Outcomes of the Slow Sand Filters Future Workshop hosted by the Water Biofilms
WG of the Environmental Biotechnology Network

Summary of Key Research Priorities for Advancing
Slow Sand Filtration

1. Deepening Our Understanding of Microbial and Ecological Dynamics

A central feature of slow sand filtration is its reliance on a living system, most notably the
microbial layer known as the schmutzdecke. Although this biofilm-based community has been
recognized for well over a century, many gaps remain in our knowledge of how these
microorganisms interact and adapt. Future research should therefore move beyond studying
individual pathogens or contaminants and instead embrace a systems perspective. By
examining the succession, competition, and cooperative relationships among different
microbes, researchers can develop strategies for more predictable performance. It is equally
important to consider non-traditional or extremophile species that might thrive under changing
environmental conditions, including emerging pollutants such as PFAS and microplastics.
Building on advanced molecular and cellular tools will enable the intentional introduction (or
bioaugmentation) of specific microbial consortia, whether to accelerate initial ripening or
enhance resilience against acute contamination events.

2. Data-Driven Monitoring, Modelling, and Predictive Control

New technology in sensors, data analytics, and computational modelling offers unprecedented
opportunities to monitor and optimize slow sand filtration in real time. The development of
reliable, low-cost devices that measure turbidity, microbial indicators, and dissolved oxygen
can help operators detect early warning signs of performance decline. When combined with
multi-scale modelling—where hydrodynamics, biofilm processes, and contaminant
transformations are all integrated—utilities can more effectively test operational scenarios
before implementing them. Machine learning approaches have begun to reveal subtle
correlations between variables such as flow rate, temperature, and microbial community
composition. Continued progress in these areas will strengthen the capability to predict when
filters need maintenance and how they will respond to changing influent quality. By moving
toward semi-automated or fully automated systems, water operators can improve decision-
making and minimize downtime.

3. Rethinking Filter Design and Maintenance for Next-Level Performance

Slow sand filtration is often seen as a simple and relatively land-intensive process, yet
engineers can update its design features in ways that simultaneously reduce cost and boost
efficiency. New research can focus on refining basin geometries, distributing inflow more
effectively, and exploring layered media—such as incorporating activated carbon or
engineered aggregates—to enhance contaminant removal. Another avenue lies in innovations
for skimming and cleaning. Techniques like underwater skimming, which remove the top
clogging layer without fully draining the filter, can enable continuous operation and significantly
reduce downtime. These maintenance methods require careful study to strike the right balance
between clearing debris and preserving the deeper beneficial biofilm. Finally, modular and
packaged SSF units hold potential for decentralized or smaller-scale installations, although
these too must be tested under diverse flow regimes and raw water conditions to validate
performance claims.
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4. Integrating SSF into Broader Water and Resource Cycles

Slow sand filters seldom operate in isolation and benefit considerably when placed within
comprehensive treatment trains that may include membrane processes, UV disinfection, or
advanced oxidation. In such integrated systems, SSF often cuts down on chemical use and
produces less waste, while the subsequent steps can provide additional safeguards and polish
the final effluent. A more expansive view of SSF also extends to nature-based solutions, where
wetlands or infiltration basins might precede or complement the filter, delivering ecological co-
benefits such as flood mitigation or habitat creation. Embracing circular economy principles
encourages the recovery and reuse of waste streams, including spent sand or skimmed
biomass, which may find applications in agriculture, energy production, or materials
manufacturing. Studying these wider resource flows helps position SSF as part of a resilient,
ecologically beneficial strategy for water management.

5. Bridging Policy, Regulation, and Public Acceptance

Transforming the perception of slow sand filtration from an old-fashioned method to a modern
solution requires targeted engagement with regulators, policy-makers, and local communities.
Although SSF has a robust record of dependable performance, particularly in removing
pathogens and reducing turbidity, its reliance on biological processes can appear less
controllable compared to fully mechanized or chemical-based systems. Gathering and sharing
high-quality evidence, including real-time monitoring data and comparative cost—benefit
analyses, will make it easier to satisfy regulatory demands and build public trust. Clear risk
communication is essential to clarify that SSF’s apparent simplicity conceals a sophisticated
ecological system that can adapt to emerging threats. Demonstrating how SSF aligns with
goals of chemical reduction and lower carbon footprints also resonates with growing societal
emphasis on sustainable and “natural” solutions.

6. Enabling Collaboration and Infrastructure for Research at Scale

Addressing these diverse research priorities will require not only technological and scientific
advances but also a supportive research environment. The creation of pilot and demonstration
sites where researchers, utilities, and private firms can pool resources will ensure that
laboratory findings can quickly be tested and refined under real-world conditions. At the same
time, there is a need for training and interdisciplinary collaboration, given that SSF spans fields
ranging from microbiology and biofilm science to fluid mechanics, environmental economics,
and public health. Funding bodies and water sector stakeholders can accelerate these efforts
by investing in shared facilities and endorsing open data principles, making it easier to
compare different strategies and catalyze continuous improvement. Such initiatives will also
help nurture a new generation of scientists and engineers who can translate SSF’s
fundamental biological processes into reliable, low-energy systems tailored to twenty-first-
century water challenges.

By prioritizing these areas—ecological understanding, data-driven operation, innovative
design, multi-barrier integration, policy alignment, and collaborative research—slow sand
filtration can evolve from a historical cornerstone to a pioneering front in resilient and
sustainable water treatment.

Further information:

Dr Francis Hassard, Reader in Public Health Microbiology
Faculty of Engineering and Applied Sciences

Cranfield University, Cranfield, MK43 OAL, UK
Francis.Hassard@cranfield.ac.uk

For the full report see https://ebnet.ac.uk/resources
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