Biomed Environ Sci, 2025; 38(11): 1-5

Perspective

Progress on Wastewater-based Epidemiology in
China: Implementation Challenges and

Opportunities in Public Health

) "
Biomedical and
f/ .
Environmental Sciences

China CDC

Qiuda Zheng'?, Xialu Lin’, Yingsheng He', Zhe Wang’, Peng Du’, Xiqing Li’, Yuan Ren’, Degao Wang®,
Luhong Wen', Zeyang Zhao’, Jianfa Gao’”, and Phong K. Thai'?

Wastewater-based epidemiology has emerged as
a transformative surveillance tool for estimating
substance consumption and monitoring disease
prevalence, particularly during the COVID-19
pandemic. It enables the population-level
monitoring of illicit drug use, pathogen prevalence,
and environmental pollutant exposure. In this
perspective, we summarize the key challenges
specific to the Chinese context: (1) Sampling
inconsistencies, necessitating standardized 24-hour
composite protocols with high-frequency
autosamplers (< 15 min/event) to improve the
representativeness of samples; (2) Biomarker
validation, requiring rigorous assessment of
excretion profiles and in-sewer stability; (3)
Analytical method disparities, demanding inter-
laboratory proficiency testing and the development
of automated pretreatment instruments; (4)
Catchment population dynamics, reducing
estimation uncertainties through mobile phone data,
flow-based models, or hydrochemical parameters;
and (5) Ethical and data management concerns,
including privacy risks for small communities,
mitigated through data de-identification and tiered
reporting platforms. To address these challenges, we
propose an integrated framework that features
adaptive sampling networks, multi-scale wastewater
sample  banks, biomarker databases  with
multidimensional metadata, and intelligent data
dashboards. In  summary, wastewater-based
epidemiology offers unparalleled scalability for
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equitable health surveillance and can improve the
health of the entire population by providing timely
and objective information to guide the development
of targeted policies.

Introduction

Public health authorities worldwide have
adopted wastewater-based epidemiology (WBE) to
monitor population health, particularly since the
onset of the coronavirus disease 2019 (COVID-19)
pandemic. WBE is a powerful surveillance tool for
monitoring substance use and facilitating early
warning of pathogen transmission and prevalence[”.
In China, WBE has been routinely used by anti-drug
authorities to monitor the consumption of illicit
drugs and by the Center for Disease Control and
Prevention (CDC) to evaluate the prevalence of
pathogens in the populationml, In the annual report
of the Drug Control Bureau of the Ministry of Public
Security, WBE results are important for reflecting
geotemporal consumption patterns and the effects
of intervention campaigns. The tool could serve as
part of the nationwide comprehensive public health
strategy—Healthy China 2030. Our literature search
revealed that over 300 WBE studies in China have
been published since 2013". However, although this
rapid research increase has expanded opportunities
for public health surveillance, challenges in
maximizing the benefits of WBE remain. The
objectives of this review were to i) summarize recent
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advancements in the WBE methodology in China and
its applications for public health benefits; and ii)
identify challenges of using WBE in China and
propose potential solutions to enhance its utility in
shaping comprehensive public health policies.

Integrated Sampling Framework for Large-Scale
Studies

China currently has several large-scale WBE
programs, including one involving more than 500
wastewater treatment plants nationwide B The
accuracy and representativeness of WBE data
depend on consistent and high-quality sampling
protocols. The implementation of 24-hour composite
sampling using autosamplers at an appropriate
sampling frequency (< 15 min/sampling event) and
low-temperature  storage is recommended.
However, owing to the difficulty in deploying
autosamplers in remote regions, passive samplers
may serve as an alternative for both remote rural
areas and community-level monitoringle]. The
performance of passive samplers can be affected by
multiple factors, such as flow conditions,
temperature, and suspended solids, resulting in
lower sensitivity and  potentially  reduced
representativeness compared with those of
autosamplers. These limitations should be carefully
considered, particularly when comparing data
obtained from different sampling approaches. To
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address biomarker-specific excretion variations,
establishing a WBE knowledge repository alongside
adaptive tiered sampling network guidelines will be
essential. Additionally, the systematic planning and
development of multi-scale wastewater sample
banks are required to advance research and enable
retrospective tracing (Figure 1).

