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Abstract

PAHs are mutagenic and carcinogenic agents that influence the coastal water of Tarakan City. This study aims to
determine the concentration, type, and distribution of PAHs in waters and sediments of rivers, seawater, and
brackish ponds, and their potential sources. Fourteen samples of water and sediment from selected stations
obtained 14 types of PAHs priority (USEPA). Analysis using GC-MS Type Thermo Trace 1310 single quadrupole Mass
Spectrometer, using Coulum melting silica column (coulumn fused silica) DB5 MS with a length of 30 m, a diameter
of 0.32 mm inline. The concentration in sediments at river locations ranges from 0.72-352.84, between 1.23-
606.74 in the sea, and brackish ponds 0.08-2858.88 ng.g1. On the waters ranged from 42.46-160.25 ug.L%, in the
sea 7.95-167.55 ug.L'1 and ponds 7.63-151.60 ug.L1. The concentration level in rivers and seas is small and in
the ponds is small-very high. The concentration on water at the river site was observed to increase from upstream
to downstream. Meanwhile in sediment was higher in the upstream decreased towards the middle of river and
increased in downstream/estuary area. The concentration in the Tarakan coastal environment signifies the
potential hazards to the environment. Components Nap, Fla, Pyr, Chr, and BaP are types that are often identified.
Furthermore, two, four and five rings of PAHs were shown to dominate in water and sediment, with the major rings
present in both river and brackish pond. The PAHs were both petrogenic and pyrolytic sources from land base
sources that were possibly derived from the Pamusian river.
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Introduction

The city of Tarakan, North Kalimantan,
Indonesia, is located in coastal areas and acts as a
provider of natural resources, life support, and
comfort services. 38.2% of the city is an island, while
61.8% consists of the ocean with +20 rivers (BPS
2011). Coastal town of Tarakan is densely residential
areas of economic activity, traffic area large vessels,
public ports and stevedoring. Along the coast there is
also a stream that empties into the sea. Increased
anthropogenic activities along the river such as oil
and gas exploration activity, residential, industrial,
workshop and others. These activities have the
potential to influence the environmental conditions of
coastal waters of the city, including through the entry
of harmful pollutants such as polycyclic aromatic
hydrocarbons (PAHs).

PAHs are mutagenic and carcinogenic, and
their concentration in certain levels in water and

sediments may be toxic to benthic and pelagic marine
organisms (Arias et al., 2009). In the environment,
concentrations above 1-50 pg.L't may cause
sublethal responses in some sensitive organisms
(Neff, 1979). According to Achyani et al. (2015),
Tarakan City sea has been polluted by PAHs with a
total concentration of 6-248 pg.L1 in water, and
sediments 7-69 pg.L't and also accumulates in the
body of marine life that fish nomei (Horpodon
nehereus) 27-422 ng1l. This contaminant is thought
to have accumulated in another fish resource, namely
milkfish (Chanos chanos) on traditional ponds. These
fish, PAHs accumulate through aquaculture water
that comes from exposed sea water. PAHs in the
aquatic environment will enter the milkfish body
through their gills and food (moss, algae and klekap).
The presence and concentration in certain levels on
seawater and sediments can be toxic to benthic and
pelagic marine organisms (Arias et al., 2009). Their
presence is believed to affect fish resources,
especially traditional milkfish aquaculture ponds,
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which are currently experiencing a decline in
production. This condition was accorded to be an
impact of PAH input into the pond through rivers and
seawater, then used as a source of aquaculture water
in the pond. Furthermore, there is presently no
information on the existence of PAH in brackish pond
cultivation areas.

The rivers in Tarakan may be a source of PAH,
as there are lots of anthropogenic activities, including
in the Pamusian river. However, there is no
information on the existence of PAH in these rivers.
The currents are assumed to transport PAH from the
sources directly into the water or through the land,
and then carried by rain and rivers into the sea.
Furthermore, the existence, distribution, and risks in
the coastal ecosystem of Tarakan city have not been
ascertained. The aim of this study was to determine
the type, concentration, source, and risk of PAH
presence in rivers, seas, and brackish ponds in the
coastal environment of Tarakan City.

