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Abstract. The ship dismantling activity can cause heavy metal pollution in the environment. One of
technology to remediate is bioremediation using bioaugmentation and/or biostimulation methods. The
purpose of this research was to determine the removal of iron by Vibrio alginolyticus and nutrient addition.
Vibrio alginolyticus was halophilic bacteria that isolated from seawater at this area. The laboratory test was
conducted using size erlenmeyer of 250 mL. The 5% (v/v) of Vibrio alginolyticus suspension was added in
each reactor. After that, the nutrient with ratio of C: N : P (100 : 10 : 1) also was added in each reactor. The
removal test was carried out for 14 days. Concentration of iron was analyzed using Atomic Absorption
Spectrophotometers (AAS). Based on the results, the percentage of iron removal at location 1 with
treatment was 94.9 + 3.6%. It showed a higher value than compared to iron removal at control 1 which was
only 50.4+1.8 %. Whereas at location 2, the percentage of iron removal with treatment reached 53.7+13.1%
and it was only 16.7£13.1% at control 2. This indicated that the treatment of the addition of Vibrio
alginolyticus and nutrients can improve the iron remediation process.
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polychlorinated  biphenyl (PCB), polyaromatic
hydrocarbons (PAH), and organotins like tributyltin
(TBT) can be released during the ship dismantling
activities. Based on Barua (2017) [5], heavy metals

1 Introduction

Activity of shipbreaking or activity of ship demolition
is an activity type of ship disposal that include
the breaking up of ships become some parts [1]. The that concern associated with shipbreaking activities
results of these activities can be sold or can be used were lead (Pb), mercury (Hg), cadmium (Cd), iron
depending on the requirement. These activities were (Fe), aluminium (Al), zinc (Zn), copper (Cu),
also known as ship dismantling, ship cracking, or ship chromium (Cr) and manganese (Mn).

recycling. Countries such as China, India, Bangladesh, Based on our earlier study, the iron pollution
and Pakistan were countries that have many ship occurred at ship dismantling area in Madura Island

breaking activities [1]. The activities at ship breaking
such as metal material recycle, engine reuse, winches
reuse, power generators reuse, air conditioners reuse,
refrigerators reuse, construction materials reuse have
been conducted in the past. However, the ship
recycling sector should be more focused on
considering the impact on environment [2].

Economic benefits can be obtained from boat
demolition activities. Besides that, the environment
can be affected due to this activity. The process of
cutting and scraping plates or scrapping the painted
metal surface were some common operations during
the ship breaking [3]. The pollutants released from
those processes that have potential load into the
intertidal area, sediments, sludge, and coast area.
According to Deshpande et al. [3, 4], some of
hazardous and toxic substance such as asbestos, glass
wool, thermocol, oily rags, oily sludge, oily sand,

both at seawater and sediment or coastal soil [6]. The
concentration of Fe in seawater reached 1.03, 1.01 and
1.00 pg/mL at three sampling locations, respectively.
Meanwhile, the concentration of extractable Fe in soil
was 962.0, 966.05, 981.00 mg/kg at three sampling
locations, respectively.

There are many technologies to remediate iron in
water media. One of those technologies is
bioremediation. Bioremediation is a biological
technology to remediate heavy metals and organic
pollutants that using naturally living organisms [7].
The principles of the bioremediation can be divided
into several techniques. Those techniques are bio-
filters, bio-venting, bio-sorption, composting, bio-
augmentation, bio-reactor, land farming and bio-
stimulation [8]. Bioaugmentation is conducted using
addition with suitable bacteria to enhance the
bioremediation processes. The bacteria could be from
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contaminated areas or from other places.
Biostimulation is a method of bioremediation with
nutrient addition to enhance the bioremediation
processes. The nutrient that can be added is carbon,
nitrogen, phosphate, potassium, and oxygen. The
purpose of this research was to determine the removal
of iron by bacteria of Vibrio alginolyticus and nutrient
addition. Iron is an important element for Vibrio spp.,
but iron recovery is complicated by its tendency to
form iron complexes that are insoluble in nature and
their relationship with high-affinity iron-binding
proteins in the host [9].

