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Abstract 

   

Reduced sulfur compounds produced as a by-product of anaerobic digestion pose a significant 
health and environmental hazard for nearby communities. Here we assessed a novel floating reactive 
barrier (FRB), comprised of buoyant photocatalysts (BPCs), as a passive solution to intercept and treat 
malodorous compounds before crossing the air-water interface. Using industry provided samples of oil 
sands process water (OSPW) containing anaerobically produced aqueous sulfide, the FRB system was 
evaluated at both the bench and pilot scale. The photocatalytic FRB demonstrated a 95% reduction in H2S 
emissions at the lab scale and up to 98% at the pilot-scale under outdoor weather conditions and natural 
sunlight. H2S emissions intercepted by the FRB were found to be oxidized to non-volatile sulfate. An 
empirical reactive transport model describing the performance of the FRB is proposed informed by the 
results obtained in this work. The photocatalytic FRB described herein is proven to be an effective measure 
for the mitigation of potentially hazardous reduced sulfur compound emissions under solar UV conditions.  

Synopsis  
A novel photocatalytic floating reactive barrier was validated for the interception and passive 

solar treatment of aqueous H2S emissions from anerobic tailings pond water.  
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1.0 Introduction 

The removal of reduced sulfur compound (RSC) emissions from anaerobic digestion poses substantial 
health hazards and corrosion maintenance issues [1]. RSC emissions hazards can originate from a variety 
of sources including aquifers contaminated by abandoned oil and gas wells [2], [3], municipal wastewater 
systems [1], agricultural wastewater [4]–[7], and mining tailings ponds [8]. For Canada’s Oil Sands mining 
tailings ponds, residual diluent in the tailings undergoes simultaneous sulfidogenesis and methanogenesis 
in the mature fine tailings (MFT) layer [8]–[13]. Currently methane and other volatile organic carbons 
(VOCs) represent the majority of emissions from these tailings ponds [8], [9], but the convective transport 
of methane from the MFT to the tailings pond surface can act as a carrier for malodourous sulfur emissions 
(H2S) [11], [13], circumventing the natural sulfur cycle in the pond. These RSC emissions may affect the 
local air quality and pose a potential health risk to nearby communities and operators [14]–[16]. Removing 
RSC emissions is a relevant environmental and health issue, yet due to the scale of these systems, effective 
treatment of large aqueous sources is a challenge that is not effectively addressed by conventional 
technologies. 
 
Photocatalysis has previously been studied as an effective method for the elimination of H2S and other 
malodorous compounds from air sources [17]–[24]. These past studies focused on treatment of gaseous 
H2S emissions where interception and containment are more difficult. Photocatalytic treatment of H2S in 
the aqueous phase prior to volatilization has yet to be investigated. Previous work has validated the 
efficacy of using floating photocatalysts as a passive advanced oxidation process (p-AOP) for the treatment 
of environmentally persistent naphthenic acids in mining process-affected water using natural sunlight 
UV-radiation at the bench-scale [25], [26]. The photocatalyst is immobilized on a buoyant substrate and 
naturally concentrated at the air-water interface for optimal sunlight intensity. Due to the cohesive and 
self-distributing nature of these buoyant photocatalysts they form a floating layer upon deployment that 
simultaneously acts as a physical barrier to volatile compounds while performing oxidative photocatalytic 
treatment. 
 
This floating reactive barrier (FRB) is analogous to the permeable reactive barriers currently used as an in-
situ treatment method for groundwater remediation [27], [28] and is expected to have a significant impact 
on the management of fugitive emissions and malodorous compounds. As the FRB is fully wetted, the 
odour compounds are expected to diffuse through the photocatalyst layer while still contained in the 
aqueous phase. Solute transport through the layer is driven primarily by diffusion rather than convection 
(Pe = 7.5*10^-5, calculation in SI). The transport rate of volatile compounds is slowed by the tortuosity of 
the layer and by the photocatalytic media producing radical species (superoxide and hydroxyl radicals) 
that oxidize the reduced emission compounds during the diffusive process. This paper presents the FRB 
as a novel mechanism for the interception and treatment of volatile emissions from aqueous sources at 
the air-water interface. The work herein presents results from both bench and pilot-scale treatment of 
naturally occurring H2S emissions from an industry effluent. Additionally, a steady-state reactive transport 
model through the FRB layer is proposed using parameters derived from experimental data. The 
hypotheses of this study were to demonstrate that a photocatalytic FRB can provide simultaneous vapour 
barrier and treatment of volatile sulfides and to confirm that these principles are maintained under typical 
operating conditions at a larger scale (natural sunlight, weather effects, bubbling). 

