engineering. 97 

At the “top”, a multitude of research concerning microbial community 98 

composition, functional traits, and ecological interactions consistently guides the 99 

testing and upgrading of wastewater treatment engineering. The seed or original 100 

engineered microbiomes could be shaped into more capable ones via different strategies 101 

[31-33]. However, these microbiomes have to face the challenge of fluctuating 102 
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environmental factors in wastewater, and real-world engineering also needs to carry out 103 

multi-objective start-ups and adjustments. Therefore, microbiome engineering often 104 

falls into a time-consuming and low-efficiency cycle of trial and error [34, 35]. This is 105 

attributable to several factors. (1) The engineered microbiomes contain numerous 106 

obscure species (i.e., microbial dark matter) and biomolecules with as-yet-107 

undetermined functions and interactions [29, 36, 37]. Hence, this often necessitates a 108 

deep reliance on empirical knowledge for effective modification. (2) Microbial 109 

communities in natural states exhibit both functional redundancy and multifunctionality 110 

[38]. The temporal variations of community composition and its ecological interactions 111 

in response to wastewater quality will introduce uncertainties in the overall 112 

functionality [39-41]. Accordingly, the simplified community structures and 113 

interactions might cause the engineered microbiomes to lose their redundancy and 114 

“multithreading” capabilities in addressing the complicated and variable stress of actual 115 

wastewater [14]. (3) Additionally, specific wastewater treatment systems (e.g., 116 

refractory industrial wastewater treatment reactors, anaerobic granular sludge reactors, 117 

and nitrifying reactors) face challenges in finding suitable seed microbiomes. The 118 

processes of domesticating and enriching often take a few months to years to yield a 119 

capable engineered microbiome [42-44]. Overall, the above pitfalls have notably 120 

limited the efficacy of the top-down approach. As a result, research within this field is 121 

dedicated to fulfilling these knowledge gaps and exploring more feasible solutions. 122 

The development of WWTPs, with microbiome engineering as the core, has 123 

Jo
urn

al 
Pre-

pro
of



evolved over a century and formed a foundational theoretical and technological system. 124 

However, a vast array of data and information from engineering practices has remained 125 

unexploited within WWTPs, largely due to the absence of an effective data integration 126 

and analysis platform. Although some public databases collect microbial genomic 127 

information from various environments, including WWTPs, their primary focus is 128 

preserving and sharing gene sequence data without directly linking to real-world 129 

microbiome engineering. The current advancements in integrated science, big data 130 

computing, and artificial intelligence (AI) inspire us to propose a novel approach: firstly, 131 

collect and consolidate comprehensive datasets of engineering parameters and 132 

microbiome information from operating WWTPs worldwide; secondly, harness the 133 

capabilities of big data engines to guide the search of seed microbiomes suitable for 134 

newly established WWTPs and provide technical strategies for shaping them into 135 

engineered microbiomes; thirdly, employ AI-driven modeling and multi-objective 136 

optimization analyses to diagnose issues within existing WWTPs and propose 137 

optimized regulation schemes that can upgrade the current low-efficiency engineered 138 

microbiomes to high-efficiency ones. 139 

This novel approach has notable advantages that can overcome the limitations of 140 

the bottom-up and top-down approaches. We do not need to start from scratch in strain 141 

screening and engage in intricate co-cultivation designs or conduct time-consuming 142 

artificial domestication to assemble the desired engineered microbiomes, which can 143 

save substantial time and economic costs. The seed microbiomes, directly acquired in 144 
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situ from global WWTPs, possess stable ecological structures and encompass microbial 145 

dark matter vital for community functioning. This is crucial for the stable operation of 146 

newly established or upgraded microbial engineering systems in the long term. 147 

Additionally, advanced computational tools based on AI modeling and big data mining 148 

greatly elevate the efficiency and intelligence of microbiome engineering. Thus, we can 149 

swiftly obtain practical suggestions for the operation or upgrading of WWTPs. 150 

As an initial step to achieve this approach, there is a pressing need to establish an 151 

integrative information platform that integrates engineering and microbiome data from 152 

global WWTPs and provides deep analytical capabilities based on AI-driven models 153 

and big data computations. 154 

 155 

2. Establishment of Global WWTP Microbiome-based Integrative 156 

Information Platform 157 

We propose establishing an open platform for sharing and service by extensively 158 

collecting information from domestic and industrial wastewater treatment systems 159 

worldwide. This platform will serve as a microbial ecology database for numerous 160 

large-scale microbiome engineering projects globally, particularly those involving 161 

