§ sciendo

DOI: 10.2478/eces-2024-0021 ECOL CHEM ENG S. 282@):315-328

Cendra Boskanita PETROVALilik MASLUKAH 2, Elis INDRAYANTI?
Yusuf Jati WIJAY X, Hanif Budi PRAYITNG, Afdal AFDAL®
and Anindya WIRASATRIYA
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Abstract: Anthropogenic activities on land will affect tharbon system in coastal waters. This condition will
affect the role of coastal waters as a sourcerdk af carbon. This research will examine the disttion of
carbonate systems and estimate, @xes. Water samples were taken at 30 stationgedisas measuring in situ
water parameters including pH, temperature, sglimihd pressure. Alkalinity was analysed basechertitration
method, chl-a using the fluorometer method, antar@ate system parametep€Q,seayand DIC) calculated using
CO,SYS.xIsm. ThepCO,my Value is calculated based on atmospheric data Batellite data, including the
saturation vapour pressure of sea air in the athesp fraction mol of C@ and sea level pressure. Pearson
correlation analysis was used to see the correlédween the measured parameters angflg Carbon flux is
determined based on the difference between atmosmrel oceanipCO,. The DIC calculation result was in the
range of 1,946.09 umol/kg - 2,061.65 pmol/kg aredttital alkalinity was 2,156.86 umol/kg - 2,264 hol/kg.
Based on this value, Jepara coastal waters p&@se)0f 573,800 micro-atmospheric (patm) which is highe
thanpCO,m) (i.€., 386,772 patm). The input of organic/inorigasarbon resulting from anthropogenic processes
on land has influenced Jepara coastal waters wiithas a source of GGnto the atmosphere amounting to
103,799 mmol/rfiday. The results of this research can be used mfesence for managing coastal areas to
achieve low carbon emissions.
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Introduction

Increasing human and industrial activities in cakhateas have contributed to global
warming, causing a marked increase in air and seavw@mperature [1]. As an effect, it
will change the acidity level, dissolved oxygen (D€ntent, nutrients and pollutant. Such
changes will negatively impact the health and egiokl quality of marine waters [2].
The carbon systems in coastal seas is highly completh temporally and spatially, with
coastal systems being both heterotrophic (receildirge amounts of organic material from
the mainland) or autotrophic (supplying large amsusf nutrients to the open oceans).
Coastal areas are a small part of the marine beddiave an important role in absorbing
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anthropogenic C9Q[3, 4]. The absorption of Cyas by the sea from the atmosphere can
occur through solubility pumps (due to physicalgasses) and biological pumps (due to
biological processes by aquatic organisms and rifieeince of water quality conditions
itself).

However, not all seawater acts as a,Gk, but also as a GBource and even has
a dual role as a sink and source of ,C@/aters that have a dual role are found in
Indonesian seas, especially around the HalmaheaaaBd in the Makassar Strait [5].
The nature and characteristics of the water masgshvid seasonally different will affect the
solubility and flux pumping system of GOThe Java Sea (Indonesia) acts as a significant
source to the atmosphere during El Nino and La Nin&b]. Meanwhile, studies on the
role of the Java coastal seas (whether as a seinkc@f CQ) in terms of biological pumps
and their variations have not been extensivelystigated. The high productivity in coastal
areas can function as a &€€ink through the process of photosynthesis. Orother hand,
it can also act as a source of carbon to the atnemepthe effect of high input of organic
matter produced by human activities on the coa$toon land. Therefore, it is necessary to
study the CQ@flux in the coastal Java Sea. This study was edmut in the coastal waters
of Teluk Awur, with the consideration that Teluk Awhas a fairly complex ecosystem,
such as mangrove ecosystems, seagrass ecosystehegral reefs. In addition, ecosystem
functions are also influenced by increasing humativiies in the upstream area and
around the bay waters. One of the activities beiagied out is the intensification of
aquaculture in the Marine Science Techno Park (MSUBpara, which can affect the
contribution of carbon into the coastal waters anll have an impact on the function of
waters as a source or source of,Gks. Borges [3] explained that the conditiortoéstal
waters affects the flux of GOn the coastal seas.

