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Abstract 
The improper discharge of oily wastewater from the vessel bottom has a serious impact 
on marine ecology, and microbial treatment methods have exhibited strong application 
potential in the field of oily wastewater remediation by virtue of their advantages of 
thorough treatment and free of secondary pollution. However, the viability of free strain 
is low and its degradation ability is poor. In this paper, a method of preparing 
immobilized carrier to attach oil-phagocytic bacteria is proposed to solve this problem. 
Firstly, five strains of oil-eating bacteria were screened from ship bilge oil sewage, and 
then the immobilized biological carriers were prepared by optimizing the ratio of bone 
charcoal, polyvinyl alcohol and sodium alginate. It was found that the strain S5 had the 
highest degradation rate of diesel oil. When the oil concentration was 20 g/L, the 
temperature was 35℃ and the rotational speed was 180 rpm, the degradation rate of 
diesel oil reached 57.39% in 3 days. When the ratio of bone charcoal, polyvinyl alcohol 
and sodium alginate was 2:5:10, the performance of the carrier was the best after 24 h 
of cross-linking. After immobilization of strain S5, the degradation rate increased to 
75.93% in 3 days. Therefore, the diesel oil degradation performance of the strain was 
significantly improved after immobilization, which was about 20% higher than that of 
the free strain. 
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1. Introduction 

Ship bilge oil sewage is one of the important sources of oil pollution in ship oily water, and its 
improper discharge will cause great harm to the ecological environment and natural resources[1, 2]. 
At present, the shipping industry is developing at a rapid speed, marine oil pollution is also increasing, 
and human beings pay more and more attention to the protection of water environment. For this reason, 
the International Maritime Organization (IMO) has formulated the “MARPOL 73/78” Convention to 
prevent pollution caused by ships, in which Annex I makes clear provisions and requirements for the 
discharge of oily water from ships[3]. Therefore, how to effectively treat the ship bilge oil sewage is 
extremely important to protect the ecological environment and natural resources, and to make the 
ship oil sewage discharge to meet the increasingly stringent requirements of environmental 
regulations. At present, most ships are equipped with oil-water separators, but the oil-water separator 
equipment is complex, maintenance is troublesome, and due to the extensive use of surfactants, oil 
products have a high degree of emulsification[4]. Therefore, it is very difficult to achieve the 
discharge of bilge oil sewage to meet the discharge standards set by the International Maritime 
Organization (IMO). Biological method is to use the physiological metabolism of microorganisms to 
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degrade petroleum hydrocarbons in wastewater[5]. Because bioremediation has the least impact on 
people and the environment and low cost, it has greater advantages over traditional or modern 
physical and chemical remediation methods. However, the organisms in nature are free, the natural 
degradation rate is slow, and the survival ability is poor[6, 7]. 

In order to solve the above problems, it has become a current research hotspot to prepare an 
immobilized carrier so that the bacteria can deal with oil pollution more centrally[8]. Studies have 
shown that semi-coke is the material with the best immobilization effect by comparison, followed by 
walnut shell and activated carbon. The degradation rate of microorganisms fixed by semi-Coke in 3 
g/L crude oil is 47%, higher than that of free microorganisms 26%[9] (Shen et al. 2015). Some 
scholars also use new carrier materials composed of puffed panicum miliaceum (PPM), calcium 
alginate and chitosan to remove 98% of petroleum pollutants within 24 hours by cooperating with 
emulsion[10] (Luo et al. 2021). Other scholars have prepared magnetic immobilized carriers for 
biosorption, and emphasized and discussed the advantages and disadvantages of fixed carriers and 
methods. The isotherm and kinetic model are given to prove that the process of oil treatment by 
immobilized carriers includes adsorption[11] (Giese et al. 2019). Some studies have explored the 
important role of biochar in bioremediation by comparing the immobilization of biochar, alginate and 
biochar for microbial remediation of contaminated soil[12] (Wang et al. 2020). There are 
microorganisms that can degrade petroleum hydrocarbon in ship's bilge water.  In this paper, several 
oil-eating bacteria with good degradation effect on diesel oil were isolated from ship's bilge water by 
means of separation and purification. The biodegradation effect of diesel pollutants in ship bilge water 
was improved by preparing immobilized carrier of chicken bone biochar, sodium alginate and 
polyvinyl alcohol and carrying degrading strain. Considering the complex composition of marine oily 
sewage, the simulated degradation experiment was carried out by using inorganic salt medium 
containing diesel oil. 

