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Abstract: Generally, all petroleum processing industries produce oil sludge or sludge. Polycy-

clic Aromatic Hydrocarbons (PAH), one of the components contained in sludge, are hazardous 

and toxic waste material with toxic, carcinogenic and mutagenic properties. The research ob-

jective was to understand the biodegradation mechanism of naphthalene by utilizing a marine 

sponge symbiotic bacterial isolate. Partial bacteria Bacillus Sp strain AB353f (BC), sponge iso-

late Neopetrosia sp and Acinetobacter Calcoaceticus strain PHCDB14 (AC) isolate sponge 

Callyspongia (Aerizusa) as biomaterial for PAH degradation. Biodegradation method inte-

grates bacterial suspension with 10,000 ppm naphthalene for 25 days. Every 5 days, the bio-

degradation indicators were observed and the products of the destruction of naphthalene com-

ponents were measured using FTIR and GC-MS. The results showed that BC isolates and AC 

isolates from sponge symbionts could degrade naphthalene. The biodegradation performance 

of BC bacteria tended to be more dominant than AC against naphthalene. Based on the func-

tional groups resulting from FTIR, three types of biodegradation products were identified, 

namely: alcohol, aldehyde and carboxylic acid and one transition product in the form of a cate-

chol. Maximum naphthalene bio-degradation occurs at an interaction period of 20 - 25 days. 

 
1. Introduction 

The search for potential natural materials in the biodegradation of polycyclic aromatic hydrocarbons 

(PAHs) is important to be carried out continuously, so that the benefits of natural materials as Indone-

sia's wealth can function optimally to create a balance in the environment in the biogeochemical cycle 

[1]. Naphthalene is one of the PAH components formed by the combination of carbon atoms and hy-
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drogen in such a way as to form a molecule with the chemical formula C10H8. Naphthalene is a class of 

hazardous and toxic substances with moderate toxicity and low category of carcinogenic properties 

[2], [3]. Naphthalene is found in several industrial products such as camphor, magic chalk, both of 

which are insect poisons [4]. Handling and managing PAH type waste is very important because of the 

negative impact it causes. PAH exposure to humans has the potential to trigger cancer types or some 

types of body cells can mutate and eventually become deadly cancer cells, while contamination in the 

environment is most susceptible to occur in the waters or marine environment, thus threatening the 

lives of various marine biota, including the potential for exposure to humans [5]. The other side of ma-

rine life is that the environment is very vital to the life of many living things without except humans, 

because the sea is not only a medium for the life of various biota, but also a means of transportation, 

more than that the sea is an area that contains various types of mining materials which is very much 

needed [6], [7].  

Natural materials that have the potential to degrade hydrocarbon components are quite a lot. Re-

search on hydrocarbon degradation has been carried out for a long time using various treatments such 

as physical, chemical and biological methods, but it is considered less effective and efficient because 

of its benefits which only slow down the distribution, are expensive and the scale of the degradation is 

carried out in a limited environment [8]. Screening of potential natural materials as degradation mate-

rials for hydrocarbon components, especially PAH. Currently, there is an intense search for natural 

materials that have the potential for degradation of hydrocarbon components, especially tracing the use 

of microorganisms such as mangroves, fungi, fungi and bacteria [9,10]. Isolation of bacteria from 

seawater, sediment in the sea and soil that is suspected of being contaminated by PAH is carried out 

for the purpose of looking for potential microorganisms in biodegradation as well as tracing the bio-

degradation mechanism pursued by bacteria [11], [12]. This study aims to find new materials for PAH 

degradation, especially the type of naphthalene using microorganisms isolated from sponge-type ma-

rine life [13]. The selection of sponges as a source of new materials in screening for potential bacteria 

for bio-degradation of naphthalene is based on several considerations, including (1) sponges are one of 

the oldest marine biota with a large enough population to date, (2) The uniqueness of the life pattern of 

the filter feeder sponge, that is, having a way of looking for nutrients by sucking the sludge, then 

spraying it again, (3) almost every sponge species found in its habitat has a mutualism symbiosis with 

microorganisms, (4) special consideration of potential sponge symbion bacteria as biodegradation ma-

terial of PAH is a sponge that the surface of its body is covered with mucus or substances that behave 

like microorganisms in biodegradation as well as tracing the biodegradation mechanism pursued by 

bacteria [2], [14], [15]. 