2 Materials and Methods

2.1 Seawater Sampling

Samples of seawater were taken at the ship
dismantling activities in Tanjungjati, Madura,
Indonesia. Seawater samples were taken below
seawater surface at a depth of 20 cm [10]. Amount 5 L
of seawater was taken at two locations ship
dismantling. Figure 1 showed the two locations of
sampling. Table 1 showed the parameters at the two
sampling locations.
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Fig. 1. Seawater sampling location.

Table 1. Font styles for a reference to a journal article.

Parameter Location 1 Location 2
pH 7.3 7.6
Temperatu <320C <320C
re
Salinity 28.4 ppt 28.2 ppt
TOC —
Total 0.39 % 0.94 %
Organic
Carbon
Total N 3.14 mg/L NH3-N 1.68 mg/L NH3-N
Total P 0.14 mg/L PO4-P 0.32 mg/L PO4-P

Fe 3.93 mg/L 0.54 mg/L

Mn 0.00 mg/L 0.00 mg/L

2.2 Bacteria Preparation

Vibrio alginolyticus was halophilic bacteria that
isolated from seawater in the same area based on our
earlier research [11]. These bacteria have high
resistance to iron. The stock of Vibrio alginolyticus
was inoculated on a new selective media (Thiosulfate-
Citrate Bile Salts Sucrose - TCBS media, Merck,
USA). The TCBS agar is a media for the
selective isolation of Vibrio spp.

2.3 Iron Removal Test

The iron removal laboratory test was conducted using
size erlenmeyer flasks of 250 mL as a reactor. The
code of reactors was R1 for treatment sample location
1, R2 for treatment sample location 2, K1 for control
of R1, K2 for control of R2. All tests were carried out
a duplicate. The 5% (v/v) of Vibrio alginolyticus
suspension was added in each reactor. After that, the
nutrient with a ratio of C : N : P (100 : 10 : 1) also was
added in each reactor. The calculation of nutrient
addition was conducted based on data of TOC, Total
N and Total P. The addition nutrient was NH4. 2H,O
pro analysis (Merck, USA) and KH,PO4 and K;HPO,
pro analysis (Merck, USA). The removal test was
carried out for 14 days.

2.4 Parameter Analysis

Analysis of iron concentration from seawater samples
was carried using methods based on SNI 06-6989.4
(2004) [12]. The concentration of iron was analyzed
using an Atomic Absorption Spectrophotometer
(AAS) instrument, Hitachi model Z-2000 Series
(Japan) at Laboratory of Energy, ITS. The monitoring
parameters such as pH, temperature, salinity,
dissolved oxygen (DO) and Colony Form Unit (CFU)
were also measured. Analysis of CFU was conducted
based on Harley and Prescot Method [13].

2.5 Statistical Analysis

The experimental data of iron removal percentages
were subjected to an analysis of variance (ANOVA)
using SPSS Statistics for Windows version 21.0
(SPSS, Inc., Chicago, IL). Statistical significance was
defined as p < 0.05.

3 Results and Discussions

Figure 2 until Figure 5 showed the monitoring
parameters during the iron removal test. The pH value
during the iron removal test showed that pH was in the
normal pH range of 5.80 - 6.87 (Fig. 2). The pHi, of
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Vibrio alginolyticus was regulated at around 7.6-7.4
and the pHow ranged around 6.4-9.0 [14,15]. Vibrio
alginolyticus showed acceptable growth at pH values
ranging from 4.5-5 to 10.5-11 wunder suitable
temperature and salinity concentration [16].

Temperature during the test was 28.5 — 30.6 °C
(Figure 3). According to Farid and Larsen [16],
Vibrio alginolyticus can grow at temperature of 10 -
42°C. The value of DO during the test was 3.46 — 3.73
mg/L (Figure 4), this showed the process was under
aerobic conditions. According to Sihag et al. [17], in
stoichiometric aerobic bacteria, it needed 3.1 mg mL
of oxygen to degrade 1 mg/mL of hydrocarbons
without considering the total bacterial mass.
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Fig. 4. DO during iron removal test

The range of salinity was 26 — 31.85 ppt or 26 —
31.85 %o during test (Fig. 5). According to Farid and

Larsen [16], Vibrio alginolyticus showed the most
suitable growth rate in a 30 %o of salinity solution
(seawater salinity). Meanwhile, the growth of those
bacteria decreased in a 60 %o of salinity solution
(higher than seawater salinity) and it showed the
lowest growth occurred in the 5 %o of salinity solution
(freshwater).