Previous research related to Cédncentrations in Jepara waters has been camied o
by [1], but this research has not examined theabliepara waters as a £€burce or sink.
Thus, it is necessary to study the contributior ri the Jepara coastal waters, especially
the waters of Teluk Awur, to determine whetheitdtions as a source or sinks of carbon
for the Java Sea region. To achieve this goalhig study measures and calculates carbon
parameters in waters such as pH, Total Alkalinftj), Dissolved Inorganic Carbon (DIC),
and the partial pressure of @pCGO,) in air and atmosphere. Then calculate the water
quality parameters (temperature, salinity, and [x3) physical pump parameters and
biological pump parameters in the form of chlordphy (chl-a) to see the spatial
distribution of the parameters and see the supmpparameters for GOlux fluctuations
in the Teluk Awur coastal waters, Jepara.

Materials and methods

Study site

This study was conducted in the coastal waters efiki Awur, Jepara Regency,
Central Java, Indonesia with the coordinate bouadar of the area
110°35’00” - 110°39'10” E and 6°35’50" - 6°38'45” &ig. 1). Sampling was conducted in
September 2022. There are several ecosystems imgladagrasses, mangroves and coral
reefs in these waters. The land area of the stuely ia very close to the Marine Science
Techno Park (MSTP) Campus of Diponegoro Universithich currently functions as
a maritime-themed education and recreation area M®TP is built on 52 hectares of land,
which currently has 8 box-shaped ponds, 18 cirgotands, one semi-indoor shrimp pond,
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a laboratory, and a cool storage facility with apaety of 200 metric tonnes
(tonne = 16 g = Mg). Vaname shrimp farming has been intengidgveloped and in
December 2021, 7 tonnes of vaname shrimp were $ime As a potential area for
recreation, several hotels such as Ocean View dledhTBeach have been established in
this area. Other human activities on land thataféect the waters of the study area are the
presence of agricultural land and the presenceewéral hotels as well as recreational
activities on the beach itself.

[T § HOVISrE O MIE N FWE HAIFHE 1S e I WO

Fig. 1. Research sites

Physical-chemical analyses

Surface temperature data were measured using aa&f53G Multi-parameter.
Salinity is checked using a refractometer, pH witH meter Lutron Pen pH-22, and
dissolved oxygen (DO) using DO-meter H1 9146. Addilly, samples of seawater were
collected using a Van Dorn Vertical Water Sampleaalepth of 0 m - 3 m for Total
Alkalinity (TA) analysis, which is used to estimdbéssolved Inorganic Carbon (DIC) and
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also for pCO,seq) parameters, and samples for chl-a as a representat biological
parameters. Water samples for carbonate analysial(TAlkalinity) were put into

a 1000 mL white HDPE bottle and dripped with Hg(00 uL) to kill biological activity
in agquatic organisms [7], while samples for chl-@evstored in a 500 mL - 1000 mL black
HDPE bottle to prevent sunlight from penetrating thottles and stopping photosynthetic
activity in aquatic organisms, then filtering wasamples to obtain chl-a with the method
referenced to [8].

Satellite and reanalysis data

Satellite and reanalysis data were ugedalculate the COflux. Monthly wind speed
data at 10 meters above sea levelgUSea Level Pressure data, and Sea Surface
Temperature (SST) data obtained from the ERA5-Gupas page with a grid interval of
0.25° x 0.25°. Sea Surface Salinity (SSS) data &®&8 SMAP (Remote Sensing System
Soil Moisture Active Passive) Level-3 [6]. The aspberic CQ mole fraction (xCQ) data
from Bukit Kototabang station, Sumatra, Indones&T) was obtained from NOAA
(National Oceanic and Atmospheric AdministratiomSieptember 2017-2021 [5].

Laboratory analysis

Carbonate parameters and chl-a parameters wergsadaln a laboratory at the
Biogeochemistry Laboratory, Oceanographic Rese&@ehter, National Research and
Innovation Agency.

Total Alkalinity

In this study, a carbonate sample was carriedouotdasure the Total Alkalinity (TA)
value using the titration method using a pH-metet a magnetic stirrer. The titration’s pH
endpoint was determined using CRM Batch #156 ({bedti Reference Material)
standardisation solution in 50 mL with 0.1 N HCI @ is 3.00 - 4.00, where this solution
has a TA value of (2236.51 £+ 0.57) pumol/kg and & Dalue of (2052.72 + 0.37) umol/kg
[5, 9]. Thus, the TA value can be calculated wité tollowing equation [10]:

1000 - Viger. Nuct - EWeaco. - 1000
= [mg/L] (1)

where the value 0¥ is the volume of HCI and the required sample va@ymL], N is the
normality of the required HCI solution, altWc,co, is the equivalent weight of CaGO
(50.04).