Characterization of sponges and bacterial symbionts used in the biodegradation of naphthalene was 

carried out to ascertain sponge species, sponge microsymbiont species and the mechanism of biodeg-

radation of naphthalene by bacteria. Some of the study results referred to include sponge morphologi-

cal analysis, phenotypic analysis of sponge symbiont bacteria, biochemical tests and gram staining of 

isolates and genotype analysis of sponge isolates using PCR instruments all of which lead to the ability 

of bacteria to biodegradation hydrocarbon components, especially PAH types, making it interesting to 

carry out tracing associated with the biodegradation mechanism by spongy symbiotic bacteria to naph-

thalene [11], [16], [17]. Exploration of sponges and benefits in the biodegradation of hydrocarbon 

components, including the mechanism of biodegradation that occurs or the process of destruction of 

hydrocarbon components by bacteria, needs to be done in more detail, comprehensively, and struc-

tured by Indonesian scientists. The exploration of potential new materials for hydrocarbon biodegrada-

tion can be carried out by cooperating with parties who have the competence, capacity, facilities, in-

frastructure and capabilities in this field to obtain significant results. PAH compounds need attention 

given their wide use and high release in nature due to careless handling [18]. Several previous re-

searchers stated that the concentration of petroleum in the waters of 400 ppm was polluting the envi-

ronment [19], [20]. The problem raised in this study is the analysis of the ability of symbiotic micro-

organisms with marine sponges in the biodegradation of polycyclic aromatic hydrocarbons of the type 
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of naphthalene and tracing the mechanism of hydrocarbon destruction by bacteria based on biodegra-

dation products [21], [22]. 
 

2. Research methods 

The material consists of two types of bacterial isolates that have been phenotypically and genotypical-

ly characterized. These two types of bacteria, namely partial Bacillus Sp strain AB353f (BC) and Aci-

netobacter Calcoaceticus strain PHCDB14 (AC), naphthalene (Merck Sigma-Supelco), HCl pa, 0.9% 

physiological NaCl, anhydrous Na2SO4 pa, N-hexane GR (Brand], sterile sea water, nutrient agar, cot-

ton, plastic wrap, aluminum foil, alcohol, gauze, tissue, filter paper. Equipment includes: Shaker, in-

cubator, universal pH paper, glass set, incubator, laminar air flow, micropipette, Mortar, round loop, 

oven, tweezers, syringe, test tube, deck glass, Erlenmeyer, pH indicator paper, microscope, and some 

equipment other. The instrument used was the GC-MS type Agilent 7890. Operating conditions GC-

MS: maximum temperature 350 
0
C, temperature rose 10 

0
C every 5 minutes, pressure 18.406 psi, He-

lium carrier gas speed 150 mL/min, capillary column type Agilent 19019S -436HP-5 ms, dimensions 

60 mx 250 μm x 0.25 μm, maximum retention time of 30 minutes, FTIR Nicolet IS 10 FTIR Spec-

trometer standard detector with type Deuterated Triglycine Sulfate (DTGS), Spektronik-20 D
+
 Shi-

madzu [23].  

Type of BC as bacteria samples, isolated from sponge Neopetrosia sp and AC bacteria, were isolat-

ed from Callyspongia Aerizusa. Two types of marine sponges source BC and AC bacteria were ob-

tained from Kodingareng Keke Island, the administrative area of the Makassar City Government. Ne-

opetrosia sp sponge obtained at the coordinate point S = 050 07 '05.58"; E = 1190 18' 11.74", the char-

acteristics of the sampling point are ± 4.8 m above sea level, salinity = 29.6 ‰, pH 7, and temperature 

29.6 
0
C, while the sponge Callyspongia Aerizusa, was obtained at the coordinate point S = 050 06 

'07.94"; E = 1190 18' 10.87", the characteristics of the sampling point were ± 5.3 m asl salinity = 29.7 

‰, pH 7 and a temperature of 29.4 
0
C [24], [25].  