Identification and Suitability Evaluation of New
Biomarkers

Despite the potential usefulness of clinical
biomarkers in WBE, their excretion patterns,
detectability in wastewater, and stability must be
assessed. Recent WBE studies in China have
demonstrated a strong analytical capacity to extend
the number of target analytes beyond
pharmaceuticalsm, poIIutants[S], and viral RNAs".
Reports have documented the use of WBE
biomarkers in China to evaluate chemicals such as
ketamine™”, dextrorphan™, 1,3-
diphenylguanidinellz], and drugs for hypertension,
diabetes, and gout[lal, as well as pathogens such as
the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)  Omicron variant™, respiratory
syncytial virus™, and Bordetella pertussis[m]. Our
evaluation encompassed several aspects, including
the detection capability, urinary excretion ratios of
chemical parent compounds to their metabolites,
fecal shedding rates and pathogen loads, in-sewer
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Figure 1. Framework for advancing wastewater-based epidemiology implementation in China. This
framework underscores the potential of the tool for the large-scale monitoring of public health in China,
aligning with national health strategies such as Healthy China 2030.
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and in-sample stability, and quantitative associations
with other indicators. However, we lack a detailed
investigation of the excretion or shedding profiles of
a broader panel of biomarkers, especially in the
Chinese population. The current excretion factors
used are mostly derived from pharmacokinetic
studies with a limited number of participants, and
existing evidence proves that such excretion factors
can have considerable errors when applied to
WBE™. The stability of biomarkers is another crucial
parameter, not only for their selection but also for
accounting for their loss during in-sewer transport.
We previously incorporated in-sewer biomarker
degradation (e.g., ethyl sulfate) and excretion
profiles into the correction factor to improve the
estimation accuracy“gl. In the future, WBE data can
be used to systematically evaluate a broader range
of biomarkers to derive appropriate correction
factors for those that are important''®. Therefore, a
comprehensive biomarker database with
multidimensional metadata linkages should be
developed to support further exploration and
implementation.

Target and non-Target Analysis Methods

Given that analytical methods form a
fundamental pillar of WBE research, their quality
assurance must be maintained through regular
proficiency  testing.  Standardized detection
methodologies and certified reference materials are
crucial for ensuring analytical comparability and
supporting validation frameworks across multiple
laboratories. An annual inter-laboratory test of
analytical methods is recommended to ensure data
quality. Although technical standards for wastewater
SARS-CoV-2 enrichment and nucleic acid detection
(Ws/T 799-2022)[”] and high-throughput variant
analysis (T/SZAS 92-2024)[21] have been released in
China, broader standardization efforts should be
promoted. Moreover, fully automated pretreatment
equipment, on-site sensors, and other online
monitoring instruments should be developed to
accelerate the collection of analytical results and
reduce time and monetary costs. Efforts have been
made to develop sensors for illicit drugsm]; however,
their adaptability and sensitivity require further
improvement to meet regular monitoring
requirements. In national narcotic laboratories, on-
line solid-phase extraction (SPE) is being used in
addition to traditional benchtop SPE methods for the
routine analysis of illicit drugs. Conversely, non-
targeted detection methods have significant
potential to expedite data mining in wastewater,

particularly in metagenomics and metaviromics to
identify unknown pathogens[zal, or to screen for new
psychoactive substances that emerge in the illicit
drug market".

