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Abstract. Pekalongan City was known as the largest Batik industry area in Central Java. However, most of the waste from
Batik production was directly dumped into the rivers around the production site and empties into the Pekalongan beach.
This could cause contamination of coastal areas and potentially damage the ecosystems by chemical pollutions. The
objective of the study is to analyze the both bacterial diversity and physicochemical profiles of Pekalongan water which
is contaminated with the Batik waste. The water samples were collected aseptically using a Nansen bottle. The bacteria
from these samples are grown on the marine agar by using the spread plate method and the colonies are counted using
Total Plate Count (TPC). Selected bacterial colonies on marine agar media were purified further to identify the
microbiological characters. The identification of Enterobacteriaceae was using MacConkey agar. Physicochemical profiles
were approached based on pH, salinity, BOD, COD, DO, CO2, PO4, NO3, KMnO4, TSS, turbidity, and metal ions (Pb,
Hg, Cd). The results gained 25 selected pure isolates, which show high bacterial diversity. The microbiological character
showed that 23 isolates were Gram-positive and 2 isolates were Gram-negative with various morphological characters.
Coliform bacteria were found in several stations which belong to the family Enterobacteriaceae. The number and type of
bacteria found in the Pekalongan waters indicate that the bacteria had the potential to degrade Batik industry wastes and
provide a balance aquatics state based on physic-chemical analysis. The Gram-positive bacteria have a higher potential
than the Gram-negative to adapt and degrade the Batik waste in Pekalongan water.
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INTRODUCTION

Pekalongan is a city known as the City of Batik [1]. The number of batik industries in Pekalongan City in 2014
reached 917 batik industries spread across several sub-districts in Pekalongan City. Escalation of the number of batik
industry resulted in environmental pollution due to waste from factories [2]. The presence of batik waste is caused by
synthetic dyes which are generally used in making batik. These synthetic dyes are difficult to be degraded by
microorganisms so it can lead to a decrease in water quality. Previous research stated that in batik wastewater
reservoirs and wells around ditches located in the center of the Jenggot batik industry, Pekalongan City contained
heavy metals such as Cd, Cr, and Pb that exceeded the required environmental quality standards [3].

Synthetic dyes used in making batik contain several heavy metals such as Cd, Pb, Cr, Cu, Co, Hg, Ni, Mg, Mn,
and Fe [3]. Heavy metals that are polluted in waters may be toxic so that they inhibit the growth of species in the
waters. This resulted a decrease in the number of species found in these waters [4]. In addition, synthetic dyes could
be an effect for human and animal health problems such as cancer [5]. However, there has not been much research on
the condition of batik waste found in river and sea waters.

Waters have an important role in life and are commonly used for agricultural irrigation, drinking water,
transportation, power generation through hydropower, and recreation such as swimming and boating. Water quality
can be measured based on physical parameters (turbidity, temperature, color, solids), chemical (pH, alkalinity, heavy
metals, dissolved oxygen, BOD, COD, organic substances, and biology (bacteria, algae, viruses, protozoa)) [6].

Type of bacteria that often found in water pollution caused by Batik dyes are Bacillus sp. and Pseudomonas sp.
[7]. Research on bacterial diversity in Pekalongan estuary until sea side that contaminated by batik waste has never
been done. Therefore, the aims of this study are to see the diversity of bacteria and analyze the physicochemical
profiles in the aquatic environment polluted by heavy metals from batik waste.

MATERIALS AND METHODS

Sampling location is located in Pekalongan River, Central Java. Sampling points include river bodies, river
estuaries, and the sea which could be seen in Fig. 1. Determination of sampling time is influenced by wind, weather,
waves, and sea conditions. Sampling was carried out on Tuesday, June 15, 2021 based on consideration of existing
factors. Water sample was taken using a Nansen bottle with direct sampling technique on each sampling points. The
sample for microbiology test was put into 1 L sterile dark glass bottle and stored in cool box to maintain the bacteria
inside water. Water sample for COD and BOD test was stored into 500 ml dark plastic bottle. Sample for heavy metal,
CO3, pH, salinity, organic compound, nitrate (NO3), and phosphate (PO4) test was stored into 5 L jerry can.
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FIGURE 1. Sampling location
Water sample was grown on Zobell Marine Agar media dissolved in seawater. 0.9 ml of seawater was poured into

a microtube to prepare a 107! to 107 dilution, then 0.1 ml of the water sample is poured in stages into each dilution,
starting from the 107! dilution to 1075, After that, the diluted sample was homogenized using a micropipette, then 0.9
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ml of water sample in each dilution poured into Zobell Marine Agar and spreaded using a glass spreader. Incubation
was carried out between 24-48 hours at 30° C. The growing colonies was observed and counted.

The growing mixed culture colony will be selected based on macroscopic morphology such as shape, color, texture,
margin, and elevation. Selected colony will be purified on Zobell Marine Agar media. Pure culture will be Gram tested
to see whether the bacteria belongs to Gram positive or Gram negative. Microscopic observation was done using Opti
Lab. The image will be interpreted using Image Raster software to measure the bacteria cell. The pure colony will be
grown on MacConkey differential and selective media.

Analysis of organic compound, COD, BODs, CO,, PO4 and NO3 in water sample were done in BBTPPI
laboratory. The method used to test organic substances refers to SNI 06-6989.22-2004, COD refers to SM 5220 D,
23 Edition : 2017, BODs refers to SM 5210 B, 23 Edition: 2017, CO; refers to SM 4500-CO2 D, 23" Edition :
2017, POy4 refers to MU 2.08 (discrete photometry), and NOs3 refers to MU.2.03 (discrete photometry). Turbidity,
Dissolved Oxygene (DO), Total Suspended Solid (TSS), and heavy metal (Pb, Hg, Cd) analysis were done in Central
Laboratory, Diponegoro University.

