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The sources and spatial distribution of organic matter were investigated in the
nearshore area receiving untreated urban wastewater and offshore areas
containing bivalve mariculture in Muang Chonburi District. Content, elemental,
carbon, and nitrogen isotopic analyses in particulate organic matter (POM) and
surface sediments were performed. We found particulate organic carbon (POC),
513C, and 5'°N of POM ranging from 435.0-5,247.7 ug/L, -27.7 to -22.0%o , and
1.7-8.6%o , respectively, whereas total organic carbon (TOC), total nitrogen (TN),
513C and 8N in sediment were 3.5-76.9 pg/g, 0.8-8.3 ug/g, -25.7 to -22.9 %o
and 2.6-6.0 %o, respectively. These values show significant differences between
nearshore and offshore sampling stations wherein accumulation of organic matter
was high in the nearshore and decreased with greater distance offshore, with some
retained in the bivalve farming area. The results from a mixing model indicated
that organic matter in POM and sediment were initially derived from
anthropogenic organic matter. In contrast to the offshore water which had organic
matter derived from marine organic matter. This study highlights the distribution
of anthropogenic organic waste released to coastal waters with plenty of bivalve
farms such as green mussels and oysters. The results can be used to advise
national strategies regarding bivalve aquaculture zoning and seafood safety

policies going forward.

1. INTRODUCTION

Shallow coastal waters are where the biotic and
abiotic components of the marine and terrestrial
environments interact to form complex ecological and
economic resources systems. These area are highly
influenced by human activities, including housing
developments, commercial industries, as well as
recreation (Nordstrom, 2000). Consequently, these
areas have been affected by various anthropogenic
pollutants in sewage. Among the existing pollutants,
the accumulation and distribution of organic matter in
the shallow waters that receive urban wastewater, such
as the inner Gulf of Thailand, has not been well
understood.

Chonburi Province is situated on the east coast
of the Inner Gulf of Thailand, covering 4,363 km? with
a current population of more than 1.6 million. Muang
Chonburi District is one of the most densely populated

areas in Thailand, with more than 400,000 residents
(1,490 people/km?) (Official Statistics Registration
Systems, 2021). Consequently, these vast expanses of
man-made activities cause a potential risk to the
survival, growth, and ecological relationship of sessile
and intertidal bivalves (Thushari et al., 2017). Coastal
area of the district has become a significant economic
ecosystem for tourism, industry, human settlement,
and bivalve shellfish farms covering 197 ha with a
production of 4,200 tons per year (Department of
Fisheries, 2020). Oysters, green mussels, and bloody
cockle have high commercial values because they are
popular seafood sources for residents and tourists in
this area and nationwide.

However, coastal water along Muang Chonburi
District receives untreated wastewater from several
communities via small canals (Boonkhwang et al.,
2010). Therefore, massive amount of anthropogenic
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pollutants, for instance, organic matter (Onpankoon et
al., 2010), nutrients (Boonphakdee et al., 2008),
microbial contaminants (Bussi et al., 2017), persistent
organic pollutants (POPs) (Beyer et al., 2017),
household chemicals and emerging contaminants of
concern (Ocharoen et al., 2018) have been discharged
to the coastal water of Muang Chonburi District.
Organic matter and nutrient substances may cause
eutrophication and eventually a red tide (Lassauque et
al., 2010; Nijole et al., 2017), which creates a severe
deterioration of the coastal environment and bivalve
farming due to excessive oxygen consumption during
the microbial respiration of the dead phytoplankton
cells (Andrews et al., 1998). The low oxygen
conditions may, in turn, kill fish and invertebrates,
with severe consequences for the marine ecosystem
(Boyer et al., 2009). Microbial contaminants,
persistent organic pollutants (POPs), household
chemicals, and emerging contaminants of concern
may accumulate in bivalves and impact human health
via consumption (\Webber et al., 2021).

This study is focused on the distribution and
sources of organic matter in the coastal area with an
abundance of bivalve mariculture, and are receiving
urban wastewater by using the stable carbon (§*C)
and nitrogen (8*°N) isotopes. Distribution of organic
matter and its origin are essential approaches for
understanding the movement and accumulation of
organic matter in a coastal area. The results from this
study can assist in improving a national policy for
mariculture zoning and seafood safety.

