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Marine water resources [including seawater and pore-water] provide important
information for understanding the marine ervircnment, studying marine
organisms, and developing marine rescurces. Obtaining high-gquality marine
water samples is significant to marine scientific research and monitoring of
marine rescurces. Since the 20th century, marine water resources sampling
technology has become the key research direction of marine eguipment. In
order to have a comprehensive understanding of marne water resource
zmampling technology, promote the dewelopment of marne water resource
zampling technology, and obtain high-quality marine water samples, this paper
summarizes the cument development status of the sampling technology of
marine water rescurces from the aspects of research and application. This
paper first provides an overview of seawater and pore water s=ampling
techniques. The two sampling technologies are categorized and discussed
according to different sampling means, and the adwantages of different
sampling means are compared. We also found similarities between seswater
and pore water sampling means. Then, 3 comprehensive analysis of existing
technologies and equipment reveals the development trend of marine water
resources sampling technology, for example, the need for high temporal and
spatisl aocuracy in sampling, etc. Finally, it explores the challenges facing deep-
a3 water sampling technology regarding future research, development and
equipment industridization. These reviews not only help researchers better
understand the cument development of marine water sampling technologies
but also provide an important reference for the future development of marine
water sampling technology, which provides guidance and support for in-depth
marine scientific research and effective use of marne resources.
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marine water resources, seawater sampling technigues, pore-water sampling
technigues, marine sampler development, deep-san applications
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1. Introduction Nan-In-situ

In-siru and in-situ g is mainly done by

Biogenchemical and geological processes indluence deep-sea sedl-
ment pare water. Therelore, the composition of pore water redlects the
genlogical state of change in the desp s=a (Liu and Peng, 20059} For
example, Indeep-sea methane seeps, gas hydmies are often identified by
detecting anomalles In pore water and surface seawater, such as
methane and hydrogen sulfide, 1o predict the formation and ablatan of
gas hydrates in sediments (Hu e al., 20200 Therefore, sudying pore
water ling in derp-sea sedi s s significant In exploring and
developing marine hydrocarbon resources (X0 e al, 2015). However,
the quality of current pore water testing of seafloor sediment pore water
in methane seep areas is to be Improved due 1o the lack of kigh-quality
pore water sampling technigques and subsequent pressure-holding
transfer pechniques.

Existing pore water sampling methods are usually divided into non-

P | cemtrif ansd Hliration |_I annicg and Filson,
1971} “The sediment samples removed by centrifugation  are
wielllayered. Therefore, centrifugation does not alver the layered char-
acterisides of the sedimsent (Barnes, 1972]. For sedimenis with low waber
content, organic sodvents can be added and then cemrifuged, bur enssre
that the added solvents do not affect the concemt of the lons w be
measured. Such sampling meethods can lead to changes in the physical
and chemical properties of the soll, and the measured data do not exactly
maatch the acmal simation, which is not conducive 1o bong-terms posi-
tioning stsdies. Therefore, in sitn sampling, where the collection
equipment is buried directly ar the sampling site, is preferred by scien-
tisis because of the higher accuracy of the samples cheained.

Pare water in-sbis sampler Sayvles e al. (1976 proposed an in-siu
pare water sampling method using the equilibrium dialysis-Peeper
method In 1576, For this method, defonized waier and sedimen
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Abstract—The pore water of sealloor sediments & alfected by
bﬂwhlmmdpnln'ri processes. The study of deep.
sEi pure waler i of grest significance to the
exploration and development of marine oil and gas resources,
especially in the explorativn of submarine gus hydrates, which
cun  provide effective pudlﬂml characierstic information.
For example, itoring of the chemical
compasition of Il:r &I‘p—m hydrothermal vent water (such as
the concentrafion of chlorine, nluul:.. mugnesium, iren oxide,
p['l\'.ulue Hr.l.lbe:hq:snlhe local seafloor crust can be

l. Therelore, ds i pore waler is important
in marine engineering p:mlum research. In recent years, the new
im=situ pore waler sampling lechnology based on ssmolic pumps
has been developed significantly. The principle of this technsdogy
is thal the upper parl of the sampling device chamber is filled
with NaCl amd deionized water o form supersaturated brine.
The reverse asmusis membrane doesn’t allow dissolved salis te
pass through, and the salinity dilference between the two sides of
the membrane encourages waler Bow from the side with a hwer
concentration to the sde with a higher concentration. Under
this ssmatic pressure, the pore waler Bows into the storage pipe.
It is & sampler that can werk continuousy withoul pewer anad
moving paris. It can collect pore waler samples independently
and refiably. However, because the specilic lcation ll lhe p-r:
wiler sample collected by the ic pump
hased on the Bow rule and mnpﬁ-gl.lme-ul'lleumnuc pump,
the equipment has the defect of insulficient time resalotion when
sumpling for a long time. To make wp for the ek of insuMcient
time resolution coused by long sampling time, the final pore
waler sumple with high time rescluiion can be obiaines] more
sccuralely. Based on previous work, this sindy ressarches the
pore waler ling device of ic pumps. When sampling
the device For o long time, simulste the dilfusivn process of pore
waler and discuss iis !lﬂnil} Finally, a timing marking device
that can be wsed in the pummp is i 50 Lt
it can be applied to complex deep. envir o cany colbect
comprehensive, long-lerm, conlinuous deep-sea pore waler dta.