RESULTS AND DISCUSSION

Total Plate Count (TPC) is a method to indicate the number of microbes (fungi, yeast, bacteria) contained in a
product by counting bacterial colonies grown on agar media [8]. Microbial colonies that can be counted are those with
microbial colonies between 30-300 colonies [9]. Microbial cells that can live and reproduce when grown on agar
media and form colonies that can be seen without using a microscope [10]. The highest number of bacteria was
observed at station C1, while the lowest number was observed at station C12. TPC results are shown in Table 1.

Mixed cultures grown on Zobell Marine Agar media were selected based on their different macroscopic
morphology and 25 isolates obtained had been purified. The selection of isolates was based on shape, color, margin,
elevation, and texture (See supplementary 1). The bacterial isolates obtained had circular and irregular shape with
transparent, creamy white, neon yellow, orange, white, creamy chocolate, super white, and soft pink colors. Based on
Table 1, there were 23 Gram-positive isolates and 2 Gram-negative isolates. The results showed that the presence of
Gram-positive bacteria was more dominant when compared to Gram-negative bacteria. Gram-positive bacteria have
long been found in marine environments. However, these bacteria are not considered as indigenous bacteria but are
introduced from terrestrial habitats. Gram-positive bacteria have unexpected diversity in marine bacterioplankton and
marine sediment communities where they account for 13% of the total bacteria [11]. Marine sediments, including deep
sea sediments, are the main marine habitats where positive bacteria are found [12]. The results of research in 2019
showed that 12 bacterial isolates that were successfully isolated from Indonesian marine waters in the Lombok Strait
and Indian Ocean were Gram-positive bacteria [13].

Other research in 2019 that located in Banyumas has identified the genus of Gram-positive bacteria that could
degrade batik waste. The identified genus are Xanthobacter, Deinococcus, Sporosarcina, Methylococcus, and Bacillus
[14]. Bacteria are able to tolerate water environments that are toxic to heavy metals caused by batik waste because
there is NaCl content in seawater which makes these bacteria halophilic and halotolerant. Halophilic and halotolerant
bacteria have a good metabolic potential to degrade azo dyes because it could tolerate the high number of oxyanions
and heavy metal [15]. Bacteria in batik wastewater enzymatically interact with each other to reduce heavy metal levels.
The decrease in the levels of other heavy metals also resulted in decrease of BOD value. A research conducted by
Muchtasjar with his colleagues showed that bacteria consortium including Xanthobacter, Deinococcus, Sporosarcina,
and Bacillus reduced BOD levels by 85.71%.

The isolates were then observed microscopically and described in Table 2. Based on the result in Table 2, the
biodiversity of bacteria originating from Pekalongan water is very high.

TABLE 1. Bacteria test

Bacteria Test Station C TOTAL
C1 C2 Cc3 C4 Cs C6 c7 C8 9 C10 c11 C12
Total Plate Count (CFU/ml) 1,6 x 107 3,3x 10° 2,7x10° 4x 10° 3x10° 6,4 x 10° 1,7 x 10° 44x10* 1,5x 10° 1,1 x 10° 9,8 x 10° 2,5x 10*
Positive(+) 2 1 4 - 2 1 1 - 3 4 5 - 23

G Staini
ram Staining Negative(-) 1 - - - - - - - - - 1 - 2
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TABLE 2. Microscopic morphology

Picture Description Picture Description
s b Shape : Bacillus Shape . Coccus
S 5 Gram  : Positive Gram :  Positive
\. Length : 2,64 um Diameter : 0,63 pm
-
et Wty Code : C6A Code . CIB
L \
; Ld IS Shape : Bacillus - ' Shape . Coccus
! i Gram  : Negative W Gram :  Negative
L \ i Length : 2,16 um “ Diameter : 1.07 pm
' 4 A Code : C3D s ‘}‘ Code : CID
Length: l 6 um [}> " |
. ‘\ \., , Area tgrgﬂ:l::l!

Bacterial colonies derived from the purification results were regrown in differential media in the form of
MacConkey so that it would be known the presence of bacterial isolates belonging to the group of Gram negative
bacteria. MacConkey is a selective and differential medium used to grow species of Gram negative bacteria based on
their metabolic ability to carry out lactose fermentation [16]. MacConkey media supports the growth of Gram-negative
rods, particularly Enterobacteriaceae [17]. On the other hand, this medium inhibits the growth of Gram-positive
bacteria and some fastidious Gram-negative bacteria, such as Haemophilus and Neisseria. This is due to the content
in MacConkey media, namely crystal violet dye and bile salts which are able to stop the growth of Gram-positive
bacteria [16].

Isolates grown on MacConkey Agar media had various colony colors, ranging from pink to purple, pink, to
colorless. The differences in the color of the colonies were caused by differences in the ability of each bacterium to
ferment lactose contained in MacConkey media. Gram negative bacteria capable of fermenting lactose will grow with
pink colonies [16]. There were 2 bacterial isolates that were successfully grown in the media from station C1 and C3.
The isolate code from station C1 is C1D, while at station C3 it is C3D. Both isolates grew on MacConkey media with
transparent colonies. Bacteria that cannot ferment lactose will form white or colorless colonies. Several genera of
Gram-negative bacteria that cannot ferment lactose are the genera Salmonella, Shigella, Proteus, and Yersinia. The
appearance of the colonies of Salmonella, Shigella, and Proteus had a flat elevation and the diameter of the three
colonies was two to three millimeters. While the size of the Yersinia colony diameter is less than one millimeter
[16,18].

