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The Ohio Water Resources Center staff, Dr. Zuzana Bohrerova and Dr. Linda Weavers of the Department 
of Civil, Environmental and Geodetic Engineering at The Ohio State University, completed a project funded 
by a Ohio Water Development Authority award. This project, titled “Developing design standards to 
enable the use of innovative technology in Ohio public water systems,” aimed to reduce the cost barrier 
to enable the use of well-established emerging technologies by small water systems in Ohio. 
 
Small public water systems (PWSs) in Ohio have been reluctant to 
introduce new treatment technologies because of the current requirements 
of pilot- or full-scale demonstration study for their approval. Requiring 
predesign demonstration studies effectively prevents small PWSs from 
installing emerging technologies because of the costs of equipment rental 
and shipment, PWS labor, design labor, analytical labor, and all associated 
management and reporting. The research team in collaboration with 
regulators (state and federal), PWSs engineers and managers, and design 
engineers selected low pressure-membranes (LPM) for criteria 
development (Figure 1). This technology is in demand with small PWSs for 
particle removal and has a proven track record.  
 
In order to develop design criteria for LPM, the team created several 
committees, including the stakeholders described above, with relevant 
expertise in membrane filtration. The team determined that for the particle removal application, temperature 
corrected flux was the most critical design parameter. The membrane flux is affected by the membrane 
configuration, membrane material, backwash schedule, and membrane influent water quality, especially 
connected to turbidity and TOC. The project team decided that design flux would be specific to the 
membrane manufacturer and product and would differ based on water quality parameter bins established 
by the committees (see Table 1). 
 
Table 1. Water Quality ranges influent to the membrane 

Parameter 
Good Water Qualitya Medium Water Qualitya Poor Water Qualityb 

Avg 95th Avg 95th Avg 95th 
Turbidity (NTU) ≤ 5 ≤ 10 ≤ 10 ≤ 50 > 10 >50 
TOC (mg/L)  ≤ 2  ≤ 4  > 4  
Fe, dissolved (mg/L) ≤ 0.05  ≤ 0.3  > 0.3  
Mn, dissolved (mg/L) ≤ 0.02  ≤ 0.05  > 0.05  

a Plan Approval at provided flux with no demonstration required 
b Pilot-scale demonstration required 

 
These LPM design criteria have been developed and are currently reviewed by Ohio EPA. 
 
Profile: The Ohio Water Resources Center (Ohio WRC) is a federally authorized and state designated Water 
Resources Research Institute in the State of Ohio. Dr. Zuzana Bohrerova is the center’s Associate Director 
and also a Research Specialist in the Department of Civil, Environmental and Geodetic Engineering at 
OSU, focusing on drinking water and wastewater treatment and disinfection. Dr. Linda Weavers is the co-
Director of the Ohio WRC and Professor in the Department of Civil, Environmental and Geodetic 
Engineering at OSU. Dr. Weavers’ research is multi-pronged with expertise in developing water and 
hazardous waste treatment technologies, promoting innovation in the water industry and determining fate 
of emerging contaminants in water systems. 

Figure 1 LPM installation in 
Byesville, OH 



Dr. Natalie Hull and Dr. Zuzana Bohrerova of the Department of Civil, Environmental, and Geodetic 
Engineering at The Ohio State University completed a project funded by the Ohio Water Resources Center  
via the Ohio Water Development Authority subaward. This project, titled “Impact of filter upset during 
conventional surface water treatment on UV disinfection efficacy,” aimed to evaluate the effectiveness 
and predictability of UV disinfection of drinking water in case of filter malfunction. 
 