Materials and Methods
Field studies were carried out in rivers, sea

ponds, and brackish pond milkfish in the city of
Tarakan, North Kalimantan, Indonesia. See Figure 1.

Sampling was performed on the Pamusian River,
which has many community and economic activities
along its routes, namely Kampung Satu (Kp 1),
Kramat (Krm), and Mamburungan (Mbr). The
sampling locations at sea included Tanjung Pasir
(TjP), Mamburungan (Mbr), Tengkayu port (Sdf), Tibi
(Thi), Juata (Jta), Andulung (Adl) and Amal (Aml).
Furthermore, in the traditional milkfish ponds,
sampling locations were Mbr, Karang Anyar Pantai
(Krp), Jta, and AdlI.

Surface water samples were obtained using a
van dorn water sampler with a capacity of two liters.
They were placed into a dark bottle previously rinsed
with methanol and hexane. Furthermore, sediment
samples from the bottom of the water were obtained
at a depth of 3 cm using Ekman grab. The samples
were then taken to the laboratory, placed in an
icebox, and stored in the freezer.

The sample extraction was carried out
according to the procedure of Achyani et al. (2015).
PAH type analysis used GC-MS Thermo Trace 1310
Single Quadrupole Mass Spectrometer, GC-MS
Coulum using a DB5 MS fused silica column with a
length of 30 m and a diameter of 0.32 mm in line. The
GC program temperature was set at 70°C and raised
to 7°C.min1to0 250°C, and then 1°C.min1to 270°C.
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Figure 1 Sampling locations in the sea, rivers and Brackish ponds, Tarakan City, North Borneo, Indonesia
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The 14 priority PAHs according to the USEPA in
this study were LMW (low molecular weight)
naphthalene (Nap), acenaphthene (Ace),
acenaphthylene (Acy), fluorene (Flu), phenanthrene
(Phe), and HMW (high molecular weight),
fluoranthene (Fla), pyrene (Pyr), benzo (a) anthracene
(BaA), chrysene (Chr), benzo (b) fluoranthene (BbF),
benzo (k) fluoranthene (BkF), benzo (a) pyrene (Chr)
BaP), Dibenzo (a,h) anthracene (DbA), and Benzo (g,
h, i) perylene (BgP). To ensure the quality of the
analysis, the method utilized a blank sample, spike
samples, duplicate samples and internal standard p-
Terphenyl-D14 50 pg.L?

Table 1 shows the ratio of PAH pollutant
sources in the sea and river waters which include
LMW/HMW, Fla/(Fla+Pyr), BaA/(BaA+Chr), and
BaP/(BaP+Chr). Table 2 shows the assessment of
PAH concentration levels in sediments in accordance
with Baumard et al. (1999). The risk quotients (RQ)
method used to determine the ecological risk of PAHs
presence (Cao et al., 2010) is shown in Table 3.

Result and Discussion

Fourteen types of PAHs were observed in all
stations (Table 4.). Components Nap, Fla, Pyr, Chr,
and BaP are types that are often identified in water
and sediment. Furthermore, in rivers and ponds, all
14 types were found, while at sea locations, PAHs
were more common in TjP station, Mbr, and Sdf. Their

Table 1. Parent PAHs ratio of the source estimator

presence in all sample locations signified that the
coastal areas of Tarakan City have been
contaminated with PAHs.

