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Abstract
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Pollution in Pekalongan waters is one of the environmental problems
caused by the industrial city. Batik industry is the most common
eConomic activity among its population in Pekalongan City, Indonesia.
Batik industry uses a lot of water and generates a lot of effluent because
it involves an aqueous process when dyeing fabric. This wastewater,
which contains heavy metal contaminants like hexavalent chromium
(Cr&+), copper (Cu), and lead (Pb), generally finds its way to rivers that
run across Pekalongan. The contamination level, spatial distribution,
and transport simulation of copper (Cu) and chromium (Cr) in water
were investigated in the Loji rivers and Banger rivers located in
Pekalongan, Indonesia. A two-dimensional hydrodynamic model was
constructed to simulate heavy metal concentrations im marine
environment of Pekalongan City, Indonesia. The model's kinetic
processes comprised air exchange, transportation, and deposition.
Based on the Indonesia regulation, the Cu concentration was below the
standard threshold, but for Cr especially in the river and the mouth river
exceeded above the threshold level. The Cu concentration are below
0,002 mg/l in both rivers. Meamehile, Cr concentration in the both river
is around 0.0298 mgfl until 0.0553mgM and the highest is 0,1056 mg/l
near the mouth of Banger River. The highest concentration of Cr in the
mouth river of Banger is because water freely flows. As a result. the
concentration is not significantly different from that at the river's
miouth. The numerical Cu and Cr calculation model developed in this
study, as well as the evaluation results, have significant research
imiplications fior heavy metal pollution prevention and control.
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Once again, thank you for submitting your manuscript to Environmental Quality Management and |
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Dear Aris Ismanto:

Itis a pleasure to accept your manuscript entitled "Heavy metal contamination in the marine
environment of Pekalongan, Indonesia: spatial distribution and hydrodynamic modeling.” in its
current form for publication in Environmental Quality Management. The comments of the reviewer(s)
who reviewed your manuscript are included at the foot of this letter.

Please note although the manuscript is accepted the files will now be checked to ensure that
everything is ready for publication, and you may be contacted if final versions of files for publication
are required.

The final version of your article cannot be published until the publisher has received the appropriate
signed license agreement. Within the next few days the corresponding author will receive an email
from Wiley’s Author Services system which will ask them to log in and will present them with the
appropriate license for completion.

If your paper contains SUPPORTING INFORMATION:

If you have supporting information for your manuscript, Wiley will host an approved version with the
article online. Supporting information will not be copyedited, checked or changed from its original
format. If you notice an error, please get in touch with your journal contact as soon as possible.
Supporting information materials must be original and not previously published. If previously
published, please provide the necessary permissions. You may also display your supporting
information on your own or institutional website. Such posting is not subject to the journal’s
embargo date as specified in the copyright agreement.

The responsibility for scientific accuracy and file functionality remains entirely with the author(s). A
disclaimer to this effect is displayed with any published supporting information.

Thank you for your fine contribution. On behalf of the Editors of Environmental Quality Management,
we look forward to your continued contributions to the Journal.

Sincerely,

Dr. Risky Ayu Kristanti

Associate Editor, Environmental Quality Management
ayukristanti@gmail.com
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1 | INTRODUCTION

Abstract

Pollution in Pekalongan waters is one of the environmental problems caused by the
industrial city. Batik industry, the most common activity at Pekalongan, uses a lot of
water and generates a lot of effluent because it involves an agueous process when
dyeing fabric. This wastewater, contains heavy metal contaminants like hexavalent
chromium (Cr+6), copper (Cu), and lead (Pbj, generally finds its way to rivers that run
across Pekalongan. The contamination level, spatial distribution, and transport simula-
tion of copper (Cu) and chromium (Cr} in water were investigated in the Loji and Banger
rivers in Pekalongan, Indonesia. A two-dimensional hydrodynamic model was con-
structed to simulate heavy metal concentrations in marine environment of Pekalongan
City, Indonesia. The model's kinetic processes comprised air exchange, transportation,
and deposition. Thus, Cu concentrations were below Indonesia's threshold, but Cr,
especially in the river and outlet river, exceeded it. Both rivers have 0.002 mg/L Cu.
Since water freely flows at Banger River Estuary, Cr concentration reach the highest in
both rivers, 0.1056 mg/L. The evaluation findings and the numerical Cu and Cr calcula-
tion model created in this work have important research ramifications for preventing
and controlling heavy metal pollution.