2. Experimental Materials and Methods  

2.1 Materials and Equipment 

The ship bilge oil pollution water is taken from a shipping company in Shandong Province, China. 

Enrichment medium (LB): tryptone 10 g, yeast extract 3 g, NaCl 10 g, distilled water 1 L. 

Inorganic salt medium: K2HPO4 3 g, MgSO4 0.1 g, KH2PO4 1.5 g, CaCl2 0.01 g, C10H14N2Na2O8 
0.01 g, (NH4)2SO4 2 g, distilled water 1 L. 

Solid medium (NB nutrient Agar): 10 g tryptone, 15 g Agar, 3 g beef powder, NaCl 5 g, distilled 
water 1 L. 

Diesel oil medium: 100 mL inorganic salt medium, 2 g diesel oil. 

After the above medium was dissolved and stirred evenly, the mouth of the bottle was sealed with 
respiratory membrane and put into a sterilizing pot to sterilize 15 min at 121 ℃. 

Main instruments: UV-1800 UV-visible spectrophotometer (Shimadzu Company, Japan); LS-75LD 
vertical pressure steam sterilizer (Jiangsu Binjiang Company, China); HR/T20M high speed 
refrigerated centrifuge (Hunan Husi Company, China); SW-CJ-2D double cleaning table (Shanghai 
Sujing Company, China.); ZWY-2102C Constant temperature Shaker (Shanghai Zhicheng Company, 
China). 

2.2 Experimental Method 

2.2.1 Enrichment and Isolation of Oil-Eating Bacteria 

Unsterilized 5 mL oily bilge water was added to the enrichment medium and incubated for 48 h on a 
constant temperature shaker at 35℃ and 180 rpm. Then, under the above culture conditions, the 
culture medium after fermentation was transferred for 3 successive generations at a volume of 3 mL 
each time. 
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On a clean workbench, dilute the enriched bacterial liquid with nutrient broth at the ratio of 1:100, 
absorb 100 μL of the diluted bacterial liquid and add it to the solid medium, spread the liquid in the 
medium evenly with a coating stick. oil-eating bacteria The inoculated solid medium was poured onto 
a flat plate and incubated in a constant temperature incubator at 35℃ for 48 h. Single colonies were 
selected and inoculated in inorganic salt medium with diesel oil concentration of 2% for 2 d, 
respectively. The purified bacterial suspension was absorbed and smeated on solid medium, and then 
placed in an incubator at 35℃ for 24 h to observe whether there was colony formation. The single 
colony corresponding to colony formation was oil-eating bacteria. 

2.2.2 Determination of Growth Curve of Oil-Eating Bacteria 

Part of the oil-eating bacteria were cultured in enrichment medium for 24 h and diluted until their 
OD600 was between 0.05 and 0.1. The diluted bacteria solution was added to the honeycomb plate, 
and the automatic growth curve instrument was used to monitor the growth dynamics of the strain for 
24 h. The automatic growth curve instrument was programmed at 35℃, 180 rpm, and automatically 
detected the absorbance at OD600 every 2 h. 

2.2.3 Preparation of Biochar 

Chicken leg bone was used as the preparation material of bone char. After soaking in phosphoric acid 
solution for 24 h at room temperature, residual meat and cartilage on the surface were removed. The 
chicken bones were washed and dried in a constant temperature drying oven. The chicken bones were 
placed in a box-type resistance furnace and fired at 500℃ for 1.5 h to prepare biochar. The prepared 
chicken bone charcoal is shown in Fig 1. 

 

 
Fig. 1 Biochar morphology 

2.2.4 Preparation of Immobilized Bacteria 

(1) A certain amount of polyvinyl alcohol (PVA), biochar and 20 g sodium alginate were heated and 
dissolved in 1 L distilled water and stirred evenly. After cooling, the embedding solution was obtained. 

(2) 10 g calcium chloride (CaCl2) and a certain amount of citric acid (CA) were weighed and stirred 
evenly in 200 mL distilled water to prepare the crosslinker solution. 
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(3) Add the bacterial solution to the embedding solution prepared in step (1) according to 5% 
inoculation amount, and stir evenly; The embedding solution was absorbed with a needle tube and 
slowly dropped into the crosslinking agent solution prepared in step (2) through the needle tube. The 
solution was placed in an environment of 4℃ for 24 h and then the solvent on the surface was washed 
with distilled water. 