Table 5 and 6 show Y PAH concentrations in
water and sediment. In rivers, the concentration on
water ranged from 42.46-160.25 pg.L1, in the sea
7.95-167.55 pg.L't and ponds 7.63-151.60 pg.L1.
The concentration of Y PAH in sediment at river sites
ranged between 232.95-1007.63 ng gt dw, in the
sea 72.11-874.82 ng.g1 dw, and in ponds 68.98-
6718.22 ng.g1 dw. The concentration on water at the
river site was observed to increase from upstream to
downstream. Meanwhile, the concentration in
sediment was higher in the upstream (Kp 1),
decreased towards the middle of the river (Krm) and
increased in the downstream/estuary area (Mbr).
This reflected the high PAHs input from terrestrial
activities. This is also found in the Luan River estuary,
Hai River estuary, and Zhangweixin River estuary (Yan
etal., 2016), Teluk Jakarta (Ahmad, 2012), Mahakam
river (Hadibarata et al, 2019) where the
concentration value at rivers and estuaries / bays are
affected by differences in organic pollutant input from
the activities above them such as commercial,
residential and  industrial  activities.  High
concentrations in the sea on sediment, which are
close to river estuaries such as Mbr, Sdf and TjP as
well as at pond locations, namely Mbr and Krp,
indicate that the estuary is an area that accumulates
PAHSs.

Rasio Pyrolitic ~ Petrogenic  Petroleum

Fosil Fuel /Combustion/

Grass, Wood, Refferences

Vehicle Exhaust/mixed Coal Combustion
Kanzari et al.
LMW/HMW <0.1 >0.1 - - (2014)
FIa/(FIa+Pyr) <0.4 0.4-0.5 >0.5 Yunker et al.
BaA/(BaA+Chr) <0.2 0.2-0.35 >0.35 (2015)
BaP/(BaP+Chr) <0.2 0.4-0.6 >0.6 Ahmad (2013)
Table 2. Concentration levels PAHs in sediments (ng.g1) (Baumard et al., 1999)
Concentration Low Medium High Very high
> PAHs 0-100 100 - 1000 1000 - 5000 >5000
Table 3. Ecological risk classification of individuals and total PAHs (Cao et al., 2010)
Individual PAHs Y PAHs
RQ(NCs) RQ(MPCs) Score RQY.PAHs(NCs) RQX.PAHs (MPCs)
0 - Risk free 1 0 - Risk free
>1 <1 Moderate risk 2 >1; <800 0 Low risk
>1 High risk 3 >800 0 Moderate risk-1
<800 >1 Moderate risk-2
>800 >1 High risk

Type And Potential Sources of PAHs (R. Achyani et al.)
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Table 4. Types of PAHs identified in water and sediment at all observation sites
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Figure 2. Distribution of PAHs based on the amount of carbon chain at any location on the water and sediment

The concentration of PAHs in water in Tarakan City
river is still smaller than that of Dalian river (W Hong
et al.,, 2016), Luan, Hai, and Zhangweixin rivers (Yan
et al.,, 2016) (Table 7.). In seawater, there were lower
levels than in Pearl River estuary (Niu et al., 2018),
Liaodong Bay (Zhang et al., 2016), Coastal area of
Dalian (Hong et al., 2016), and Coastal Alexandria
(Ahmed et al, 2017). Furthermore, YPAHs
concentration in sediments, in general, is very high
(Table 8.). When compared to other locations, the
concentration in river sediments in Tarakan City is still

smaller than Huveaune River (Kanzari et al., 2014).
The sediments in marine areas are also lower than in
the Liaodong Bay location (Zhang et al., 2016), Daya
Bay (Sun et al., 2016), Osaka Bay (Miki et al., 2014),
Dalian coastal area (Hong et al., 2016), and the
Mediterranean coast (Barakat et al., 2011) (Table 9.).

The PCA analysis shown in Figure 2 signifies
that the spatial distribution of PAHs in water was
dominated by cyclic 4 and cyclic 2 (90.78%) and in
sediments, dominated by cyclic chains 4 and 5
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(87.09%). PAHs in water, on ponds and sea, dominate
in different types, although they are in the same area.
For example, the location for pond samples and
seawater showed a difference. In seawater, cyclic
carbon 4 is dominant, but in ponds, the concentration
of cyclic carbon two is dominant, though the water
source for cultivation in the pond comes from the
same area. Meanwhile, the distribution of PAHs in
sediment showed that cyclic chain 4 dominates in
ponds and rivers.