2. METHODOLOGY
2.1 Study area and sampling sites

We took samples from three canals located in
Muang Chonburi District, Chonburi Province;
Sungkep  (SK)  (N13°22.437"  E100°58.690"),
Bangplasoy (BPS) (N13°21.697' E100°58.383") and
Bangprong (BPR) (N13°18.856' E100°55.078") canals
(Figure 1). These three canals receive municipal
wastewater from densely populated communities in
Muang Chonburi District (Sangmanee et al., 2017)
before emptying into the east coast of the inner Gulf
of Thailand. Stn. SK1, BPS1, and BPR1 were located
at the mouth of each canal. We classified Stn. SK1-4,
BPS1-4, and BPR1-4 as nearshore areas with shallow
areas (depth <3.0 m). In contrast to Stn. SK5, BPS5,
and BPR5 located >1,500 m. from the coastline and
deeper water (>5.0 m) were determined as offshore
stations. The sampling stations were approximately
300 m interval in the seaward direction along the
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discharging plume from the canals (Boonkhwang et
al., 2010).

The bivalve mariculture area along the coast of
Muang Chonburi District is shown in Figure 1, covering
197 ha with a production of 4,200 tons per year
(Department of Fisheries, 2020). Bivalves cultured in
this area are mainly green mussel (Perna veridis) in
Sungkeb and Bangplasoy sites and oyster (Saccostrea
cucullate) Bangprong site Figure 1 (a) and (b).

2.2. Sample collection and pretreatment

Water samples for marine organic matter,
mangrove leaves, sewage, particulate organic matter
(POM) and sediment samples were taken at Sungkep
(Stn. SK1-SK5), Bangplasoy (Stn. BPS1-BPS5), and
Bangprong (Stn. BPR1-BPR5) sites during 10-14
January 2016. This period is classified as a dry season
(Boonphakdee et al., 2008). Water samples were
collected at a depth of 0.5 m using the Kitahara water
sampler. Surface sediments samples were taken by an
acrylic core sampler at a depth of 0-3 cm. After sample
collection, water samples were stored in labelled
plastic bottles and then frozen at -4°C. Sediment
samples were stored in labelled plastic bags and then
transported to the laboratory for further process.

Mangrove leaves were sampled from the
reserved mangrove area in Muang Chonburi District
(Figure 1), whereas sewage samples were collected at
sewer outlets discharging into the three canals. Marine
phytoplankton samples were vertically taken by using
60 um mesh size plankton net at Stn. SK5, BPS5, and
BPR5 where salinity was >33 and used as marine
organic matter (OM).

After being transferred to the laboratory, water
samples were filtered through pre-combusted (550°C,
2 h) GF/F Whatman glass fiber. The filtered samples
were dried in an oven at 60°C for 24 h and decarbonated
by HCI fumes for 6 h. After that, samples were rinsed
with distilled water and stored at -20°C for elemental
and isotopic analysis. The sediment samples were
dried at 60°C for 48 h and then ground to a fine powder
and homogenized. Powder sediment samples were
acidified with 5 N HCI to remove inorganic carbon and
washed with distilled water. Finally, sediment samples
were dried at 60°C for 48 h and kept in a desiccator
for further elemental and isotopic determination
(Boonphakdee et al., 2008). Total organic matter was
determined using the ignition loss procedure (Verardo
et al., 1990). The organic carbon and nitrogen contents
were determined using a CHN elemental analyzer. We
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conducted a t-test using SPSS software (Version 20) to
check the differences in §*3C, §*°N, and C/N ratio values
among samples.

The contents of organic carbon and nitrogen

G mmcncnnan

were determined using a CHN elemental analyzer. We
conducted a t-test using SPSS software (Version 20)
to check the differences in §*°C, §'°N, and C/N ratio
values among samples.