KEYWORDS
Banger river, chromium (Cr), copper (Cul. heavy metal, Loji river

collateral effect due to the ocean's dynamic nature and the available
natural food chains (Wulandari et al. 2014). The most severe conse-

Pollution is a significant element in the degradation of the marine
ard coastal environment, as it can harm or kill biclogical components
(biotic) and jeopardize the heaith of humans who ngest contamnated
biota (Vatria, 2010). Whether directly ar indirectly, the discharge of
waste pollutants into coastal areas such as estuaries would have a

quences of polilution carried by a river will be focused in the region
directly adjacent to the river’s discharge of fresh water {river plume)
(Caddy, 2000). Heavy metal contamination is become o magor con-
cern in coastal arcas, this water pollution is caused by industries,
houses [residential), and agriculture, and is a contributing element to

Environ Qual Manage. 2023:1-10.
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| degradation as evidenced by the waste quality standard

& Nemr, 2017). While it is obvious that textile waste treatment is

[Mratihatani & Susilowati, 2013). If the fish obtained are d

y. not all treatment pr are effective. Metals such as

on a regular basis, it will have & negative impact on bealth because
the river is also polluted with heavy metals. Wastewater has a sig-
nificant impact on human health. causing waterborne diseases such
as intestine inflammation, cholera, cystosomiasis. and hepatitis infec-
tion. n addition to being a di tr i i
de ing agents (Fir het al, 2020).

Indonesia & currently confronted with a land-based pollution prob-
lem that is inextricably linked to a cherished aspect of its culture
(Ahmad et al., 2010). One of Indonesia’s cultural legacies is a tradi-
tional method of fabric production known as Batik. Pekal isa

chroméum [Cr), copper {Cul, zinc (Zn), and arsenic (As} found in effiu-
ent must be considered (Hassaan & Neme, 2017). Textile manufacture
may have heavy metal concentrations from synthetic dyes. Heavy met-
als. such as Cd. Cu, and Ph. can be found in reactive dyes Heavy metals
like Cu, Cr, Cd, Fe, Pb, Ni, and Zn are found in several dyes used in the
textile industry Oginawati et al. 2022). Excessive copper intake can
have ive heaith iated with defics includ-
ing dizzi nd ch cramps, as well as a chronic effect on
organ damage, including kidney and liver disorders (Stern, 2010). Addi-

Iy, the majority of textile businesses in Pekalongan are small and

city in Indonesia’s Central Java Province that is well-known for its
batik production. In general the batik industry in Pekalongan & a cot-
tage industry ar small and medium enterprises (SMEs). Batik industrial
wastewater is primarily derived from the dyeing process; in addition to
high-color substances, industriai wastes batik also contains synthetic
ingredients that are soluble or difficult to untangle in thickly coloured
liquid waste containing heavy metals (Mratihatani & Susilowati, 2013).
The type of dye used in the batik process & synthetic and as a result
cannot be degraded by the d envir Synthetic dyes are
a popular choice since they are less expensive than natural dyes. The
ongomng demand for batik has led to the employment of synthetic dyes
as part of the coloring process (Handayani et al. 2018). Due to rising
envircnmental awareness and global concerns for pollution manage-
ment, these dyes, as well as the waxes used in the batik process, have
come under investigation. Wastewater is defined as waste products
resulting from shear batik, bati-making activities. and batik launder-
ing. Each river and drainage system in Pekalongan has poor water
quality. as a result of batik production waste being dumped directly
into water bodies such as irrigation or rivers (Santi et al., 2017). From
previous research, Cr & toxic heavy metals that have a negative impact
on a variety of microorganisms, plants, and animals. Toxic heavy metal
expasure n humans can results in serious health injures and impair-
ments, and even death in certain extremities (Rahman & Singh, 2019).
Research by (Syakti et al. 2015) in Segara Anakan rivers and [Amin
et al, 2009) in Dumai, Cr and Cu concentration are Fkely to harm
organisms. Copper enters the environment via waste dumps, domestic
waste water, combustion of fossil fuels and wastes, wood production,
phosphate fertiliser production, and | sources (ASTDR. 2002;
Tchounwou et al., 2012), while the Cu and Cr are derived from the batik
dyeing process.