The genus Escherichia, Enterobacter, Klebsiella, Salmonella, Proteus, and Yersinia are a genus of bacteria
belonging to the family Enterobacteriaceae. Several genera from this family are known as opportunistic pathogenic
bacteria in waters that cause disease to humans and animals in the waters [19]. A study showed that several genera of
Enterobacteriae such as E. coli, Serratia spp., Enterobacter spp., Klebsiella spp., Proteus spp., and Salmonella spp.
found in the Istanbul Strait has resistance to heavy metals. E. coli is known to have resistance to heavy metals such as
Ni, Zn, and Cu. Heavy metals in high levels are one of the stress factors for bacteria. Bacteria enlarge the plasmid
under conditions of stress. But under certain conditions, the plasmid will shrink and disappear so that bacteria can
adapt to these environmental conditions [20].

The waters have a source of nutrients, organic matter, and various other compounds that can support the growth
of aquatic bacteria. In addition to the availability of nutrients, waters also contain dissolved oxygen which is essential
for the life of microorganisms. Other factors that affect the growth of aquatic bacteria are the level of biochemical
oxygen demand (BOD), suspended solid (SS), total phosphorus (TP), total organic carbon (TOC), water temperature
(WT), and phosphate phosphorus (PO4-P) content [21].
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pH

Acidity (pH) is one of the chemical parameters as an indication of water pollution. Measurement of pH could
indicate whether the water is acidic or alkaline. Water pollution could change the pH of the water and have an impact
on aquatic biota. Animals, plants, and even microorganisms cannot live stably because of changing pH conditions. In
addition, heavy metals will become more soluble in water and will be more toxic [6,22—24].

The average pH at station C is 8.7 and it exceeds the standard set by The Decree of the Minister of the Environment
Number 51 of 2004 concerning Seawater Quality Standards which ranges between 7-8.5. It could be influenced by
biological activity, photosynthesis, temperature, oxygen content, and the amount of anion cations. In addition, the
high pH value also be caused by the entry of organic matter and activities around the land carried by water currents
[22,25,26].

Salinity

Salinity is one of the natural limiting factors for living in these waters. Based on the data that has been taken, the
salinity value at station C has an average of 23.17 /,,. Based on the Decree of the State Minister of the Environment
Number 51 of 2004 concerning Seawater Quality Standards, salinity values can vary at any time (day, night, and
season), and allow changes to occur up to <5 °/,, seasonal average salinity. Based on this decision, the salinity values
at the three stations were appropriate, with a seasonal average salinity value of 22.73 % ,. At station C, the salinity
value is more than the seasonal average salinity value. The low salinity value can be presumed to be influenced by the
land, such as mixing with freshwater carried by rivers [27]. The results of research in 2019 shows that the lowest
salinity value at the surface of the Java Sea and its surroundings is close to 30.0 °/o,, While the highest salinity value
reaches 35.0 %/,[28]. The open sea generally has stability and similarity to composition, including total salinity. On
the other hand, marine environments near land (coasts) and water bodies such as estuaries and lagoons have dynamic
salinity due to tidal influences, fresh water input, evaporation, and increased waste contaminants from human activities
[29]. Salinity is known to control the diversity of microbial communities. Salinity is not a barrier to microbial life, but
it can limit its diversity [30,31]. Smyth and Ellioth in 2016 also stated that changes in salinity affect community
structure and species distribution boundaries [29]. The effect of salinity on bacterial diversity is quite variable. Several
studies have shown that salinity reduces bacterial diversity, but peaks when salinity levels are low [32].

Biological Oxygen Demand (BOD)

BOD or Biological Oxygen Demand is an indicator of pollution in waters. BOD is the amount of oxygen needed
by an organism to replace an organic component at a certain time. The higher the value, the more organic matter
contained, thereby increasing the growth of microorganisms [6,22,24,33]. The results of the observations stated that
the BOD value at station C has the average of 5.8 mg/L. Based on the Decree of the State Minister of the Environment
Number 51 of 2004 concerning Seawater Quality Standards, the BOD figures at both stations were still below the
standard, 20 mg/L. High BOD conditions in a water indicate that the water contains a lot of bacteria. If a water contains
a large amount of organic waste, many bacteria are present working to decompose the waste which causes the oxygen
demand to be high, so the BOD level will be high. On the other hand, low BOD levels indicate that bacteria and waste
in the waters are few in number [34]. Wastewater in Malang shows BOD value of 206.88 mg/L which higher than
Pekalongan [35].

Chemical Oxygen Demand (COD)

The amount of oxygen that consumed by the reaction in oxidizing organic compounds could be expressed in terms
of COD or Chemical Oxygen Demand. The COD number could calculate the total amount of pollutants that could be
oxidized in the water because this test cannot distinguish between organic or inorganic components [6,23,24,33] . At
station C, the COD average value is 20.9 mg/L. The COD threshold value based on the Decree of the State Minister
of the Environment Number 51 of 2004 is 10 mg/L. This indicates that the COD value at station C exceeds the normal
limit that has been set. The COD value will always be higher than the BOD value [6]. COD values in the waters of
the Bedog River, Yogyakarta have a range of <5-28 mg/L. The high COD value can be caused by the location close
to the disposal of Batik waste. The COD value will also be higher during the day [36]. COD is one of the important
factors for the growth of microorganisms because it is related to the nitrification and denitrification processes. The
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high value of COD has an impact on changes in bacterial groups. These changes are triggered by nutritional
competition between groups of bacteria [37].COD is also one of the parameters of water pollution COD is also one of
the parameters for the contamination of waters [38].