The isolates of BC and AC were reproduced each by enriching the direct plating method on nutri-

ent agar media, then the isolates were converted into suspensions by adding 2 ml of physiological 

0.9% NaCl and shaking. The suspension was put into a 100 mL Erlenmeyer, the volume was made up 

using physiological 0.9% NaCl. Pipette 5 ml of each suspension into 2 x 6 vials, then incubate for 1 x 

24 hours. Enter 5 ml of 10,000 ppm Naphthalene PAH solution, then in the incubator shaker with each 

contact time (1; 5; 10; 15; 20; 25) days for each vial. Uring the interaction period between the symbi-

otic bacterial isolate suspension and naphthalene, biodegradation parameters were observed, namely 

the pH of the biodegradation medium, optical density, temperature, smell of fermentation and gas 

bubbles formed to visually see the biodegradation process that occurred. After the contact time was 

reached, each sample in the vial was extracted with n-hexane [6], [26].  

Sample extraction was carried out to separate the isolate suspension from Naphthalene PAH con-

taminants. Extraction was carried out by adding 5 mL of n-hexane to each sample in the vial, then 

transferred to a separating funnel, shaken for 5 minutes, let stand ±1 minute until two layers of polar 

and non-polar liquid were formed. The non-polar extract that has been separated from the isolate (po-

lar) suspension, added 0.11 g of anhydrous Na2SO4 solids into each vial to remove water content, the 

samples were ready to be measured by GC-MS. The procedure is the same for measurement with 

FTIR [27].  

 
3. Results and discussion 

The turbidity of the biodegradation media was measured using Spectronics 20 D
+
 carried out every 2 

days of the interaction period, the measurement data was compared with the absorbance of the media 

at the beginning of contact, which was zero days. The absorbance of the biodegradation media meas-

ured in NTU units, which shows the growth of bacteria [16]. The turbidity of the biodegradation me-

dium began to appear at the 5 day contact period, and continued to increase until the 17th day of con-

tact. The increase in turbidity indicated that there was an increase in the number and size of the de-

grading bacterial cells. This also indicates that bacteria can live and carry out breeding activities in an 
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environment contaminated with naphthalene [28]. The decrease in optical density began to appear on 

the 19th day of the interaction. This decrease in optical density continued until the end of the interac-

tion on the 25th day, is presented in Figure 1. 

 

 
 

Figure 1. Optical density of interaction medium between BC bacteria and symbiotic sea sponge  

With AC PAH of naphthalene by contact time (days) 

 
The experimental data can be assumed that the proliferation of bacterial cells occurs in several 

phases, namely the adaptation phase is estimated to occur during the contact period until the first 5 

days, the exponential phase is thought to occur on contact after 5 - 17 days, the stationary phase is es-

timated at the contact period 17 - 20 days and the death phase occurred over 20 days of contact [29], 

[30], [31]. Comparing the biodegradation performance of the two types of sponge symbiotic bacteria 

to the naphthalene component showed that BC bacteria tended to be more dominant than AC bacteria. 

This condition can be caused by several factors, including: first, the adaptation period of AC bacteria 

is shorter than BC; second, AC bacterial cells were less able to survive long in the condition of the 

biodegradation medium which was slightly more acidic than BC bacteria, where it was known that the 

biodegradation products of hydrocarbons were simple organic compounds that could increase the de-

gree of acidity of the media; Third, it is assumed that AC bacteria require faster supply of oxygen and 

nutrients than BC to survive for a long time under conditions of interaction media exposed to naphtha-

lene contaminants [1], [32].  

The increase in the number and increase in the size of the sponge symbiont bacteria cell as a bio-

material for degrading naphthalene was followed by several changes in the degradation medium which 

were the parameters for the biodegradation of bacteria to hydrocarbon components, shown in Table 1. 