Cr has been i d n aramal i tations and
additional carcinogenic properties {Shanker & Venkateswarks, 2011).
Cr are likely to end up in textile effluent 2s a catalyst in agueous
textile processes, specifically dysing. Additional research has demon-
strated that dyes have the potential to significantly reduce the overall
b of fresh i (Samchetshabam et al. 2017).
Contamination of rivers and other aguatic systems can have a detri-
mental effect on the ic stability of that rely
on these environments for services. Inh long-term to
dyes and their infiuence on health should be understood. For instance,
=kin irritation = a fr t health lii d with pro-
longed exposure to textile dyes, a5 are resps y problems (H

ater treatment facilities (Madhay et al, 2018; Samchetshabam et al,
2017). Therefore, this research aimed to study the distribution char-
acteristics, sources and dynamic mechanism of heavy metals in the
water and sediments of marine envir of Pekak Central
Java Indonesia.

2 | MATERIAL AND METHOD

21 | Water samples

In June 2020, water samples were collected from thirteen locations for
heavy metal sampling. The study area and sample sites are depicted
in Exhibit 1, At least two water samples were taken using a Nansen
bottle. The water sample was taken in the water column below the
surface water [5-15 cm), then placed in a non-translucent sample bot-
tle with & capacity of 2 L and stored in a cooler {cool box), where
ice cubes are added to keep the temperature in the cool box close to
0°C. Once all the water samples have been placed in the cool bax, the
cool box was tightly closed to avoid biological, chemical, or physical
ch occurring b data coll and analysis (Fitriyah et al,
2013).

At least two water samples
were taken using a Nansen
bottle. The water sample was
taken in the water column
below the surface water
(5-15 cm), then placed ina
non-translucent sample bottle
with a capacity of 2 L and
stored in a cooler (cool box),
where ice cubes are added to

20
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EXHIBIT 1 Study area and location of sample sites. [Color fipure can be viewed at wileyonlinelibrary.com]

keep the temperature in the
cool box close to 0°C.

22 | Bathymetry

The seabed grading method & intended to obtain bathymetric infor-
mation. By using h der @ d with GPS, the device used

is the Garmin map 585 s. Depth measurements of sea level by means
of echosounder conducted from a motor boat, with a maximum boat
speed of five knots {25 mé&s) and the ship's condition stabilized with
strips sounding intervals of 100 m. The coordinates of the measure-
ment pomts are obtained wsing a GPS (Global Positioning System)
which is integrated with the echosounder. Bathymetric mapping to be
carried out is divided into two ph the ation phase in the
foem of secondary data collection, which is a topographic map of the
land/coastal and regional bathymetric maps in the form of the Marine
Environment Map. Subsequently conducted primary data collection,

POy
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EXHIBIT 2 Waste water sample anafysis results