 



2.0 Floating Reactive Barrier Mass Transfer Model 

To elucidate the mechanism describing volahle transport through the floahng reachve barrier (FRB), a 
mass transfer model is proposed using a one-dimensional form of the diffusion-reachon equahon, which 
for a 1st order photocatalyhc reachon in homogeneous porous media is described by: 
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where c is the concentrahon of the solute, D is the diffusivity of the solute through the FRB, k is the 
apparent first order rate constant for the photocatalyhc oxidahon of the solute, and I is the irradiance 
applied to the FRB. This model implements pseudo-first order kinehcs as is typically applied to 
photocatalyhc treatment of low-concentrahon contaminants (ppb to ppm range) and jushfied by the 
Langmuir-Hinshelwood kinehcs model [29]–[35] (Figure S2 and Table S2). For this model it is assumed that 
there is no convechve transport across the FRB and that mass transfer through the layer is governed by 
diffusion (Pe = 7.5*10^-5). It is also assumed that the diffusion coefficient and UV irradiahon is uniform 
across the layer and that there are negligible mass transfer limitahons from the bulk liquid to the liquid-
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"$
= 0 and Equahon (1) is in the form of a second order linear ODE with a 

soluhon of: 

𝑐(𝑥) = 𝐶%𝑒
&'()*+, + 𝐶!𝑒

&-'()*+,. 

Using the boundary condihons of 𝑐(0) = 	 𝑐.	and 𝑐′(𝛿) = 	0, where δ is the thickness of the FRB layer, the 
constants C1 and C2 can be solved for: 
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Given a sufficient combinahon of a relahvely small diffusivity, a large FRB layer thickness, and a large 
reachon coefficient, the FRB system can effechvely mihgate volahle emissions across the barrier. The 
diffusivity of a parhcular species in the FRB layer can be derived experimentally using both aqueous and 
gaseous data for a steady state system with negligible reachon (Supporhng Informahon). Addihonally, 
once the diffusivity is known the first-order reachon rate constant within the FRB layer can be derived 
from experimental data (Table S3). This model provides a useful methodology with which to quanhfy 
these difficult to measure properhes that are essenhal parameters governing the efficacy of the 
photocatalyhc FRB. 

 
3.0 Methods 

3.1 Lab-scale closed-cell reactor 
3.1.1 Photocatalysis experiments 

A solution of 1.5 L of pH-adjusted Oil Sands process water (OSPW), sourced from an industry partner and 
preserved at pH 10 with NaOH (Fisher Scientific, ≥ 97%, ACS certified), was added to a glass cylindrical 
closed-cell reactor (2.5 L total volume and cross-sectional area of 0.0175 m2) (Figure 1). A pre-measured 



amount of photocatalyst composite powder was added to the surface of the water to achieve a catalyst 
layer thickness of approximately 0.5 - 1.0 cm across the edge to centre of the reactor. Prior to treatment, 
the headspace volume was purged tenfold at a flow rate of 300 mL/min using compressed air. Gaseous 
headspace samples were collected using compressed air flow through a 1% NaOH solution midget 
impinger apparatus at the outlet of the reactor, capturing any H2S or SO2 present. H2S and SO2 were then 
analyzed in the 1% NaOH solution using the aqueous sulfide and sulfite methods described below. 
Following the headspace sample, 20 mL of an aqueous sample was taken using a gas-tight glass syringe 
for total sulfide, sulfite, and sulfate analysis. The reactor was exposed to UV-A light (Philips F20T12/BL, 
peak emission 350 nm, Figure S1) at an intensity of 3.15 mW/cm2 for 120 h. No agitation was used during 
the experiment. Additional information on the methods used can be found in the supplementary material. 

 

 

Figure 1 - Lab-scale Photocatalytic Reactor Setup 

The total aqueous sulfide and H2S scrubber solution were analyzed using a methylene blue colorimetric 
test according to the standard method for total sulfides [36]. Aqueous sulfite was measured according to 
a colorimetric test referenced from established protocols in literature [37], [38]. Sulfate was analyzed 
using a standard turbidimetric method [39]. Sample analysis was performed on the same day as sampling. 
The total aqueous sulfur content was analyzed using inductively coupled plasma optical emission 
spectrometry (ICP-OES) and the remaining balance between the ICP-OES results and the combined S2-, 
SO4

2-, SO3
2-, and H2S species was recorded as a sulfur oxidation intermediate (SOI), similar to the method 



reported in [40]. The UV intensity was measured at the quartz glass using a UVA/B light meter (Sper 
Scientific, NIST certified calibration). The volumetric UV dose was determined based on the UV intensity 
measured at the quartz glass multiplied by the window area and the reaction time, and then normalized 
by the solution volume. 