TAgs CaCO; — %
sample

Chlorophyll-a (chl-a)

Chl-a analysis using the method was carried oyiByusing the fluorometric method
with Fluorometer Trilogy Turner Design PICES - IS@B68. To calculate the chl-a value,
the following equation was used:

chl-a = u . Z (2)
m V
wherey is the fluorescence valuk,is they-axis value that intersects the calibration curve,
m is the slope of the regression line on the stahdarve (calibration)y is the volume of
extract (addition of 90 % acetone in mL), ahd the volume of filtered samples [mL].
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The determination of CG, flux (FCO,)
The FCQ value can be calculated with the following equafi®, 11]:

FCO, =k-a - ApCO, (3)
660y %°
k=0.31-UA (—) (4)
10 SC
Sc=2073.1000 - (125.6200 - 7) 5)
+ (3.6276 - (T)?) - (0.0432 - (T)3)
=-58.093 905069 22.2940 -1 T
o=-50. 1+ L +22.294 Il(m)
100 (6)
+5(0.0278 00259( r )+00051 ( T )2
' e 100 ' "\100
ApCOZ =pC02(atm)_pC02(sea) (7)

where:k - CO, transfer speedy - solubility of CGQ with Sea Surface Temperature, [K] and
Sea Surface SalinityS [%,], ApCO, - the difference between the partial pressure of
COyamy and the partial pressure of gy Uio - wind speed 10 m above sea level,
Sc - Schmidt number that represents a function openature [°C].

The calculation obCOZ(S%) was carried out with ex-situ data, according tp 16],

where the calculation uses a function of the athesp CQ mole fraction parameter
(xCOZ(atm)), Sea Level Pressure, SU, and saturation vapour pressure of seawater in the

atmospherepH,0) with the following equation:

pCOZ(atm) = XCOZ(atm) . (pb - pHZO) (8)
H,0 = (244543 67.4509 ( T) 4.8489] ( T) 0.0005 5) )
PH,0 =exp ( 24. - 67. To0) ~* n(1o0) " ©

where XCQem is mole fraction of CQ pH,O is a function of temperature [K] and
salinity [*/oq].

The calculation ofApCO, affects the results of positive or negative flatues. If the
CO; flux value obtained is positive (negative), theule represents a net exchange of,CO
from the air (water column) to the water columir)(ao that the sea acts as a,&0urce
(sink) CQ to the atmosphere (water column) [11].

Data analysis

The analysis used in this study is Pearson coiwalathich is used to look at the
parameters that play an important role in influagcihe value of C®flux by seeing the
correlation between the parameters. The analyglssrstudy uses the IBM SPSS Statistics
v.22 software.

Results and discussion

Measurements of Clux in coastal areas represent a value of 7 ¥heftotal ocean
surface area. However, in the process of maringdaniochemical cycles, coastal areas play
an important role and are more vulnerable to ckntdtange than the oceans, so that coastal
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areas contribute to the open cycle of marine biogemistry. The marine biogeochemical
cycles are connected to the air solubility pumpcpss, which is influenced by the physical,
biological, and carbonate properties of the watét.[

Water quality parameters

The water quality parameters in this study wereptenature, salinity, DO, and chl-a
parameters. This is due to changes in temperatuthe waters affecting the level of
solubility of the waters; if the temperature in@es (decreases), it causes a decrease
(increase) in the solubility of GQOn the air, which is influenced by the wind factor the
surface [12]. In addition, changes in water temjpueeaalso contribute to aquatic biological
activities, such as phytoplankton organisms, witichtain chl-a which use GOH,O, and
light to carry out photosynthesis. The abundancphytoplankton helps in the production
of oxygen (DO) in the waters. The existence of gigtoplankton is also influenced by the
levels of nutrients in the water, which can comenfrweathering sediments or supplies
from the land through rivers or run-off from thadawhen it rains.

The results of measurements of the physical-chdnficable 1) conditions of the
Teluk Awur Coastal Waters, Jepara waters are sintilaseveral previous studies with
temperature and salinity values of 27.0 °C - 31at@ 28.7%,, - 32 %y [1, 13, 14].
However, the DO value is different from previousdsés, where the DO value obtained
was much higher than this study, which is around4dg/L - 11.75 mg/L [15]. Based on
the standard from the Indonesian Government Deblee22 in 2021 [16], the water
quality of Teluk Awur coastal waters, Jepara i istinormal condition.