Figure 1. Map of sampling sites and stations in (a) Sungkep (Stn. SK1-5) and Bangplasoy (Stn. BPS1-5) and (b) Bangprong (Stn. BPR1-
5) canals in Muang Chonburi District, Eastern Thailand. A star symbol indicates a sampling point for mangrove leaves. Grey areas
illustrate bivalve mariculture in Muang Chonburi District (Department of Fisheries, 2021).

2.3 Stable isotope analysis

Stable isotopes were analyzed by a Thermo
Finnigan Delta V advantage Isotope Ratio Mass
Spectrometer Analyzer at Cornell Isotope Laboratory,
Cornell University, USA. Carbon and nitrogen
isotopic signatures were expressed as the relative
differences between the isotopic ratio in the sample
and conventional standards (**C/*2C or **N/**N), using
the standard equation:

513C or 615N (%o) = [(Rsample/ Rreference) - 1] x 11000
In this expression, Rsample and Rreference are the

isotopic ratios of the sample and reference,
respectively. The carbon standard is Peedee Belemnite
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(PDB), and the nitrogen standard is atmospheric No.
All samples were analyzed twice. Reproducibility was
better than £0.1%o of absolute difference for both §'°C
and 8'°N.

3. RESULTS AND DISCUSSION
3.1 Compositions of organic matter in POM and
sediment

3.1.1 Particulates organic matter (POM)

The values of particulate organic carbon (POC),
particulate organic nitrogen (PON), C:N ratio, 62C
and 8N of POM ranged from 435.0-5,247.4 ug/L,
85.1 to 927.5 ug/L, 2.6-10.1, -27.7 to -22.0 %o, and
1.7-8.6 %o, respectively (Table 1). Concentrations of
POC and PON were significantly different (p<0.05)
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among the three sampling sites. Spatial variations in
PON and POC were observed with a similar pattern
showing the high values in nearshore, especially in

canal mouth stations (Stn. SK1, BPS1, and BPR1) and
decreased seaward to low values at offshore stations
(Stn. SK5, BPS5 and BPR5) (Table 1 and Figure 2(a)).

Table 1 .Compositions of organic matter in coastal waters of Muang Chonburi District.

Sites/stations 3%Crom  3*°Nrom POC C:Nrom  §13Cseq S15Nsed TOCsed TNsed C:Nsed
(%o) (%o) (Hg/L) (%o) (%o) (mg/g) (mg/g)
Sungkep
SK1 -27.0 34 6,352.0 10.1 -25.2 4.6 76.9 8.3 7.9
SK2 -26.0 2.3 5,114.5 8.9 -23.6 5.0 334 45 6.4
SK3 -24.5 25 3,970.7 72 -23.4 55 133 2.7 6.7
SK4 -23.4 3.0 3,734.2 6.7 -23.2 5.3 194 25 6.2
SK5 -23.3 3.0 1,849.8 5.7 -22.4 5.8 235 3.2 5.6
Bangplasoy
BPS1 =277 25 3,887.2 9.7 -25.7 6.0 333 2.8 9.3
BPS2 -27.4 5.7 2,897.8 8.8 -24.3 2.7 8.3 11 7.9
BPS3 -26.9 4.7 14147 6.2 -23.4 45 6.2 0.9 7.6
BPS4 -24.9 53 1,289.9 6.0 -23.6 2.6 35 0.8 6.0
BPS5 -23.2 5.9 1,479.4 6.1 -23.0 5.3 7.7 2.1 5.9
Bangprong
BPR1 -24.7 17 5,247.4 5.7 -23.9 5.3 34.2 3.2 9.2
BPR2 -23.2 8.6 1,021.4 5.5 -22.8 45 8.4 1.0 7.2
BPR3 -22.9 8.5 925.4 55 -22.3 5.0 4.3 0.5 7.4
BPR4 -22.9 7.2 4929 55 -22.0 5.9 28.4 2.6 6.4
BPR5 -225 7.0 436.0 5.4 -20.9 5.8 41 0.5 6.0