3.2 Field-Scale Closed Cell Reactor 
3.2.1 Treatment and Emissions Experiments 

The first phase of outdoor demonstrations was designed to test treatment at an increased scale, using a 
solar UV-light source, and exposure to environmental variabilities in outdoor conditions. A closed 
headspace was initially used for accurate characterization of the gas phase. OSPW used in these 
experiments was sourced from an industrial partner. Due to air oxidation during transport, the OSPW 
samples arrived with aqueous sulfide concentrations of 0.6-0.7 mg/L. Prior to the experiments the OSPW 
was dosed with Na2S·9H2O to achieve the target initial sulfide concentration of 16-26 mg/L S2- at pH of 8-
8.8. 

Field-scale experiments used a custom closed cell reactor (CCR) constructed from a 650 L capacity 
polypropylene tank with a UV-transparent acrylic lid (Figure 2). 530 L OSPW was added to each reactor 
(60 cm depth) prior to dosing with a catalyst layer thickness of 0.2-1 cm. Headspace H2S concentrahons 
were measured using a Venhs MX4 handheld gas meter with a 0 - 500 ppmv range (Industrial Scienhfic). 
Gaseous sampling was conducted through direct headspace measurements at 3–4-hour intervals. 
Aqueous samples were periodically collected using 50 mL syringes from sampling ports in the reactor. 
Aqueous sulfide concentrahon was analysed according to a standard method for total dissolved sulfides 
[36] using a Hach DR-900 colorimeter kit. Additionally, each CCR was outfitted with a pH sensor (Atlas 
Scientific ENV-50-pH), a UV-light sensor (sglux UV-Cosine), a headspace humidity and temperature probe 
(Dwyer RHP-2D11), a liquid thermocouple (ProSense THMJ-C12-01), liquid (OMEGA PX119-015GI) and 
headspace (Dwyer Mark II 25) pressure sensors, a vacuum breaker (Plast-O-Matic VBM050EP-PV), and a 
mixing pump (Grundfos 99452459). 



 

Figure 2 - Conceptual render of the field-scale closed cell reactor completed during design and sizing phase. 

3.3 Open tank system 

For the open-air experiments, a second OSPW shipment was dosed with Na2S·9H2O to an elevated initial 
sulfide concentration of 99.6 mg/L S2-. The open-air reactor tank was filled with OSPW to 60 cm depth 
with an open surface area of 30 m2. In accordance  with the closed-cell reactor experiments an FRB layer 
thickness of 0.2-1 cm was used. Time-based gaseous H2S measurements were collected every 5 min from 
a 450 mm stainless steel flux chamber (Scentroid Model #SF450; 0.156 m2 area) which was flushed with 
compressed air to a hand-held H2S meter (Ventis MX-4). The open tank system with buoyant photocatalyst 
and the flux chamber are displayed below in Figure 3. 

 

Figure 3 – Open tank FRB system using a flux chamber (left) and buoyant photocatalyst (right) 



4.0 Results and Discussion 
4.1 Lab-Scale Treatment Results 

The objective of these initial proof-of-concept experiments was to demonstrate the vapour barrier and 
photocatalytic treatment effects of the FRB system for targeting H2S in OSPW at the lab-scale. To validate 
the barrier effects, the floating permeable reactive barrier performance was compared to a dark control 
(no UV, no photocatalyst barrier), an adsorption control (no UV, with photocatalyst barrier), and a UV 
control (UV, no photocatalyst barrier).  

Analyzing the cumulative H2S released into the photoreactor headspace, a 95 % reduction in H2S emissions 
was observed when compared to the dark control (no catalyst, no UV), validating the barrier properties 
of the FRB layer at the lab scale (Figure 4a). The efficacy of the photocatalytic FRB to prevent and eliminate 
H2S was further validated when compared to a non-reactive barrier (FRB but no photocatalytic activity 
due to the absence of UV) and bare UV-illuminated surface controls, reducing the cumulative H2S 
emissions by 84% and 87%, respectively. Additionally, although large discrepancies were observed 
between replicates (n=2), in the absence of UV irradiation the FRB was able to block H2S emissions by 71% 
when compared to a non-illuminated bare surface. Therefore, even during periods of low solar irradiance 
the FRB layer can still reduce H2S emissions. It was observed that the majority of H2S emissions occurred 
within the first 24-48 h of each experiment, including in the presence of the FRB layer. This phenomenon 
was likely due to the high volatility of H2S gas and a greater driving force for transfer to the headspace 
that was reduced over time due to photocatalytic and air oxidation. 