Dissolved Oxygen (DO)

Dissolved oxygen (DO) is the oxygen content that dissolved in the air which is used as a parameter to measure air
quality. The average of DO levels at station C is 5.6 mg/L. The lowest score is at station C4, while the highest value
is at station C8. According to the Decree of the State Minister for the Environment No. 51 of 2004, stations C2 (3.9
mg/L), C4 (3.4 mg/L), C6 (4.4 mg/L), C11 (3.5 mg/L), and C12 (4.7 mg/L). /L) does not meet the minimum DO value
standard, which is >5 mg/L. DO at concentrations less than 2 mg/L can threaten marine animals known as hypoxia
[39]. Indirectly, environmental conditions with concentrations at the threshold can support bacteria to grow well [40].
In the study in Condong River, Cirebon, DO values ranged from 1.93-5.03 mg/L. Stations that have a low DO value
indicate that there is high pollution due to organic matter, especially residential waste. Decomposition of organic
matter and oxidation of inorganic matter will affect DO value [41].

Carbon Dioxide (CO2)

The concentration of CO» at Station C ranges from 43.63-97.7 mg/L with average of 83.4 mg/L. The highest level
is at point C1 of 97.7 mg/L or equivalent to 97.7 ppm and the lowest level is at point C12 of 43.63 mg/L or equivalent
to 43.63 ppm. These data indicate that CO, concentrations are relatively high compared to CO, levels in seawater in
general [42]. The high concentration of CO; in waters is caused by the formation of carbonic acid which then has the
potential to release hydrogen ions which then lowers the pH in these waters. The low pH in certain aquatic habitats
can be toxic to organisms that live in them so that only organisms that have a tolerance for low pH can live well
[22,42,43]. In the Ampenan River, Lombok, the CO, value has a range of 15-50 mg/L. CO> can be formed from the
activity of microorganisms that oxidize organic substances [44]. CO, values that are too high can be toxic to aquatic
biota.

Phospate (PO4)

Phosphate (POy4) is one of the parameters to identify the level of water pollution. The concentration of phosphate
in the waters is present in high amounts, which can be suspected of being polluted [45]. Phosphate levels at station C
ranged from 0.002 to 0.006 mg/L with 0.004 mg/L average. The highest phosphate levels were at stations C3, C6 and
C12, namely 0.006 mg/L, 0.005 mg/L, and 0.005 mg/L. Station C3 is far from the coast, while C6 and C12 are closer
to the coast. The lowest phosphate concentration is at station C1 which is the farthest from the coast. Phosphate
pollution occurs a lot on the coast because the beach is the closest location to the source of phosphate from factory
waste and household waste [46]. Phosphate levels at station C are below the threshold of 0.015 mg/L based on the
Decree of the State Minister of the Environment Number 51 2004 concerning Seawater Quality Standards, which
means the waters are not polluted by phosphate. Sources of phosphate in Pekalongan waters are caused by human
activities, such as community agricultural waste, household waste, and batik industry waste. In addition, phosphate
compounds in waters far from the mainland are came from the results of metabolism in animals and the breakdown
of organic matter and phosphate minerals. Natural sources of phosphate in waters could be through weathering, dead
organism carcasses, and industrial waste which is broken down by bacteria into nutrients [47]. The increase in
phosphate concentration can be caused by the discharge of waste from human activities that are discharged into the
waters. The results of research conducted by Yusufin 2018 showed that the Java Sea contained phosphate in the range
0f 0.04 to 0.24 mg/L [48]. The highest concentration of phosphate is obtained from the point at the mouth of the river
mouth. Meanwhile, the lowest concentration of phosphate was found at a point located in the waters towards the open
sea. Microbes generally require phosphorus in high concentrations where this phosphorus requirement is met from the
absorption and metabolism of phosphorus-containing organic substrates [49]. The phosphorus available to microbes
is in the form of inorganic phosphate and this element is important for use in growth, energy, and nucleic acid
synthesis. However, the presence of phosphate in marine areas located in tropical and subtropical latitudes is indicated
by low concentrations. Low phosphate concentrations are known to limit microbial productivity [50]. In these
conditions marine bacteria will synthesize the enzyme alkaline phosphatase (APase) which allows it to access many
organic substrates that contain phosphorus [51].
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Nitrate (NO3)

Nitrate (NO3) is one of the reactive inorganic nitrogen compounds and commonly distributed in aquatic
ecosystems, especially seawater. Nitrates found in seawater ecosystems could be produced due to natural factors such
as nitrogen fixation by several types of microbes to human activity factors that produce various types of inorganic
nitrogen carried to marine ecosystems [52]. The results of observations of nitrate concentrations at station C ranged
from <0.001 to 0.388 mg/L with an average of 0.105 mg/L. The highest nitrate concentration of 0.388 mg/L is at
station C12, while the lowest <0.001 mg/L is at station C5. Based on the Decree of the Minister of the Environment
Number 51 of 2004 concerning Seawater Quality Standards, it can be concluded that the condition of the waters at
station C is polluted with excess nitrate compounds that can endanger aquatic biota because they are at the threshold
of 0.008 mg/L. Nitrate could be obtained from bacterial or microbial fixation that converts free nitrogen into dissolved
nitrate so that high nitrate concentrations can be correlated with high nitrogen fixation activity by these microbes [53].
At stations C12, C11, and C10, nitrate concentrations were higher than other stations which could be caused by waste
from community activities that produced dissolved inorganic nitrogen compounds carried by rivers to accumulate in
estuaries (stations C12, C11, and C10). Most of the nitrogen compounds produced from community activities will
accumulate in river mouths or estuaries, so it makes sense if this area has a higher nitrate concentration than other
stations in the high seas [54].