This indicates organic matter released from the
municipal communities contributing to coastal water
and was influenced by resuspension of bottom
sediment in shallow water (Lamb and Swart, 2008).
The values of POC:Chla at the canal mouth (SK1,
BPS1, and BPR1) and nearshore stations of Sunkep
and Bangplasoy canals (Stn.SK2-4 and BPS2-4) were
higher (>200) than those of the offshore stations
(<100) (Figure 2(b)), indicating a strong distribution
of anthropogenic organic matter (Maksymowska et al.,
2000; Boonphakdee et al., 2008; Nijole et al., 2017).
This coincides with the lowest *3C at all canal mouth
stations (-27.0, -27.7, and -24.7%o. for Stn. SK 1, BPS1,
and BPR1, respectively). The low §'°C values (approx.
-27%0) were close to that of sewage (Wu et al., 2003;
Rumolo et al., 2011), indicating high anthropogenic
input at Stn. SK1 and BPS1. Higher 8*C value at
BPR1 implies more contribution of marine OM at this
station (Table 1). Values of 8*3C increased in seaward
direction with the highest values (lower negative) at
offshore stations (SK5, BPS5, and BPR5) (Figure
2(c)), which are close to -21.5%o determining marine
OM (Boonphakdee et al., 2008).

The values of §°C, 8'°N, total organic carbon
(TOC), total nitrogen (TN) and C:N ratio of sediment
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ranged from -25.7 to -22.9 %o, 2.6-6.0 %o, 3.5-76.9
mg/g, 0.8-8.3 mg/g and 1.0-9.3, respectively (Table 1).
Comparing with TOC and TN concentrations in
sediments from worldwide coastal waters (Gu et al.,
2017 and references therein), we found TOC and TON
in this study were comparable to those from Bohai
Bay, China. The spatial distribution of TOC and TN
showed similar patterns (Figures 3(a-b)) to those in
POM, with higher concentrations at the canal mouth
and lower values in nearshore and offshore stations.

The values of TOC and TN in sediment were
high at the canal mouth and nearshore stations and
decreased with an increase in seaward distance
(Figures 3(a-b)). These results imply that an increased
organic matter falls to the bottom, and the benthic
environment is transformed from one of oxidation to
reducibility, leading to decreased benthic diversity and
increased adverse biological effects on marine
organisms (MPI, 2013). Fine-grained sediment in the
nearshore also provides good binding for organic
matter adsorbed on fine particles (Onpankoon and
Boonpakdee, 2012; Gu et al.,, 2017). Generally,
sedimentary organic matter is closely associated with
fine-grained sediments undisturbed by human
activities (Gao et al., 2012).
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The relationship between TOC and TN in
sediment was high with R?=0.85 (Figure 4(b)),
showing a single source of organic matter in sediment
(Pastene et al., 2019). The values of 8**C in sediment
showed similar patterns to 33C in POM. The low
values of 3*3C in sediment were at the canal mouth and
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nearshore (-23.5 to -25.7%o), whereas the higher
values were found in samples from the offshore
stations at all sampling sites (-21 to -23%.) (Figure
3(c)). This suggests that the distribution of sediment
organic matter in this study area was influenced by
large amounts of organic waste from human waste.
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Figure 2. Values of (a) POC, (b) POC:Chla ratio, and (c) 5'3C in POM of SK, BPS, and BPR sampling sites. Positive distances indicate
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Figure 3. Values of (a) TOC, (b) TN, and (c) 5*3C in surface sediments of SK, BPS, and BPR sampling sites. Positive distances indicate

seaward direction.
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Figure 3. Values of (a) TOC, (b) TN, and (c) 8*3C in surface sediments of SK, BPS, and BPR sampling sites. Positive distances indicate
seaward direction (cont.).