WWTPs, recording the survival and effectiveness of “professional decomposers” on 162 

Earth. Additionally, this platform, featuring environmental engineering context, will 163 

provide economically and technically feasible solutions for establishing and optimizing 164 

WWTPs.  165 
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The information covered by this platform includes two parts: (1) basic information 166 

and engineering parameters of WWTPs and (2) microbiome information in the WWTPs. 167 

The first part (Fig. 2, green panels) can be further divided into: (1) WWTP backgrounds, 168 

including geographical location, source of wastewater, industrial type, treatment 169 

capacity, discharge destination, etc.; (2) WWTP technologies, including treatment 170 

processes, types of biological reactors (e.g., anaerobic upflow anaerobic sludge blanket 171 

[UASB] or expanded granular sludge bed [EGSB], aerobic conventional activated 172 

sludge [CAS], sequencing batch reactor [SBR]), and operational parameters, such as 173 

flux, hydraulic retention time (HRT), sludge retention time (SRT), mixed liquor 174 

suspended solids (MLSS), sludge reflux ratio, carrier type, etc.; (3) WWTP 175 

performances, including removal efficiency for key pollutants, such as chemical 176 

oxygen demand (COD), biochemical oxygen demand (BOD), total organic carbon 177 

(TOC), ammonium, total nitrogen, total phosphorus, refractory organics, antibiotic 178 

resistance genes, and effluent toxicity reduction; (4) Environmental factors, i.e., 179 

physicochemical characteristics of the microbial environment, including water quality 180 

indicators (temperature, pH, dissolved oxygen, salinity, pollutant concentrations, etc.) 181 

and sludge characteristics (particle size, settleability, hydrophobicity, zeta potential, 182 

etc.). 183 

On the other hand, the platform will encompass microbiome information derived 184 

from various technological means, such as high-throughput amplicon sequencing, 185 

metagenomic sequencing, single-cell sequencing, and the corresponding annotations 186 

for species and functions. Additionally, using multi-omics approaches that combine 187 

metagenomics, transcriptomics, proteomics, and metabolomics, the platform can 188 

provide profound insights into microbial metabolic pathways and crucial substance 189 

transformation mechanisms. More importantly, after obtaining the above information, 190 
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the platform will employ big data-driven computational methods like multivariate 191 

statistical analysis, machine learning, and interpretive modeling to conduct in-depth 192 

analyses (Fig. 2, yellow panel). These will establish a deep coupling framework 193 

between the engineering information and microbiome information, ultimately guiding 194 

the start-up and operational maintenance of WWTPs based on research results obtained 195 

from the microbiome information. 196 

We designate this archival library and technical service platform as the Global 197 

WWTP Microbiome-based Integrative Information Platform (hereinafter referred to as 198 

“the Platform”). The Platform stands apart from existing microbial strain repositories 199 

and online microbial genome databases. Its distinctiveness originates from the 200 

following aspects. Firstly, due to the inability to simulate habitats, the microbiomes 201 

remain in situ in the WWTP engineering systems rather than preserved in physical 202 

cryogenic storage. Secondly, the Platform incorporates not only microbial genomic 203 

sequences, but also a wealth of background information, and actual parameters 204 

associated with the engineering. More importantly, complex statistical analyses and up-205 

to-date computational processes, including machine learning and model training, are 206 

employed in the Platform to dig into the multidimensional information and develop 207 

feasible solutions for engineering systems. 208 

During the establishment and operation of the Platform, it is crucial to foster deep 209 

collaboration and data sharing with existing public databases, such as the National 210 

Center of Biotechnology Information (NCBI) in the USA, the European Bioinformatics 211 

Institute of European Molecular Biology Laboratory (EMBL-EBI) in Europe, the DNA 212 

Data Bank of Japan (DDBJ) in Japan, the National Genomics Data Center (CNCB-213 

NGDC) in China, the Global Survey of Activated Sludge Microbiome by Global Water 214 