 

Figure 4 – a) Cumulative H2S release measured in the photoreactor headspace (6-day experiment 
duration). Error bars represent pooled test replicate variance (n=3 for BPC layer experiments) and 
analytical method uncertainty. Dots indicate individual replicate measurements for each series. b) 

Photocatalytic degradation of aqueous sulfide in OSPW under the BPC layer. Error bars represent pooled 
test replicate variance (n=3) and analytical method uncertainty.  

In addition to the volatile barrier properties demonstrated in the previous section, the FRB layer degraded 
aqueous sulfide from an initial concentration of 30.5 mg/L to 3.6 mg/L via photocatalysis within 120 h of 
simulated sunlight exposure (42.7 kJ/L cumulative UV exposure) (Figure 4b). Pseudo-first order reaction 
kinetics were observed with a rate constant of 0. 487 ± 0.055 days-1 (0.158 ± 0.018 m2/MJ based on surface 
area UV dose). Although no mixing was used during these tests, the OSPW cap layer in oil sands tailings 
ponds is well mixed by wind, wave, [41]–[43] and methanogenic bubbling activity [9], [44]. It is expected 
that under these natural mixing conditions the sulfide treatment rate for the FRB will increase significantly 
due to increased mass transfer of sulfide from the bulk OSPW cap layer to the catalyst layer. 

4.1.1 Sulfide Treatment Speciation 

Additional sulfide treatment experiments were performed to elucidate the sulfur compound speciation 
during photocatalytic FRB treatment under controlled lab-scale conditions. Due to interference caused by 



the OSPW sulfate background levels (190-350 mg/L), a synthetic OSPW matrix was used (Table S1). The 
simulated OSPW was dosed with sodium sulfide to an initial concentration of 300 mg/L sulfide and no 
sulfate was added so that any sulfate detected would be a product of the oxidative sulfide treatment. To 
complete the sulfur mass balance, total aqueous sulfur, S2-, SO4

2-, SO3
2-, and H2S were individually 

quantified using the methods outlined in Section 3. 

The results of the sulfur speciation measured during photocatalytic treatment and in a dark control are 
compared below in Figure 5 respectively. During photocatalysis, the total aqueous sulfur content 
remained constant at 367.1 ± 20 mg/L, indicating limited loss of volatile sulfur compounds during 
treatment. Notably, the photocatalytic oxidation of sulfur was fully oxidized to sulfate, with minimal H2S 
detected in the headspace. During photocatalysis, various intermediates were formed including sulfite 
and additional unidentified SOI species (SnOx

2- thiosalts). These intermediates were found to further 
oxidize to sulfate and given an increased UV dose, it is predicted that the only sulfur species present would 
be sulfate. These intermediates were not directly quantified as part of this study due to the highly complex 
nature of the SOI species and uncertainty over the particular SOI species present. 

Comparatively, for the dark control the total aqueous sulfur concentration was 374.5 ± 43 mg/L and 
appeared to decrease over time. This decrease could be a result of increased transfer of volatile sulfur 
compounds (H2S) to the reactor headspace that weren’t accounted for by the H2S measurements. In the 
dark control, sulfide degradation occurred due to air oxidation, however, only 10% of the total sulfur 
present as sulfide was fully converted to sulfate. Unlike in the photocatalysis experiment, the SOI species 
produced were not converted to sulfate during the duration of the experiment, indicating only a partial 
oxidation of sulfide due to air. Due to the high surface area of the air-water interface compared to the 
liquid volume, the bulk conversion of aqueous sulfide by oxygen is unlikely to occur at this rate in a full-
scale tailings pond and it is expected that the photocatalytic treatment rate (surface-limited) provides a 
more accurate representation of sulfide oxidation at scale. Treatment of aqueous sulfides was 
approximately 2x faster in the photocatalytic experiment than the control, demonstrating superior 
treatment kinetics at elevated sulfide concentrations. The results of these lab-scale investigations validate 
the reactive barrier properties of the buoyant photocatalytic barrier system, with full elimination of 
aqueous sulfides and superior retention of H2S in the aqueous phase when compared to controls. 



