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Abstract. Fouling is an adverse problem for ship. Fouling itself is
some kind of marine biota like shells, mussels, or barnacles, which
grow and live on the surface of ship’s hull or inside the ship’s piping
system. Many methods have been applied to prevent fouling.
Impressed Current Anti Fouling (ICAF) was developed and applied
as an alternative in mitigation of fouling. The aim of the research
was to determine the effects of electrical current, duration time,
salinity on Anadara granosa death in simple ICAF system. The
simple ICAF reactor was operated in electric current of 1.5 A, and
duration time (1,3,5,7 dan 9 h), variations of salinity (33 ‰, 35‰
and 37‰) and the size of shell (1-2 cm and 2-3 cm). Steel of AH36
has a role as a cathode, meanwhile pure copper (Cu) was an anode.
The death of Anadara granosa was conducted using direct
observation. The direct observation was carried out by opening the
shells one by one. The death of mollusc can be confirmed by looking
the response from the mollusc. If the mollusc showed no response
when it was pierced, it indicated that the mollusc was dead. Besides
that, there was white slime inside the mollusc. Based on the results,
the death of Anadara granosa with shell size of 2-3 cm showed the
highest percentage of 90% at electrical current of 1.5 A, duration
time of 9 h, and salinity of 37 ‰. Meanwhile the smallest percentage
of Anadara granosa death reached 10% at electrical current of 1.5
A, duration time of 7 h, and salinity of 33 ‰ for shell size of 1-2 cm.
In conclusion, duration time and salinity were higher so that the
death of Anadara granosa was higher too. Besides that, the small
size of Anadara granosa was more resistant.
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1 Introduction
The use of sea chest on ship’s hull below the waterline is required for steel ships or wooden
ships with engine installed inside their hull (onboard engine). The sea water requirement
can be fulfilled from the sea chest. The sea water is needed as coolant for main engine and
auxiliary engine, for ballast purposes, fire extinguisher system, and many more. Generally,
sea chests are placed on two places at different height due to the ship sail through different
seawater depth.
Two types of sea chests are connected by main pipe that has a controlling valve. If the
ship sail through deep seawater, the sea chest on the bottom will be used. On the other
hand, if the ship must sail through shallow seawater with mud (or river), the sea chest on
the side (bilge) will be used. This condition can apply to avoid mud that is sucked so that it
can damage the pumps and make clogging on the piping system installation [1].
Besides that, the fouling can also accumulate inside the piping system, especially pipes
which channel sea water as coolant. The fouling can clog the fluid flow, damage the
strainer and heat exchanger. The mitigation to this fouling should be applied due to fouling
is an adverse problem. Fouling occurred on the surface of ship’s hull, it can increase the
ship’s resistance [2].
The bioaccumulation of marine organisms on the surfaces of submerged or semisubmerged, natural or artificial objects is called marine biofouling [3]. The types of
biofouling commonly are founded and accumulated on sea chest. Some types of organism
that attached on sea chest are barnacles, Asia green mussel (Perna viridis) and Arcuatula
senhousia [4]. According to Anderson et al. (2003) [5], marine organisms can cause
biofouling is estimated may exceed 2500 species. Some species have tendency to attach on
surfaces, settle and grow on them. These marine organisms are named marine foulers and
may mainly be classified into micro and macro foulers [6]. According to Frey et al. [2014)
[7], some dominated communities of marine organism can cause biofouling on ship were
arthropods (primarily barnacles and amphipods (63% of sea-chests), molluscs (bivalves
and gastropods, 55%), cnidarians (primarily hydrozoans, 45%), polychaetes (45%), and
bryozoans (30%) in Canada.
Biofouling can be divided into two different categories in term of coarseness namely,
micro-fouling (bacteria and diatomic biofilms) and macro-fouling. Micro fouling is
biofouling that is caused by bacterial colonization, diatoms and microalgae) through the
formation of biofilm. Macro fouling is biofouling that is caused through the attachment of
destructive macroorganisms [8]. Macro fouling groups commonly found include: Mollusca,
bryozoa, tunicate, barnacles, bryozoans, mussels, and tube worms. The first three groups
are the largest and most numerous organisms [9]. Biofouling costs billions of dollars per a
year to prevent and maintenance at the global shipping industry.
An mitigation alternative is introduced to prevent biofouling. The Impressed Current
Anti Fouling (ICAF) can be used to prevent or to suspend the growth of biofouling, such as
barnacles, clams, seaweeds (algae), and other marine plant organisms. Based on our earlier
research, ICAF system have ability to decrease the number cells of bacteria Pseudomonas
fluorescens with reached 98.5% - 99.9% [10]. The percentages of populasion reduction on
Vibrio alginolyticus were 87.3% - 99.4% with the concentration of Cu ions during the
operation of the simple ICAF system reached 4.3 mg/L to 18.3 mg/L [11]. According to our
other previous study, the decreasing of Chlorella Vulgaris cell number with the highest
percentage of 99.98% at electrical current of 1 A, duration time of 10 min and
concentration of Cu (17.9 ± 0.07 mg/L) [12]. The highest population reduction occurred in
Isochrysis galbana and Botryococcus sp reached 77.5% and 50%, respectively. The highest
concentration of Cu that was produced during the operation of the simple ICAF system
reached 4.08 ± mg/L [13].
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The purpose of study was to determine the effects of electrical current, duration time,
salinity on Anadara granosa death in simple ICAF system with high-strength low-alloy
(HSLA) AH36 steel was as a cathode and copper was as an anode. Copper was chosen due
to it was known as an inhibitor for biofouling [14] and based on Ong and Din (2001) [15],
Cu was found to be toxic to the clams.