Microbiome Consortium [2], and the Microbial Database for Activated Sludge (MiDAS) 215 
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[45]. Some of these databases collect microbial genomic information from various 216 

global environments and hosts, while some are specifically established for wastewater 217 

treatment systems. However, their primary focus is preserving and sharing gene 218 

sequence data rather than directly associating with engineering practice. Hence, they 219 

can offer substantial data support to the Platform. Meanwhile, the Platform requires the 220 

ongoing contributions of operational engineers and researchers across various 221 

disciplines for tasks such as sample collection, daily monitoring of system status and 222 

pollutant-removing efficiency, genome extraction, high-throughput sequencing, data 223 

analysis, and data collation and uploading (Fig. 2, blue panels). 224 

Ultimately, the Platform will apply cloud technology to store, update, and share 225 

all information and corresponding results from big data computational analyses 226 

globally. With continuous data updates, the Platform will routinely recalculate and 227 

retrain its models to provide the most accurate and state-of-the-art results. Furthermore, 228 

based on the differing user requirements, the Platform will modularize the data upload, 229 

storage, and computation processes and develop a suite of professional, efficient, and 230 

user-friendly toolkits to maximize the Platform’s usability. 231 

 232 

3. Promising applications of the Platform 233 

3.1. Search for seed microbiomes suitable for newly constructed WWTPs  234 

Based on the established Platform, the engineers can input basic information about 235 

newly built WWTPs, excluding the microbiome information. The Platform will then 236 

quickly identify several similar WWTPs, considering factors such as economy, safety, 237 

and convenience to pinpoint the optimal choice. The microbial community from the 238 
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activated sludge or digested sludge of this selected WWTP will serve as the seed 239 

microbiome for the new plant. Concurrently, the Platform will conduct a 240 

comprehensive statistical analysis of microbial community structures, environmental 241 

conditions, and engineering parameters from various relevant WWTPs. This analysis 242 

will be used to propose optimized start-up conditions and operational parameters, 243 

ensuring the efficient performance of the seed microbiome. Ultimately, the Platform 244 

will aid in proposing a multi-objective optimization and precise regulatory scheme for 245 

wastewater treatment engineering (Fig. 3). This method of assembling “well-structured” 246 

microbial communities overcomes the limitations of traditional empirical approaches 247 

and transcends the unknown details of synthetic biology, such as complex metabolic 248 

pathways, species interactions, and division of labor among microbial isolates [46]. 249 

 250 

3.2. Provide targeted solutions for upgrading existing WWTPs 251 

As global environmental regulations tighten, wastewater discharge standards have 252 

become increasingly stringent [47]. Many existing WWTPs struggle to comply with 253 

these enhanced requirements. In response, the Platform emerges as an essential tool, 254 

providing pivotal support for WWTPs to upgrade their operations. It employs big data 255 

analysis and machine learning models to evaluate the operational efficiency of existing 256 

WWTPs, pinpointing specific impediments that hinder compliance with required 257 

standards. Subsequently, the Platform offers a wide range of targeted upgrade schemes 258 

and conducts multi-scenario analyses, considering efficiency, economy, and safety 259 
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factors. Finally, the Platform will intelligently generate precise control schemes for 260 

efficient operation of existing WWTPs and propose reasonable and feasible technical 261 

optimization directions (Fig. 3). For instance, the Platform can guide WWTPs to 262 

effectively address issues such as substandard pollution indicators, sludge bulking, 263 

biological foam, and the loss of active microorganisms [48]. This can be accomplished 264 

through adjusting operational parameters, modulating environmental factors, and 265 

reforming treatment units. 266 

 267 

3.3. Recruit microbiomes to respond to sudden and accidental environmental 268 

pollution 269 

Once the Platform fully grasps the profound connection between microbiome 270 

profiles and pollutant degradation, the engineered microbiome in WWTPs can act as 271 

the “regular forces” in addressing the bulk of pollutants derived from anthropogenic 272 

emissions. These “regular forces” often include “specialized units” capable of 273 

degrading hazardous xenobiotics, a major concern in unforeseen environmental 274 

incidents and emergent pollution. Sudden environmental events, such as offshore oil 275 

spills, hazardous chemical leaks, and unintentional wastewater discharges, can 276 

momentarily inundate the natural environment with pollutants [49]. Currently, physical 277 

and chemical methods are predominantly employed to address these incidents swiftly, 278 

yet they incur high costs and risk secondary pollution. In such cases, the Platform offers 279 

a prompt, eco-friendlier alternative by efficiently mobilizing appropriate microbiomes 280 
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and devising effective remediation strategies (Fig. 3). Initially, prioritizing safety and 281 

adaptability, the Platform selects potential microbiomes from global WWTPs, taking 282 

into account crucial information about the sudden environmental event, including the 283 

primary pollutants, emission volume, location of the accident, and local hydrological 284 

conditions. The Platform then applies up-to-date big data analysis techniques and 285 

machine learning models to intelligently determine potential costs, feasible techniques, 286 

and pollutant degradation efficiency according to the input conditions. Eventually, the 287 