Organic Matter (KMnQy4)

Potassium permanganate (KMnOQ,) is a substance commonly used as oxidizing agent. KMnO4 will completely
dissociates in water to K™ and MnO4. The MnQy4"is a strong oxidative agent that could be use to detect Total Organic
Matters (TOM) in waters and act as therapeutic and prophylactic agent [S5-57]. KMnOy4 also known as “disinfectant”
that could kill bacterial and parasitic live forms in aquatic habitat [57]. Some research shows that adding KMnOj4 to
aquaculture could recover and prevent catfishes (I. punctatus) from columnar disease caused by F. columnare.
Flavobacterium columnare are parasitic bacteria that could cause aberration on fish’s skin and latter systemic disease
[56,57].

The content of KMnOy4 could be an indicator of water pollution. The concentration of KMnQOy at station C ranged
from 3.21-21.26 mg/L with mean value 11.47 mg/L. The highest points are at C9, C8, C5, and the lowest points are
at C10, C4, C6, C3, C2, C1, C7, Cl11, and C12. The levels of KMnOy at station C are still at a safe limit based on the
Decree of the State Minister of the Environment No. 51 of 2004, which is <30 mg/L. KMnQO4 are came from terrestrial
soil, natural surface waters, and human activities such as industrial waste [58,59].

Moderate concentration of KMnO4 and considering its nature as a strong oxidative agent in water, it has potential
to cause oxidative stress and thus damage marine cells of marine bacteria. KMnOy4 can be used as disinfectan and has
therapeutic value to prevent pathogenic microbes infection [56,57]. It is safe to assume with mentioned concentration
of KMnOy at C station, it could prevent some bacteria and parasitic bloom and contaminate waters within C station
area.

Total Suspended Solid (TSS)

TSS (Total Suspended Solids) is a parameter used to monitor water quality and management of air resources [60].
The TSS value is one part that plays a role in determining the quality of the aquatic environment. If the waters have a
high TSS value, the productivity of the waters will be lower. This affects the condition of the waters and shows the
level of pollution that can damage the marine biota ecosystem [61].Based on the data at station C, the TSS value has
an average of 8.67 mg/L. Based on the Decree of the Minister of the Environment Number 51 of 2004 concerning
Seawater Quality Standards, the TSS value at station C is less than 20 mg/L which indicates that the water quality
based on these parameters is classified as good. In the waters of the Bedog River, Yogyakarta which are also polluted
by Batik waste, the TSS value is from 11-29.5 mg/L [36]. This value is below the threshold, the same as Pekalongan
waters.

Turbidity

Turbidity describes the lack of brightness of the waters due to the presence of colloidal and suspended materials
such as mud, organic and inorganic materials, and aquatic microorganisms [62]. At station C, the turbidity value
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ranges from 0.00 — 3.83 NTU. The lowest value is at stations C2, C5, C6, C8, and C9, which is 0.00, while the highest
value is at station C1 which is 3.83 NTU. The lowest turbidity value from each station still meets the water turbidity
quality standard according to the Decree of the State Minister of the Environment No. 51 of 2004, which is <5 NTU.
The results of previous studies stated that the higher the turbidity value, the higher the abundance of bacteria in waters
[63]. Research in Citarum river showed that the turbidity of its polluted water is 320 NTU [64]. Conditions that exceed
normal limits affect bacterial biodiversity, because the cloudier the waters, the higher the colloid and suspended
materials such as mud, organic and inorganic materials and aquatic microorganisms. Turbidity of sea water with the
highest value dominates coastal waters close to the river mouth and vice versa towards the sea the turbidity of the
water decreases. The concentration of organic matter is closely related to the total density of bacteria in the waters of
the Baboon River estuary, the higher the concentration of organic matter, the greater the total density of bacteria
contained in these waters [65].

Metal Ions (Pb, Hg, Cd)

Lead (PDb) is known as a non-essential heavy metal which if it exceeds the specified quality standard, will cause
poisoning (toxicity) in living things and inhibit the growth rate of microorganisms. Sources of lead pollutants (Pb) in
the environment include industrial waste, ship paint, and lead-based fuel (Pb) [66]. The results showed that at stations
CS5 and C7 the Pb levels were 2,318 ppm and 1,854 ppm. Based on the Decree of the State Minister of the Environment
No. 51 of 2004, stations C7 and C5 exceed the threshold, which is 0.008 ppm.

Mercury (Hg) is a heavy metal that is very toxic because it could inhibit enzyme function, disrupt cell membranes
and denature proteins in microorganisms [67]. Mercury is difficult to decompose in aquatic environments and is
generally concentrated in water and sediments [68]. The range of Hg values at station C is 0.77 — 2.257 ppm. This
value exceeds the threshold based on the Decree of the State Minister of the Environment No. 51 of 2004, which is
0.001 ppm.

Cadmium (Cd) is a heavy metal that is known as a by-product of various industries such as the battery industry,
electrical conductors, alloys, pigments, and plastic manufacturing, and the stabilization of phosphate fertilizers [69].
The presence of Cd contamination in the environment induces toxicity to microorganisms by inducing oxidative
damage and damaging cell membranes and DNA structures resulting in functional disorders, enzyme work, and
oxidative phosphorylation in exposed microorganisms [67]. The concentration of Cd at station C has exceeded the
specified threshold of 0.001 ppm so that station C is contaminated with Cd metal.

Research in the coastal waters of Lhokseumawe City, Aceh Regency has bad conditions due to industrial waste.
The values of Hg and Cd were still within safe limits, but the Pb values had exceeded the threshold, which ranged
from <0.05-0.70 Mg/L [70]. Excessive amounts of heavy metals will cause toxicity to microorganisms. Heavy metals
can cause the enzymatic function of the production of reactive oxygen species, impair ion regulation and can cause
mutations as well as physiological and biochemical properties [67]. In a previous study showed that heavy metal
pollution in the waters of the Chepelarska river, Bulgaria reduces microbial diversity in it [71].