2 Materials and Methods
2.1. Materials Preparation
HSLA material was usually applied in the field of marine buildings or ships the cathode
with size 15 x 15 x 1 cm used material of HSLA AH36 steel meanwhile the anode with
dimension of 15 x 15 x 1 cm used the metal of Cu. Fig 1 showed the material for (a)
cathode and (b) anode.

(a)

(b)

Fig. 1. The material for (a) cathode and (b) anode

2.2 Simple ICAF System Reactor
The design of simple ICAF system was conducted based on our earlier research
[9,10,11,12]. The simple ICAF system was applied using the DC current due to the anode
and cathode supply must be differentiated between positive and negative current sources.
2.3 Marine Bivalve Preparation
Marine bivalve molluscs that was used in this study was blood clams (Anadara granosa).
There were 10 blood clams at 1 reactor for each treatment so that total number of blood
clams were 30 for 1– 2 cm of shell size and 30 for 2– 3 cm of shell size. The blood clams
were collected at Kenjeran Beach. After that, all blood clams were cleaned. And then, those
were acclimatization at laboratory of Environmental Remediation at campus of ITS before
those were used for research. Fig. 2 showed the blood clams.
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Fig. 2. Anadara granosa acclimatization

2.4 Preparation of Artificial Seawater
Based on our previous study, the chemical composition of seawater replacement is in
accordance with ASTM D1141-90 (1994) [16-18]. The variations of salinity were 33 ‰,
35‰ and 37‰.
2.5 Running of Simple ICAF System Reactor
Operation of ICAF system were carried out on the duration time variations (1,3,5,7 dan 9
h), variations of salinity (33 ‰, 35‰ and 37‰) and the size of shell (1-2 cm and 2-3 cm).
The electrical current was set at 1.5 Ampere. The main parameter was the death of Anadara
granosa after operation of simple ICAF system. Fig 3 described the running of simple
ICAF system on Anadara granosa. The ion Cu concentration were analyzed using Atomic
Absorption Spectrophotometer (AAS).

Fig. 3. The running of simple ICAF system on Anadara granosa.
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2.6 Determination of Parameters
The death of Anadara granosa was conducted using direct observation. The direct
observation was carried out by opening the shells one by one. The death of mollusc can be
confirmed by looking the response from the mollusc. If the mollusc showed no response
when it was pierced, it indicated that the mollusc was dead. Besides that, there was white
slime inside the mollusc.
2.7 Statistical Analysis
The experimental data of size shell, salinity and duration time on Anadara granosa death
accumulation response during operation of simple ICAF system reactor 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 Discussion
Fig. 4 depicted the death of Anadara granosa during operation of simple ICAF system at
current electrical of 1.5 A. Based on figure, it was not found number of Anadara granosa
death at 1 h after simple ICAF system running. The death accumulation occurred at 3 h
after simple ICAF system running. However, it showed the number of Anadara granosa
death increased when duration time increased both at shell size of 1-2 cm and 3-2 cm,
respectively.
The death accumulation on Anadara granosa with shell size of 1-2 cm reached 10% at
33 ‰ after simple ICAF system running of 7 h. Meanwhile, the condition showed a
difference in salinity of 35 ‰ and 37 ‰. The highest of Anadara granosa death with
shell size of 1-2 cm was 50% at salinity of 35‰ and 37‰, respectively for 9 h of
duration time. Meanwhile, the Anadara granosa death at salinity of 33‰ was 20% for
the similar time, i.e 9 h.
Based on the data, the death accumulation of Anadara granosa with shell size of
2-3 cm was 80% at salinity of 33‰ for 9 h. It reached the highest of death
accumulation (90%) at salinity of 35‰ and 37‰, respectively for 9 h of duration
time.
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Fig. 4. The death of Anadara granosa during operation of simple ICAF system

