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Abstract

Lapindo mud sediment is accumulated from the mud volcano explosion. Sediments are
the key to ancient and historical environments to observe the environmental change.
The existence of metals tends to accumulate in sediment. Furthermore, the
morphological and biochemical qualities of thermophilic bacteria A1 and S1 isolated
from mud water and solid sediment of Lapindo Sidoarjo, as well as the ability to suspect
Al and S1 isolates based on biochemical tests, were thought to be advantageous in the
fishing sector. Thus, exploratory method was used to determine the thermophilic
bacteria. Moreover, Physico-chemical analysis was carried out to investigate the
concentration of heavy metal status in sediments of Lapindo Mud, in its current
condition and the physical texture of the Lapindo mud. The metals detected in the
sediments include copper (Cu), iron (Fe), Manganese (Mn), cobalt (Co), zinc (Zn),
cadmium (Cd), molybdenum (Mo) and boron (B). Pb and Hg were not detected in
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Lapindo mud samples. The sediments are characterized by the abundances of silt and
clay with minor amounts of sand. In addition, laboratory analysis shows that the water
hold capacity average is 50% in Lapindo mud sediment. From the Al isolate,
Marinobacter lutaoensis was found based on the test results of 16S rDNA and from the
S1isolate, Marinobacter hydrocarbonoclasticus was obtained based on the test results of
16S rDNA.

Keywords: texture, heavy metal, thermophilic bacteria, sediment,
mud, characteristics.

1. INTRODUCTION
Since the first gas and mud volcano erupted from a drilled well in Sidoarjo, East Java,
on May 26, 2006, Lapindo Mud sediment has been building up. It is the world's largest
mud volcano, blamed on the burst of a natural gas well developed by PT Lapindo
Brantas, however some experts and business executives believe it was triggered by a
distant earthquake. Lapindo mud poured up to 180,000 m3 of muck every day at its
peak. (Dagdag .et al., 2015). The mud flow rate was projected to range between 100,000
and 180.000 m3 per day from the start of the event until October 2008. (Plumlee et al.,
2008; Jalil et al., 2010; Manzzini et al., 2012), and its keep flowing ever since. The mud
buried houses, villages, schools, factories, and displaced thousands of people in the
Sidoarja area, and it continues to pose geo-hazard concerns in a densely populated area
with numerous activities and infrastructures. (Istiadi et al, 2009). Despite the fact that
the occurrence of the Lapindo mud volcano has been questioned, it is critical to sustain

the mud's social and environmental influence. (Krisnayanti B., Agustawijaya D. 2014).
Not only evacuated around thousands of people (Manzzini et al., 2007)) but also
monitoring water, land and air quality under permeable condition is urgently necessary.
Metal contaminants have increased in the sediments as a result of the area's steady
population development and industrialization. (Sunda et al., 2013).

Basically, the sediments in Lapindo mud can be categorized from the parent
materials which form it. According to (Polynov's,1930), the sediment with
characteristics of strongly impeded water penetration, poor drainage, and the climatic
soils is categorized as sedimentary clayey rocks (fire clay, clay, loam) such as that
found in Lapindo mud. However, although some geologist convinced that it was natural
disaster which was trigger by earthquake that was occurred day before the eruption of
the mud volcano, due to the buried environment with geohazard risks, the contaminant
and the physical texture of the current sediment are varied from one location to the
other. Sediments have long been thought to be the key to understanding ancient and
historical environments. We can learn about environmental changes throughout time by
looking at a sequence of sedimentary layers. (Hallberg, 1992). During the industrial era,
the recent sedimentary record can reflect cultural impacts on the environment. The
sediments also have a role in the biogeochemical cycles of the elements that affect the
overlying water column during formation and diagenesis. From the sediment, the
physical characteristics of the mud can be identified.
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In addition, sediments are solid materials that settle at the bottom of water
bodies (Dagdag et al., 2015). Sediments are significant geochemical sinks that rapidly
acquire heavy metals and then progressively deplete them by leaching them into ground
water aquifers (Enguix et al., 2000). Many investigations have found that metal levels in
sediment are higher than in water. (Mustapha O.M and Lawal O.S. 2014). Studies
conducted on metal accumulation in sediment showed increase in metal levels in
sediment with addition of sewage, industrial effluents and agricultural wastes (Wang et
al., 2001).