Population Estimation for WBE Purpose

Real-time de facto population estimation is a
significant challenge, with large uncertainties
associated with migration and commuters™. Most
WBE studies in China rely on data provided by
wastewater treatment plants. Authors of some early
studies proposed the use of hydrochemical
parameters (e.g., ammonium nitrogen) or population
biomarkers to reduce estimation errors”®. Mobile
data have also been used for dynamic population
estimations in other countries™. Although these
data can capture daily variations, they raise cost and
privacy concerns. Alternatively, flow-based estimates
could be a simpler solution for catchments without
industrial discharges, although caution should be
taken owing to seasonal variations in per capita
water use and potential sewage overflow.
Concurrently, conducting demographic
investigations within catchments would strengthen
population-WBE data linkages.

The Need for Data Management and Ethics
Considerations

Over the past decade, studies on various
biomarkers across multiple catchments have yielded
valuable insights into nationwide public health
trends. The integration of these datasets into a
unified platform would improve these insights.
Different stakeholders have emphasized
standardizing full-process protocols and building
collaborative networks to ensure the long-term
consistency and utility of data™. National academic
conferences such as the China Conference on
Environment and Health and the National
Conference on Environmental Chemistry have
increasingly organized dedicated sessions on WBE to
facilitate knowledge exchange and strengthen
national research capacity. The development of
intelligent data analysis toolkits and dashboards will
enhance the efficiency and responsiveness of WBE.
The National Wastewater Drug Monitoring Report,
an example of a WBE data platform in China, is
released to the public without disclosing specific
site-level information. A similar platform for
pathogen surveillance was established internally by
the CDC.

Ethical challenges should be considered in WBE.
For example, identifying illicit drug use among low-
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count populations via the analysis of small
catchments can run the risks of discrimination and
stigma. WBE studies must de-identify sensitive
information and ensure the privacy of target
populations. To date, Chinese WBE studies have
focused on populations of at least a few thousand
people, avoiding individual identification. In the
future, balancing public health and law enforcement
benefits with ethical challenges will be required.

Despite the abovementioned challenges, WBE in
China presents a great opportunity for extensive
public health surveillance on a scale unmatched by
other methods. WBE can promote health equity by
expanding public health surveillance to rural areas
and vulnerable populations. Moreover, the
understanding of international stakeholders can be
enhanced through international and inter-
institutional collaborations, such as with the
European Union Drugs Agency and the Global
Consortium for Wastewater and Environmental
Surveillance for Public Health.
Funding This work was partly supported by the
National Natural Science Foundation of China (Grant
no. 42307534); Discovery Project (DP220101790);
The University of Queensland Scholarship; Australian
Research Council Discovery Project (DP220101790).
Competing Interests The authors declare that they
have no competing interests.
Ethics Not applicable
Authors’ Contributions Conceptualization: Phong K.
Thai. Visualisation: Qiuda Zheng. Investigation:
Qiuda Zheng. Data curation: Yingsheng He. Formal
analysis: Zhe Wang. Writing — original draft: Qiuda
Zheng, Xialu Lin, Yingsheng He, Zhe Wang, Zeyang
Zhao, and lJianfa Gao. Writing — review & editing:
Qiuda Zheng, Peng Du, Xiging Li, Yuan Ren, Degao
Wang, Luhong Wen, Jianfa Gao, and Phong K. Thai.
Resources: Xialu Lin. Funding acquisition: Jianfa Gao.

“Correspondence should be addressed to Jianfa Gao,
E-mail: J.Gao@szu.edu.cn

Received: July 1, 2025;

Accepted: October 21, 2025

REFERENCES

1. Singer AC, Thompson JR, Filho CRM, et al. A world of
wastewater-based epidemiology. Nat Water, 2023; 1, 408-15.

2. Cyranoski D. China expands surveillance of sewage to police
illegal drug use. Nature, 2018; 559, 310-1.

3. National Institute of Environmental Health, China CDC. The
2023 national wastewater surveillance project of COVID-19
training course was successfully held in Hefei. https://iehs.
chinacdc.cn/hydt/202310/t20231017_270135.html. [2023].