Water treatment plants do not receive UV disinfection credit for 
Cryptosporidium and Giardia pathogens when combined filter effluent 
turbidity exceeds 0.3 NTU (95th percentile) or 1 NTU (maximum) due 
to particle shielding and scattering of the inactivating UV light. In this 
project, UV disinfection of indigenous aerobic bacterial endospores (a 
surrogate for Cryptosporidium and Giardia) in unsettled flocculated 
water was investigated to simulate the worst-case high-turbidity scenario 
for UV disinfection. The impact of turbidity on UV disinfection was also 
measured in drinking water plant influent water (raw) and in unsettled 
softened water (soft). Due to an increasing number of  extreme weather 
events  accompanying climate change and the impacts of aging 
infrastructure ,  high turbidity events may occur more frequently.  
As can be seen in Figure 1, the bacterial endospores showed lower 
inactivation rates in unsettled flocculated water compared to unsettled 

softened water 
and raw river water. When comparing different 
water quality characteristics, the decreased 
inactivation of flocculated water was not 
correlated with turbidity, total suspended solids, 
or absorbance, but rather with the threshold 
quantity of flocculated particles of 20 or more 
microns in size.  
These results show evidence for predictable UV 
disinfection under widely varied water quality 
conditions.  This predictability of UV disinfection 
during filter upset supports the need for a new 
evidence-based approach for awarding partial 
credit to UV disinfection during filter malfunction 
conditions.  This will especially benefit  small 
water utilities, where various capacity issues lead 
to greater challenges with problems such as filter 
upset. 
 

Researcher Profile: Dr. Natalie Hull is an Assistant Professor of Civil Environmental and Geodetic 
Engineering at the Ohio State University. Her research centers on sustainably engineered safe water, 
utilizing her background in engineering and microbiology. Dr. Zuzana Bohrerova is a Research Specialist 
in the Department of Civil, Environmental and Geodetic Engineering at OSU, focusing on water treatment 
and other water issues in the state of Ohio. Judith Straathof is an environmental engineering master’s student 
in Dr. Hull’s lab with a focus on water treatment. 

Figure 1. Dose response for indigenous, aerobic spores in samples of raw 
river water, unsettled flocculated water, and unsettled softened water with 
Geeraerd-tail biological models. 

Graduate student Judith Straathof 
sampling flocculated unsettled water 
for experiments 



Dr. Andy May and Dr. Linda Weavers of the Department of Civil, Environmental, and Geodetic 
Engineering at The Ohio State University completed an Ohio Water Resources Center funded project via 
Ohio Water Development Authority subaward. This project, titled “Investigating the extent of drinking 
water source contamination in southeastern Ohio by air emissions of HFPO-DA from the Chemours 
Washington Works facility,” aimed to gain a better understanding of the potential extent of the impact of  
air emissions of hexafluoropropylene dimer acid (HFPO-DA) on drinking water sources.  
 
The project team deployed two passive air samplers (Figure 1) per site for 92 days to monitor airborne 

PFAS concentrations through select locations ranging in distances of 
about 9.0 – 50 miles downwind from the source near Parkersburg, WV. 
One air sampler contained a polyurethane foam (PUF) disk, and the other 
contained a sorbent-impregnated PUF disk; the former was used to infer 
air sampling rates for these passive samples via loss of isotopically 
labelled 13C8 PFOA, while the latter was used to capture airborne HFPO-
DA.  

The team observed air concentrations of roughly 10 pg m-3 across all sites 
(Figure 2), and the observed air concentrations were about an order of 
magnitude greater than air concentrations of perfluorocarboxylic acids 
collected from a global network of passive air samplers at “background” 
locations. The results, in combination with other recent studies, suggest 
that air emissions of PFAS pose a risk to drinking water sources because 
short- and mid-range deposition can occur. 

 
 
 
Researcher Profile: Dr. Andy May is an 
Assistant Professor of Civil 
Environmental and Geodetic 
Engineering at the Ohio State 
University. Andy's research broadly 
ties into understanding how trace gases 
and particles in the atmosphere affect 
human health and climate. He holds a 
BE in Chemical Engineering from the 
University of Delaware, an MS in Civil 
& Environmental Engineering from 
Clarkson University, and a PhD in 
Mechanical Engineering from Carnegie 
Mellon University. 