CONCLUSION

The waters of Pekalongan which are the place for Batik waste disposal are dominated by Gram-positive bacteria.
Based on the physicochemical analysis, the bacteria obtained in this study, including the Enterobacteriaceae group,
have the potential to adapt and degrade Batik waste.

ACKNOWLEDGMENTS

This research project was funded by ministry of research and technology with grant number 5/E1/KP.PTNBH/2021
to Prof. Dr. Ir. Muhammad Zainuri, DEA. and Prof. Dr. Hermin Pancasakti Kusumaningrum, S.Si, M.Si. Thanks to
the assistance of various parties, therefore the research team would like to thank the Faculty of Science and
Mathematics, Diponegoro University, Faculty of Fisheries and Marine Sciences, Diponegoro University, Integrated
Laboratory, BBTPI Laboratory, and several others who cannot be mentioned one by one so that this research can be
carried out smoothly.

040024-8

#pd'Z02071L0°S” L~ ¥200¥0/S065€621/2020%10°6/€901 0L /1op/pd-ajoie/doe/die/Bio-die sqnd)/:dpy woy papeojumoq



[

SN

10.

11.
12.
13.

14.

15.

16.
17.
18.
19.

20.
21.

22.
23.
24.
25.

26.
27.
28.

29.

30.
31.
32.

REFERENCES

A. C. Mustika, Notarius 11(2), 146 (2018).

Mahfudloh, H. Lestari, J Publ. Poli. Mana. 6(3), 1-15 (2017).

S Budiyanto, Anies, H Purnaweni, H. R. Sunoko, "Environmental Analysis of the Impacts of Batik Waste Water
Polution on the Quality of Dug Well Water in the Batik Industrial Center of Jenggot Pekalongan City" in E3S
Web Conf. (2018) pp. 31.

S. Nagsyabandi, E. Riani, S. Suprihatin, "Impact of batik wastewater pollution on macrobenthic community in
Pekalongan River in AIP Conf Proc. (October 2018) pp. 2023

N. K. T. Martuti, I. Hidayah, M. Margunani, R. B. Alafima. Recycling 5(4), 1-13 (2020)

N Hassan Omer. Water Quality Parameters. Water Qual - Sci Assessments Policy. (2020), pp. 1-18.

A. Dianrevy, Penerapan Bakteri Indigenous untuk Remediasi Limbah Cair Batik Pewarna Naphtol Merah dan
Menurunkan Logam Cu (Tembaga) (Universitas Atma Jaya Yogyakarta, 2017).

F. Arifan, S. Winarni, W. Wahyuningsih, 1. Pudjihastuti, R.W. Broto. "Total Plate Count (TPC) Analysis of
Processed Ginger on Tlogowungu Village." in ICOMA 2018 (167(), 2019), pp. 377-9.

M. Nelce Mailoa, A. Marthina Tapotubun, T. E. A. A. Matrutty, "Analysis Total Plate Counte (TPC) on Fresh
Steak Tuna Applications Edible Coating Caulerpa sp during Stored at Chilling Temperature" in IOP Conf Ser
Earth Environ Sci. (89(1), 2017)

V. Daminabo, D. N. Ogbonna, N. N. Odu, "Comparative Bacteriological Evaluation of Frozen and Salt Water
Tilapia Fishes (Oreochromos niloticus and Oreochromos aureus) Sold in Port Harcourt, Rivers State Nigeria".
Int J Pathog Res. (January 2021), pp. 15-28.

H. Stevens, T. Brinkhoff, B. Rink, J. Vollmers, M. Simon, Envi. Microbiol 9(7), 1810-22 (2007)

E. A. Gontang, W. Fenical, P.R. Jensen, Appl. Envi. Microbiol. 73(10), 3272-82 (2007).

A. D. Syakti, P. Lestari, S. Simanora, L. K. Sari, F. Lestari, F. Idris, et al, Heliyon 5(5) 2019 ¢01594. Available
from: https://doi.org/10.1016/j.heliyon.2019.e01594

B. Muchtasjar, H. Hadiyanto, M. Izzati, "Microbial degradation of batik waste water treatment in Indonesia." in
1OP Conf Ser Earth Environ Sci., (314(1), 2019).

Amoozegar MA, Hajighasemi M, Hamedi J, Asad S, Ventosa A. Azo dye decolorization by halophilic and
halotolerant microorganisms. Ann Microbiol. 2011;61(2):217-30.

A. Tagesu, Inte. Jour. of Vete. Micr. examination 65-77 2018.

Muralidhar S. Lippincott [llustrated Reviews Microbiology. New Delhi: Wolters Kluwer; 2019.

J. J. Farmer, M. K. Farmer, B. Holmes, Topl. Wils. Micr. Micr. Infect. 2010.

Gorrasi S, Pasqualetti M, Franzetti A, Gonzalez-Martinez A, Gonzalez-Lopez J, Muiioz-Palazon B, et al.
Persistence of enterobacteriaceae drawn into a marine saltern (Saline di Tarquinia, Italy) from the adjacent
coastal zone. Water (Switzerland). 2021;13(11):1-15.

M. Cardak, G. Altug, Fres. Envi. Bull. 23(10A), 2620-6 (2014).

M. Seo, H. Lee, Y. Kim, "Relationship between Coliform Bacteria and Water Quality Factors at Weir Stations
in the Nakdong River", (South Korea. 2019).