4. Zheng QD, Duan L, He YS, et al. Wastewater-based
epidemiology in China: a decade of advancements and

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

challenges. J Hazard Mater Adv, 2025; 19, 100792.

Zhou XX, Liu SC, Zhang ML, et al. Wastewater-based
estimation of diabetes mellitus prevalence in 237 cities: a
cross-China study. Sci Total Environ, 2024; 924, 171659.
Verhagen R, Kaserzon SL, Thomas KV, et al. Exploring drug
consumption patterns across varying levels of remoteness in
Australia. Sci Total Environ, 2023; 903, 166163.

Shi C, Zhang ML, Zhou XX, et al. Correlation study on influenza
epidemic in representative 5 cities in the middle and lower
reaches of the Yangtze River based on detection of oseltamivir
metabolite in wastewater. J China Pharm Univ, 2025; 56,
155-9. (In Chinese)

Du P, Zhou ZL, Huang HM, et al. Estimating population
exposure to phthalate esters in major Chinese cities through
wastewater-based epidemiology. Sci Total Environ, 2018; 643,
1602-9.

Fu SZ, Zhang YX, Wang R, et al. Longitudinal wastewater
surveillance of four key pathogens during an unprecedented
large-scale COVID-19 outbreak in China facilitated a novel
strategy for addressing public health priorities—a proof of
concept study. Water Res, 2023; 247, 120751.

Du P, Zheng QD, Thomas KV, et al. A revised excretion factor
for estimating ketamine consumption by wastewater-based
epidemiology — utilising wastewater and seizure data. Environ
Int, 2020; 138, 105645.

Shao XT, Ma XD, Li JL, et al. Evaluating dextrorphan as a
wastewater biomarker for cough suppressant use: a
longitudinal study in China. Water Res, 2025; 285, 124119.
Wang M, Wang H, Chen JF, et al. Tracking human exposure to
DPG and its derivatives: wastewater and urine analysis in
Guangzhou, China. Water, 2025; 17, 1130.

Shao XT, Zhao YT, Jiang B, et al. Evaluation of three chronic
diseases by selected biomarkers in wastewater. ACS EST
Water, 2023; 3, 943-53.

Li YH, Du C, Lv ZQ, et al. Rapid and extensive SARS-CoV-2
Omicron variant infection wave revealed by wastewater
surveillance in Shenzhen following the lifting of a strict COVID-
19 strategy. Sci Total Environ, 2024; 949, 175235.

Zhang ZQ, Li QX, He FL, et al. Sewage surveillance revealed the
seasonality and prevalence of respiratory syncytial virus and
its implications for seasonal immunization strategy in low and
middle-income regions of China. Water Res, 2025; 270,
122828.

Fu SZ, Du X, Xu Z, et al. The potential of wastewater
monitoring as a novel surveillance tool for early warning of
Bordetella pertussis outbreaks. Emerg Microbes Infect, 2025;
14, 2528537.

Thai PK, Lai FY, Bruno R, et al. Refining the excretion factors of
methadone and codeine for wastewater analysis—combining
data from pharmacokinetic and wastewater studies. Environ
Int, 2016; 94, 307-14.

Thai PK, Tscharke BJ, O'Brien JW, et al. Estimating alcohol
consumption by wastewater-based epidemiology: an
assessment of the correction factor for ethyl sulfate using
large-scale national monitoring data. Environ Sci Technol Lett,
2021; 8, 333-8.

Zhao ZY, Yuan JY, Zheng QD, et al. Utilizing national
wastewater and sales data to derive and validate the
correction factors of five common antidepressants for
wastewater-based epidemiology. Water Res, 2025; 276,
123263.