-6.877119

St1 109.691268

<0.002

stz 109.698129 —6873144 <0002
5t3 109.702428 -6.867390 <0002
St4 109688831 —6.866300 <0002
5t5 109.686258 -6.869778 <0002
5t6 109.693002 -6.861048 <0002
5t7 109.706112 —6.860040 <(.002
ste 109.694006 -8853702 <0002
5t9 109.73275 —6.865694 «0.002
5t10 109.674159 —6B45015 <0002
St11 109.682224 -6.835191 <0002
512 109.704121 6828242 <0002
-6.843929 «0.002

St13 109.728166
“Detection bmit for Cu Analyss can only detect above 0.002 mg/L

2.3 | Current measurement and analysis

Measurement of water flow data using the Eulerian/Euler method.
Retrieval and recording of current measurement data at this location
using the ADCP Argonaut SonTek XR with wavelength sersor beam
0.75 MHz and multicell system. The y of this mea-
surement module is 0.01 om/s, with a maximum column depth of 15m
measurement, a madmum of 10 cells can be measured, and a minimum
layer thickness of 0.8 m with a maximum speed that can be recorded
measuring s 6 m/s. This i s included with in
the dynamic column. Data recording of the speed and direction of the
field current is needed to veriy the accuracy of the model. Determi-
nation of 1 observation station by recording the amount of current
for 3 days with a time interval of 10 min. Determination of the loca-
tion of current measurements using the ares sampling method, the

thod used to d ine the sample i the data source @ very broad
and the sampling is based on a predetermined area {(Kowalik & Murty,
1993). Determination of the flow measurement point carried out ina
safe area and not a lot of shipping activities. The measuring depth is
divided into five active layers, to obtain a variable current velocity pro-
file along the measured water column. Thick layer of each devision is 2
m on every layer, incuding the depth of 15m. 12 m. 9m, 6 and 3 m bpl
[See Exhibit 2).

Measurement of water flow
data using the Eulerian/Euler

Mangrove

00553 Mouth of Banger river,

00419 Bat industries, Boat dock,
Residence

00219 Residence, Food industries,
boat dock

00298 Mouth of Loji river, Port,
Fishshelter

01054 Banger river estuary, Coast
of slamaran beach

<0.009 Laji river estuary

<0.009 West coast. fishpond

<0009 High sea

00103 High sza

0009 High sea

<0.009 High sea

method. Retrieval and
recording of current
measurement data at this
location using the ADCP
Argonaut SonTek XR with
wavelength sensor beam
0.75 MHz and autonomous
multicell system

Ficld flow data analysis is pr ted in hical form so that it
is casy to describe. Current data processing is done with the Z D
Numerical Model.

Field flow data analysis is

presented in graphical form so

that it is easy to describe.

Current data processing is

22



ISMANTO £7 20

WILEY L2

s ]

Pekalongan_ .
City WA e ¥ 0 1 0ji
2 R River

e ve WRTE Wave

o Lroe

Java Sea

Depth [m]

o
Bl::s [
B s-¢
[ Je-n
[ n-
: [ 14-18
Banger - 16-18 p
River - 19.22
Java Island | R
W

vsvs

yavs

EXHIBIT 3 Variationof water depth in marine environment of Pekalongan. [Color figure can be viewed at wileyonfinelibrarycom)

done with the 2 D Numerical
Mode

24 | Recording of water elevation

Tide measurements were taken to ascertain tidal characteristics,
allowing for the determination of sea level elevation. tide type, and
tidal components via the Virtuose single channel logger RBR. Follow-
ing that, the tide data were analyzed to determine the tide type, mean
vea level (MSL), and woater level {maamal, minimum, mean). The MSL
is determined using harmonic component analysis of tidal data. This
analysis includes calculating the tidal harmonic constant value using
the admiraity method and determining the tide type wusing Formzahl
numbers. The Least Squares method is used to calculate the value. The
analysis will produce tidal components that will become variables in the
mathematical modeling of the current (Ongkosongo & Suyarsa, 1989),

Tide measurements were
taken to ascertain tidal

characteristics, allowing for
the determination of sea level
elevation, tide type, and tidal
components via the Virtuose
single channel logger RBR.