The temperature of the degradation medium began to show a tendency for changes in the contact 

period after 5 days to 20 days with an increase in temperature from 28 
0
C - 32 

0
C. During the contact 

period, it is suspected that the maximum degradation of naphthalene components into simple compo-

nents by the work of spongy symbiotic bacteria occurs. Changes in the pH of the degradation medium 

also occurred during the contact period after 5-20 days. Theoretically, it is stated that the biodegrada-

tion products of hydrocarbon components are simple compounds in the form of alcohols, aldehydes, 

ketones, and carboxylic acid components, as well as CO2 gas and other types of gases [16], [32]. This 

component of the biodegradation product triggers an increase in the acidity of the degradation medium 

which is thought to be due to the presence of an acidic component of the biodegradation product such 

as carboxylic acid which contributes to increasing the acidity of the media. The process of biodegrada-

tion of hydrocarbon components by bacteria through an enzymatic reaction mechanism, so that it is 

suspected that if the degradation occurs maximally, other degradation indicators will appear in the 

form of fermentation odors and gas bubbles, so that the presence of CO2 components, carboxylic acids 

and other components in the degradation medium is very likely to occur. Observing Table 1, shows 

that the fermentation odor was identified during the contact period of 10 - 20 days as the biodegrada-
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tion performance of BC bacteria, while the contact period with a shorter range, namely 10 - 15 days 

was the biodegradation performance of AC bacteria. This difference is an indication of the different 

degradation strength of the two types of bacteria with respect to naphthalene. Gas bubbles are a conse-

quence of the formation of gas in the form of CO2 or other types of gas in the degradation medium 

[33], [34], [35]. The value of the biodegradation parameters as shown in Table 1 and the existing as-

sumptions are strengthened by the results of FTIR measurements, to identify the bio-degradation pro-

duction functional groups as shown in Figure 2. 

 
Table 1. Characterization Results of Several Indicators of biodegradation based on contact time (days) 

Isolate 

Time-measured biodegradation indicator 

contact (day) 

0 5 10 15 20 25 

1. Temperature ( 
0
C)  

BC 28 28 30 31 32 29 

AC 28 28 30 32 32 29 

2. pH       

BC 7 7 6 6 6 7 

AC 7 7 6 6 7 7 

3. Fermented Smell 

BC TT TT T T T TT 

AC TT TT T T TT TT 

4. Air bubble 

BC TA TA A A A TA 

AC TA A A A TA TA 
Trannformation: 

TT = No fermentation odor detected T = Detected fermentation odor 

TA = no bubbles   A = there are bubbles 

 

 

 
 

Figure 2. FTIR Chromatogram Interactions between BC microsymbiont with Naph-

thalene Contact period of 5 days 

 
FTIR measurement results according to Figure 2, shows that there has been a bio-degradation pro-

cess marked by the identification of the OH group at the absorption wavenumber 3750-3300 cm
-1

, alt-

hough the degradation is not yet perfect, meaning that there is still an aromatic component in the ab-

sorption of wave number 1675- 1500 cm
-1

. This result is consistent with the observation of biodegra-

dation parameters, in which an increase in turbidity has not occurred significantly [36], [37]. Likewise 

there has also been no change in pH and also the formation of air bubbles and the smell of fermenta-

tion has not been significant, as shown in Table 1. This condition indicates that during the contact pe-
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riod of 5 days the biodegradation process of the BC symbionts indicates that during the contact period 

of 5 days the biodegradation process of BC symbionts to naphthalene has just entered the initial stage, 

where during the contact period, Bacillus Sp strain AB353f partial (BC) symbionts sponge Neopetro-

sia Sp bacteria is in the adaptation phase towards the growth and cell division phase shown in Figure 

3. 

 

 
 

Figure 3. FTIR Chromatogram Interactions between BC microsymbiont and Naph-

thalene Contact period of 25 days 
  

The chromatogram shown in figure 2 that uptake occurred more frequently at the contact period of 

25 days. The absorption that occurs in wave numbers is identified in the range 3000-2700 cm
-1

, indi-

cating the presence of an aldehyde functional group, 2400-2100 cm
-1

. This absorption is thought to 

occur in the formation of compounds with ketone, ester and carboxyl groups. Another absorption at 

wavenumber 1740 cm
-1

 is the functional group C=O which is thought to be a component of CO2. This 

result is the biodegradation work of the two types of sponge symbiotic bacteria in degrading the naph-

thalene component. Figure 2 also shows that there is still an absorption that shows the hydroxyl func-

tional group, although there is still an absorption that indicates the presence of an aromatic functional 

group. This shows that the components of naphthalene are not completely degraded to produce several 

components of simple organic compounds [1], [38]. 
   