Index Terms—sedimenl pore waler, natural gas hydride explo-
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ration, in-site and long-lerm sampling
L INTRODUCTION

In the vast sea area, seafloor sediments wsoally contain 2045
e 50% water, which is called sediment pore water. With
the rapid development of indusmrialization, the pollution of
pore water is becoming more and more seriowus, and because
the marine environment is always in dynamic change, to
understand the marine enwironment more accurately, it s
necessary o carry out long-term observation. At present, in
acientific research and practical application, sensors for ob-
aerving marine physical properties (such as temperature) have
been able o be deployed in the hydrothermal system for one
year, but the development of chemical sensors for long-term
deployment {more than one month) is lagging [1]. Avtomatic
samplers using electromechanical systems have been used o
monitor lakes and rivers, but only a few have been wsed in
the marine environment [2]. Although the electromechanical
ayatem can collect dozens of sample data at a time, for long-
term observation of the marine environment, the number of
samples is insufficient, and the data points will be particularly
discrete [3].

Jannasch [4] et al, assembled three Alzet pumps in the
micro electromagnetic pump o form an ecamotic pump nitrae
analyzer, which can continuously sample for more than one
moath, The sample flow rate was 8 ml'month (20°C) and
the reagent flow rate was 0.7 mlim Kastner [3] et al, wsed
twio semi-permeable membranes to form a device that can
continnously sample for one year The mesolution of the
sampling time is abowt 3 days, and the flow rate is 0.08-
0.0 3mlfd (14-28°C). Chapin [6] et al, wsed 12 Alzet pumps
o form a sample pump and a 2.2ml standard Alzet pump 1o
form a reagent pamp. The flow rate was about 0.29ml'd. They
were able (o work in the low-temperature hydrothermal vent of
Juan de FUCA ridge for one year. Jannasch [7] et al, separated
rwo solutions with different salt concentrations by a semi-
permeable membrane, keeping the brine in the saturated state.
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ABSTRACT

Dieep-sea oTganisms must have produced genes, proteins and secondary
meisbolites with spedial functions in the ocean The smdy of marine
micreerganizms begins with obtmining many microbial samples, which
15 important for microbial research. Although some sampling devices for
deep-sea microorganisms have been developed, the study of microbial-
specific genes and life processes in the deep sea is still limited due to the
small pumber of samples for ime series anslysis. This paper desizned a
marine microbial multi-channe] in-sim sampling system to obtain about
70 marine microbial Sltered samples and rezlize the underwater in-sim
Sltration, in-sim bysis and so on.

EEY WORDS: Marne microorgamisms; multi-chsnmel; in-sim
sampling; marine technological; environmental monitoring; microbial
ecology; sampler inmovation.

INTRODUCTION

The ocean iz rich in biological and mineral resources, snd the
development of marine microorganisms and their genstic resources will
provide new ways and biological materials for developing new
biophammacentnicals, green chemicals and other bicenginsenng
technologies, which have important scientific research walue and
development potential (Gao et al, 2019). The metabolism, adaptation
and biediversity of microorganisms in the deep sea are the frontier topics
of marine research ar home and sbroad Deep-sea organisms mmst have
produced genes, proteins and secondsry metabolites with special
fumcrions in adapting to the extrems snviromment of the deep sea
(Orttesen et al | 2014). The smdy of marine microorganisms begins with
obiaining a large number of microbial samples, so the development of a
marine microbial multi-channe] sampler is of great significance w
microbial research (Wang et al., 2019). The smdy of marine microbial
multi-chsnnel samplers can enable manine workers to understand better

33

the diversiry, sparial and tempora] dynamics, and ecological fanctions of
marine microorganisms, which can provide important suppor: for marine
environments] monitoring, resource assessment and disaster respomse
and is of great significance to promote the research of marine microbial
ecology and environmental science.

Oceanographers at the Monterey Bay Aquanum Fesearch Instifute
(MBAFT) and Weods Hole Oceanographic Institufion laboratories in the
Undited States have developed a 1000m-clazsz Environmental Sample
Processor (ESE) (Scholin et al., 2008). In sim, gene chip assays for
marine microeorganisms and toxins were performed. In 2010, they
successfully performed gquantitatve PCE amplificstion experiments of
deep-ses methane oxidstion penes nsing & 4000m-class Environmental
Sample Processor (D-ESP) (Willism et al, 2013). These in sim gene
azzays depend on microbizl enrichment, filtration, lysis and macleic acid
purification processes. A D-ESP integrated deep-sea mass spectromester
has also detected substances in the in sim fltered seawater. This whole
set of dewices has been applied to the n sim detection of methane seaps
at 4000m depth and 80{m depth and comnmected to MBARTs MARS
(Monterey Accelerated Fesaarch System) seafloor observing metwork.
The University of Hawail discovered the existence of short-periodic
rhythmic processes of ocean surface microorgsnisms using the ESP
system. The University of Hawaii used the ESP system to discover short-
period rhythmic processes in marine surface microorzanizms. In
summary, the results of ESP have greatly promoded scientists' atfention
o in sim observation in the deep ocean (Fukuba et al., 2021). In China,
a set of deep-sea in sim biological experimental devices independently
developed by the Institute of Deep-sea Science and Engineening of the
Chinese Academy of Sciences (IBSE) can sutomatically complete
seawater Sloration, microbial Iysis and nmcleic acid extraction in the
desp-ses environment - Deep-ses microbizl in sim oucleic acid
collection (MISMic Acid Collections, MISNic Acid), and the deep-sea
microbial lysing and oucleic acid extracdon (MISHcollections),
Collactions (MISMNAC) (Wei et al, 2020). This device is installed on the
Phoenix desp-sea in situ biological research platform and can complete
the collection of mucleic acid samples from up to nine different dme
series. Duning the Phoenix sea mals in 2019, microibizl oucleic acids
obtained by MISWAC in consecufive periods revealed microbial
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