Both total and individual PAHs found in water
and sediments (Table 1.) are derived from petrogenic
and pyrogenic sources, i.e combustion/waste
vehicles, petroleum, grass burning, wood burning,
and coal (Figure 3.). This shows that anthropogenic
activities significantly influence the presence of PAHs
in Tarakan, including the activities of residents (Zeng
et al., 2018). In general, PAHs also originate from
petrogenic (fossil fuels; oil and coal) and pyrogenic
(incomplete combustion; urban dust, oil, and wood
burning) sources. The difference between them can

be estimated by the number of cyclics (for example,
petrogenics are associated with 2-3 cyclic carbons,
while pyrogenics are associated with 4-6 cyclic
carbons).

The presence of Nap, Flu, Phe, and Chr
compounds (thermodynamically more stable) as
petrogenic sources, may come from atmospheric
deposition, spills and waste of crude oil and their
derivatives (Fernandez et al., 2015; Santos et al.,
2018). Meanwhile, the presence of Fla and Pyr are
usually the most abundant compounds as a pyrogenic
feature (He et al., 2014). Pyrolytic and petrogenic
PAHs are the dominant sources found in other sites,
including the coastal aquatic environment (Table 10).
The difference in the presence of PAHs in water and
sediments such as Acy, Ace, and BbF were due to
several factors, such as lipophilic chemical properties
which have low solubility and are easily absorbed into
sediment (Achyani et al., 2015). The existence of
PAHs in Pamusian River show that this river is one of
sources of entry into the coastal waters of Tarakan City.

Table 5. Concentrations of PAHs in marine waters, ponds and rivers Tarakan City (ng.L 1)

Waters

PAHs (c:r?;?r?ns Rivers Seas brackish Ponds

Kpl  Krm  Mbr Sdf Tbi Jta Adl TP Mbr  Aml Jta  Mbr  Krp  Adl
Nap 2 2382 7.84 573 4375 455 332 1642 6.62 2653 4.05 1279 3138 1222 555
Acy 3 nd 0.49 1.22 0.37 nd nd nd 5.80 nd 0.04 nd nd 2.82 nd
Ace 3 nd nd 281 nd nd nd nd 150 nd 157 043 192 nd nd
Flu 3 nd 096 3.42 072 nd nd nd 503 nd 002 078 nd 752  nd
Phe 3 064 129 533 134 nd nd nd 1563 197 051 nd  nd 1578  nd
Fla 4 341 2.86 22.00 400 039 105 2.62 2846 17.97 4.73 054 130 2363 0.77
Pyr 4 471 6240 25.06 538 161 115 290 2436 1586 4.34 105 2491 22.06 0.73
Chr 4 090 26.94 1493 161 029 197 063 1141 141 025 044 137 1042 0.08
BaA 4 232 2010 2294 161 033 253 064 2476 581 2.62 092 346 1066 0.51
BbF 5 131 061 nd nd 041 048 nd  nd nd  nd 0.80 nd nd nd
BKF 5 139 058 2835 1804 036 049 159 30.39 2.82 0.12 091 1418 3177 nd
BaP 5 426 731 1989 992 nd nd nd 740 080 0.0 044 2315 1170 nd
DbA 5 nd nd 8.57 nd nd nd 0.04 6.19 0.68 0.16 nd nd 3.02 nd
BgP 6 nd nd nd nd nd 0.06 nd nd nd nd nd nd nd nd
SPAHs 42.46 14038 160.25  86.75 7.95 11.05 2454 167.55 73.84 1850 1911 101.68 151.60 7.63
Total 343.09 390.18 280.01
LMW 24.46 1057 1851 4618 455 332 1612 3459 2850 6.18 14.00 3330 3834 555
HMW 18.00 129.81 141.75 4057 3.40 7.73 842 13296 4535 1232 510 6838 11326 2.08
LMW/HMW 136 008 013 114 134 043 191 026 063 050 274 049 034 266
Fla/(Fla+Pyr) 040 004 047 043 019 048 047 054 053 052 034 005 052 051
Ef)A/ (Ban+C 072 052 061 050 053 056 050 068 081 091 068 072 051 087
Ef)P/ (BaP+C 083 021 057 086 000 000 000 039 036 028 050 094 053 0.0
Note : nd = not detection
Type And Potential Sources of PAHs (R. Achyani et al.) 31
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Table 6. Concentrations of PAHs in the sediments of the sea, ponds and rivers in Tarakan City (ng.g1)

