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Rh-Chamber: A Novel Chamber
Design for Gas Sampling in the
Coastal Sediment and Water Surface

ABSTRACT

This research aims to develop and test Rh-Chamber, an innovative. gas sampling
tool designed for coastal environments. The coastal environment is a dynamic
ecosystem that plays an important role in the global biogeochemical cycle, especially
in the production and release of greenhouse gases such as:carbon dioxide (CO,),
methane (CH,), and nitrous oxide (N,O). Until now, existing gas sampling methods
have limitations, especially in maintaining representative field conditions and
capturing temporal dynamics of gas release. The Rh-Chamber comes as a highly
flexible solution, allowing sampling. both en ceastal sediments and on the water
surface. The design consists of a gas incubator, a float and a ballast, which allows
the appliance to function optimally in.various.current and sediment conditions. Gas
sampling is done manually using syiringe,-with varying time intervals. The results
show that Rh-Chamber provides. better ‘accuracy in measuring gas flux in coastal
ecosystems than conventional methods. These innovations also have the potential to
be used in climate change research, especially to evaluate the contribution of coastal
ecosystems to greenhouse gas emissions. Although there are some limitations, such
as the need forzadditional manpower in its operation in deeper waters, the Rh-
Chamber makes a significant contribution to coastal environmental research.

1. INTRODUCTION

The study of gas flux in the coastal environment plays an important role in
understanding the interaction between sediment, water, and the atmosphere. Gases
such as carbon dioxide (CO2), methane (CH4), and nitrous oxide (N20) play a
significant role in the biogeochemical cycle and global climate change [1, 2]. The coast
is a dynamic ecosystem with large fluctuations in the production and release of these
gases, mainly due to the complex interaction between biological, physical, and
chemical processes [3]. Therefore, an accurate and efficient method for measuring gas
flux from sediment and water surface is of great importance.



So far, various gas sampling methods have been developed to capture gases
released from coastal sediments [4] or water surfaces [5]. However, conventional
methods often have limitations, such as the inability to maintain representative field
conditions or limitations in capturing the temporal dynamics of gas release. Some
existing sampling chamber designs also tend to be difficult to use in environments with
strong currents or soft sediments. This leads to the need for innovations that can
address these problems.

Rh-Chamber comes as a new solution specifically designed to address these
challenges. In contrast to traditional methods, Rh-Chamber offers flexibility in its use,
both on coastal sediments and on water surfaces. Its innovative design allows for more
accurate sampling of gases by taking into account variations in environmental
conditions, such as water currents, sediment movement, and pressure changes. In
addition, the Rh-Chamber is equipped with an improved sealing mechanism, which
ensures that no gas leaks during the sampling process.

The main goal of the development of the Rh-Chamber is to improve the accuracy

and efficiency of gas sampling in coastal environments. With its easy-to-adapt modular
design, the Rh-Chamber is expected to be used in a.variety of field conditions,
especially in areas with strong currents.
The importance of this innovation also lies in its application in climate change research.
Greenhouse gases released from coastal environments, have an important role in
global climate models. Using the Rh-Chamber, researchers are expected to collect
more accurate data on the release of these gases, ‘which' can ultimately be used to
improve estimates of the contribution of coastal ecosystems to climate change.

This article will explain in detail the design concept of Rh-Chamber and its
operational methods in the field both in. sediment and water surface in coastal
ecosystem areas such as seagrass and mangroves. Through this study, we hope that
Rh-Chamber can become a' standard /method in gas flux research in coastal
ecosystems, helping scientists collect more representative data and provide new
insights into the dynamics of gas release in coastal environments.

2. CHAMBERDESIGN CONCEPT

The ‘Rh-Chamber consists of 4 main components, namely the gas incubator,
syiringe, buoy;.and ballast anchor (Figure 1). The gas incubator is made of PVC-
based gallons with a diameter of 26 cm, a height of 45 cm, and a volume of 17 L. Gas
incubators are equipped with an airtight cover connected to the syiringe. The syiringe
is made: of ‘an infusion hose with a diameter of 2 mm and a length of 30 cm (15 cm
outside the gas incubator and 15 cm inside the incubator).

The syiringe is equipped with a threaded valve that can be loosened and tightened
so that it can regulate air circulation inside and outside the gas incubator. The syiringe
serves as a place to take and release gas from the incubator.