2.2.5 Performance Test of Immobilized Carrier 

(1) Particle size: the cross-linked carrier can be directly observed in its appearance and shape. The 
prepared carrier microspheres (at least 10 particles in each group) are randomly selected and closely 
arranged. The particle size is measured by vernier calipers for several times and the average value is 
taken as the average value of each particle size. 

(2) Mechanical strength: put a glass slide on the electronic balance, dry the prepared carrier with filter 
paper and put it on the glass sheet. After the balance is set to zero, press the glass sheet above the 
carrier with another glass sheet, and record the reading of the electronic balance when the carrier 
breaks, and measure it repeatedly for 3 times to get the average value. 

(3) Density: take the prepared carrier, dry the moisture in the carrier with filter paper, weigh it with 
an electronic balance, and record its mass as M. Pour a certain amount of water into the measuring 
cylinder and record the volume of water as V1. Then put the carrier ball that has been weighed into 
the measuring cylinder and record the current volume as V2. Repeat the measurement for three times 
to get its average value. The density calculation formula is shown in Formula (1). 

 

  
2 1

M

V V
 


                                         (1) 

 

ρ is the density of carrier ball, g/cm3; M is the mass of microsphere, g; V1 is the volume of water 
without adding pellets, mL; V2 is the total volume of ultra-pure water and carrier ball, mL. 

2.2.6 Degradation Performance of Immobilized Bacteria 

(1) Diesel standard curve 

This paper needs to prepare diesel standard solution with concentrations of 10 mg/L, 20 mg/L, 30 
mg/L, 40 mg/L, 50 mg/L and 60 mg/L respectively. Taking petroleum ether as baseline, the diesel 
standard solution with different concentrations was scanned under ultraviolet spectrophotometer to 
determine the best absorption wavelength and absorbance, and the diesel standard curve was prepared 
by Origin software. 

(2) Determination of degradation properties 

1 mL of the bacterial solution cultured for 24 h and the prepared immobilized bacterial agent were 
inoculated into the diesel medium, medium without degrading bacteria was used as control, and all 
the media were placed in a constant temperature shaker at 35℃ and 180 rpm for degradation for 3 
days. According to the diesel standard curve, the residual diesel concentration C2 was calculated, and 
the degradation rate (X) was calculated as shown in Formula (2). 
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                                       (2) 

 

In the formula, C1 is the concentration of diesel oil in the blank control group, and C2 is the 
concentration of degraded diesel oil. 
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3. Results and Analysis 

3.1 Isolation of Oil-eating Bacteria 

Five strains of diesel degrading bacteria were isolated from the enrichment solution, named S1, S2, 
S3, S4 and S5 respectively. The growth morphology of their colonies in solid medium was shown in 
Fig 2, and the morphological characteristics of their colonies were shown in Table 1. 

 

 
Fig. 2 Growth morphology of strains S1-S5 on solid medium 

 

Table 1. Morphological characteristics of strains S1-S5 

Bacterial 
strain 

Colony diameter 
(mm) 

Color Colony character 

S1 0.5-2.0 
Milky 
white 

There are raised and irregular folds among the 
colonies 

S2 1.0-2 
Milky 
white 

Mucinous, appearing in clusters, but not in chains 

S3 2.0-2.5 
Milky 
white 

Colony nearly round, margin reticulate ripple 

S4 1.5-2.0 
Light 

yellow 
The colonies are flat, with irregular edges and rough 

surfaces 

S5 2.5-3.0 
Milky 
white 

The colony is oval and the surface is smooth 

3.2 The Growth Curve of S1-S5 Strain 

The measured growth curves of all strains were fitted by Origin Logistic method[13], as shown in Fig 
3. The growth of strain S1-S5 was stagnant in the first 2 h, when the strain was still adapting to its 
environment without large-scale growth and reproduction. 2 h later, the strain entered the logarithmic 
growth phase, at which time the strain had fully adapted to the growth environment and fully absorbed 
the nutrients in the growth environment. At this time, the growth and reproduction rate of the strain 
reached the fastest and began to multiply. After 21 h, all strains entered a plateau, at which time the 
growth and reproduction of strains was slow, the number of strains in the growth environment was 
gradually saturated, and the strains began to deal with a large amount of pollutants in their growth 
environment. Therefore, the strain cultured for 21 h was selected for experiment. 
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Fig. 3 Growth curve of strain S1-S5 

3.3 Performance Optimization of Immobilized Carrier 

The optimum preparation conditions of immobilized carrier were explored by studying the 
performance characterization of immobilized carrier. 