Figure 1 Passive air sampler 
deployed in the field 

 

Figure 2 The concentration of PFAS in soil samples (brown dots) and 
surface water samples (blue, green and orange dots) from Galloway 
study compared to the locations of passive air samplers (yellow pins) 



Dr. Mark J. McCarthy, Research Assistant Professor at Wright State University, completed an Ohio Water 
Resources Center 104(b) funded project. The project, “Maumee River sediments as a nitrogen source or 
sink to Lake Erie: the competing roles of ammonium recycling and denitrification,” aimed to quantify 
the removal and recycling pathways of both nitrate (NO₃⁻) and ammonium (NH₄⁺) in Maumee River 
sediments to determine whether the sediments are a nitrogen (N) source or sink to the water column, 
promoting or mitigating harmful algal blooms in Lake Erie.  

Lake Erie has experienced toxic cyanobacterial blooms due to high 
nitrogen and phosphorus inputs from its tributaries including the Maumee 
River, which has the largest drainage area into western Lake Erie. Many 
studies evaluating the amount and form of P in the Maumee River have 
been conducted, but N studies are comparatively rare. Of the bioavailable 
N forms, NH₄⁺ may be the key N form for harmful algal blooms, but it is 
challenging to measure accurately in discrete samples because of rapid 
microbial cycling processes. 

Dr. McCarthy’s team collected water samples and sediment cores from 
four sampling sites along the Maumee River and measured net nutrient 
(N and P) fluxes across the sediment-water interface, using stable isotope 
techniques to quantify N sources and sinks (denitrification/anammox), 
and scaling seasonal results to estimate the annual internal load of 
bioavailable N forms compared to N removal capacity. 

Preliminary results focused on dissolved gas 
fluxes across the sediment-water interface 
indicate that Maumee River sediments act as 
a net N sink, primarily via denitrification. 
River sediments thus perform a valuable 
ecosystem service by removing bioavailable 
N before it is discharged to Maumee Bay, 
where it can provide fuel for toxic 
cyanobacterial blooms. However, isotope 
patterns for NH4+ also show that Maumee 
River and Bay sediments release substantial 
amounts of NH4+ to the overlying water. 
Since denitrification converts NO3- to N2 
gas, and NO3- is energetically less favorable 
for cyanobacteria assimilation compared to 
NH4+, the positive effects of N removal via 
denitrification (and anammox) are mitigated 
to some extent by sediment NH4+ releases. 

Researcher Profile: Dr. Mark J. McCarthy is a Research Assistant Professor at Wright State University. He 
has spent the last 19 years studying the nitrogen cycle in aquatic systems around the world. He received his 
Ph. D. from Université du Québec á Montréal and did his Post-Doctoral work at the University of Texas at 
Austin Marine Science Institute. 

Figure 1. Megan Reed (L) and Emily 
Holliday (R) conducting sampling at 
Mary Jane Thurston State Park 

Figure 2. Net N₂ flux in unamended cores and potential denitrification 
rates (DNF) measured in intact sediment cores incubated in a 
continuous-flow system. MB2 = Maumee River discharge at Brenner 75 
Marina (Toledo, OH). MB18 = Maumee Bay 



 

 

Dr. Faranak Behzadi, Research Scientist, and Dr. Patrick Ray, Assistant Professor in the Department of Chemical 
and Environmental Engineering at the University of Cincinnati, completed an Ohio Water Resources Center funded 
project via Ohio Water Development Authority subaward. This project titled “Multidimensional risk assessment 
on riverine contamination: case study of Cincinnati, OH” aimed to better understand the risks to Cincinnati of 
water supply interruptions caused by the contamination of river water.  
 