3.2 Sources of organic matter in POM and  2005; Boonphakdee et al., 2008). In this study, C/N
sediment ratios in POM and sediment varied from 5.4 to 10.1
Significant linear relationships (r’=0.75, and from 5.6 to 9.3 with an average of 6.8+1.7 and
p<0.001) between POC and PON were observed  7.0+1.2, respectively. These results indicate a mix of
(Figure 4(a)) with highly strong correlation (r>>0.95,  terrigenous or anthropogenic and marine sources. To
p<0.001) at each study site (Table 1), suggesting they  confirm the source of organic matter in our study, we,
are derived from the same source (Gu et al., 2017).  therefore, analyzed 8**C and 8*°N values. The 5*3C and
C/N ratios, 8'°C, and 8N values have been widely 8N values derived from marine organic matter
used as markers to effectively discriminate sources of ~ ranging from -22%o to -18%o, and 3%o to 12%o,
organic matter in aquatic ecosystems (Boonphakdee et respectively (Boonphakdee et al., 2008; Gao et al.,
al., 2008; Holtgrieve et al., 2011; Kikumoto et al., ~ 2012). Terrestrial Cs and C, plants generally have 6°C
2014; Li et al., 2016). Marine phytoplankton derived  values ranging from -33%. to -21%o and -17%o to -9%o,
organic matter typically has C/N ratios between 4 and  respectively. (Lamb et al., 2006; Boonphakdee et al.,
7 (Gu et al., 2010), whereas terrestrial C; plants have  2008; Yu et al., 2010).
C/N ratios typically higher than 12 (Ogrinc et al.,
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Figure 4. The relationships of (a) POC vs. PON and (b) TN vs. TOC in surface sediment of SK, BPS, and BPR sampling sites.

The 8N values in terrestrial organic matter  sources (e.g., inorganic fertilizers 0 %o) and treated
varied from -10%o to 10%o (Li et al., 2016), and from sewage (10-15%0) (Anderson and Cabana, 2006;
0.67%o to 7.67%o in terrestrial vegetations (Wei etal.,  Finlay and Kendall, 2007). However, identifying
2010). The elevated 8N signature of untreated  sources of nitrogen to aquatic ecosystems, some
sewage (0-5%o) distinguished it from other nitrogen
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overlap may exist in isotope values of sewage and
terrestrial organic matter (Diebel and Zanden, 2009).

The 8'3C and §*°N distribution (Figures 3(c) and
Figure 5) show that POM and sediment in the
nearshore stations, located within 800 m from the
shore, were close to those in sewage. In contrast,
stations located further than 1,000 m. from the
shoreline had values of §'3C and 8*°N similar to those
in marine OM. This suggests that organic matter in
POM and sediment represents a mixture of
continentally derived sewage and marine material
(Figure 2(c) and Figure 3(c)). However, higher values

of 83C of POM and sediment in the BPR site indicate
low sewage origin contribution (Ogrinc et al.,2005).
We measured values of §3C, §°N, and C:N ratio of
potential organic matter sources, as shown in Table 2.
However, low values of 615N (<3%o) in some POM
and sediment samples (Figures 5(a-b)) indicate the
possibility of another source, which may be
autochthonous organic matter such as benthic diatom
(Sugimoto et al., 2006) or detritus derived organic
matter (Sampaio et al., 2010). Therefore, further
investigation is needed.

Table 2. Values of §13C, §'°N, and C:N ratios of potential sources in coastal waters of Muang Chonburi District

Potential sources 513C (%o) 3N (%o) CN

Mean+SD Range Mean+SD  Range Mean+SD Range
Sewage -28.6+0.3 -28.310-28.8 5.241.2 4.6-5.7 10.6+0.8 10.0-11.2
Marine POM -19.5+0.6 -19.0t0-21.4 7.0£0.6 5.2-94 5.4+1.0 4.2-6.5
Mangrove leaves -30.7£2.5 -21.910-32.9 7.2%1.7 3.7-95 15.4+3.3 14.9-19.8

3.3 Contribution of sewage and marine organic
matter

To understand the sources of organic matter in
the POM and sediment in this coastal environment, we
applied a mixing model based on two end-member of
d13C. This two-end-member mixing model was applied
to quantify the portion of organic origin considered
terrigenous (sewage) and marine OM. This model has
been demonstrated to effectively assess the relative
proportions of terrigenous and marine organic matter in
coastal waters (Goni et al., 2003; Boonphakdee et al.,
2008; Gu et al., 2017; Sasmito et al., 2020).

