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High-Resolution Measurement of CO, and CH4 Fluxes in Reclaimed Wastewater-
Fed Mediterranean Reservoirs
Isaac Yagle, 2Moshe Harel, 2Gad Weiss, 2Alon Goldman, 'Elad Levintal
' Zuckerberg Institute for Water Research, The Jacob Blaustein Institutes for Desert
Research, Ben-Gurion University of the Negev

2BlueGreen Water Research Center, BlueGreen Water Technologies Ltd

Inland aquatic systems contribute ~40-50% of global carbon dioxide (CO2) and
methane (CH4) emissions, with reservoirs accounting for more than 5% — a contribution
projected to rise with warming and reservoir expansion. Yet, reservoir CO2 and CH4
emissions remain highly uncertain, as flux estimates are sparse and episodic, making
scaling across heterogeneous space and time challenging. Reservoirs differ from marine
systems due to substantial terrestrial and anthropogenic nutrient inputs that stimulate
algal production, particularly in warm conditions. Enhanced algal biomass supplies labile
organic matter that fuels microbial respiration and methanogenesis, thereby driving both
CO2 and CH4 emissions. Despite these important interactions, high-resolution
observations linking nutrient inflows, thermal structure, and reservoir carbon gas
dynamics remain limited. To address this, we are conducting continuous biweekly
measurements of CO2 and CH4 fluxes in two agricultural reservoirs supplied with
reclaimed wastewater in a Mediterranean climate. The flux measurements are
conducted using standard flux chambers combined with new tools developed in our lab.
These measurements are integrated with remote sensing, water-column profiling, water
and sediment chemistry analyses to characterize stratification patterns, redox gradients,
nutrient availability, and temporal shifts in algal dynamics. Preliminary results reveal
pronounced diurnal and seasonal variability in CO2 and CH4 emissions. CH4 fluxes
increase from early morning to early afternoon (07:00-13:00), indicating strong daytime
enhancement. Emissions decrease with declining water temperatures across a seasonal
range of ~15-29 °C, coinciding with the attenuation of algal biomass blooms. These
results demonstrate tightly coupled thermal, biological, and biogeochemical controls on
CO2 and CH4 emissions in nutrient-enriched reservoirs, highlighting the importance of

resolving diurnal and seasonal processes to improve reservoir-scale emission estimates.
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Tracking PFAS Transport Across the Vadose Zone into Groundwater
Samuel Kolade, Avner Ronen, Ofer Dahan

Zuckerberg Institute for Water Research, Ben Gurion University of the Negev

Per- and polyfluoroalkyl substances (PFAS) are persistent anthropogenic contaminants
released from sources such as firefighting training areas, industrial facilities, landfills,
and wastewater treatment plants, leading to widespread contamination of water
resources and environmental biota. This study examines the fate and transport of PFAS
in the unsaturated zone (UZ) at a firefighting response site in Ashkelon, Israel, utilizing a
vadose zone monitoring system (VMS) in conjunction with soil and groundwater
sampling over a multi-seasonal period. Continuous water content monitoring revealed
strong seasonal variability in infiltration and storage, which controlled PFAS mobilization.
Analysis of PFAS in vadose porewater samples revealed that both short-chain and long-
chain PFAS were released during periods of intense infiltration. During drier periods,
long-chain PFAS were minimally released, indicating strong retention. Soil analysis
revealed that legacy PFAS persist in both surface and shallow clayey layers, serving as
long-term sources of groundwater contamination. Overall, the results highlight the
coupled influence of water content-infiltration dynamics dependency, soil heterogeneity,
and compound-specific properties on PFAS retention and migration. These findings
emphasize the long-term role of the vadose zone as both a reservoir and a source of
PFAS to groundwater, with implications for risk assessment and remediation strategies

at contaminated sites.
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Investigating Pore-scale Oxygen Dynamics and redox potential in unsaturated
porous media Using Microfluidic Soil-on-Chip Technology
llil Levakov, 'Sanna Musa, 2Hamidreza Khoshtarash, ?Veronica L Morales, 'Oshri
Borgman
Migal galilee research institute, Israel

2University of California, Davis, CA

The availability of key soil nutrients is strongly governed by soil redox conditions, making
redox dynamics a key determinant of agricultural and environmental sustainability.
These redox conditions are directly linked to oxygen concentrations in porewater, which
are highly dynamic and fluctuate significantly over millimeter-scale distances. In
cultivated soils, different land management practices modify soil pore structure, directly
influencing oxygen distribution, which subsequently governs coupled physicochemical
and biological processes. This study investigates the interaction between porous
medium structure and water saturation in shaping pore-scale oxygen distribution. These
interactions were examined using two-dimensional microfluidic soil-on-chip reactors,
enabling high-resolution observation of oxygen dynamics across diverse porous medium
structures under drainage conditions. To ensure that oxygen dynamics were governed
solely by pore-space transport, the microfluidic devices were fabricated from gas-
impermeable NOA-81. The microfluidic devices were embedded with oxygen-sensitive
fluorescent sensors, enabling high-resolution, real-time visualization of oxygen
concentrations within pore spaces. By varying pore structural complexity and water
distribution in controlled experiments, we aim to quantify the relationships between pore
geometry, water saturation and distribution, and oxygen dynamics. Preliminary results
comparing two porous media with distinct correlation lengths reveal that structural
connectivity significantly dictates water distribution during drainage. In structures with a
higher correlation length, the liquid phase organizes into large clusters with a lower
surface-to-volume ratio. In contrast, media with lower correlation lengths exhibited
smaller, more dispersed clusters with a higher surface-to-volume ratio. These spatial
patterns directly govern oxygen gradients, where the center of larger clusters maintains

significantly lower oxygen concentrations.
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The impact of heterogeneity on bacterial biofilm growth dynamics in microfluidic
porous media
[t wiIx’2 jyna'rory pnx’? nymow N’

n4yn’

Yamn?

Bacterial biofilms play a role in environmental and engineered porous media by strongly
influencing fluid flow, solute transport, and contaminant degradation. A mechanistic
understanding of how biofilms interact with pore-scale structural heterogeneity and
imposed flow conditions is therefore essential for accurately modeling and predicting
these systems. At the same time, the contribution of specific extracellular biofilm
components to growth dynamics and spatial organization remains poorly understood,
despite their importance for biofilm stability, adhesion, and resilience. In this work, we
investigate how biofilm characteristics and porous medium structure jointly control
biofilm growth dynamics. We employ microfluidic porous medium devices with well-
defined geometries that allow precise control over pore-scale heterogeneity. The devices
are fabricated from PDMS and consist of a rectangular channel filled with an array of
circular pillars whose diameter distribution governs pore and throat size variability. The
microfluidic chips are inoculated with Bacillus velezensis, a model plant growth
promoting rhizobacterium. Following inoculation, nutrient broth is injected at a constant
flow rate, and biofilm development is monitored over time using brightfield microscopy.
Biofilm growth attenuates transmitted light, enabling quantitative, spatially resolved
measurements of biofilm accumulation. In parallel, we compute detailed pore and throat
size distributions and numerically estimate the liquid velocity field within the porous
medium. Preliminary results indicate preferential biofilm accumulation in smaller pores
during early to intermediate stages, suggesting that low-velocity regions favor initial
colonization. Ongoing experiments explore how varying flow rates, and thus Péclet
number, modulate biofilm growth through coupled effects of solute transport and fluid

shear stress.
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