Approximately 50% of the world's people live within 3 km of a river and are vulnerable to streamflow extremes 
(flood/drought) and inadequate water quality. These two problems are linked and likely to worsen with climate 
change. However, the impact of streamflow extremes on water quality has not been given adequate attention in the 
scientific literature to date. The team modified a generalizable 2D computational fluid dynamics (CFD) model and 
named it the River Contamination Risk model (RANK). They applied the model to a case study of a 30-mile section 
of the Ohio River upstream of Cincinnati and a validation event of the January 2014 MCHM spill from Freedom 
Industries in West Virginia.  
 

The duration of contamination plume was reproduced using RANK with 1.8% 
error, while the previous primary modeling result showed 152% error in 
reproduction of the plume duration at the Greater Cincinnati Water Works 
(GCWW) intake (Figure 1). Stress test results demonstrated that higher river 
velocity results in earlier peak concentration time and shorter plume duration 
around the drinking water facility intake (Figure 2). For instance, when the river 
velocity was increased by 60% (from the January 2014 velocity of 1.6 m/s to 
the speed of the flood of 1997, 2.57 m/s), the plume arrived at its peak level at 
the treatment plant location 6.4 hours earlier. When the river velocity was 

decreased by 81% (from the January 
2014 velocity to the velocity that 
occurred during a particularly low-
flow month in 1914, for example, 
0.31 m/s), the time to peak 
concentration was delayed by 106.6 
hours. These calculations presumed a 
free-flowing river. The ability of 
locks and dams to retain river flows 
during dry periods has the potential 
to fundamentally alter these calculations and must be included in the future.  
Though the higher flow velocity results in a shorter shut-down period for the treatment plant, it leaves the water 
utility managers with less time to make an initial assessment of the spill and to decide on the emergency response. 
On the other hand, lower flow velocity imposes a higher risk on drinking water supply due to the longer period of 
the plant shut-down and limited off-line storage of drinking water. 
 
Researcher Profile: Patrick Ray is an Assistant Professor of Environmental Engineering at the University of 
Cincinnati. His research focus is water-related climate change adaptation and international development, and since 
joining UC, he has become committed to reducing risks to public health from Ohio River hazards: flood, drought, 
and contamination. Faranak Behzadi is a researcher in geology at UC with a specialty in computational fluid 
dynamics and an interest in surface water – groundwater interactions. 

Figure 1 Red dots - contaminant 
concentration, blue line - RANK model 
prediction, dashed black line - 
conventional model result 

Figure 2 RANK simulations using the data from 2014 river spill in West Virginia and 
changing velocity conditions. The 2-day limit is indicating the time the Greater Cincinnati 
Water Works can shut down their river water supply and use alternative source.  



Dr. Jeanine Refsnider, Associate Professor in the Department of Environmental Sciences at the University 
of Toledo completed an Ohio Water Resources Center funded project via 104(b) USGS. The project, 
“Effects of Harmful Algal Blooms on Stress and Immune Function in Freshwater Amphibians and 
Reptiles”, aims to determine whether wildlife health can be used as an early indicator of microcystin 
pollution. 

Harmful algal blooms (HABs) occur almost every year in the 
Western Basin of Lake Erie, and are a major contributor to the 
decline in quality of Ohio’s water resources.  Although the algal 
toxin microcystin is harmful to humans and pets if ingested or 
inhaled, almost nothing is known about its effects on the aquatic 
wildlife living in water bodies affected by HABs. Dr. Refsnider’s 
lab is taking a first step towards understanding how HABs affect 
aquatic wildlife by studying physiological stress and immune 
function in several common species of reptiles and amphibians 
(Figure 1). The goal of the funded project was to compare stress 
levels and immune function in turtles, snakes, and frogs exposed 
to microcystin from HABs to control, unexposed animals.  