Based on statistical analysis using ANOVA, the death accumulation of Anadara granosa
with shell size of 1-2 cm between time variation and salinity was significant (p < 0.05)
during operation of simple ICAF system. Based on result analysis using Tukey HSD, the
death accumulation of Anadara granosa at between salinity of 33‰ and 35‰ was significant
(p > 0.05). It was similary for between salinity of 33‰ and 35‰. However, it was no
significant (p > 0.05) for between salinity of 35‰ and 37‰. It explained that the similarity
of death accumulation of Anadara granosa at salinity of 35‰ and 37‰.
Based on the result analysis using Tukey HSD, the duration of time of 1 h between 7 h
on death accumulation of Anadara granosa showed a significant (p < 0.05). It was similary
on the duration of time of 1 h between 9 h. However, the duration of time of 1 h between 3
h and 5 h on death accumulation of Anadara granosa showed no significant (p > 0.05). It
indicated that the death accumulation of Anadara granosa has a similarity value.
The results of analysis ANOVA on death accumulation of Anadara granosa with shell
size of 2-3 cm showed a significant (p < 0.05) on variation of duration time and salinity.
After that, based on the result analysis using Tukey HSD, it showed the similary result with
the size shell of 1-2 cm.
Based on the results of ANOVA analysis for shell size of 1-2 cm between 2-3 cm at
variation of duration time and salinity, it showed that the duration time and salinity were a
significant (p < 0.05) on mortality of Anadara granosa during simple ICAF system
running. It indicated that shell size of Anadara granosa was as influential factor for
mortality of Anadara granosa. According to Yap et al., (2003) [19], the shells have ability
to accumulate a wide range of metals due to it have different mineralogies and chemistries
in the shells.
The measured concentration of Cu during the operation of the simple ICAF reached
55.53 mg/L to 321.70 mg/L at salinity of 33 ‰. It was 56.25mg/L to 560.25 mg/L at
salinity of 35 ‰ and it ranged 72.65 mg/L to 667.85 mg/L at salinity of 37 ‰. Based on the
figure 5, the concentration of Cu ion increased with time and salinity increasing. The
electrical current increased when the salinity increased due to sodium and chloride ions can
be a conductor. Salinity content of sodium chloride. Sodium chloride is an electrolyte, and
when this is dissolved in water to form salt water, it becomes sodium ions (Na+) and
chloride ions (Cl-), each of which is a corpuscle that conducts electricity. It indicated that
the increasing ion Cu production affected with the long of duration time and electrical
current that occurred in the saline water.
Although cockle Anadara granosa was a typically intertidal species which naturally
lives in an area with soft mud and fine sand. In some area, they can live in 20 m water
depth but commonly concentrate in the littoral area and estuaries [20].
Blood cockles can have a best live under calm conditions, especially in shallow inlet
bays, with soft and flocculent mud with salinity ranging from 18 to 30 ‰ [21,22,23].
Anadara granosa also live in estuaries and can tolerate some changes in salinity for normal
condition [24]. This condition can be changed due to ion Cu in the seawater.
Based on Liu at al. (2012) [25], the LC50 value of Cu concentration can cause kill
Tegilarca granosa was 26.27 mg / L at 24 h. The measurement parameter at acute test is
mortality number of dead individual and it was indicated as LC50 (lethal concentration).
LC50 is defined as the concentration at which 50% lethal of the population of experimental
organisms. According to Rombke and Moltmann (1996) [26], mortality data usually from
acute tests is discrete data, with values which may range between 0 and 100%.
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Fig. 5. The Concentration of Cu during Simple ICAF System Operation

Based on statistical analysis using ANOVA, the difference of Cu ion concentration
between electrical current and time variation was no significant (p > 0.05). It similar with
of number cells reduction percentages. It also showed no significant (p > 0.05) due to the
percentages showed high reduction at all variation

4 Conclusions
The death accumulation of Anadara granosa with shell size of 2-3 cm showed the highest

percentage of 90% at electrical current of 1.5 A, duration time of 9 h, and salinity of 37 ‰.
Meanwhile the smallest percentage of Anadara granosa death reached 10% at electrical
current of 1.5 A, duration time of 7 h, and salinity of 33 ‰ for shell size of 1-2 cm. In
conclusion, duration time and salinity were higher so that the death of Anadara granosa was
higher too. Besides that, the small size of Anadara granosa was more resistant.
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