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Hydrogen sulphide (H,S) emissions from wastewater surfaces are commonly measured using dynamic flux
chambers, although chamber construction and operating conditions may influence the results. This study
compared two dynamic flux chambers, DFC1 and DFC2, both built according to USEPA geometric
specifications, to evaluate how chamber type and internal fan configuration affect the overall mass transfer
coefficient (K;,) of H,S. The chambers differed mainly in construction material, with DFC1 made of acrylic and
DFC2 of fiberglass, and were tested under five operating conditions: no fan, small fan up, small fan down, large
fan up, and large fan down.

Experiments were carried out using standard aqueous H,S solutions with an initial concentration of 5 mg/L, and
Kpwas obtained from the liquid-phase concentration decay. Mean K values ranged from 1.30 to 5.11 cm/h for
DFC1 and from 1.64 to 3.64 cm/h for DFC2, with the highest values observed under forced ventilation. A two-
way ANOVA with replication showed that chamber type, fan configuration, and their interaction significantly
affected K (F = 15.87, p = 0.000731; F = 40.26, p < 0.001; and F = 6.63, p = 0.00145, respectively).

The highest mass transfer coefficient was obtained for DFC1 under the large fan up condition, whereas the
lowest values were observed under no fan operation. These results show that even chambers designed under
the same regulatory concept may produce different H,S transfer measurements, highlighting the importance of
clearly reporting chamber characteristics and internal ventilation conditions when comparing data across
studies.

1. Introduction

Hydrogen sulphide (H,S) is one of the most relevant odorants associated with wastewater systems because it
is commonly emitted from anaerobic and quiescent liquid surfaces and can be perceived by the human nose at
very low concentrations. For this reason, even relatively small emissions may be enough to generate nuisance,
complaints, and concern in urban areas located near wastewater infrastructure (Czarnota et al., 2023). At the
same time, reliable H,S emission data are essential for source characterization, impact assessment, and the
design of odour control strategies (Jonca et al., 2025; Moreno-Silva et al., 2020; Prata Jr. et al., 2016).

To obtain these data, enclosure devices such as Dynamic Flux Chambers (DFC) are widely used as direct
measurement methods (Mu et al., 2022; Capelli et al., 2013). They are comparatively simple to operate, allow
measurements at specific points of a surface, and are frequently adopted in studies involving wastewater-related
emissions. However, the literature has also made it clear that these devices do not behave as neutral observers
(Liu et al., 2022). The chamber itself can modify the conditions above the emitting surface, and this may
influence the measured emission rate.

Factors such as airflow pattern, gas accumulation, turbulence close to the interface, and the configuration of the
sampling system can all affect the final result (Liu et al., 2022; Barzak et al., 2017). This issue becomes
especially important when chambers follow the same general regulatory concept but differ in practical details.
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Liu et at. (2024) and Liu et al. (2022) have pointed out that operational and geometric factors such as purge gas
flow, insertion depth, and the presence of fans can influence emission measurements, yet these details are not
always consistently reported or evaluated. Recent work has reinforced this point by showing that flux chamber
configuration can alter measured emissions through changes in turbulence, dilution, and headspace conditions,
with sweep flow often emerging as a dominant factor and fan use and chamber volume also contributing to
differences in mass transfer behaviour (Liu et al., 2022). For H,S, this discussion is even more relevant because
its transfer from liquid to gas is closely linked to mass transfer conditions at the interface (Andre&o and Feroni,
2022; Prata Jr. et al., 2016).

Previous work with the US EPA flux chamber showed that, although the chamber headspace can be reasonably
well mixed, local stagnation and concentration build-up may still occur, especially near chamber walls. They
also showed that the flow generated inside the chamber does not truly reproduce atmospheric boundary-layer
conditions, meaning that the measured emission rate may reflect not only source behaviour, but also the
hydrodynamic conditions imposed by the device (Andreédo et al., 2019; Prata Jr. et al., 2018; Prata Jr. et al.,
2016).