Standard Drafters of Methods for Enrichment and Nucleic Acid
Detection of SARS-CoV-2 in Sewage. Methods for enrichment
and nucleic acid detection of SARS-CoV-2 in sewage. Chin J
Prev Med, 2022; 56, 891-6. (In Chinese)

Shenzhen Association of Standardization. General technical


mailto:J.Gao@szu.edu.cn
mailto:J.Gao@szu.edu.cn
https://doi.org/10.1038/s44221-023-00083-8
https://doi.org/10.1038/d41586-018-05728-3
https://doi.org/10.1016/j.scitotenv.2024.171659
https://doi.org/10.1016/j.scitotenv.2023.166163
https://doi.org/10.1016/j.scitotenv.2018.06.325
https://doi.org/10.1016/j.watres.2023.120751
https://doi.org/10.1016/j.envint.2020.105645
https://doi.org/10.1016/j.envint.2020.105645
https://doi.org/10.1016/j.watres.2025.124119
https://doi.org/10.3390/w17081130
https://doi.org/10.1021/acsestwater.2c00452
https://doi.org/10.1021/acsestwater.2c00452
https://doi.org/10.1016/j.scitotenv.2024.175235
https://doi.org/10.1016/j.watres.2024.122828
https://doi.org/10.1080/22221751.2025.2528537
https://doi.org/10.1016/j.envint.2016.05.033
https://doi.org/10.1016/j.envint.2016.05.033
https://doi.org/10.1021/acs.estlett.1c00065
https://doi.org/10.1016/j.watres.2025.123263

Progress on ...

5

22.

23.

24,

requirements for monitoring SARS-CoV-2 variants from
wastewater based on high-throughput sequencing technology.
2024.

Mao K, Zhang H, Pan YW, et al. Nanomaterial-based aptamer
sensors for analysis of illicit drugs and evaluation of drugs
consumption for wastewater-based epidemiology. TrAC Trend
Anal Chem, 2020; 130, 115975.

Fu SZ, Yang Q, Sheng YJ, et al. Metagenomics combined with
comprehensive validation as a public health risk assessment
tool for urban and agricultural run-off. Water Res, 2022; 209,
117941.

Bade R, Huchthausen J, Huber C, et al. Improving wastewater-
based epidemiology for new psychoactive substance
surveillance by combining a high-throughput in vitro
metabolism assay and LC-HRMS metabolite identification.
Water Res, 2024; 253, 121297.

25.

26.

27.

28.

Yu H, Shao XT, Liu SY, et al. Estimating dynamic population
served by wastewater treatment plants using location-based
services data. Environ Geochem Health, 2021; 43, 4627-35.
Che XF, Zheng XY, Tao WJ, et al. Improved entropy-CRITIC
population model based on temporal and spatial variability:
construction and application in wastewater epidemiology. Sci
Total Environ, 2025; 958, 177807.

Baz-Lomba JA, Di Ruscio F, Amador A, et al. Assessing
alternative population size proxies in a wastewater catchment
area using mobile device data. Environ Sci Technol, 2019; 53,
1994-2001.

Baz-Lomba JA, van Nuijs AN, Lenart-Boron A, et al. Bridging
the gap between research and decision making: a European
survey to enhance cooperation in wastewater-based
epidemiology (WBE) for illicit drugs. Public Health, 2025; 241,
158-63.


https://doi.org/10.1016/j.trac.2020.115975
https://doi.org/10.1016/j.trac.2020.115975
https://doi.org/10.1016/j.watres.2021.117941
https://doi.org/10.1016/j.watres.2024.121297
https://doi.org/10.1007/s10653-021-00954-7
https://doi.org/10.1016/j.scitotenv.2024.177807
https://doi.org/10.1016/j.scitotenv.2024.177807
https://doi.org/10.1021/acs.est.8b05389
https://doi.org/10.1016/j.puhe.2025.02.009

	Introduction
	Integrated Sampling Framework for Large-Scale Studies
	Identification and Suitability Evaluation of New Biomarkers
	Target and non-Target Analysis Methods
	Population Estimation for WBE Purpose
	The Need for Data Management and Ethics Considerations

	Funding
	Competing Interests
	Ethics
	Authors’ Contributions
	References