Sediments

PAHS g:;?:ns Rivers Seas brackish Ponds

Kpl Krm Mbr Jta Aml Adl Mbr Sdf Tbi TjP Jta Krp Adl Mbr
Nap 2 3180 378 9.06  262.71 4320 24.22 523.56 39.89 17.80 606.74  10.08 352.66 24.75 1,020.12
Acy 3 146 N4 351 nd 495 nd nd - nd nd nd 575 006 265 nd
Ace 3 1200 " nd 282 nd nd o nd 453 nd g0 146 ~nd nd - nd
Flu 3 230 226 2020 825 1890 nd 1902 179 " 1143 6143 17742 N4 24460
Phe 3 770 833 2056 833 ttd 252 190 246 "4 4930 1635 14373 "d 20848
Fla 4 4056 2892 4304 2612 37.86 094 7160 19.21 113 17.63  73.09 60191 "9 34848
Pyr 4 35284 3254 4532 2216 3132 "4 7310 2125 182 2107 22992 78507 "4 530.39
Chr 4 4631 094 3042 4044 17.05 "9 2440 216 nd 2430  116.50 304.01 41.59 568.62
BaA 4 4842 5977 30.63 4440 17.39 532 57.90 1524 416 2493 3565 30327 "4 55106
BbF 5 62.59 3546 nd 131.32 nd 304 nd 7365 N nd 747 6639 N nd
BKE 5 19847 4402 9383 15447 89.96 3.80 337.53 5055 7.25 9043  12.11 2,179.66 " 1,105.64
Bap 5  199.21 1622 46.26  64.39 1822 19.67 147.28 20.52 39.69 28.95  143.791,767.20 "4 78125
DbA 5 1160 nd 086 ooo nd nd nd nd nd nd 264 3273 N4 g
BeP 6 339 072 1.06 o9 nd nd nd nd o5 nd 3235 410 M 1535
EEA 1008 233 345 766 279 60 1256 248 72 875 693 6718 69 5464
Total 1585 3556 12944
\';VM 44.26 1437 5334  282.12 67.05 26.74 544.47 45.36 17.80 667.50  39.78 673.87 27.40 1,563.20
e 963.37 218.58 291.42  483.90 211.80 32.76 711.81 202.58 54.31 207.32  653.23 6,044.34 41.59 3,900.79
LMW/HMW 005 007 0.8 058 032 082 076 022 033 322 006 011 066 0.40
Fla/(Fla+Pyr) 0.10 047 0.9 054 055 100 049 047 038 046 024 043 000 040
BaA/(BaA+Chy 051 098 050 052 050 100 070 0.88 100 051 023 050 000 0.49

081 095 0.60 061 052 100 0.86 090 1.00 0.54 055 085 000 058

BaP/(BaP+Chr)

Note : nd = not detection

Table 7. Comparison of PAHs concentrations in seawater, rivers and ponds in the coastal area of Tarakan City and other sites

worldwide (ng.L1)