R. H. R. Tanjung, B. Hamuna, Alianto, J Ecol Eng. 20(2), 87-94 (2019).

D. Li, S. Liu, "Detection of River Water Quality" in Water Qual Monit Manag. (2019), pp. 211-20.

D. Li, S. Liu "Water Quality Monitoring in Aquaculture" in Water Qual Monit Manag. (2019), pp. 303-28

K. J. Kroeker, R.L. Kordas, R. Crim, I.LE. Hendriks, L. Ramajo, G.S. Singh, et al, Glob Chang Biol. 19(6), 1884—
96 (2013)

S. L. Patty, [lm Platax 1(3), 148-57 (2013).

S.F.Yan, S. E. Yu, Y. B. Wy, D.F. Pan, D.L. She, J. Ji, ] Chem. (2015)

A. Bahiyah, A. Wirasatriya, J. Marwoto, G. Handoyo, D.S.P. Agus Anugrah. Study of Seasonal Variation of Sea
Surface Salinity in Java Sea and its Surrounding Seas using SMAP Satellite. IOP Conf Ser Earth Environ Sci.
2019;246(1).

K. Smyth, M. Elliot, Effects of Changing Salinity on The Ecology of The Marine Environment. In: Stressors in
the Marine Environment: Physiological and Ecological Responses; Societal Implications. (Oxford, Oxford
University Press, 2016), pp. 161-74.

L. P. Knauth. Pala. Pala. Palaecoecol. 219(1-2), 53—69 (2005).

R.M.M. Abed, K. Kohls, D. De Beer, Environ Microbiol. 9(6), 1384-92 (2007).

X Tang, G Xie, K Shao, W Tian, G Gao, B Qin,. Microorganisms. 9(2), 1-16 (2021).

040024-9

#pd'Z02071L0°S” L~ ¥200¥0/S065€621/2020%10°6/€901 0L /1op/pd-ajoie/doe/die/Bio-die sqnd)/:dpy woy papeojumoq


https://doi.org/10.14710/nts.v11i2.23460
https://doi.org/10.3390/recycling5040028
https://doi.org/10.1088/1755-1315/805/1/012025
https://doi.org/10.1088/1755-1315/805/1/012025
https://doi.org/10.1111/j.1462-2920.2007.01302.x
https://doi.org/10.1128/AEM.02811-06
https://doi.org/10.1016/j.heliyon.2019.e01594
https://doi.org/10.1088/1755-1315/314/1/012020
https://doi.org/10.1007/s13213-010-0144-y
https://doi.org/10.12911/22998993/95266
https://doi.org/10.1111/gcb.12179
https://doi.org/10.35800/jip.1.3.2013.2580
https://doi.org/10.1016/j.palaeo.2004.10.014
https://doi.org/10.1111/j.1462-2920.2007.01254.x
https://doi.org/10.3390/microorganisms9020208

33.
34,
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

45.
46.

47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.

59.
60.

61.

62.

63.

64.

65.
66.

67.

P. Dhall, T.O. Siddiqi, A. Ahmad, R. Kumar, A. Kumar, Sci World J. (2012).

A. H. Mostafa, R.S. Al-Wasify, A. M. Sayed, B.M. Haroun, Int J Environ Sustain. 2(2), 1-10 (2014).

A. Pambudiono, E. Suarsini, M. Amin. J Trop Life Sci. 8(1), 62—7 (2018).

W .Indarsih, Maj Geogr Indones. 25(1), 40-54 (2016).

Y Zhang, L Chen, R Sun, T Dai, J Tian, R Liu, et al, FEMS Microbiol Ecol. 88(2), 320-32 (2014).

S.K. Shukla, A. Khan, T.S. Rao, "Microbial Fouling in Water Treatment Plants", In: Microbial and Natural
Macromolecules, Das S, edited by H.R. Dash (2021), pp. 589—622.

X. Ni, D. Huang, D. Zeng, T. Zhang, H. Li, J. Chen, J Mar Syst [Internet], 0—8 (2014). Available from:
http://dx.doi.org/10.1016/j.jmarsys.2014.11.010

R.L. Spietz, C.M. Williams, G. Rocap, Horner-devine MC. A Dissolved Oxygen Threshold for Shifts in Bacterial
Community Structure in a Seasonally Hypoxic Estuary (2015), pp. 1-18.

P. Supenah, E Widiastuti, R. E. Priyono. Biosfera 32(2), 110 (2015).

C. Turley, J. Blackford, S. Widdicombe, D. Lowe, P. Nightingale, Science (80- ). 44(0), 2—6 (2006).

T. J. Pfeiffer, S.T. Summerfelt, B.J. Watten, Aquac Eng [Internet] 44(1), 1-9 (2011). Available from:
http://dx.doi.org/10.1016/j.aquaeng.2010.10.001

S. W. Al Idrus. J Pijar Mipa [Internet] 13(2), 167 (2018). Available from:
https://doi.org/10.1016/j.cie.2019.07.022

L. Wang, T. Liang. PLoS One 10(5) 1-12 (2015).

Kateb A El, Stalder C, Riiggeberg A, Neururer C, Spangenberg JE, Spezzaferri S. Impact of industrial phosphate
waste discharge on the marine environment in the Gulf of Gabes (Tunisia). PLoS One. 2018;13(5):1-16.

W. Rustiah, A. Noor, Maming, M. Lukman, A. Baharuddin, T. Fitriyah. Int J Agric Syst [Internet] 7(1) 9-17
(2019). Available from: http://dx.doi.org/10.20956/ijas.v7i1.1835

Yusuf M. Coastal Dynamic, Nitrate (NO3-) Phosphate (PO4-) and Phytoplankton Abundance at Morodemak
North Java Sea Indonesia. 2019;167(ICoMA 2018):293—6.

Acker M, Hogle SL, Berube PM, Hackl T, Stepanauskas R, Chisholm SW, et al. Phosphonate production by
marine microbes: Exploring new sources and potential function. bioRxiv. 2020;1-44.