 

Figure 5 – Sulfur mass balance for the FRB treatment experiment (a) and for a dark control (no catalyst, 
no UV)  (b) using sulfide-spiked simulated OSPW (initially containing no sulfate) confirms reaction 
mechanism. Continuous UV intensity of 3.02 mW/cm2, cumulative dose of 2.87 kJ/cm2. SOI fraction 
represents unresolved oxidation intermediates. S2- fraction represents all aqueous sulfide species (H2S, 
HS-, and S2-). 

4.2 Field-Scale Treatment Results 
4.2.1 CCR Emissions Reduction Validation 

The objective for the pilot-scale experiments was to demonstrate treatment at a more realistic scale under 
natural sunlight and weather conditions. Four closed-cell reactors were set up, one control and three FRB 
reactors, to accurately track the gas-phase accumulation of volatile sulfides. H2S headspace concentration 
data for the control reactor is presented as the daily average whereas for the FRB rectors it is presented 
as the daily average across all three FRB reactors.  

Under natural sunlight exposure, the photocatalytic FRB was able to successfully reduce the H2S emissions 
from OSPW by 83% to 97% compared to the control (Figure 6). Notably, daily fluctuations in the H2S 
emissions occur and are likely due to diurnal temperature fluctuations of up to 6 °C, promoting an 
increased transfer of H2S from the aqueous to gas phase during higher temperatures. 

While containing up to 97% of the total H2S emissions, the aqueous sulfide concentration in the FRB 
reactors was degraded from an initial average concentration of 22.81 mg/L to 6 mg/L during the 
experiment duration (Error! Reference source not found.). Similar to the lab-scale treatment results, 



pseudo-first order kinetics were observed with an aqueous sulfide treatment rate of 0.193 ± 0.019 days-1 
(0.254 ± 0.025 m2/MJ based on surface area UV dose). The aqueous sulfide treatment rate in the field-
scale reactor was notably greater than the lab-scale treatment rate. This increased treatment rate is likely 
due to increased thermally induced mass transfer in the field-scale reactors due to diurnal temperature 
fluctuations of up to 6 °C, while the lab-scale reactors were maintained at a constant temperature (19 °C 
± 1°C).  

 

Figure 6 – a) Daily average headspace H2S concentrations and reduction between a sunlight exposed 
control (n=1 reactor) and treatment group (n=3 reactors). b) Field-scale photocatalytic degradation of 

aqueous sulfide in OSPW under the BPC layer. Error bars represent pooled test replicate variance (n=3) 
and analytical method uncertainty. 

4.2.2 Reduced Sulfur Compound Bubble Interception 

The objective of this test was to further investigate multiphase treatment, as prior experiments assumed 
transfer of sulfide to the headspace from the aqueous phase, however volatile sulfides can also be 
transported from the mature fluid tailings layer to the surface in biogas bubbles produced via 



methanogenesis. To further prove the efficacy of the photocatalyst layer barrier it is necessary to also 
demonstrate the retention of emissions from multiphase sources. To this end, three closed-cell pilot-scale 
reactors were retrofitted with bubble diffusers and two experiments were performed with different 
bubble emission methods: air stripping with ambient air bubbled through an H2S containing OSPW sample 
(Test #1), and H2S gas (3%, balance N2) bubbling in a similar manner (Test #2). Progress was monitored by 
visual observation (Figure 7), headspace H2S measurement directly above the bubble stream, and aqueous 
phase sulfide sampling. The bubble diffusers were selected to produce bubbles of 0.1 to 0.5 mm diameter. 

Test #1 had an initial aqueous concentration of 0.5 mg/L H2S at pH of 9.5 (130 mg/L S2-), and air stripping 
was performed at a volumetric gas flux of 46,262 mL/min/m2,  approximately 10,000x the expected total 
volumetric gas volume expected from the target tailings pond. During Test #1, the presence of the FRB 
layer resulted in an 87% reduction in H2S emissions when compared to the control, primarily as a function 
of emission blocking (Figure 8). Test #2 had an initial aqueous concentration of 0.21 mg/L H2S at a pH of 
9.8 (127 mg/L S2-), and gas was bubbled at a volumetric flux of 3,267 mL/min/m2, approximately 710x the 
estimated flux from the target tailings pond. During this test H2S emissions from the FRB layer were 89% 
less than the control (Error! Reference source not found.). While the bubbles eventually broke through 
the FRB layer, the layer cohesion had a capacitive effect in that bubbles were retained long enough for 
dissolution of the gaseous H2S into the aqueous phase where it is subsequently oxidized by the 
photocatalyst. Additionally, following the gas bubble penetration, the FRB layer promptly reformed a 
cohesive layer, providing an advantage over traditional impermeable gas-blocking covers. 