Floating square shape (100 x 100 cm) made of fiber-coated plywood with a
thickness of 5mm. In the center of the floating there is a hole of 26 cm to place the gas
incubator. The floating position is right at 5 cm below the incubator gas.



Ballast anchors are made of cast cement molds, consisting of 2 pieces with a
weight of 1 kg each. Ballast anchors are equipped with ropes (4 mm in diameter)
whose length can be adjusted according to the depth from the surface to the bottom of
the water. The ballast anchor functions to stabilize the position of the gas incubator
when sampling on the water surface.
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Figure 1. lllustration of Rh-Chamber Design

3. OPERATIONAL METHODOLOGY

3.1. Operational Methodology in the Sediment

The.application of Rh-Chamber in sedimentary areas of coastal ecosystems is
carried out'by placing and inserting it into the sediment to a depth of 5 cm. This method
is relatively similar to that of other chambers as applied by Nazareth and Gonsalves [4],
Kesaulya et al. [6], Rahman et al. [7], and Tubalawony et al. [8]

A simple difference can be made in the placement of 2 ballasts to apply pressure to
the gas incubator so that there is no gas circulation from the incubator to the outside or
vice versa (Figure 2). With the presence of ballasts, gas sampling in sediment can be
carried out even if it is flooded to a depth of <10 cm.

Gas intake can be done at specific time intervals, for example intervals of 30s to
five times, i.e. 0s; 30s; 60; 90s; and 120s [4] or two-hour intervals seven times, namely



2h; 4h; 6; 8 a.m.; 10 a.m.; and 12 [9]. Gas extraction is carried out through syiringe to
be subsequently put into an airtight vial (10 ml) bottle that has been sterilized (Figure
3).
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3.2. Operational MethodoNgyi%n e Water Surface

Figure 3. Gas Sampling via Syirin%}
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Gas sampling on the <%@fface o\the waters in the seagrass meadow area can be
carried out at a cel h.interval. Rh-Chamber can be placed on the surface of

waters with a depth% 10 —100 cm. However, for the effectiveness of research that can
be accessed W{@iﬁaddltlof%l equipment such as canoes or boats, sampling is
recommended\ td n%ﬁrals of 0-25 cm, 26-50 cm, 51-75 c¢cm, and 76-100 cm.

When ﬁynr% th&%h Chamber, the weights should be placed on the base with a
rope length ha@%sdiusts to the depth of the water, so that the chamber remains stable
eveﬁ if %re TSL a slight disturbance by currents or waves (Figure 4). Water depth
meas emeﬁis can be made using scale pegs or portable meters that can be operated
cm) or moves low tide (100 cm to O cm). The gas intake interval can be adjusted
according to the purpose of the study, but it is recommended to use the usual interval
such as previous studies exemplified by Nazareth and Gonsalves [4] and Tubalawony
et al. [8].
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The uniqut mber//ﬂde5|gn with floating and ballast anchors provides a
significant ad nt m{és sampling in coastal environments, especially on the
surface aters. T %ﬁs not only applied to seagrass areas, but can also be applied to

y are 3??@\ ve ecosystems, and freshwater areas. With the use of Rh-
Chamb \m%urement of greenhouse gas flux can be analyzed comprehensively
esp % @ telation to the influence of aquatic parameters such as depth,
tempe tgre%sallnlty, pH, DO, and vegetation abundance. This is very important to
know, con%derlng that the estimation of greenhouse gas flux so far has only focused
on sedimentary areas of coastal ecosystems so that it cannot produce comprehensive
flux data.

4.2. Challenges and Limitations

Although Rh-Chamber has an advantage in gas sampling on the surface of waters.
However, challenges arise when the current and wave conditions are very strong which
results in the instability of the Rh-Chamber, so sampling cannot be carried out. Another
challenge arises when sampling is carried out at a depth of > 2m, sampling must be



done on a canoe and of course requires more labor and cost so that the research
becomes inefficient and effective.

On the other hand, gas collection is still done manually through syiringe so that in the
application, sampling must be done by 2-3 people. Another limitation is the absence of
water paremeter sensors in the gas incubator such as temperature, salinity, pH, and
DO, so all of these parameters must be measured separately around the sampling area
or right at the sampling point before or after gas sampling is carried out.