25 | Mathematic two-dimensional model

Two-Dimensional hydrodynamic mathematical model = used to show
the physical phenomena movement of ocean currents. DFlow mod-
elling in 3D Delft enables the simulation of physical and chemical vari-
ations in coastal/estuarine ervironments. In this case, it includes wave,
tidal and water elevation changes caused by wind or waves. current
flow caused by salinity or temperature gradients, sand and mud {sedi-
ment) transport, water quality, and changes in bathymetry/morphology
of the beach, among others Delft 3D is also useful for operational pur-
poses, such as forecasting storms, waves, and algae blooms (Deltares,

2011).
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3 | RESULT AND DISCUSSION
3.1 | Measurement of water level and bathymetry

Based on the field measurement., the bathymetry in Pekalongan
‘Waters varies between 3-22.7 m [Exhibit 3]. The results of the mea-
surements and recording of water elevation indicated that the tidal
type was mimed tides that tilt twice dsily, with the tide receding
twice in a single day. The initial tide's shape was not identical to
the shape of the second wave, snd it was durnally inclined [Table
52). Using the least sgusre method, the harmonic analysis calou-
lation yielded the amplitude (&) and phase difference (g%] valees.
Separating the components of the water level was applhed to the
mezasurement results. The results indicated that the astronomical and
residual componernits plyyed a rale in forming the water level, respec-
tively; esch component was assipned a percentage of dominanoe
P2.6% for the astronomical component snd 7A4% for the residusl
‘oom ponent.

3.2 | Hydrodynamic modeling

The data from the moded are caloulsted snd compared with the dats
from the messurement results in the waters, the data being tested are
currents and tides at the measurement locaticn. Water level elevation
data were obtained from tide recording with RER Virtuwose. Current
dists s measurement data measured using the Acowstic Doppler Cur-
rent Prafiler (ADCF) XR. Hydrodwynamic simulation is a simulation in
one scenania during the eastern season (June), the validstion results
will determine the accuracy during messurement [3 x 24 hj using the
simulstion results in the future.

The data from the model are
calculated and compared with
the data from the
measurement results in the
waters, the data being tested
are currents and tides at the
measurement location. Water
level elevation data were
obtained from tide recording
with RBR.

According to hydrodynamic simulstions, the difference in water
|esve] betwesn model ling and measuremsent i 00349 m, with s percent -
age of ervor of 1.24% for the overall value of data (Fipure 511 The error

walue for the ocean current welocity component revesled differences
of up to DUDEF m's in the esst-west component flows. The north-south
current velocity component fv-velocity) is 3019 m's different. Both of
these components were visually compared wsing a scatber praph and
herwe an error of 18.9% (Figure 52). The validagion in this model wsed
the RMS (Root Measn Square) method where RMS iz a non-dimensional
wvalue to indicate a match for two kinds of data ([Evars, 17%3; Huta-
suhwt et al. 2027 Wulandari et al, 2021} These validation values are
accepiable and can be used in conjunction with pollutant-bracer simu-
lation. Evans [1793) ako explain the tolerance limit for water level iz
0,1 m whille the speeds to within 0.2 m/s show that the model can be
accepied with a small error tolerance. The model dats wes caloulated
and compared to the data from the measurement results in the waters;
the dats being compared are the currents andl tides st the messure-
meenk |ocaticn. Determine the locstion of current messuremsnis wsing
the ares sampling method, which was used to determine the ssmpls
size when the data source is extremesly broad and the ssmpling areas is
predetermined (Kowalik & Murty, 1993). Exhibit 4 depicts the current
pattern in each condition. The back and forth movemsnt of the cur-
rent reflects the tidsl and tidal conditiors n Pekalongsn warbers. At low
tide, the Loji River is seen pushing the outflow from the river body, with
a flow velocity of 0.1-0.25 m's. Barnger River, & nearby river, exhibits
the same characteristics with a speed of 0L2-0.3 m/s. The fastest cur-
rents are found off the coast of Pekalongan, with welocity intervals of
0.5-0u65 més.