Nature contaminants can range from dangerous heavy metals (loids) to existing
organic pollutants in the ecosystem.It depends on the interaction of intrinsic properties
contaminants with soil properties. The existence of Metal(loid)s either as cations (heavy
metal such as Cd, Cu, Zn and Pb) or anions (metalloids such as Cr, As) in the soil
environment is significantly affects metals absorption, mobility and solubility in soils
(Naidu and Bolan, 2008). When contaminants enter the freshwater system
transformation processes will occur along with additional processes due to aqueous
environment, such as mercury, and arsenic. It was stated that Each source of potential
mud pollution has its own negative impacts on plants, animals, and ultimately human
health, but those that add heavy metals to soils and streams are of particular concern due
to their long-term persistence in the ecosystem and human carcinogenicity Naeem,
M., et al., (2020). They are not biologically consumed, but rather changed from one
oxidation state or organic complex to another (Garbisu and Alkorta, 2001).Heavy metal
pollution, as a result, poses a significant risk to the environment and human health
(Lone M. 1., et al.2008). Metals can stay in the environment for decades or centuries
after they've been released, increasing the risk of human exposure. As a result, detecting
the Lapindo mud's dangerous metals that may have an impact on the environment,
particularly the Porong river, where residents in Surabaya City rely on the river for their
everyday activities, is required and necessary (Krisnayanti B., Agustawijaya D. 2014).
Furthermore, it was hypothesized that the Lapindo mudflow overflow contained
thermophilic bacteria capable of surviving in the harsh environmental conditions of
Lapindo mud (Dagdag. et al., 2015). The thermophlic bacteria may create thermostable
enzymes, which can be exploited in the fisheries product processing business,
particularly in high-temperature procedures (Dagdag .et al., 2015). Microorganisms are
responsible for most waterborne disease outbreaks. They are the most prevalent
pollutant in private well water that causes sickness. Moreover, microorganisms are the
source of most widely used enzyme compared to plants and animals. Microorganisms
are more profitable as an enzyme source because of their rapid growth, capacity to grow
on low-cost substrates, ease of improving results through growing conditions and
genetic engineering, and ability to produce extreme enzymes. (Akhdiva, 2003).

As a result, there were three aims in this research. First and foremost, the goal of
this research was to investigate the links between physical properties and
sedimentological characteristics of mud volcano deposits in Lapindo mud Sidoarjo, and
more specifically, to characterize the types of physical properties associated with mud
volcanoes. Second, the investigation was conducted to identify the morphological and
biochemical properties of bacteria isolated from Lapindo Sidoarjo mud water and solid
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sediment, as well as to suspect the major bacterial species (Al and S1) capable of
thriving in Lapindo Sidoarjo's muddy water and solid sediment. The last objective is
related to the heavy metal content. As a result, the goal of this research is to find out
how much heavy metal pollution is present in the sediments of Lapindo Mud in
Sidoarjo, East Java.

2. METHODOLOGY

2.1 Materials

The sediment samples from six stations within the sedimentation basin of the
Lapindo mud area were collected and examined for physical characteristics and heavy
metal contents. The sediment samples were taken from the different locations as 8 to 10
cm depth. The material was in the form of mud. Furthermore, the Lapindo mud water
and sediments acquired from the Lapindo mudflow in Sidoarjo were the major materials
used for microbiological analysis. NA merck (Nutrient Agar), NB merck (Nutrient
Buffered Agar), and NB merck (Nutrient Buffered Agar) were used as growth media to
identify prevalent microorganisms in the Lapindo mudflow (Nutrient Broth).

2.2 Method

2.2.1 Physical analysis

Sediment samples were taken at random from six different locations. Standard
procedures were followed for sample collection, preservation, and physicochemical
analysis.

The sediments were drained of water and then air-dried at 25 °C for a few days.
Collected sediment, then dried at 60°C in a well-ventilated oven to a consistent weight.
100 g of dry sediments from each station were (collected) and mechanically shaken in a
set of analytical calibrated sieves organized progressively finer downwards from 2 mm
mesh for particle size distribution analysis. The particle size distribution was calculated
using the grain size diameter in mm and the sediment retained on each sieve was
weighed (Jackson, 1973).

The pipette method was used to determine the clay content (Loizeau et al., 1994;
Beuselinck et al., 1998). Furthermore, the water holding capacity (WHC) was
determined using the Keen and Raczkowski method (1921). Solid OC and organic
matter (OM) content in the sediments were measured following the method of wet
oxidation, and soil pH was measured based on the using pH electrode (Grunzweig et al.,
2003).

2.2.2 Heavy Metal Analysis

Furthermore, the analysis of heavy metal was done by the digestion of the
sediment sample carried out with each sample put into a digestion flask. The digesting
acid [HCI] was measured in a fume cupboard and added to the sample in the digestion
flask. To avoid splattering, digestion was done on a heated plate in a fume chamber. The
beaker was taken out and set aside to cool. Before being examined for their elemental
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contents, the samples were chilled, filtered, diluted to HCI 0.1 N, and stored in a sample
vial.