Dr. Refsnider’s results demonstrate that aquatic wildlife exposed 
to harmful algal blooms demonstrate several sublethal effects. The laboratory results showed that tadpoles 
exposed to microcystin for 7 days exhibited increased dilation of the intestines compared to control 
tadpoles, potentially indicating an inflammatory response (Figure 2). Field studies consisted of sampling 
wild songbirds, painted turtles and northern watersnakes during a HAB event in Grand Lake St. Mary’s and 
a control site at Ottawa National 
Wildlife Refuge. Songbirds and 
snakes from the microcystin-
exposed site had higher baseline 
stress levels than unexposed 
individuals.  Microcystin-exposed 
turtles exhibited depressed immune 
functioning measured by 
bactericidal capacity compared to 
control turtles.  On the other hand, 
exposed watersnakes exhibited 
higher physiological stress levels 
and increased bactericidal capacity 
when exposed to microcystin. 
Overall, we have found that even 
when HABs do not cause direct mortality of exposed wildlife, they can act as a physiological stressor across 
several different taxa, which may lead to other sublethal effects such as organ damage and depressed 
immune functioning in some groups. Therefore, the health of aquatic wildlife does appear to be a useful 
indicator of water quality and of the health of aquatic systems. 

Researcher Profile: Dr. Refsnider’s received her Ph.D. in Ecology and Evolutionary Biology from Iowa 
State University in 2012. After finishing her Ph.D., she was a postdoc in biology at the University of 
California, Berkeley.  Dr. Refsnider is interested in exploring the mechanisms underlying species’ 
responses to rapid environmental change and their potential to affect species persistence. Her research 
combines observational and experimental studies in the field and in the lab, and incorporates technological 
advances in field data collection and genomic techniques.   

Figure 1. MS student, Jessica Garcia 
(University of Toledo) is sampling turtles 
during her fieldwork.  

Figure 2. Controlled laboratory experiment exposing bullfrog tadpoles to 
microcystin (left). Cross-sections of tadpole intestines show that tadpoles 
exposed to microcystin (right) exhibited increased dilation compared to control 
animals (center), potentially indicating an inflammatory response to 
microcystin (histology photos by R. Su). 

 



Dr. Gil Bohrer and Dr. Jorge Villa from the Department of Civil, Environmental and Geodetic Engineering at the Ohio 
State University completed an Ohio Water Resources Center funded project via USGS 104(b) subaward. They 
collaborated on the study titled “Linking wetland ecological functions: towards a combined ecosystem-service 
quantification to promote ecosystem health in Lake Erie,” which focused on understanding how the ecosystem 
function of different parts of the wetland relates to the processing of carbon and nutrients by the wetland. Wetland 
ecosystems are heterogeneous and composed of small intermittent patches of open water and different vegetation  
under various hydrological regimes. Key activities of the study included analysis of soil cores to determine the 
accumulation rates of nitrogen and phosphorus and the sequestration rate of carbon in the wetland soils. The project 
also conducted extensive chamber-based sampling to determine the effects of the ecological and hydrological 
conditions at different patch types on processes of uptake and transport of nutrients and carbon-based greenhouse 
gasses.  
 
The team found different carbon and nutrient sequestration rates at different locations in the wetland.  Shallow 
locations near the outflow sequestered more carbon but less phosphorus than deeper locations (Figure 1). They found 
that the regulation of methane flux from the wetland vegetation types is driven by temperature and water depth and is 
dominated by hotspots and hot moments when the fluxes are very high. Additionally, they found differences between 
vegetation types in the way they regulate methane flux through their leaves. They characterized the conductivity of 
the soil and vegetation to the flow of methane from the soil. They provided meteorological, carbon fluxes and adjacent 
soil and water properties observations to the Powel-Center FLUXNET-CH4 collaborative project that compared 
methane fluxes from many sites in aquatic habitats. 