Figure 6 showed the population of Vibrio
alginolyticus during iron removal test. The CFU in R1
and R2 showed the higher than in control 1 and control
2. It indicated that the population of Vibrio
alginolyticus increased after Vibrio alginolyticus
addition on treatment reactor. However, Vibrio
alginolyticus presence in reactor without addition of
this bacteria. It estimated that Vibrio alginolyticus had
been presence at the location due to Vibrio
alginolyticus was as a indigeneous bacteria. Based on
our previous study, Vibrio alginolyticus were isolated
at ship dismantling area that has high resistance on iron

[6].
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Fig. 5. Salinity during iron removal test
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Fig. 6. CFU during iron removal test

Based on Figure 7, the percentage of iron removal
at location 1 with treatment was 94.9 + 3.6%. It
showed a higher value than compared to iron removal
at control 1 which was only 50.4 &+ 1.8 % . Whereas at
location 2, the percentage of iron removal with
treatment reached 53.7 £ 13.1% and it was only 16.7
13.1% at control 2. This indicated that the treatment of
the addition of Vibrio alginolyticus and addition of
nutrients can improve the iron bioremediation process.
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According to El-Hendawy et al. [18], Vibrio
alginolyticus isolated from a metal industrial area has
a maximum tolerance concentration of heavy metals.
That maximum tolerance reached 2.5 mM of Cd, 4
mM of Cu, 2.5 mM of Pb and 3.5 mM of Zn. The
ability of those bacteria to remove heavy metal from
the solutions that were polluted with heavy metals
were 20% for Cd, 31% for Cu, 40% for Pb and 45%
for Zn. Based on our previous research, Vibrio
alginolyticus can survive on 2.000 pg/mL of iron.

The are many processes of bioremediations that are
involved in microbe-heavy metals interaction. Those
processes are adsorption process, complexation
process, precipitation process, oxidation process and
reductions  process [7]. The heavy metals
bioremediation potential occurred through microbe-
heavy metals interactions [7]. According to Davies
and Bennett (1983) [19], Ford and Mitchell (1992)
[20], the chemical reactions between microbe and
metal ions are divided into six types of processes. The
first process is intracellular accumulation, second
process is reaction of cell wall-associated with metals.
Third process is extracellular mobilization or it also
known as immobilization of metals. Fourth process is
metal siderophore interactions process. Fifth process is
extracellular  polymer metals interaction with
transformation. And the last process is volatilization of
metals to air environment.

Species of Vibrio have developed a variety of iron
transportation systems that allow bacteria to compete
for this important element in each of their habitats [9].
The mechanism of iron reduction by Vibrio
alginolyticus was predicted through using the system
including the secretion system and absorption system
of high-affinity iron-binding agents (siderophores) and
transportation systems for iron bound to the host
complex. System transporters for iron ferric and
ferrous iron not complexed to siderophores were also
common to Vibrio species for iron removal [9].
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Fig. 7. Removal percentages of iron

Based on oneway ANOVA analysis, the removal of
iron at treatment reactors and control reactors showed
a significant difference with p < 0.05. It indicated that
Vibrio alginolyticus and the nutrient addition can
improve the removal of iron in seawater. Based on
Ulitzur [21] , nutrient concentration affected the Vibrio
alginolyticus growth, so that the ratio of nutrient
should be suitable for reaching the optimum growth.

4 Conclusion

The percentage of iron removal at location 1 with
treatment was 94.9 + 3.6%. It showed a higher value
than compared to iron removal at control 1 which was
only 504 + 1.8 % . Whereas at location 2, the
percentage of iron removal with treatment reached
53.7 £ 13.1% and it was only 16.7 + 13.1% at control
2. In conclusion, Vibrio alginolyticus was potential to
be used for removal of iron in contaminated seawater.
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