4.3. Potential Applications

Rh-Chamber has significant application potential not only to sediments or water
levels of coastal ecosystems. However, Rh-Chamber can also be implemented in
aquaculture pond waters and floating net cages. The application of Rh-Chamber in
aquaculture waters can contribute significantly to the evaluation of, aquaculture
practices that support climate change mitigation efforts. By knowing.the amount of flux
and global warming potential of greenhouse gases contributed: by aquaculture
activities, aquaculture practices can evaluate aquaculture water management methods,
feeding, and aeration systems so that the aquaculture practices carried out really carry
out the principles of sustainable cultivation based on.climate change mitigation [10].

5. CONCLUSION

Rh-Chamber is an important innovation in. gas sampling in coastal environments,
providing a solution to the limitations of conventional methods. With its flexible design
and ability to operate over sediment as well as water surfaces, the Rh-Chamber
enables more accurate and representative measurements of greenhouse gas fluxes
such as CO2, CH4, and N20O. The versatility of this tool makes it suitable for use in
various coastal ecosystems, including seagrass beds, mangroves, and aquaculture
waters.

Although Rh-Chamber offersiadvantages in terms of accuracy and efficiency, some
challenges are_still found, such, as the difficulty of stabilizing the tool in strong currents
and the limitations in,its:use in deeper waters. In addition, manual gas sampling still
requires more effort and time. Nevertheless, the great potential of this tool in
environmental ‘research, especially in the context of climate change, makes it a
significant innovation.

Overall, the"Rh-Chamber could become a new standard method in the study of
greenhouse gases in coastal ecosystems, providing more comprehensive data on gas
emissions and helping scientists improve estimates of the contribution of coastal
ecosystems to global climate change.

DISCLAIMER (ARTIFICIAL INTELLIGENCY)

Author(s) hereby declare that NO generative Al technologies such as Large Language
Models (ChatGPT, COPILOT, etc) and text-to-image generators have been used
during writing or editing of this manuscript.



REFERENCES

1.

10.

IPCC (Intergovernmental Panel on Climate Change). Climate Change the
Scientific Basis. Cambridge University Pr. 2001. pp 128-134.

Rahman, Wardiatno Y, Yulianda F, Rusmana I, Bengen, D.G. Metode dan Analisis
Studi Ekosistem Mangrove. Bogor (ID): IPB Press. (020. 124p.

Rahman, Wardiatno Y, Yulianda, F., & Rusmana | (2020b). Seasonal fluxes of
CO,, CH4 and N,O greenhouse gases in various mangrove species on the coast of
West Muna Regency, Southeast Sulawesi, Indonesia. Plant Archives.20(2): 4301
—4311.

Nazareth, D.R., & Gonsalves, M.J. (2022). Influence of seasonal and
environmental variables on the emission of methane from the mangrove
sediments of Goa. Environmental Monitoring Assessment. 194(4): 249.
https://doi.org/10.1007/s10661-021-09734-3

Rifqi M, Widigdo B, Wardiatno Y, Mashar A. CO, and CHg flux from the water-air
interface of three shrimp culture technologies. AACL Bioflux. 2020. 13(2): 605-617
Kesaulya, |., Rahman., Haumahu, S., & Krisye. (2023). Global'warming potential
of carbon dioxide and methane emissions from mangrove:sediments in Waiheru
Coastal, Ambon Bay. IOP Conference Series: Earth and Enviromental Science.
1207(1), 012030.

Rahman., Wardiatno, Y., Yulianda, /F.,:Lokollo, F.F., & Rusmana, |. (2023).
Emissions and potential of global warming of N,O gas of mangrove litter
degradation on the West Muna Regency. Coast. Jurnal llmu Kehutanan. 17(2):
127-134.

Tubalawony S, Mailoa MN;:Rahman, Pasanea K. Fluxes of Methane Gases (CH4)
in Sediments of Mangrove and Seagrass Ecosystemin Tanjung Tiram, Ambon
Bay, Indonesia. EJABF. 2024. 28(4): 951-963

Rahman., Yulianda, F., Rusmana, |, & Wardiatno, Y. (2018). Fluxes of
greenhouse gases €O, +CH, and N,O from mangrove soil in Tallo River,
Makassar. Jurnal,Biologi Tropis. 18: 149 — 58

Rifgi M, Widigdo. B, Wardiatno Y, Mashar A. Gaining aquaculture blue growth with
low carbon emission shrimp farming technology. JPSL. 12(2): 363-371.