2.2.3 Microbiological Analysis

To analyze the bacteria in the sample, mass bacterial cultures in taken water
samples were filtered with paper sludge whattman 42 and the solid sediment. After that,
isolating the target bacteria in each sample by selecting the dominant bacteria grown
and planted with cast method in duplicate in NB medium (Nutrient Broth) was done.
Finally, bacteria characteristics were tested using a microscope with a magnification of
1000x, including bacterial colony morphology (colony form, colony color, colony edge,
and colony elevation), bacteria morphology cell test (Gram stain and bacterial cell
shape), biochemical manual test, and biochemical tests using Microbact Identification
Kits.

3. RESULT
According to the Geographical Positioning System (GPS) to navigate the mud
location within the area, the mud is located close to Porong River. The Lapindo mud is
located 10 kilometers northeast of the Penanggungan volcano in the backarc area.
Despite being partially buried by alluvial deposits, regional seismic profiles and field
studies imply the presence of a regional fault running across the Lapindo mud area.
Near Lapindo mud, there are several dormant mud volcanoes.

3.1 Physical Characteristics and Texture of Lapindo Mud Sediment

Table 1 Mud Sediment Physical Characteristics

No. Location Water Hold % Class
Code Capacity Sand Silt Clay
(9/9)

0.25 48 47 Silty clay
0.42 47 25 Mud
0.38 49 30 Clayey mud
0.40 49 36 Muddy silty
clay
0.95 74 25 Silty mud
0.60 74 24 Silty mud

From the table 1, the sediments are characterized by the abundances of silt and
clay with minor amounts of sand. The texture of the sample with location code A is silty
clay, with 48 and 47 percent silt and clay, respectively. Sample B, on the other hand, is
classed as mud texture since it comprises roughly 50% mud and about a quarter each of
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sand and clay. With more clay content than sample B, location C is categorized in
clayey mud class. In addition, location D has similar properties to location A where the
percentage of silt is high leaving it to have muddy silty clay texture. Locations E and F,
on the other hand, contain the highest percentages of silt and the lowest clay levels,
making them silty mud class and ideal for plants. Furthermore, according to laboratory
analysis, the water retain capacity of Lapindo mud sediment is on average 50%.

3.2 Chemical and Heavy Metal Contents in Lapindo Mud Sediment

Table 2 Metal Contaminants of Lapindo Sediments

Transition Sameles in HCI 0.1N S%z Average
A B C D E F

Metal

Cd 0.60 0.57 0.68 3.88 0.45 4.60 1.796667
Cu 1.96 1.59 1.81 1.24 1.46 1.70 1.626667
B 109.90 7.30 91.60 137.40 164.80 155.70 111.1167
Mn 7.22 7.28 10.03 5.91 5.62 7.19 7.208333
Fe 55.20 50.80 55.90 4.69 4.86 4,99 29.40667
Zn 0.60 0.62 0.89 0.76 0.85 0.60 0.72
Mo 5.60 4.00 3.20 6.40 4.80 2.40 4.4
Co 4.40 7.80 5.60 6.70 10.00 5.60 6.683333
Pb nd nd nd nd nd nd nd
Hg nd nd nd nd nd nd nd

Copper (Cu), iron (Fe), Manganese (Mn), cobalt (Co), zinc (Zn), cadmium (Cd),
molybdenum (Mo), and boron (B) were found in the sediments. Pb and Hg were not
found in the mud sample from Lapindo (Table 2). The heavy metal concentrations in the
sediments are listed in the following order: B > Fe > Mn > Co > Mo > Cd > Cu > Zn.

Table 3. Environmental Conditions of Lapindo Mud

Sample Environmental Parameter

Temperature pH Salinity

Lapindo water 45°C £ 0.29 7.8+0.13 30 ppt

Lapindo sediment 48°C £ 0.20 7.5%0.10 -
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Lapindo water has a salinity of 30 ppt or 30,000 ppm, making it brackish water
with a high salinity. This is due to the fact that the Lapindo mudflow material is made
up of a mixture of water with a high salt level (seawater). Furthermore, because the pH
of the water and sediment samples of Lapindo mud is greater than 7, it can be classified
as base. It's linked to a high degree of salinity.

3.3Dominant Bacteria Type Found in Lapindo Mud Sediment

Table 4 shows that when a biochemical test (Microbact Identification Kits) is used
in conjunction with bacterial identification guidelines (Bergey's Manual of
Determinative Bacteriology), the results show that the suspected bacterial isolates code
Al are Enterobacter gergoviae, and when the results of the 16S rDNA test are
compared, Marinobacter lutaoensis is discovered Meanwhile, using biochemical tests
(Microbact Identification Kits) that follow the guidelines for bacterial identification
(Bergey's Manual of Determinative Bacteriology), the results show that Klebsiella
rhinoseleromatis bacteria are obtained from bacterial isolates with code S1 and when
compared to the results of the 16S rDNA test, the results show that the bacterial species
is Klebsiella rhinoseleromatis.