Research sites Y PAHs River Sea Ponds Reference
Coastal environment of Tarakan 14 1.71-92.48 0.89-104.95 0.08- This Study
City, Indonesia 31.77
Pearl River estuary (China) 16 12.70-160.15 Niu et al. (2018)
Northern Liaodong Bay, China 16 145.96-896.58 D. Zhang et al.
(2016)
Luan River estuary, China 14 231.12-3663.52 Yan et al. (2016)
Hai River estuary, China 14 287.49-3796.97
Zhangweixin River estuary, 14 305.67-7596.56
China
Coastal area of Dalian, North 46 65.0-1130 136-621 Hong et al. (2016)
China
Pesisir Alexandria, Mesir 16 8971-1254756 Ahmed et al. (2017)
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Figure 3. Estimation ratio of PAHs sources in water and sediments in rivers, seas and ponds based on a) LMW / HMW ratio, b)
Fla / (Fla + Pyr) to BaA / (BaA + Chr), c) Fla / (Fla + Pyr) against BaP (Bap + Chr). (river water (US); river sediment (SS);
sea water (AL); sea sediment (SL); ponds water (AT); ponds sediment (ST))

Table 8. Rankings of XPAHs concentration levels in sediment at each station (ug.g1)

Low Medium High Very high
Site/>.PAHs
1-100 100 - 1000 1000 - 5000 >5000
Rivers 1,585.34
Seas 3,555.53
Ponds 12,944.19

Table 9. Concentrations of PAHs in the sediment of rivers, seas, and coastal ponds in Tarakan City and other locations worldwide

(ng.g1)
Research sites Y PAHs Rivers Seas Ponds Reference
Coastal environment of Tarakan City, 90.48- )
Indonesia 14 1.00-430.69 0.85-1.518 8811.73 This study
Pearl River estuary (China) 16 2.82-112.32 Niu et al. (2018)
. . D. Zhang et al.
Northern Liaodong Bay, China 16 146.0-896.6 (2016)
The Daya Bay, South China. 16 340-710 Sun et al. (2016)
Coastal area of Dalian, North China 46 172-4700 Hong et al. (2016)
. . A. Zhang et al.
The Luan River Estuary, China 16 5.1-545.1 (2016)
Industrialized urban river (Huveaune), Kanzari et al.
France 16 572-4235 (2014)
Osaka Bay, Japan 16 6.40-7800 Miki et al. (2014)
The Mediterranean coastal environment Barakat et al.
of Egypt 39 13.5-22,600 (2011)
The areas along the coastal city of Tarakan rivers flowing into the sea, especially in the west. In
have dense economic activity, densely populated addition, the increase in anthropogenic activities
settlements, shipping traffic, and ports, with many such as oil and gas exploration activities, settlements,
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Table 10 Sources of PAHs in Coastal Waters of Tarakan compared with sources in several cities worldwide

Waters Sediment

Location Sources n Refferences
(ng L'1) (vg gl
. s . 1 Rinawati et al.
Teluk Jakarta, Indonesia 257-1511 Pirolitik dan Petrogenik 5 (2012)
. . 8971- s . 1 Ahmed et al.
Coast of Alexandria, Mesir 1254756 Pirolitik dan Petrogenik 6 (2017)
Coastal region Dalian, Cina g5 4 1135 71.1-1090 - 4 Hong et al. (2016)
Utara 6
Turki Canal, Turki 120- 2912 Pirolitik dan Petrogenik 1 Balciogluetal
, 6 (2018)
HMW : combustion .
. . 54.7- . ! 1 Hadibarata et al.
Mahakam river, Indonesia. 2956.15 LMW : f:oal combus'tlon and 6 (2019)
biomass burning
Coastal region Tarakan City, 1356.4 19670 Pirolitik dan Petrogenik 1 This study
Indonesia 4