(1) Effect of crosslinking time on the properties of immobilized carriers 

By changing the crosslinking time, it was found that the performance of the carrier would also change, 
as shown in Table 2. According to the data analysis, the immobilized carrier can be crosslinked for 
24 h, and the subsequent increase of crosslinking time has little effect on the mechanical strength of 
the carrier. The reason is that the outer membrane formed during the initial crosslinking prevents the 
infiltration of crosslinking liquid into the interior, and the mechanical strength stops increasing after 
the carrier is fully crosslinked. 

 

Table 2. Influence of crosslinking time on the performance of immobilized carrier 

crosslinking time 
(h) 

Shape 
Particle size 

(mm) 
Whether 
floating 

mechanical strength 
(N) 

Density 
(g/cm3) 

12 Sphere 0.4 Float 23.05 0.95 

24 Sphere 0.4 Float 30.50 0.95 

36 Sphere 0.4 Float 30.61 0.95 

48 Sphere 0.4 Float 31.11 0.95 

 

(2) Effect of biochar concentration on immobilized support 

The concentration of biochar in the embedding solution was changed to explore its influence on the 
properties of the immobilized carrier, as shown in Table 3 and the prepared entity is shown in Fig 4. 
The results show that the concentration of biochar can float and condense into immobilized carrier 
ball under the condition of 2-4 g/L. The increase in carbon can effectively improve the mechanical 
strength but too much biochar cannot be completely fixed, resulting in an irregular shape. Add as 
much biochar as possible to provide enough carbon source to determine the carbon concentration of 
4 g/L under the premise of ensuring regular shape. 
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Table 3. Effect of biochar concentration on the performance of fixed carrier 

Carbon content 
(g/L) 

Shape 
Particle size 

(mm) 
Whether 
floating 

mechanical strength 
(N) 

Density 
(g/cm3) 

2 Sphere 0.4 Float 25.61 0.84 

4 Sphere 0.4 Float 30.50 0.95 

6 
Out-of-
shape 

0.6 Not float 31.79 1.06 

8 
Out-of-
shape 

0.9 Not float 32.67 1.26 

 

 
Fig. 4 Immobilized carriers prepared with different biochar concentrations 

 

(3) Effect of CA concentration on the properties of immobilized carrier 

Table 4 and Fig 5 show the influence on the performance of the immobilized carrier by changing the 
concentration of CA. It was found in the experiment that the carrier shape was irregular when the 
amount of CA was 5-15 g/L. When CA concentration is 20 g/L, the immobilized carrier can either 
float or form into balls, and the performance of the carrier is the best. 

 

Table 4. Influence of CA concentration on the properties of immobilized carrier 

The concentration of 
CA (g/L) 

Shape 
Particle size 

(mm) 
Whether 
floating 

mechanical 
strength (N) 

Density 
(g/cm3) 

5 
Out-of-
shape 

1.1 
Float 

23.01 0.67 

10 
Out-of-
shape 

0.8 
Float 

25.22 0.81 

15 
Out-of-
shape 

0.6 Float 28.92 0.91 

20 Sphere 0.4 Float 30.50 0.95 
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Fig. 5 Immobilized carriers prepared with different CA concentrations 

 

(4) Effect of PVA concentration on the performance of immobilized carrier 

Table 5 shows the performance of the immobilized carrier by changing the concentration of the 
immobilized carrier PVA. It was found that all the immobilized carriers floated when the 
concentration was 5 g/L, but the shape of the carrier was irregular. When more than 15 g/L, the carrier 
is easy to form into a ball, but not easy to float; When the concentration is 10 g/L, the carrier can 
either float or coagulate into small balls. Finally, the PVA concentration of the carrier is 10 g/L. PVA 
concentration is too low to form a sphere, because the gel pore size is too large and the encapsulation 
is not tight. Its floating state is shown in Fig 6. 