This helps explain why different chambers may produce different results even when they are based on the same
regulatory model. Differences in dome shape, material, intrusion height, and internal fan arrangement may
modify internal circulation and, consequently, the overall mass transfer coefficient. In practice, that means two
chambers that appear equivalent from a regulatory standpoint may not be equivalent from a hydrodynamic
standpoint. In this context, the present study compares two Dynamic Flux Chambers (DFC), DFC1 and DFC2,
both designed according to USEPA principles, to evaluate differences in the overall mass transfer coefficient
(K;) of H,S under distinct fan configurations.

The analysis also considers fan size and flow orientation. By examining these effects experimentally, this study
seeks to clarify how different USEPA chambers can influence H,S mass transfer measurements and to
contribute to more consistent interpretation, reporting, and comparison of results obtained with flux chambers.

2. Methodology

Two dynamic flux chambers were evaluated in this study, here referred to as DFC1 and DFC2. Importantly, both
chambers were built according to the USEPA flux chamber geometric specifications, based on the design
proposed by Kienbusch (1986). Therefore, both devices followed the same standard geometric concept,
allowing the comparison to focus on the influence of construction and operational details rather than on
differences in the fundamental chamber design.

Both chambers had dome-shaped geometry and were operated under the same experimental principle, with
sweep gas introduced through the inlet line and withdrawn through the outlet line. The chambers were designed
according to the USEPA dynamic flux chamber described by Kienbusch (1986), which has an enclosed surface
area of 0.130 m? and an internal volume of approximately 0.030 m3. The chamber base has an internal diameter
of approximately 0.4064 m and a height of 0.178 m, supporting a dome of roughly the same diameter. Despite
complying with these geometric specifications, the chambers differed in some practical aspects, including
construction material. DFC1 consisted of an acrylic dome (Figure 1.a), whereas DFC2 consisted of a fiberglass
dome (Figure 1.b). The standard sampling procedure was adopted for both devices.

Nitrogen was used as sweep gas, and the flow rate was maintained at 5 L/min. Before each experiment, a
stabilization period of 30 min was allowed to minimize transient effects and ensure stable operating conditions.
Five operating conditions were evaluated. The first corresponded to the chamber without an internal fan.

The other four conditions included two 12 V computer fans of different sizes, each tested with upward and
downward airflow orientation. The small fan measured 40 x 40 x 10 mm and operated at 6000 rpm, while the
large fan measured 80 x 80 x 25 mm and operated at 3100 rpm. The fan was positioned at the center of the
chamber, close to the dome. The tested configurations were: no fan (NF), small fan up (SFU), small fan down
(SFD), large fan up (LFU), and large fan down (LFD). Mass transfer experiments were carried out using
standard aqueous H,S solutions prepared from sodium sulfide nonahydrate dissolved in deionized or Milli-Q®
water. The target initial concentration was 5 mg H,S /L. Sulfuric acid was added to adjust the solution to pH
below 4, ensuring that sulfide remained predominantly in the H,S form and favoring volatilization. The solution
was transferred to an acrylic tank placed below the flux chamber. The tank diameter was slightly larger than that
of the chamber, allowing chamber deployment while minimizing losses outside the enclosed area.

For each run, the flux chamber was positioned above the tank, the nitrogen sweep gas was started, and the
system was allowed to stabilize for 30 min. After this period, liquid samples were periodically collected from the
tank at fixed six minutes intervals. To preserve sulfide in solution during the analysis, sodium hydroxide solution
was added to raise the sample pH to approximately 11-12 before reading. Liquid-phase sulfide concentration
was then measured by UV-Vis spectrophotometry at 231 nm. Calibration curves were prepared for each
experimental batch using standard solutions with known concentrations.
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(b)
Figure 1: Dynamic flux chambers evaluated in this study. (a) DFC1; (b) DFC2.