Table 11. Potential risks from the presence of individuals and ZPAHSs in waters and sediment to ecosystems in rivers, oceans

and ponds
Waters Sediment
PAHs Rivers Seas Ponds Rivers Seas Ponds
(NCs)  (MPCs) (NCs) (MPCs) (NCs)  (MPCs) (NCs) (MPCs) (NCs) (MPCs) (NCs)  (MPCs)
Nap 1.04 0.01 1.25 0.01 1.29 0.01 10.63 0.11 15491 155 27236 272
Acy 0.82 0.01 1.27 0.01 1.01 0.01 1.38 0.01 0.59 0.01 1.94 0.02
Ace 1.34 0.01 0.63 0.01 0.84 0.01 0.28 ttd 0.48 ttd 0.3 ttd
Flu 2.08 0.02 1.18 0.01 2.96 0.03 6.88 0.07 7.07 0.07 100.72 1.01
Phe 0.81 0.01 0.93 0.01 1.32 0.01 2.39 0.02 1.81 0.02 24.67 0.25
Fla 3.11 0.03 2.82 0.03 2.19 0.02 1.44 0.01 0.96 0.01 11.64 0.12
Pyr 43.89 0.44 11.35 0.11 17.41 0.17 119.64 1.2 20.33 0.2 37292 3.73
Chr 4.19 0.04 0.74 0.01 0.91 0.01 0.24 ttd 0.14 ttd 2.66 0.03
BaA 181.18 1.81 54.72 0.55 38.86 0.39 12.85 0.13 6.72 0.07 68.37 0.68
BbF 100.93 1.01 76.75 0.77 116.88 1.17 9.08 0.09 8.25 0.08 6.55 0.07
BkF 25.27 0.25 19.22 0.19 29.29 0.29 4.67 0.05 437 0.04 41.42 0.41
BaP 20.98 0.21 5.21 0.05 17.65 0.18 3.23 0.03 1.79 0.02 30.03 0.3
DbA 7.14 0.07 2.53 0.03 1.89 0.02 0.15 ttd ttd ttd 0.42 ttd
BgP ttd ttd 0.03 ttd ttd ttd 0.02 ttd ttd ttd 0.18 0.02
YPAHs 39278 3.93 178.61 1.79 23248 232 172.89 173 207.43 2.07 93418 9.36
wood processing industries, workshops and other of Tarakan City, is moderate. However, the

activities along with river flows, also influence the
city’s marine environment. Anthropogenic activities
such as waste or oil spills containing PAHs, industrial
waste, urban runoff which are discharged directly into
the aquatic environment, emissions from the
atmosphere such as petroleum refineries, industrial
incinerators, and burning agricultural land also pose
a contributing factor (Neff, 1979). The presence and
concentration of PAHs in aquatic ecosystems often
correlate  with  industrial  discharge, spills,
atmospheric deposition, and fuel combustion (Yan et
al., 2016). From the literature study, land-based
activities constitute PAHs sources in the coastal
waters of Tarakan City.

The concentration of individual PAHs, as well
as the risk of their existence in the coastal ecosystem

concentration of Pyr, BbF, and BaA compounds which
are HMW, are believed to be high risk. HMW
components are highly carcinogenic, and therefore
dangerous, especially for aquatic biota such as
milkfish and Kappah shellfish. Based on the
concentration of ZXPAHs, the existential risk is
Moderate (risk-2) (Table 11.). Therefore, the presence
of PAHs in the coastal environment of Tarakan is
considered potentially dangerous, and subsequent
action is needed to reduce their impact on the
environment.

Conclusion

PAHs have been observed to pollute the
coastal town of Tarakan. This is demonstrated by the
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discovery of 14 compounds in the Tarakan coastal
environment. The sediment concentration was higher
than in water, and the sources are pyrogenic,
petrogenic and land-based. Furthermore, their
presence in the river signifies that the river is a source
of input. The existence of PAHs in coastal ecosystems
of Tarakan City constitutes a potential danger to the
environment, especially aquatic biota.
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