 

Table 5. Influence of PVA concentration on the performance of immobilized carrier 

The concentration of 
PVA (g/L) 

Shape 
Particle size 

(mm) 
Whether 
floating 

mechanical 
strength (N) 

Density 
(g/cm3) 

5 
Out-of-
shape 

0.7 
Float 

28.37 0.91 

10 Sphere 0.4 Float 30.50 0.95 

15 Sphere 0.4 Not float 31.54 1.07 

20 Sphere 0.4 Not float 32.63 1.21 
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Fig. 6 Immobilized carriers prepared with different concentrations of PVA 

3.4 Morphology and SEM Characterization of Immobilized Carrier 

After the experiment to determine the best preparation proportion will carrier preparation done as 
shown in Fig 7 (a), using a scanning electron microscope scanning for grinding after the as shown in 
Fig 7 (b), to observe porous carrier can be found within rough, uneven, into a honeycomb mesh 
structure, hole density and the mutual connection, for cooking oil bacteria immobilized material, A 
large number of microorganisms can be attached to the pores of the carrier, and sufficient carbon 
sources indicate that microorganisms can grow and proliferate well on the carrier. 

 

 
Fig. 7 Appearance characteristics of immobilized carrier (a) and SEM scanning image (b) 

3.5 Comparison of Degradation Effects 

(1) Drawing of diesel standard curve 

Determination of diesel absorbance under different concentrations, with the help of Origin mapping 
software, the concentration (mg/L) as abscissa, absorbance as ordinate, draw the diesel concentration-
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absorbance standard curve, diesel standard curve standard equation is: Y=0.00655X+0.4356, 
R2=0.99633. 

(2) Comparison of degradation capacity of diesel oil 
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Fig. 8 Degradation rate of diesel oil 

 

The degradation rate of 5 strains to diesel oil after 3 days was calculated by uv spectrophotometry 
and fitting equation of diesel standard curve. As shown in Fig 8, the degradation rates of strains S1 
to S5 were 43.23%, 36.63%, 42.17%, 46.17% and 57.39%, respectively. The degradation efficiency 
of S5 was the highest, followed by S4, and S2 was the lowest. The degradation efficiency of strain 
S1 and S3 was 43.23% and 42.17%, respectively, which may be due to the similar species of the two 
strains, resulting in similar degradation rates. The degradation rates of immobilized strains S1 to S5 
were 63.17%, 56.91%, 62.53%, 66.64% and 75.39%, respectively. The degradation efficiency of S5 
was the highest, followed by S4, and S2 was the lowest. The immobilized carrier improved the 
degradation efficiency of the strain by about 20%. The reason is that the carrier fixed oil-eating 
bacteria in a certain space or range, and because of the internal carbon source, maintain the activity 
of the strain, so as to reduce the impact of the environment on the microorganism. It can make the 
microorganism maintain its original activity, at the same time, the carrier can also have a certain 
adsorption performance, can more effectively deal with oil pollution. 

4. Conclusion 

(1) Biological treatment method has been widely used in the field of environmental treatment of oil 
pollution, but there is little research on biological treatment of ship bilge oil sewage at present. Five 
strains of oil-eating bacteria were isolated from ship bilge oil sewage by enrichment and separation 
method, which have certain degradation ability to bilge oil pollution and marine diesel oil. Under the 
condition of diesel oil concentration 20 g/L at 35℃, the degradation rates of strains S1 to S5 were 
43.23%, 36.63%, 42.17%, 46.17% and 57.39% respectively. 

(2) It was determined that the carrier with the best physical properties could be prepared when bone 
charcoal, polyvinyl alcohol and sodium alginate were mixed into the strain at 2:5:10 and the 
concentration of CA was 20 g/L. 

(3) In this paper, by comparing the diesel degradation effects of free strains and strains immobilized, 
it was found that the immobilized carrier could obviously enhance the diesel degradation ability of 
microorganisms. By preparing the immobilized carrier, the degradation rate of strain S1 to S5 could 
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be increased to 63.17%, 56.91%, 62.53%, 66.64% and 75.39% respectively under the condition of 
diesel oil concentration 20 g/L at 35℃. The degradation rate of diesel oil in 3 d was increased by 
about 20%. 
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