3.3 | Advection-diffusion of copper (Cu) and
chromium [Cr) concentrations

The comparison of modelling and field samgling for Cu and Cr param-
eters demorstrates the difference in samples taken at the time of
measurement; samples were not taken smultaneoushy, for example,
during low tide and ebb tide approaching the post. According o the
simulstion results, Cr has a mnimum-makimum value variation of
approwimately 00005 mg/L and 01056 me/L. compared to the spa-
tial distribution resulis at each sample point, which show a minimum
of 00009 me/L snd & mesamum of 0091 me/L. For each parsmeter,
the average error (mean relative error] was 02844 mg/L for Cr and
0.35 mg/L for Cu. The spatial distribution pattern of Cwand Cr contam-
inants in Pekalongan was depicted during the spring tide phase, when
the ebb and flocd tide conditions exist [Exhabit 5). Cuw and Cr distribu-
ticns follow the current pattern due to flow as a material transport
agent contained in water bodies. Cr was concenérated in the mouth
aress of the Loji and Banger rivers. These twao rivers are the pollutant
sources. Flow acts as a transport agent for materisl contsined within
bodies of water, ensuring that Cu and Cr distributiors follow the cur-
rent pattern. The current pattern of movement was southesst, east,
ard some vectors mowe northeast The patbern of spatial dispersion
was also abserved in the concentration distributions of Cw and Cr. Cu
and Cr concentrations as shown in Exhibit 2 indicated that Cu conoen-
trations were bess than 00002 mp/L. Meanwhile, the Cr concentration
in the mouth of the Loji river was less than 0.009 mg/fL, except for 5t
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EXHIBIT 4 Simulation of direction of surface current during spring tide in marine environment of Pekalongan: ehb tide conditions (A), flood
tide conditions (B). [Color figure can be viewed at wileyonlinefibrary.com)
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EXHIBIT & Coses of heswy metals in some countries
Location Sample Cu Cr References
Loji and Banger Rivers, Waters <002 meL 0007-0.0553 mgfL Thits study
Pekalonpan, Indonesa
Part Phillip By furstralia Wiaters 0AT + 005 el 004 5+ 002 up'ler (Fabsris et al, 1999)
Trengpanu, Malaysia Species 5409+ B un 134+ 0. upk [Rahowma et al, 2017
Hooghly-Matla estuarine Sediments 518-1B9 mz'kp Z7.7-66 mg'kg [Ghash et al, 201%)
systern, India
Saigon river, Vietnam Waters 092-133mpl 00360849 upl (Strady et al, 2017]
Turag Rver, Bungladesh Waters 009 poen 0024 ppm [Adrin et al, 2015)
Taihus Lok, China Wabters 6B wpfl 0472 el (Too et al, 2013
USA, Gulfof Mesico Sediments ISme'ke 110meke (Virquez-Bobella et al . 2004]
Tugu District Cosst, Semarang, Waters «i0.005-4 42 ppm 015-1177 pom [Swaryomo, 2011 7]
Indomesis
Banjir Kanal Barat, Sermarang, Sediments 30.54-55.09 ppm - (Maslukah, 2013)
Indoresis
Banjer Kanal Temur, Semarang, Sediments - 5. 786 ppm Wulandari, 2013}
Indomesia
Marunda Beach, labrta, Sediments 12.7%ppm (Murhidsysh et ol 2030)
Indoresis
Tangung Mas Harbor, Semarang, Wabers - 014 ppm {Buryono and Djunaed, 2017)
Indonesis
Citanum River, Indonesia Sediments 47 5 mg'kg BEBmphz [Wenary et al, 20200