 

Figure 7 – Graphic of experimental setup for bubble observation (left) and bubbles shown above and 
below the OSPW level with the FRB layer (right). 

(1) Top View

(2) Underwater View



 

Figure 8 - a) Ambient air stripping bubble test results as measured over a burst period of air injection 
and b) H2S gas (3%, balance N2) bubbling test results. 

4.3 Open-Tank System Results 

The objective of the open-tank experiments was to evaluate the H2S emissions reduction efficacy of the 
FRB layer in a larger pilot reactor with direct exposure to the local environmental conditions as a close 
simulation of actual tailings pond deployment. By not having a confined headspace, the possibility of back-
transfer of H2S into the aqueous phase in the closed-cell reactors can be eliminated. The H2S flux from a 
section of the reactor covered with the FRB was compared to a bare surface section of the same reactor. 
The flux chamber analysis showed a 96% reduction in H2S flux from the OSPW surface when covered by 
the FRB layer and compared to the bare surface (Figure 9). This experiment further validates the FRB layer 
efficacy to contain volatile sulfur compound emissions under realistic weather conditions for the 
reduction of emissions from an aqueous source. 



 

Figure 9 - Flux chamber and hand-held H2S meter measurement of H2S emissions from a bare and FRB 
covered surface measured after sodium sulfide addition. 

4.4 Steady State Mass Transfer Modeling 

Using the field-scale open tank experiments in Sechon 4.3, the diffusivity of aqueous sulfide ions in the 
FRB layer was derived (8.34 x 10-11 m2/s ± 0.88 x 10-11 m2/s). Addihonally, using this diffusivity coefficient, 
the internal FRB rate constant for the photocatalyhc oxidahon of sulfide was determined from the data 
obtained from the lab-scale experiments in Sechon Error! Reference source not found. and Error! 
Reference source not found. (1.93 x 10-4 cm2/mW/s ± 0.13 x 10-4 cm2/mW/s). Using these experimentally 
derived parameters and the experimental lab-scale condihons, the sulfide concentrahon profile across 
the FRB layer was modelled (Figure 13). Addihonally, using Henry’s law, the theorehcal H2S concentrahon 
in the headspace of the lab-scale reactor was determined to be 5.9 ppmv compared to the experimental 
value of 3.01 ppmv ± 2.83. While within the same order of magnitude, it is expected that the 
experimentally measured H2S emissions will be lower than those predicted by the model due to gaseous-
phase air oxidahon that is not considered in the model. These results indicate that the steady-state model 
proposed in this study can accurately describe the mass transfer of volahle compounds through the FRB 
layer and further validates the effechveness of the FRB layer for their retenhon and oxidahve treatment. 
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Figure 10 - Modeled sulfide concentration profile across the photocatalytic FRB assuming an FRB 
thickness of 1 cm, an irradiance of 3 mW/cm2 and an initial aqueous sulfide concentration of 20 mg/L. 

5.0 Conclusion 

As a standalone process or part of a larger treatment system, the photocatalyhc floahng reachve barrier 
outlined in this work shows promise as a low-cost plaxorm for retenhon and photocatalyhc treatment of 
volahle reduced sulfur compounds. At the lab-scale, deployment of the FRB resulted in a reduction of  H2S 
emissions from sulfide-containing OSPW sources by up to 95%, coupled with simultaneous oxidization of 
the aqueous sulfide to non-volatile sulfate. This performance was further demonstrated at pilot-scale in 
a closed-cell reactor (550 L) with emissions blocking of up to 97% when compared to a control. Aqueous 
treatment was also demonstrated at field-scale, further enhanced by increased mass transfer due to 
natural diurnal temperature fluctuations. Additionally, the retention of H2S emissions was successfully 
demonstrated for gas bubbles containing H2S with an 89% decrease in the H2S flux compared to a control. 
Further, under natural conditions in an open reactor, the efficacy of the photocatalytic FRB was validated 
with a 96% reduction in H2S gas flux. Based on the results of this work, the capabilities of the photocatalytic 
FRB can be further extended to provide odour and greenhouse gas emissions reduction through the 
treatment and retention of additional volatile compounds including methane, volatile organic carbons, 
and ammonia. 
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