Table 1
Results of measurement of physical, chemical, asiddical conditions of Teluk Awur coastal wateigpara
No. Parameter Range value Quality standards [16]
1. Sea surface temperature [°C] 29.30 - 30.20 2B -
2. Salinity [*/o0] 25.50 - 30.00 33 - 34
3. Dissolved oxygen (DO) [mg/L] 5.31-8.24 >5
4. chl-a [ug/L] 0.52 - 8.44 +0.90 - 70

Seawater Quality Standards in Indonesian Seas

The value of chl-a in the Teluk Awur Coastal Watelspara obtained a value of
0.52 pg/L - 8.44 ug/L (Table 1). chl-a measuremevdre carried out at 14 station points
near coastal waters, it was found that the chlkaevat the station near the northern Marine
Science Techno Park (MSTP) Jepara had a highea ¢hlue (4.04 pg/L - 8.44 pg/L) than
the chl-a value at the station near the southernM&TP Jepara ranging from
0.52 pg/L - 2.47 pg/L. The results of the analysisried out in this study were not much
different from the research conducted by [13] @uk Awur waters, northern Jepara, close
to stations 1, 7, 8, and 9, where the chl-a valuere obtained at 3.77 pg/L - 7.76 pg/L.
In addition, another study found that the coastaters of Teluk Awur Jepara have
relatively low chl-a (0.32 pg/L - 0.35 pg/L) [8].

The parameters of marine carbonate pump in Teluk Awr coastal waters, Jepara

The measurement of marine carbonate systems caletbemined by parameters of
pH, concentrations such as DIC, TA, and partiabguee of CQ (pCO,) [7, 12]. The pH
value plays an important role in the £€ystem because it affects the carbonate balance in
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seawater. When the pH value is low, the conceptratf HCO; ions and HCO;
compounds is higher, whereas when the pH valuegis, the concentration of free GO
ions is more formed in seawater. The pH measuremierthe Teluk Awur coastal waters,
Jepara tend to be uniform, ranging from 7.9495 689, with an average of 8.052
(Fig. 2a). Thus, the pH characteristics in the Kelwur Coastal Waters, Jepara is a base
condition. The pH values obtained were similarhtose of previous studies, where the pH
range in Teluk Awur Coastal Waters, Jepara wasmar@us2 - 8.52 [1, 13, 15]. In a harrow
seawater pH range (7.4 - 8.2), bicarbonate spéEi€©s) will be more dominant around
90 %, followed by carbonat€@2~) around 10 %, and Gr H,CO; around < 1 % [12].
Higher bicarbonate and carbonate species encoutageformation of more CaGO
Complex processes in the biology, chemistry, angsiol of the water, such as biological
oxidation processes and Cag@issolution, as well as upwelling and internal imix
processes, can change the pH value of seawateraiactivities around coastal waters
also lead to changes in pH values, because bashtioancan encourage the process of
decomposing organic matter into minerals. In addijtian increase in waste from human
activities (anthropogenic) that is discharged it waters can affect the pH value [9].
Spatial distribution of the parameters pH, TA, DI@nd pCOyseq indicates that
a decrease (increase) in pH causes an increaseddety in the values of TA, DIC, and
PCOxseqy Other marine carbonate parameters are DIC contiemrand Total Alkalinity
(TA), where both DIC and TA concentrations desctifse total concentration of seawater
CO, consisting of bicarbonated(03), carbonate 03~), and dissolved free GQO9].
The distribution of TA and DIC values in the Coastéaters of Teluk Awur, Jepara can be
seen in Figure 2b and 2c, where the results of mé RIC analysis in this study ranged
from 2,156.86 umol/kg - 2,264.71 umol/kg and 1,986umol/kg - 2,061.65 umol/kg.
The DIC results in Teluk Awur Coastal Waters, Japaere higher than the DIC values in
other nearby coastal waters, namely Karimun Javeands at around 1,113.83 mol/kg -
- 1,726.65 mol/kg, as well as the TA value, whicksvhigher than other studies conducted
by [17]. Likewise with other waters in the northeegion of the Java Seawater, Banten
Bay is around 1,280.44 pmol/kg - 1,720.04 pmol/kg]| The high DIC and TA values in
the Teluk Awur Coastal Waters, Jepara are causethéyposition of the observation
station, which is close to the coast and is inditethe euphotic zone, where the euphotic
zone tends to have high DIC/TA values due to tffleénce of the land which causes high
water productivity, different with waters that ledthe open sea [17]. The concentration of
DIC is also influenced by the presence of orgarétten in the waters and the introduction
of inorganic materials from the land through rivesster runoff from land near the coastal
waters of Teluk Awur, Jepara. In addition, ther¢his influence of the extensive seagrass
ecosystem in the Teluk Awur Coastal Waters, Jepdrigh contributes to carbon in the
waters, where seagrass has the ability to stofgonaunder the substrate/sediment even
though the shoots on the seagrass die, while thmiean the substrate will only be stored
if the seagrass shoots are still alive [19]. Thisterce of this can be interpreted as changes
in DIC/TA values being influenced by changes in fgaetial pressure gradient of GOr
CO, concentrations in the waters.