 
 

Figure 4. FT-IR Chromatogram Interaction between AC microsymbiones with Naph-

thalene Contact period of 5 days 
 

The functional groups identified as a result of biodegradation using the microsim-bion isolate of 

Acinetobacter Calcoaceticus strain PHCDB14 (AC), the sponge isolate Callyspongia Aerizusa Neo-

petrosia sp on the contact period of 5 days were hydroxyl (-OH) at 3450 cm
-1 

absorption and aromatic 

(C=C) at 3600 cm-1 absorption. The -OH functional group identified indicated that the biodegradation 

process of the naphthalene component had been carried out by the AC microsimbion sponge bacteria.  
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Figure 5. FTIR Chromatogram Interaction between AC microsymbiones with 

Naphthalene Contact period of 25 days 

 

The absorption identified in the use of AC isolate, according to Figure 5, is not too different from 

the absorption found in the use of BC isolate biodegradator (Fig. 2), indicating that the components of 

organic compounds resulting from the biodegradation of isolate Bacillus Sp strain AB353f partial 

(BC) are relatively the same as the component. The results of biodegradation using the isolation of 

Acinetobacter Calcoaceticus strain PHCDB14 (AC), namely compounds with aldehyde, ketone, car-

boxylate functional groups and the suspected presence of CO2 gas [6], [31]. These results indicate that 

the mechanism of reaction of the naphthalene molecule breakdown by the two types of sponge micro 

symbionts is relatively the same, even though they were isolated from different sponges, namely BC 

microsymbionts was isolated from the sponge Neopetrosia Sp, while AC microsymbionts were isolat-

ed from the sponge Callyspongia Aerizusa Neopetrosia Sp. Comparing the biodegradation perfor-

mance of the two types of sea sponge symbiotic bacteria, based on the data in Table 1 and figures 1-4 

it can be stated that the biodegradation performance of BC bacteria is more dominant than AC bacteria 

in the degradation of naphthalene components [12]. 

Matching and confirming the biodegradation product data of the two types of sponge microsymbi-

onts (BC and AC) can be seen in the GC-MS chromatogram data from the measurement results of the 

n-hexane extract of the degradation medium for the interaction period of 5, 15 and 25 days, respective-

ly.     

 

 

 

 

 

 
 
 

 

Figure 6. GC-MS Chromatograms Interaction between BC microsymbiones 

with Naphthalene Contact period of 5 days 
 

   

 

 

 

 

 

 

 
Figure 7. GC-MS Chromatogram Interactions between BC microsymbiones 

with Naphthalene Contact period of 15 days 
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The chromatogram resulting from the interaction between BC microsymbionts and naphthalene 

with a contact period of 5 days (Fig. 6), shows that one peak with a retention time (RT) of 10.280 se-

conds is a component of naphthalene, indicating that organic compounds have not been formed as a 

result of the biodegradation of BC microsymbionts, even though the FTIR chromatogram (Fig. 1), 

identifies the presence of the –OH group which means that the biodegradation that occurs is only at 

the oxidation reaction stage, in other words no organic compound component has yet been formed. 

Figure 7, the contact period of 15 days began to appear with 3 (three) peaks, each with RT 10.280 

seconds (naphthalene), 17.467 seconds (alcohol component) and 19.563 seconds (aldehid component). 

The abundance of naphthalene seemed to decrease significantly compared to the abundance at the 5 

days interaction period (Fig.5), meaning that some of the naphthalene components had been degraded 

to produce organic compounds such as alcohol and aldehyde [39, 40]. The formation of organic com-

pounds in the type of alcohol and aldehyde and a decrease in the abundance of naphthalene compo-

nents at the contact period of 15 days as a result of the biodegradation process by the sponge micro-

symbionts Bacillus Sp partial strain AB353f (BC). Theoretically, BC bacterial cells with a contact pe-

riod of 15 days have gone through an adaptation period which generally lasts in the 2-7 days range and 

then enters the breeding phase on days 7-15. So it can be concluded that there is a correspondence be-

tween the contact time of 15 days, namely the phase of bacterial development with the results of bio-

degradation of the formation of organic compounds in the alcohol and aldehyde groups (Fig. 7) after 

going through the oxidation reaction mechanism (Fig. 6). 
 