In this study, we used 8'°C values of -19.5%o
and 26.80 %o for marine end-member (8**Crarine) and
sewage end-member (8%3Csewage), respectively. Even
though our previous works implemented terrigenous
Cs plants (mangrove leaves) as a potential source of
organic matter in larger and open waters such as the
Banpakong river estuary (Boonphakdee et al., 2008)
and the inner Gulf of Thailand (Onpankoon et al.,
2010) where terrigenous C; plant was the main
contributor of organic matter. However, in our study
sites, mangroves were available in narrow patches
along the coastline and there was no terrestrial organic
input from other water sources during the dry season.
This coincides with values of 5'°N and C:N ratios of
sewage that are closer to POM and sediment than those
of mangrove (Figure 5(b) and Tables (1-2)).
Therefore, in this study, we determined sewage as the
main potential source of terrigenous organic matter.
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We took sewage samples from the main sewer
outlets flowing to the three canals. The value of -
26.80%0 was close to that of untreated raw sewage
reported by Anderson and Cabana (2006) and Finlay
and Kendall (2007). The relative percentage
contributions of sewage organic matter (SOM) and
marine OM in POM and sediment samples were
calculated using Equations (1) and (2).

83Cmarine— 83C
0 — marine sample
SOM(/O) 513Cmarine_ 613Csewage X 100 (1)
Marine OM (%) = 100 — SOC 2)

The estimated contributions of sewage and
marine OM indicate spatial variation in organic
sources in all sampling sites (Figure 6). Accumulation
of derived anthropogenic organic from the municipal
wastewater was the majority in canal mouth stations
with >80% and >60% for POM and sediment,
respectively, decreasing with greater distance in a
seaward direction (Ogrinc et al., 2005). In contrast to
the offshore station, marine OM was the main
contributor (Sampaio et al., 2010). However, we found
that the percentage of the anthropogenic OM was
higher in POM than that in sediment. This was due to
the high biodegradation rate of anthropogenic POM,
which typically occurs in shallow water (Zhou et al.,
2021). In addition, marine OM mainly derived from
marine phytoplankton has short lifetimes, and the
heavier isotopic carbon weight could accumulate.
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A higher percentage of marine OM was
observed in the bivalve farming area (Stn. BPR 4-5),
as shown in Figures 2 and 6. In this area, the primary
farmed bivalve species was oysters that preferentially
makes use of benthic diatoms (Richard et al., 1997).
Uneaten natural food and cultivated bivalve feces can
contribute to the accumulation of marine OM in the
surface sediments of Oyster farming areas. In addition,
Peng et al. (2014) and Gu and Lin (2016) reported that
relatively higher nutrient levels in the seawater of the
mariculture area promote algal blooms. As algae
blooms subside, their major components are retained
in the sediments.

3.4 Sewage and bivalve mariculture

This study demonstrates that sewage derived
organic matter can reach bivalve mariculture area,
such as the BPR site. This is particularly the case with
filter feeding bivalves, which can accumulate
significant amounts of contaminants from the water.
Many chemical contaminants in sewage include
persistent organic pollutants (Beyer et al., 2017)
endocrine disrupting chemicals (Ocharoen et al.,
2018), metals (Green et al., 2021), biocides, pesticides
(Watts et al., 2017), veterinary and human medicines
(Webber et al., 2021) all of which can be bio-
transformed and bio-magnified to human via bivalves.
Therefore, to assess the sustainability of the shellfish
farming industry and/or seafood safety policy, we have
to identify a range of future aquaculture management
scenarios pertinent to future development and the
sustainability of bivalve mariculture in Thailand.

4. CONCLUSION

This study has revealed the distribution of
organic matter in coastal waters receiving municipal
wastewater. It clearly shows that anthropogenic
organic matter released from the coastal municipality
accumulates in the nearshore with a decrease in a
seaward direction. A mixing model indicated that the
POM and organic matter in the nearshore sediment
were initially derived from anthropogenic organic
matter whist the source of offshore organic matter was
marine phytoplankton. These results can be used to
inform policies regarding bivalve mariculture zoning
as well as general seafood safety regulations on a
regional and national level.
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