32z C.B. Petrova, L. Maslukah, E. Indrayanti, Y.J. WiaH.B. Prayitno, A. Afdal and A. Wirasatriya

Li vl
P Range: oo L I Total Alkalinity Range (jmol/kg): 2

R
8160 8.125 8090 8.055 8020 7985 7.950 226671 2346 74 2225,76 121070 119151 T1T4SE 21686

= = il X L 5 L
Dissols e Tnorganle Carbon Rasge (molbgss CIL I fwed DPCO2 Sea Range (watm): o AW e A
E—— o =

IR AT 1S T4 T 205 ¥ TORE 41 T 45 T4 D Sui

P

Fig. 2. Map of the spatial distribution of carbonate partarsein the Teluk Awur Coastal Waters, Jepara:
a) pH, b) Total Alkalinity (TA), c) Dissolved Inoagic Carbon (DIC), dpCOxsea)

The high concentration of DIC in marine waters Wl accompanied by an increase in
the compressive strength gradient p8O,eqy This is becaus@CO,seq is a function
derived from the parameters of the marine carbostegy (pH, DIC and TA),
physical-chemical-biological waters (temperatuingty, and nutrients), and wind speed
at 10 meters above sea level [20]. The resultb@talculation 0pCO,seqCan be seen on
the spatial distribution map (Fig. 2d) which shaWwat the value 0pCO,seq)in the Teluk
Awur coastal waters, Jepara ranges from 420.428n pat738.752 patm (average
573.800 patm), where the valuepiZO,seq)is greater than the calculated averpG€,seq)
of 573.800 patm. Meanwhile, the results of caléatppCO,,iy show that the average for
5 years is 386.772 patm. The difference in, @€@ssure between the two reservoirs greatly
effect on the CQflow (Fig. 3, blue line). The flow is supported the CQ transfer rate in
the area and changes the concentration of &@@ied. The high value @CO,e4is caused
by the influence of aquatic ecosystems, such aggroaes, seas, and corals, where these
ecosystems store a lot of organic @their roots and/or sediments, so coastal etesys
play an important role in carbonate balance. Irgsess beds in the Teluk Awur Coastal
Waters, Jepara, they tend to be larger [14] condptoreother ecosystems, so the carbon
stores in seagrass contribute much more to thenmagrbonate system.
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The CO, flux in the Teluk Awur coastal waters of Jepara

CO, flux or CO, gas flow between the atmosphere and the sea oduesto
differences in properties between the two resesyeihich are influenced by GQ@ressure
(pCOy), solubility, and transfer rate of GQas at sea level. The results of L£flux
calculations in the Teluk Awur coastal waters, Japow that the waters act as a source
of CO, into the atmosphere. This can be seen based datifftaeence in partial pressure of
CO, between the atmosphere and the &0, (sea-am), Where the result is positive, which
means that the partial pressure of,Q®the sea is greater than the atmosphere f©@s
from the sea into the atmosphere). The resulthefcalculation 0APCO,sea-amyin this
study were 33.656 patm - 351.981 patm (averaged287uatm). C@flux in the Teluk
Awur Coastal Waters, Jepara spread over 30 sta@nts is 18.573 mmol-Tiday -
195.525 mmol-nf/day (average 103.799 mmol“day) (Figs. 3 and 4, red line).
The spatial distribution of the results of £fux is similar to the spatial distribution of the
results of the analysis of TA, DIC, ampCO,seq parameters. So, theCO, describes the
total pressure of carbon dioxide gas in the atmespland in seawater. In marine waters,
changes in pH and DIC/TA (carbonate parametersk rggnificant impact ompCO..
The pH value of the water is strongly influencedchyanges in temperature, while DIC and
TA do not depend on changes in these water quaditgmeters [11, 20].