Table 4. Identification of S1 and Al Isolates in Lapindo Mud

Isolates 16S rDNA Test Biochemical Test

gMicrobact Identification Kitsz

S1 Marinobacter Klebsiella rhinoscleromatis
hydrocarbonoclasticus

Al Marinobacter lutaoensis Enterobacter gergoviae

4. DISCUSSION

The physical characteristics in Lapindo Sidoarjo are showed by the abundances
of silt and clay with minor amounts of sand. It remains silty clay. Clay soil absorbs a lot
of water and has a lot of organic matter, so it's easy to damage it while it's moist.
However, Clay soil can cultivate itself because the particles swell and shrink as the soil
gets wet and then dries. As a result, despite clay's high nutrition content, the heaviness
of clay soils makes it less than ideal for some plants. On the contrary, sandy soil is
simple to work with high water hold capacity level. Mud and silt are more nutrient-
dense than clay soil and are also easier to work with. Although nutritionally deficient,
sandy soil is ideal for some plants. Mud soil, in contrast to the other textures, is thought
to be suitable for a wide range of plants due to its high nutritional content and capacity
to hold moisture while avoiding becoming saturated; it also drains effectively.
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Copper, cobalt, molybdenum, manganese, iron, and zinc, among the heavy
metals identified in the Lapindo sediments, are not toxic at typical levels. They can,
however, cause toxicity in higher concentrations. Copper can irritate the nose, mouth,
and eyes if exposed to it for an extended period of time. Copper poisoning can result
from a deliberate increase in copper absorption. This can harm the liver and kidneys. In
addition, boron was found at the high percentage in the sediment. However, although
the concentration of boron is high in the sediments, it is not dangerous as it is a trace
mineral essential to human health. It helps the bone use calcium. The increased level of
boron in the soil has been associated with a lower risk of osteoarthritis. On the other
hand, cadmium was found at the high average of 1.8%. This concentration may bring
the negative effect for the environment. In human, long-term exposure of cadmium is
associated with renal disfunction. It may also produce bone defects in humans and
animals. As a result, the chemical and heavy metal data in Lapindo mud suggested that
there was no immediate environmental impact of these heavy metals in the mud, unless
they were combined with other elements.

The water and sediment of Lapindo Sidoarjo mud contain the dominant
thermophilic bacterium groups, according to the research, because both Al and S1
isolates can live above 45°C. Thermopile bacteria are known to have a thermo-stable
enzyme, an enzyme that is able to survive or stable at high temperatures (6-120°C). The
enzymes can regulate certain reactions so that in normal circumstances there is no
deviation of final reaction results. Because all enzymes are proteins, they will lose

function when exposed to heat, acids or strong bases, organic solvents, or anything else
that promotes protein de-naturalization. As a result, thermo-stable enzymes play an
important role in the fishing industry's food processing, particularly when high
temperatures are used, as in the manufacturing of chitin and chitosan, for example.

5. CONCLUSION

In summary, Lapindo mud texture contains abundances of silt and clay with
minor amounts of sand. It remains silty clay. Therefore, the area is not suitable for
plants because of the texture. Although it is easier to cultivate because of the less clay
content and are nutritionally high organic matter, the heaviness of clay soils makes it
less than ideal for some plants. in addition, the level of heavy metals on Lapindo mud
was below environmental soil quality guidelines. Copper, cobalt, molybdenum,
manganese, iron, and zinc, among the heavy metals identified in the Lapindo sediments,
are not toxic at normal levels.Moreover, a higher concentration of cadmium and iron in
the sediments indicates potential threat of ground water pollution and soil pollution
which can be dangerous for surround organisms. Furthermore, Lapindo mud flow
contains thermophilic bacteria: Enterobacter gergoviae, Marinobacter lutaoensis,
Klebsiella rhinoseleromatis, and Marinobacter hydrocarbonoclasticus that are capable
of living in extreme environmental conditions of Lapindo mud. The thermophlic
bacteria may create thermostable enzymes, which can be exploited in the fisheries
product processing business, particularly in high-temperature procedures.
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6. SUGGESTION

The analyses were done by taking the sample from 6 different locations in
Lapindo mud area. However, it still has covered all possible different location within
the mud flow coverage. Thus, more profound investigation on the wider area to analyze
the possible hazard of the mud sediment needs to be conducted in further research.
Besides, analysis of the possible benefit of the mud contents and plants growing
opportunities has to be done to bring uses for environment, Therefore, regular
monitoring is necessary to protect human health and further environmental disaster.
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