Sosa OA, Repeta DJ, DeLong EF, Ashkezari MD, Karl DM. Phosphate-limited ocean regions select for bacterial
populations enriched in the carbon—phosphorus lyase pathway for phosphonate degradation. Environ Microbiol.
2019;21(7):2402-14.

D. M. Karl. Ann Rev Mar Sci. 6, 279-337 (2014).

J. A. Camargo, A. Alonso, A. Salamanca, Chemosphere. 58(9), 1255-67 (2005).

M. Voss, A. Baker, HW. Bange, D. Conley, S. Cornell, B. Deutsch, et al, Eur Nitrogen Assess 147-76 (2011).
N. N. Rabalais, Ambio 31(2), 102-12 (2002).

M. S. Hobbs, R.S. Grippo, J.L. Farris, B.R. Griffin, L.L. Harding, Environ Toxicol Chem. 25(11), 3046-52
(2006).

A. M. Darwish, A. J. Mitchell, D. L. Straus. J Fish Dis. 32(2), 193-9 (2009).

Pandey G. Potassium Permanganate for The Treatment of External Infections of Fish. (2014) pp. 2—-4.

E. Y. Herawati, A. Darmawan, M. Azkiya. Community Structure and Phytoplankton Abundance in Different
Estuary in Coast Waters Lekok Pasuruan East Java. (2021)

K. M. G. Mostofa, C. Liu, M.A. Mottaleb, G. Wan. Dissolved Organic Matter in Natural Waters. (2013).

D. Jiang, B. Matsushita, N. Pahlevan, D. Gurlin, M.K. Lehmann, C.G. Fichot, et al. Remote Sens Environ. 258,
(October 2020, 2021).

Y. F. Arsyami, S. Purnawan, S. M. Yuni, I. Setiawan, "Analysis of suspended sediment distribution in Lamteng
waters, Nasi Island, Aceh Besar District, Indonesia.", J Phys Conf Ser. (1882(1), 2021).

P.C. Wilson. Water Quality Notes : Water Clarity ( Turbidity , Suspended Solids , and Color ) (1, 2019), pp. 1—
8.

H. Pizarro, M.S. Vera, A. Vinocur, G. Pérez, M.Ferraro, Glyphosate input modifies microbial community
structure in clear and turbid freshwater systems (2015).

M. Sholeh, P. Pranoto, S. Budiastuti, S. Sutarno. "Analysis of Citarum River pollution indicator using chemical,
physical, and bacteriological methods", AIP Conf Proc. (2049(December), 2018).

A. H. Marwan, N. Widyorini, M. Nitisupardjo. Diponegoro J Maquares 4(3), 170-9 (2015).

R. Safitri, J. Riswanda, F. Armanda, Monitoring of Heavy Metal Polution the Lead ( Pb ) with Bio Indicator
Baung Fish ( Hemibagrus nemurus ) at the Musi River of South Sumatra. 9(2), 127-38 (2020).

B. E. Igiri, S.I.LR. Okoduwa, G.O. Idoko, E.P. Akabuogu, A.O. Adeyi, I.K. Ejiogu. Toxicity and Bioremediation
of Heavy Metals Contaminated Ecosystem from Tannery Wastewater: A Review. J Toxicol. 1-16(2018).

040024-10

#pd'Z02071L0°S” L~ ¥200¥0/S065€621/2020%10°6/€901 0L /1op/pd-ajoie/doe/die/Bio-die sqnd)/:dpy woy papeojumoq


https://doi.org/10.24102/ijes.v2i2.159
https://doi.org/10.11594/jtls.08.01.11
https://doi.org/10.1111/1574-6941.12298
https://doi.org/10.1016/j.jmarsys.2014.11.010
https://doi.org/10.1016/j.aquaeng.2010.10.001
https://doi.org/10.1016/j.cie.2019.07.022
https://doi.org/10.20956/ijas.v7i1.1835
https://doi.org/10.1111/1462-2920.14628
https://doi.org/10.1146/annurev-marine-010213-135046
https://doi.org/10.1016/j.chemosphere.2004.10.044
https://doi.org/10.1579/0044-7447-31.2.102
https://doi.org/10.1897/05-453R2.1
https://doi.org/10.1111/j.1365-2761.2008.01015.x
https://doi.org/10.1016/j.rse.2021.112386
https://doi.org/10.1088/1742-6596/1882/1/012017

A. J. Reichelt-brushett, J. Stone, P. Howe, B. Thomas, M. Clark, Y. Male, et al, Environ Res [Internet] 152, 407—
18 (2017). Available from: http://dx.doi.org/10.1016/j.envres.2016.07.007

C. Byrne, S.D. Divekar, G.B. Storchan, D.A. Parodi, M.B. Martin. Toxicol Appl Pharmacol [Internet] 238(3),
26671 (2009). Available from: http://dx.doi.org/10.1016/j.taap.2009.03.025

W. Komarawidjaja, A. Riyadi, Y.S. Garno. J Teknol Lingkung 18(2), 251 (2017).

G. Satchanska, E.N. Pentcheva, R. Atanasova, V. Groudeva, R. Trifonova, E. Golovinsky. Biotechnol Biotechnol
Equip. 19(3), 61-7 (2005).

040024-11

#pd'Z02071L0°S” L~ ¥200¥0/S065€621/2020%10°6/€901 0L /1op/pd-ajoie/doe/die/Bio-die sqnd)/:dpy woy papeojumoq


https://doi.org/10.1016/j.envres.2016.07.007
https://doi.org/10.1016/j.taap.2009.03.025
https://doi.org/10.29122/jtl.v18i2.2040
https://doi.org/10.1080/13102818.2005.10817228
https://doi.org/10.1080/13102818.2005.10817228