The results of the correlation analysis in thisdgtéound that th@CO,seq value has
a perfect correlationr (= 1) and is closely related to G@ux (Table 2). The pH and DIC
parameters have a very strong inverse and strorrglation with CQ flux. That is, any
change in pH will affect the COlux value, when there is a decrease (increaspHinthe
CO, flux will increase (decrease), so the relationshifinversely proportional. DIC with
CO, flux shows that when there is an increase (deejaaDIC, the value of COflux will
increase (decrease), so the relationship is dirgetiportional. Other parameters, such as
chl-a have a fairly strong correlation with DO, mig that DO in the Teluk Awur Coastal
Waters, Jepara comes from the photosynthetic &ctvi chl-a in aquatic organisms.
Aquatic organisms, such as phytoplankton, are émfted by aquatic nutrients [21] which
can come from coastal ecosystems, such as cofs| vegter sedimentation processes, and
the supply of terrestrial nutrients as a resulthofman activities on land. However, this
happens indirectly and requires a long processusecthe results of the correlation DO
values also have a relationship with the tempegatdirthe waters. The temperature in the
waters controls the solubility of GAn the waters [12], so that the diffusion process
between water and free air also affects DO lewelthé waters [22]. Parameters pH, DIC
andpCOyseqare carbonate pump parameters in the marine cagme, while temperature,
salinity, DO parameters are physical pump pararsaiewaters, and chl-a parameters are
aquatic biological pump parameters. Based on thalteeof the correlation in this study, it
shows that the C{flux in the Teluk Awur coastal waters, Jepara @eninfluenced by the
presence of a carbonate pump.

The Teluk Awur coastal waters, Jepara still havamlete coastal ecosystems, such as
coral reefs, seagrasses, and mangroves, althoagixibting coastal ecosystems tend to be
few and the coastal ecosystems near the Teluk Awastal area are threatened by their
health conditions due to the influence of excessivient supply from the land through
groundwater runoff, as well as the influence of shpply of remaining shrimp feed waste
originating from the MSTP, Jepara ponds [14]. Thalg found that the average amounts
of nutrients N (nitrate) and P (phosphate) in thearshore areas (9, 15, 27) were
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0.165 ppm (N) and 0.048 ppm (P). In contrast, treamnconcentrations of N and P
in the open seas [5, 12, 18] were 0.126 ppm amtBpPm, respectively.
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Fig. 3.The distribution map of Clux in the Teluk Awur coastal waters, Jepara
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Coastal ecosystems are believed to play a rolénis ef CQ stored in their leaves,
stems, roots, and sediments, so DIC, TA @D,y in their waters are very high.
According to [23], the sediment where seagrass glievhe best carbon storage place, even
though seagrass shoots have died, the substibtg@ts carbon, whereas shoots will still
store carbon if the shoots are still alive. Howevbkis does not occur in the Teluk Awur
Coastal Waters, Jepara, where the waters act@seesof CQ, this is related to the supply
of organic/inorganic carbon originating from the tera themselves (autochthonous) or
from rivers or other ecosystems (allochthonous).[Z#e results showed that the values of
DIC, TA andpCO,eq)in the coastal waters of Teluk Awur Jepara wemy Viggh, as was
obtained by research conducted by [17]. This imi@rfced by the presence of organisms in
the Teluk Awur Coastal Waters, Jepara near itstabasosystems, where many organisms,
such as shellfish and other organisms that prodaé@um and form calcium carbonate,
live [22]. Carbonate formation helps control aquatirbonate systems because it releases
or requires C@in the water and controls the pH in waters to kiéepalanced. This is
shown in the results of the correlation analysikerg the pH of the Teluk Awur Coastal
Waters, Jepara has a strong and very strong ctoreta DIC andpCO, .5y Another factor
is the supply of fresh water, which carries orgaoicinorganic carbon as a result of
increased anthropogenic activities in its coastadas such as industrial activities,
settlements, tourism, and trade. Fresh water frand lor rivers also carries the major
element bicarbonate, which comes from the readtietween rock weathering and soil
erosion with CQ@ concentrations, so the carried carbonate condamtrevill precipitate in
coastal waters [24, 25].