 

 

 

 

 

 

 
Figure 8. GC-MS Chromatogram Interactions between BC microsymbiones with Naph-

thalene Contact period of 25 days 

 

 
Figure 9. GC-MS Chromatogram Interaction between AC microsymbiones 

with Naphthalene Contact period of 5 days 

 

The GC-MS chromatogram as shown in Figure 8, shows that the 4 peaks identified are non       de-

graded components of naphthalene, alcohol, aldehyde and carboxylate compounds. The new compo-

nents that appear are cyclopentyl, cyclopentane, 1, 2, 4-Triazole-4 amine and 2-propyl-benzyl carbox-

ylate. The identification of the carboxylate components showed that the organic compounds resulting 

from the biodegradation of micro symbiosis BC against naphthalene produced 3 types of organic com-

pound groups, namely: alcohol, aldehyde and carboxylate [2,41]. The decrease in the abundance of 

naphthalene with increasing contact period and followed by the formation of organic compounds 

shows that at 15 - 25 days of contact interaction, the naphthalene ring structure breaks to form simple 

organic molecules. The molecular structure of naphthalene breaks down gradually, starting from the 

oxidation reaction which continues until the alcohol, aldehyde and some ketones are formed, including 

carboxylic acids. The formation of carboxylic acid components resulting from the biodegradation of 
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BC and AC bacteria to naphthalene is the stage to stop the biodegradation reaction. This is because the 

interaction medium becomes acidic which causes the bacterial cells to not survive and eventually ex-

perience mass death.  

The biodegradation process that occurs for naphthalene in the use of the biodegradator Acinetobac-

ter Calcoaceticus strain PHCDB14 (AC) as a naphthalene biodegradator is not much different from the 

biodegradation process using BC bacteria (Fig. 8-10). The difference that appears in the product of 

biodegradation, wherein compounds are formed between catechols (1, 2, 4-Triazole-4-amine and 2-

profil-1-methyl benzyl-alcohol) at 5 days of contact, alcohol and aldehyde type products (methyl-

ethyl- cyclo-2-hexene), on contact 10-15 days. Additional product type carboxylic acid (as.trimethyl 

pentanoate) at the contact period of 25 days [9]. Changes naphthalene molecular structure material due 

to the work of spongy symbiont bacteria biodegraders following the enzymatic reaction mechanism, 

where BC and AC isolates behave as enzymes and naphthalene as substrates [42]. 

 

 

 

 

 

 
 
 

Figure 10. GC-MS Chromatogram Interaction between AC microsymbiones 

with Naphthalene Contact period of 15 days 

 

Figure 10, the contact period of 15 days, also shows 3 (three) peaks, each with a retention time 

(RT) of 10.256 seconds (naphthalene), 17.321 seconds (identical to the alcohol component) and 

19.412 seconds (identical to the aldehyde component). The formation of organic compounds in the 

alcohol and aldehyde groups and a decrease in the abundance of naphthalene components at the con-

tact period of 15 days, is understood to be a result of the biodegradation process by the sponge micro-

symbiont Acinetobacter Calcoaceticus strain PHCDB14 (AC) against the naphthalene component [34, 

43]. The biodegradation process of naphthalene by AC microsymbionts, resembles an enzymatic reac-

tion mechanism, where the naphthalene component is the substrate and the biodegradator of AC iso-

lates is an enzyme.  
 

 

 
 

 

 

 

 

 
 

Figure 11. GC-MS Chromatogram Interaction between AC microsymbiones 

with Naphthalene Contact period 25 days 

 

The results of biodegradation of sponge symbiont bacteria by enzymatic reaction mechanisms con-

firmed by data on several biodegradation indicators (Table 1) and identification of several types of 

functional groups, especially hydroxyl (-OH), aldehyde (-OCH) and carboxylate (-COOH) types on 

the FTIR chromatogram. (Fig. 1-4). Comparing the biodegradation performance of the two types of 

sponge micro symbionts above, it can be concluded that the performance of the partial Bacillus Sp 

strain AB353f (BC) micro symbionts, the Neopetrosia Sp sponge isolate tends to be stronger in de-

grading naphthalene when compared to the Acinetobacter Calcoaceticus strain PHCDB14 (AC) 
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sponge isolate Callyspongia Aerizusa. 
 