Liquid-phase temperature, chamber headspace temperature, room temperature, and room humidity were
monitored during the experiments using digital probe thermometers. Each tested condition, corresponding to a
specific combination of chamber type and fan configuration, was performed in ftriplicate, resulting in three
independent runs per condition. The resulting liquid-phase concentration decay curves were used to calculate
one K;value for each independent run. These K; values were then used in a two-way ANOVA with replication to
evaluate the effects of chamber type and fan configuration, as well as their interaction.

The overall mass transfer coefficient in the liquid phase, K;, was determined from the temporal decay of liquid-
phase H,S concentration. The analysis followed the two-resistance framework originally proposed by Lewis and
Whitman (1924), assuming that the liquid phase was well mixed, that the gas-phase concentration at the initial
time was negligible, and that concentration changes were tracked only in the liquid phase. Under these
assumptions, the decrease in liquid-phase concentration can be expressed as shown in Equation 1.
=K (1)
where C,is the liquid-phase concentration, A is the free liquid surface area, Vis the liquid volume, and t is time.
Integration of this expression gives in Equation 2.

K, = —In (CLC—‘”)A% )

where Cyis the initial liquid-phase concentration and C; (t)is the concentration at time t. Finally, K, values were
corrected to 25°C using the Schmidt number relationship is expressed in Equation 3.

Ki25 =K1 (i)—O-S (3)

Scas

where Sc is the Schmidt number, calculated as the ratio between water kinematic viscosity and H,S diffusivity
in water. This correction allowed comparison of the results under a common reference temperature.

3. Results and discussion

The mean K values obtained in the experiments are presented in Table 1. Overall, the mass transfer coefficient
varied considerably across the tested chamber and fan conditions. Under the no fan condition, DFC1 showed a
mean K;of 1.30 cm/h, whereas DFC2 presented a slightly higher mean value of 1.64 cm/h. This difference is
noteworthy because both chambers followed the USEPA flux chamber geometry specifications. In other words,
the observed variation cannot be explained by one chamber being outside the standard design concept, but
rather by differences that may still arise between chambers built under the same regulatory basis.

Table 1: Mean overall mass transfer coefficient (K;) values in cm/h for DFC1 and DFC2 under different fan
configurations.

Device No fan Small funup Small fan down Large fanup Large fan down
DFC1 0.94 2.21 3.12 5.1 3.81
DFC2 1.64 1.95 2.06 3.15 3.64

It is important to note that, although both chambers followed the USEPA guidelines, the dome may exhibit small
modifications or surface irregularities that influence the internal chamber geometry. Another relevant factor is
the chamber material, since DFC1 is made of acrylic whereas DFC2 is made of fiberglass. The observed
difference may therefore also be related to differences in the internal surface characteristics of the chambers,
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including possible differences in roughness between acrylic and fiberglass. Such differences may affect near-
wall flow patterns and local mixing conditions inside the chamber, which in turn can influence the measured
mass transfer coefficient. However, this effect was not isolated in the present study and should therefore be
interpreted as a plausible contributing factor rather than a confirmed cause.

A two-way ANOVA with replication (Table 2) showed that chamber type, fan configuration, and their interaction
significantly affected K, . The effect of device was significant (F = 15.87, p = 0.000731), as was the effect of fan
configuration (F = 40.26, p < 0.001). In addition, the interaction between device and fan configuration was also
significant (F = 6.63, p = 0.00145), indicating that the effect of fan setup depended on the chamber type. These
results suggest that both the physical characteristics of the chamber and the internal ventilation condition
influenced the measured mass transfer coefficient. This interpretation is consistent with previous studies
showing that flux chamber measurements are sensitive to operational parameters that modify turbulence,
dilution, and headspace conditions. Liu et al. (2024), for example, reported that fan use and headspace volume
also contributed to changes in mass transfer behaviour. Although that study focused on VOC emissions from
porous media, its conclusions reinforce the broader idea that enclosure-based measurements are strongly
affected by internal hydrodynamics. Similarly, Prata Jr. et al. (2016) demonstrated for the US EPA flux chamber
that, despite a reasonably mixed headspace, local stagnation and concentration build-up may still occur,
especially near the chamber walls, and that the internal flow does not reproduce typical atmospheric boundary-
layer conditions.