Table 2
Pearson correlation water quality, carbonate systednflux

. o Salinity pH DO TA DiC PCOxsea chl-a
Variable | Temp. ['Cl| ™ (o, [l | [mgiL] |[umolikg] | [umolikg] | [watm] | [ugi]
Temp. 1

Salinity 0.353 1

pH 0.011 0.151 1

DO 0.506" 0.218 0.1 1

TA 0.139 0.43% 0.012 0.208 1

DIC 0.012 —0.043| -0.739 | 0.045 0.618 1
PCO2zsea 0.042 -0.182 | -0.989 | -0.05 0.012 0.763 1

chl-a 0.021 0.194 —0.267 0.584 0.207 0.32 0.331 1
Flux 0.041 —0.194 | -0.988 | —0.051 0.007 0.763 1,000 0.328

" Correlation is significant at the 0.05 level (2ed),” Correlation is significant at the 0.01 level (Zed)

According to [17], the DIC and TA values tend to\my high due to the position of
the observation station, which is close to the taad included in the euphotic zone, where
the euphotic zone tends to have high DIC/TA valés to influence from the land, which
causes high water productivity. This statement ris accordance with the DIC/TA
distribution map, where DIC/TA values tend to bghdar in coastal waters than offshore
waters. In this study, DIC was strongly correlatgth TA. The DIC and TA values have
similarities related to the amounts of bicarbonatel carbonate concentrations in the
waters. However, the DIC value is affected by clesniop the dynamics of sea air €O
pressure [11], while the TA value is influencedthg amount of minerals present in the
waters.
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The temperature of the water colomn that produceemminerals directly influences
their storage capacity and thus impacts the sglifitthe water. Increases in temperature
leads to an increase in salinity [5]. Factors thiféct the value of salinity in the Teluk
Awur Coastal Waters, Jepara are the supply of freater from rivers in the territorial
waters and the presence of air runoff from landda when the rainy season is close to
MSTP, Jepara. However, based on the correlatiautseghe salinity value in the Teluk
Awur Coastal Waters, Jepara does not have a wéathoreship/correlation with the water
temperature value, so it can be interpreted treas#iinity value in the Teluk Awur Coastal
Waters, Jepara tends to come from the weatheringalfs in the waters as well as the
supply of river or runoff from the mainland, whihnear the Teluk Awur coastal.

The results of the study as a whole show that #heevof CQ flux in the Teluk Awur
Coastal Waters, Jepara is strongly influenced tanghs in pH and DIC values (Table 2).
Changes in pH and DIC values in the water will hamempact on the pressure of some of
the CQ in the water. Metabolic processes like photosysitherespiration, precipitation,
and CaCQ dissolution have an impact @O, in water and alter the mass balance in the
carbonate system [9]. In addition, the existenceazstal ecosystems in the Teluk Awur
Coastal Waters, Jepara also contpfl®, in the waters and the presence of anthropogenic
activities in coastal areas contributes to the supp organic/inorganic materials through
rivers/land runoff and increases anthropogeni¢ &l§3orption in coastal ecosystems, so the
pCO, of the sea in Teluk Awur Coastal Waters, Jepareeig high compared to thHaCO,
value of the atmosphere. This causes the flow of, @ move from the sea to
the atmosphere, and the Teluk Awur Coastal Waliegara act as a source of {0 the
atmosphere. This study is similar to research lieiotoastal areas of the Java Sea, such as
Banten Bay, where the pH factor is more stronglyalated with changes in G@ux [18].
Meanwhile, a research conducted in the Bintan @ba#faters [26] discovered that
temperature variations had an impact on the cafibgn

Conclusion

The coastal waters of Teluk Awur, Jepara act asleaser or source of Gnto the
atmosphere with an average transfer value of, Gfas to the atmosphere of
103.799 mmol-nf/day due to a sea-atmosphep€O, difference of 187.029 patm.
The transfer rate of CQOeleased into the atmosphere is very high in aitgpof the Teluk
Awur Coastal area, Jepara due to the high condanmtraf DIC (1,991.451 umol/kg) and
PCO,seq)(573.800 patm) as a result of an increase in wastdting from the activities of
the surrounding population (anthropogenic wastehsas industrial/agriculture/household
waste/tourism waste, which enters seawaters, afinectly via land or river transport, near
the Teluk Awur Coast and the presence of coastabystems such as sea grasses,
mangroves, and corals, which also store more cadowhthere is a process of weathering
rocks/sediments originating from aquatic organistose to coastal ecosystems.
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