 
 

Figure 12. Mechanism of biodegradation of naphthalene by micro-

bial biodegradator BC sponge of  Neopetrosia sp and AC symbiont 

sponge Callyspongia Aerizusa.  

 

The combination of biodegradation parameter data, namely: optical density, biodegradator indica-

tors (pH, air bubbles, fermentation odor), functional groups shown on the FTIR chromatogram and 

organic components shown on the GC-MS chromatogram and the stages of bacterial development 

(sponge micro symbionts) in accordance with incubation time, a simple pathway for the biodegrada-

tion process or mechanism of naphthalene biodegradation is made by the BC and AC micro symbionts 

biodegradator, according to Figure 12.  

Figure 12, shows the alleged biodegradation process or pathway of naphthalene by BC and AC mi-

cro symbionts with a mechanism initiated by an oxidation reaction to produce primary alcohols and 

possibly secondary alcohols. Along with the interaction period between the substrate (naphthalene) 

and biodegradation bacteria, the components of naphthalene undergo further oxidation, as well as the 

components in the form of further re-oxidation alcohols, producing aldehydes or ketones and finally 

turning into carboxylate and ester compounds, then the organic components resulting from biodegra-

dation enter into the krebs cycle, eventually producing several types of end products including CO2, 

and energy products. The energy resulting from the destruction and subsequent degradation of the bac-

teria by the bacteria is reused as nutrients and energy to extend their life time as well as to defend 

themselves against naphthalene toxicity [21, 31].  

Several findings regarding the performance and reaction mechanisms that occur between sponge 

microsymbionts and naphthalene substrates in the biodegradation process of hydrocarbon components, 

especially PAH types, include: (1) the potential for the formation of intermediate products, as a result 

of degradation in the form of carboxylic acids, has a strong effect on the performance of micro symbi-

onts in carrying out molecular destruction. Advanced PAH; (2) the toxicity of several types of PAH is 

very high, giving an effect that allows the failure of the adaptation of bacterial cells and (3) available 

or not available nutrients that can initiate bacteria into the growth phase. This factor is an inhibitor of 

the performance of bacteria to carry out the maximum biodegradation of PAH components, as a result 

of which PAH has never been found to be completely degraded or it is said that if the biodegradation 

of hydrocarbon components has reached the stage of forming organic acids, then this stage is a limit-

ing performance of biodegradation and then enters [33]. The expiration period of the biodegradation 

process due to the mass of bacteria in the media has died.  

   
4. Conclusion 

Partial Bacillus SP strain AB353f (BC) bacteria, sponge isolate Neopetrosia Sp and Acinetobacter 

Calcoaceticus strain PHCDB14 (AC) sponge isolate Callyspongia Aerizusa can degrade naphthalene. 

There are three types of naphthalene biodegradation products, namely the type of alcohol, aldehid, 

carboxylic acid and one transition product in the form of a catechol. There are 5 indicators of biodeg-
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radation of hydrocarbons by bacteria, namely: increased optical density, increased pH, temperature 

changes, a fermentation odor is detected and gas bubbles are formed on the biodegradation medium. 

The maximum biodegradation of naphthalene occurs at a contact period of 20-25 days. The compo-

nents of the biodegradation of naphthalene by BC bacteria and sponge AC symbionts were recorded in 

the GC-MS chromatogram and amplified by the functional group data of organic compounds in the 

FTIR chromatogram. The biodegradation performance of BC bacteria against naphthalene components 

tends to be more dominant than the biodegradation performance of AC bacteria. The biodegradation 

products of BC bacteria are cyclopentyl, cyclopentane, 1, 2, 4-Triazole-4 amine and 2-propyl-benzyl 

carboxylate, while the bio-degradation products of AC bacteria include catechols (1, 2, 4-Triazole-4-

amine and 2-profil-1-methyl benzyl-alcohol) at 5 days of contact, alcohol and aldehyde type products 

(methyl-ethyl-cyclo-2-hexene). 
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