Platform offers an optimized solution as an effective microbial remediation strategy for 288 

sudden environmental incidents. 289 

Taken together, with the assistance of the Platform, the well-matched seed 290 

microbiomes can accelerate their adaptation in newly established engineering systems 291 

and finally form capable engineered microbiomes that meet our expectations. 292 

Meanwhile, the inefficient engineered microbiomes in the existing WWTPs can evolve 293 

into more efficient ones through multi-objective optimizations. In this way, big data-294 

driven intelligent models will achieve a leap in developing wastewater treatment 295 

microbiome engineering. Moreover, the Platform will greatly contribute to the rapid 296 

biological remediation of accidental environmental pollution. 297 

 298 

4. Scientific and social significance of the Platform 299 

4.1. Provide integrated data resources for scientific research in environmental 300 

biotechnology, microbial ecology, energy, and climate change 301 
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Although wastewater treatment biotechnology, an artificial augmentation of the 302 

microbial “decomposers” functioning on Earth, has been broadly utilized for over a 303 

century, the biological processes and mechanisms involved remain a “black box” [29]. 304 

With the advancement of various technologies and the pursuit of sustainable 305 

development goals, next-generation WWTPs need to be intelligent, energy-producing, 306 

and resource-recycling [1]. The Platform provides valuable data sources for scientists 307 

to delve into the operational rules of WWTPs, thus supporting automated control and 308 

intelligent operation and maintenance. The Platform facilitates the discovery of novel 309 

microbial metabolic pathways and the development of advanced biotechnologies. It 310 

also seeks potential technological pathways to reduce greenhouse gas emissions and 311 

recover resources to alleviate the anthropogenic impact on the natural ecosystem [50]. 312 

Based on the Platform, theoretical research on artificial systems can promote the 313 

development of microbial ecology and can even lead to the emergence of a new 314 

discipline — intelligent ecology. This discipline will employ AI-driven models and 315 

algorithms to elucidate complex ecological processes, predict ecological outcomes, and 316 

address ecological challenges. 317 

 318 

4.2. Record the co-evolution processes between industrial civilization and 319 

microorganisms at the global scale 320 

Due to the constant progression of industrial civilization, industrial production is 321 

undergoing rapid changes, characterized by the continuous emergence of new 322 

manufacturing processes and products [51]. As important participants in decomposing 323 

industrial synthetic substances, wastewater treatment microorganisms are evolving in 324 

tandem with the corresponding industrial processes [22, 25]. Professor Stephen 325 
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Palumbi, the author of “The Evolution Explosion: How Humans Cause Rapid 326 

Evolutionary Change,” once posited that hospitals provide an ideal setting to observe 327 

the evolution of bacterial resistance to antibiotics [52]. Similarly, WWTPs are also ideal 328 

places to track the evolution of microbial tolerance and degradation capabilities to 329 

emerging chemicals in a long historical period. Hence, the Platform, maintained and 330 

improved over the years, will chronicle the evolutionary trajectory of microorganisms 331 

in the Anthropocene era. 332 

 333 

4.3. Monitor and provide early warning of public health risks in wastewater collection 334 

areas 335 

It is worth noting that the massive microbial metagenomic sequences within the 336 

Platform, processed through AI-based computational analysis, can assist us in 337 

predicting potential health risks from the potential microbial mutations or the 338 

emergence of novel pathogenic organisms in our environment. The best example in this 339 

context is the surveillance of the SARS-CoV-2 virus in wastewater [53]. As stated in a 340 

report from the US Centers for Disease Control and Prevention, sewage monitoring is 341 

a powerful tool that provides early warning signals for virus transmission and helps 342 

track the complete development trends and patterns of each epidemic wave [54]. In 343 

addition, other respiratory viruses like influenza and respiratory syncytial virus can also 344 

be detected in time-series wastewater samples [55]. Since the Platform continuously 345 

collects microbiome information from WWTPs worldwide, it can use powerful 346 
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bioinformatic tools and existing pathogen databases to identify the putative pathogenic 347 

species and related metabolic pathways or processes. Therefore, the Platform can 348 

provide comprehensive and timely data support for Wastewater-Based Epidemiology 349 