11 in the upper Banger River, where it was 00103 mg/L. The low con-
centration of Cr downstream (5t 7) of the Loji nver was due to the
shape of the mouth river, causing the concentration of the heawy metal
to acoumulate prior to the river's mouth (5t 5). The highest corcen-
tration of Cr was located in the mouth of Bsnger River (S5t 8], due to
thee outflow being openly free and thus acoumalating not far from the
meowth. Acconding to Indonesian regulations, the copper concentration
was within the standard threshold, but the chromium concentration,
particularhy in the river and mowth river of the Loji River, has escesded
the standard leswel This serves as a warming to the Pekalongan Gty
area that it requires additional evalustion in order to control hesvy
meztal contamination. 'We can compare the Cr dats in other countries
ard find that the majority of the area iz less polluted than Pekalongan
City. Suryono and Djunaedi (20146), Mashukah (2013), and Wulsndari
[2012), Murhidsysh =t sl (2020), which explain the value of Cu and
Cr in Jakarts and Semarang, show that Cr in Semarang ranges from
0.14-11.77 ppm, while Cu in Semarang ranges from G005-55.0% ppm.
Copper and chromium in Jakarts sre shown in Exhabit &, 1t is £7.5 ppm
for Cu and 8.B—12 7% ppm for Cr. The copper and chromium concen-
trations at vanous locations n Exhibit & exceed the guality standard
established by Indonesia Republic Gowernment Regulation Mo 22 of
2021 Except for the chromium and copper concertrations in Ssipon
River, Vietnam [Strady et al. 2017), which sre lower than the copper
ard chromium standards in the Logi and Banger Rivers, these results
al=o show values higher than the average copper and chromium values
on the Loji and Banger Rivers. Copper & most valusble in Trenggamu,
Mal=ysia (Rabouma =t al., 2013). The study's lowest poing is at the con-

fluence of the Laji and Banger rivers in Pekslongan, Indonesia. The Gulf
of Mexica in the United States of America had the highest chromium
concentration (Vazguez-Botello et al. 2004), while the Loji and Banger
rivers in Pekalorgan, Indonesia, had the lowest. The gquality of waber
cortaminated by hesey metals is repulated by Gowernment Regulation
Mo 22 of 2021 on Environemental Protection and Management, which
establishes aquality fard threshold for each designation, including
ports, marine tourism, and marine biota According to Central Java reg-
ulstion no 13 of 2018 on the Zonation Plan for Coastal Aress and Small
kslands, Loji and Banger river estuaries. are designated s a fisheries
Tone.

4 | COMNCLUSION

The distribution of Cr and Cu follows the current pattern due to the
tidal conditions, the ebb and flow of the current as a material transport
agent cortained in water bodies. The residual component dominated
the water level by 7.4%, while the astronomical component influenced
by P2 4%, Hydrodynamic simulations show a 00249 mowater level dif-
ference between modeling arnd messurement, with a 2.24% data error.
The ocean current velocity component error showed east-wsest compo-
rienk flows of up o 0087 m's. Marth-south current velocity [e-velocity)
differs by 0019 ms. A scatfer praph showed 18.9% error for thess
componenits. Pollutant-tracer simulstions can use these validation val-
wes. At low tide, the Loji River pushes outflow at 0.1-0.35 mis. Anearby
river, Banger River, hes the same characteristics at 0.2—0.3 ms. The
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fastest currents out of Pekalongan are 0.5-0.45 m/As. The results of
the simulation show that Cr has a minimum-maximum value varia-
tion of roughly 0.005 mg/L and 0.1056 mg/L, in contrast to the spatial
distribution results at each sample point. which show a minimum of
Wmdl“lmﬁmeMlMlthﬁm&ur
ary along Stamaran Beach had the highest chromii at
0.1056 mg/L Due to the detection limit of 0.002 mg/L, the Cu concen-
tration in all sampling locations is less than 0.002 mg/L, exceeding the
quality standard threshold of Government Regulation No. 22 of 2021
on Envi tal Protection and M, t, which is 0.005 mg/L
for marine biota.
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