Figure 1. Accumulation rates of 
phosphorus in the soil as determined 
from lead-dated soil cores through 
three depth-transects (shallow, 
intermediate, deep) in locations of 
the wetlands with different hydraulic 
regimes (Backflow, Outflow, Mid-
estuary). Phosphorus accumulation 
rates varied strongly with depth and 
with hydrological regime. The effects 
of depth were different in different 
hydrological locations: in the 
Outflow it increased with depth 
whereas in the Backflow and Mid-
estuary maximal phosphorus 
accumulation occurred at the 
intermediate depth.  
 
When constructing or restoring a 

wetland ecosystem to protect surface waters from nutrients, special attention must be paid to the wetland depth and 
vegetation as it is evident from the research that they have different impacts on nutrient and carbon sequestration.  
 
Researcher Profiles: Gil Bohrer received a PhD from the Department of Civil Engineering at Duke University. He 
was a postdoc fellow at the Harvard University Center for The Environment before starting a faculty position at OSU 
in 2008. Bohrer’s research focuses on ecosystem-atmosphere interactions and measurements and modeling of the 
effects vegetation structure and composition have on greenhouse gas budgets of the ecosystem. Jorge Villa received 
a PhD from the Environmental Science Graduate program at OSU. He worked as a professor in Lasallista University 
in Medellin, Colombia, before coming to the Department of Civil, Environmental and Geodetic Engineering as a 
visiting professor. He is currently an assistant professor at the University of Louisiana at Lafayette.    
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Dr. Lei Wu, Assistant Professor in the Department of Civil Engineering at Ohio University conducted an 
Ohio Water Resources Center funded project via USGS 104(b) subaward titled “Capillary trapping of 
buoyant particles by cylindrical collectors and its application in transport of floating fertilizers in 
overland flow.” This project aimed to understand capillary attraction — a particle capture mechanism that 
plays an important role in the interactions between floating particles and emergent vegetation — in order to 
shed light on the design of granular fertilizer and the prediction of its transport in surface runoff.  
 
 

 
Figure 1. Representative floating 
particles captured by simulated stems 
due to capillary force. 
 

Controlled-release fertilizers (CRFs) can be a promising way to increase 
the utilization efficiency of nutrients while also reducing nutrient pollution 
from over-fertilization. Minimizing surface water pollution caused by 
fertilizers requires accurate nutrient transport prediction, but some CRFs 
are buoyant and can float on the surface of water because of capillary 
action due to their unique polymer / film coatings. This poses challenges 
in predicting their transport in the field.  
Dr. Wu and her team investigated the key factors governing the capillary 
attraction between floating particles and stems in a modeled vegetation 
system (Figure 1). A modified collision model was proposed and validated 
to predict the capture efficiency (𝜂𝜂!) of particles by emerging stems under 
various experimental conditions. The results showed that the 𝜂𝜂! remained 
constant when bulk flow velocity of liquid (u) was smaller than particle 
escape velocity (ue). The 𝜂𝜂! decreased drastically with the increase of the 
bulk flow velocity (Figure 2A). Additionally, particle size had a non-
trivial effect on the decrease of 𝜂𝜂!; with increased flow velocity, the 𝜂𝜂! 
decreased exponentially for both particles with different densities (Figure 
2B). A modified collision equation which accounts for the attraction 
capacity of the floating particle attached to the stem was developed and 
validated with experimental observations (Figure 2C).

 
 

 
This research presents useful 
insights on the optimization 
of the size and density of  
CRFs  as well as their 
applications in vegetative 
filter strips. Further studies 
with the new collision 
efficiency model include 
investigating particle 
aggregation and oscillation 
around the stem and the 
effects of the surface 
properties of the particle and 
stem on attachment 
efficiency. 
 
 
Researcher Profile: Lei Wu received her Ph.D. from University of Florida in 2013. After finishing her Ph.D., 
she was a postdoc in the Department of Earth and Environmental Science at the University of Pennsylvania. 
She is generally interested in understanding how contaminants migrate through environmental media (soil, 
surface water and groundwater), and how physical, chemical and biological processes can be used to slow 
their movement and potentially degrade them into less toxic substances. 
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