(WBE) or Wastewater-Based Surveillance (WBS) by routinely detecting significant 350 

changes in high-risk infectious disease markers [55, 56]. 351 

 352 

4.4. Provide a global communication and trading platform for the optimization and 353 

integration of techniques and resources 354 

Human society has formed a mature and complex production chain comprising 355 

raw material collecting, upstream primary processing, midstream refinement, and 356 

downstream manufacturing [57]. With the progression of economic globalization, 357 

factories worldwide are united into a giant “global producer network”, while people 358 

from different countries or areas are integrated into a “global consumer network”. 359 

However, the sustainable and stable functioning of these two networks relies on the 360 

“global decomposer network” underpinned by modern biotechnologies, especially 361 

within wastewater treatment engineering [58]. In this regard, the Platform will serve as 362 

a seed bank and a trading platform for engineered microbiomes. Based on the principles 363 

of information sharing and fair trading, the Platform encourages technical guidance and 364 

resource sharing from developed countries to developing countries in fields such as 365 

industrial policy, production and consumption, ecological and environmental protection, 366 

and Environmental, Social, and Governance (ESG) for sustainable development [59, 367 
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60]. Doing so can minimize the costs of trial and error in developing countries and the 368 

potential risks of pollution to the earth, thereby enhancing the collective well-being of 369 

all humankind. 370 

 371 

5. Concluding remarks 372 

The performances of modern WWTPs significantly determine the extent of human 373 

interference with nature. With the evolution of WWTP automation, driven by 374 

advancements in online monitoring technology, there is a surge in the production of 375 

detailed engineering operational data. Meanwhile, the rapid development of next-376 

generation sequencing and multi-omics technologies has deepened our understanding 377 

of microbial community structures and functions within WWTPs. This intersection 378 

offers an invaluable opportunity to harness and maximize the potential of this wealth 379 

of engineering and microbiome data through advanced AI-driven data processing 380 

techniques. In this context, the ultimate aim of the Global WWTP Microbiome-based 381 

Integrative Information Platform (which might be abbreviated as GWMII Platform) is 382 

to overcome the inherent limitations of traditional empirical approaches, establishing a 383 

robust framework for intelligently guaranteeing optimized wastewater treatment 384 

performances. Thus, the GWMII Platform paves the way for fostering a balanced and 385 

sustainable synergy between human society and the natural environment. 386 

 387 
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Figure captions 594 

Fig. 1. The bottom-up and top-down approaches applied in microbiome engineering for 595 

wastewater treatment and their potential barriers. DBTL cycle: “design-build-test-learn” 596 

cycle. 597 

 598 

Fig. 2. The conceptual diagram of Global WWTP Microbiome-based Integrative 599 

Information Platform. The yellow panel illustrates the structure of microbiome 600 

information and in-depth analysis processes within the Platform; the green panels 601 

describe the main contents of engineering information; and the blue panels denote the 602 

possible data sources and cooperative contributions from relevant parties. 603 

 604 

Fig. 3. The application scenarios of Global WWTP Microbiome-based Integrative 605 

Information Platform. This panel illustrates the input and output contents and the 606 

working pattern of the Platform in the three application scenarios: starting up new 607 

WWTPs, upgrading existing inefficient WWTPs, and remediating accidental 608 

environmental pollution. 609 Jo
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Output 2: For upgrading of
existing WWTPs
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● Engineering renovation plan
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● ...

Application 1: For starting of
newly constructed WWTPs

Filter criteria: Flow/Wastewater quality/Wastewater
source/Treatment process/ WWTP geography/...

Application 2: For upgrading of
existing WWTPs

Filter criteria: Flow/Wastewater quality/Wastewater
source/Treatment process/ WWTP geography/
Microbial information/...
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Highlights 

⚫ A “Global WWTP Microbiome-based Integrative Information Platform” is 

proposed. 

⚫ The Platform employs AI-driven modeling and analyzing for WWTP-relevant 

parties. 

⚫ The Platform aims to enhance the biodegradation efficiency of pollutants on Earth. 

⚫ The Platform will be of significance for our human society and natural 

environment. 
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