Table 2: Analysis of variance of the effects of chamber type, fan configuration, and their interaction on the
overall mass transfer coefficient (Ky).

Factor df SS MS F p-value
Device 1 2.9328 2.9328 15.87 0.000731
Fan 4 29.7664 7.44416 40.26 2.68E-09
Device vs fan 4 4.9004 1.2251 6.63 0.00145
Error 20 3.6966 0.1848

Figure 2 highlights clear differences in K;values across both chamber types and fan configurations. Overall,
DFC1 produced higher mass transfer coefficients than DFC2 under most of the tested conditions, with the
largest differences observed for small fan down, large fan up, and large fan down. For both chambers, the
presence of internal ventilation increased K;compared with the no fan condition, indicating that air circulation
inside the chamber enhanced mass transfer. Among all configurations, large fan up yielded the highest
K, values, particularly for DFC1, suggesting that this setup promoted greater renewal at the interface and
reduced resistance to transfer. In contrast, under the no fan and small fan up conditions, the differences between
DFC1 and DFC2 were smaller, indicating a more similar response between the two chambers. Taken together,
the figure confirms that both chamber type and fan configuration influenced the experimentally measured mass
transfer behaviour. Overall, the results demonstrate that H,S mass transfer measurements are sensitive to flux
chamber operating conditions, even when the chambers follow the same USEPA geometric specifications. This
is an important methodological finding, because it shows that differences in measured K; may arise even among
chambers designed under the same regulatory framework. These findings support the view that measured
K; values are not only a function of the emitting surface itself, but also of the hydrodynamic environment created
by the chamber configuration.
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Figure 2: Distribution of the overall mass transfer coefficient (K;) for DFC1 and DFC2 under different fan
configurations. Points represent individual replicates, and boxplots summarize the variation within each setup.
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4. Conclusion

The results showed that the measured H,S overall mass transfer coefficient was significantly affected by both
chamber type and internal ventilation condition, even though both devices followed the USEPA flux chamber
geometric specifications. Under the no fan condition, the mean K. was 0.94 cm/h for DFC1 and 1.64 cm/h for
DFC2. With internal ventilation, the measured values increased in both chambers, but the maximum response
differed between devices. For DFC1, the highest KL was observed under the large fan up configuration, reaching
5.11 cm/h, whereas for DFC2 the highest value was obtained under the large fan down configuration, reaching
3.64 cm/h. The two-way ANOVA confirmed that chamber type (F = 15.87, p = 0.000731), fan configuration (F =
40.26, p < 0.001), and their interaction (F = 6.63, p = 0.00145) all had a significant effect on KL, showing that
the influence of fan setup depended on the chamber used.

These findings have an important methodological implication. Differences in measured K; were observed even
between chambers built under the same regulatory concept, indicating that compliance with USEPA geometric
specifications alone does not ensure equivalent mass transfer conditions. The highest contrast between
chambers was found under the large fan up condition, where DFC1 reached 5.11 cm/h and DFC2 3.15 cm/h,
while under no fan the values were much closer. This pattern indicates that construction details and internal
hydrodynamic conditions can substantially alter the measured transfer coefficient. Therefore, H,S mass transfer
measurements obtained with dynamic flux chambers should be interpreted with caution, and parameters such
as chamber type, internal ventilation, and construction characteristics should be clearly reported to improve
comparability across studies.

Nomenclature

A — liquid surface area, m DFC1 — Dynamic flux chamber 1
C, — initial liquid-phase concentration, mg/L DFC2 — Dynamic flux chamber 2
C; — liquid-phase concentration, mg/L H,S — Hydrogen sulfide

K, — overall mass transfer coefficient, cm/h LFD — large fan down (LFD)

NF — no fan Sc — Schmidt number, -

SFU — small fan up (SFU) V —is the liquid volume, m3

SFD — small fan down t —time, h

LFU — large fan up (LFU)
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