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ABSTRACT

Increasing of oil exploitation and transportation, the accidents of oil polluted marine are increasing. Owing to the
oil complex components, this destroy the marine ecosystem. In order to restore the ecosystemin oil polluted marine,
it introduced the function of multi-functional materials in this paper. There are two types of multi-functional
materials to restore the ecosystem(e.g. Adsorption materials and dispersed material). In this paper, these two types
materials were introduced and compared in detail. At finally, the paper put forward the development direction in the
future..
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INTRODUCTION

In recent years, in order to solve the problemmofeasing petroleum demand, petroleum exploitdtembeen more
frequent in the sea. At the same time, about hethopeum have been transported by sea in the wGddsequently,
the risk of petroleum pollution accidents are iaged in the sea, such as oil spill from oil welill t@nsport ships
and coastal refineries [1-2]. And range from 4 tadé0s of petroleum are spilled into the ocean ewerar, the
amount of petroleum spill is also increased rapidipout 60 percents of petroleum spill are causgdtie
exploitation accidents [3-5].Thus a lot of oil asent into the ocean due to the petroleum spilldeetts occur
frequently, which take great bad influence to ttegine ecological environment.

In order to control marine pollution and minimizeethazards, domestic and foreign researchers hdveahy
researches in different areas. Common treatmenhadstinclude physical method (e.g. mechanical nigtho
chemical method (e.g. combustion and chemical dssp&) and bioremediation method. Bioremediatiahit®logy
has been paid more and more attention because ¢dvit production cost, on-the-spot disposal, ségugood
treatment effect and small impact on environmeht Key point of the ecological restoration of ptatlocean is to
research and develop bioremediation technology high effective and low cost, which include scregnof prior
degradation bacteria and biological degradatiohvegays for petroleum, etc. However, the study omebitediation
has many limitations, such as various types othaile complex components. Nevertheless, petrolewgradig
bacteria is highly specific for degradation, thgmelation effect of degrading bacteria is not idealause the ocean
environment is unpredictable, the adaptability efichding bacteria and oil solubility of water acop

At present, many reports have studied the the fadtw restricting the application of bioremediatieechnology at
domestic and foreign [6-9]:

(D Materials are added to increase the contact aresebre microbial oil and seawater, such as the stanfa
materials
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@ Microorganism is added which degrades petroleunectffely to increase the population quantity of
microorganism
® N, P and other nutrition source are supplied tormi@ the degradation of oil by indigenous microaiga

From the above methods, in this paper the point eeasidered that the changes of relation among wiiter —
microorganism by adding materials into the oceanrenment. At the same time, the composition oftoilmprove
biodegradability (reducing the recombination prajoor by adsorption, photocatalysis) also could g herefore,
a micro-environment increasing the contact areailoind degrading bacteria could be provided. Tine @f this
paper was to discuss this area due to little rélegports had been known till at domestic.

2. COMPONENTSOF PETROLEUM AND DESTRUCTION

The main components of oil are alkanes (e.g. hgxanematic hydrocarbons (e.g. benzene, toluenexglete) and
polycyclic aromatic hydrocarbons (e.g. Pyrene ahdn@nthrene). The typical oil composition are d®vies in
Figure. 1. Therefore, oil spill will have greatlindnce to the ocean.
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Fig. 1 Thetypical oil composition

Influence of marine gas phase and material exchange

After the accident, gas exchange (exga@d CQ) can be hindered due to the formation of oil fikhthe ocean
surface. Thus the balance between the ocean-ate@spiiculation and materials is destructed. Anctighmore,
the oil film also prevent sunlight to enter the acg10]. Moreover, the marine oil pollution willdd to weaken the
circulation of ocean water evaporation process thedentire system is affected, so that the landertiésation
phenomenon is more serious. Global weather andatdithange are also have been a significant infipakct

Thedestruction of the marine ecological environment

In the accident area COD is increased, and gasaegehand photosynthesis are prevented by oil Jpikrefore,
aquatics will die because of the destruction ofagiguphotosynthesis and lack of oxygen. For examntpke oil film
could destory coastal wetland ecosystem [12].

Qil spill is also harmful to aquatic animal, birded other rare animals [13]. For example, fat ulsiel substances
such as PAHs and other persistent organic polisitarg easy to be cumulatived in the Fat viscerladiner organs,
so spawns, juvenile fish and the ecosystem surwithbe at risk. At the same time, birds may Igsaver of fly due
to be direct exposure to oil and also be harmeeédiing polluted fish. Birds are dead because liveg, kidney
and other organs will be damaged and the numbehié blood cells will reduce due to pollutant ikeéa

Economic losses and human health

Oil pollution directly or indirectly restricts thsustainable development of human society and thé&czment.
Human health will be damaged due to oil pollutiofiuience the development of marine aquaculture fesfing
industry [14-15].

3. THETYPESAND MECHANISM OF THE MATERIALSTO DEAL WITH OIL POLLUTION

Recently, in the marine oil polluted area, corregfiog materials are used as a pretreatment methmdprrove the
environment of polluted marine area. Materials barused to deal with oil spill are divided into e categories
according to their different functions: oil absanband dispersant.

Among them, absorbent materials contain naturaigemgic oil absorption material, natural organic afiisorption
material and chemical synthetic oil absorption mateThe common materials include activated carbxeolite,
perlite, clay, silica gel, graphite, rice husk, lalgse, cotton and polyurethane, etc. Bentonite sibnof
montmorillonite is the clay rock, and montmorilleniis composed of two layers of silicon oxygenaiesdron
cliping a layer of alumina octahedral compositidn2dl type clay minerals content. Due to the miheraface
adsorption, the interlayer cation exchange actitwe filtering effect of channel and special effea$
two-dimensional structure, bentonite has been pdidntions widely in environmental pollution cortrand
restoration [16-19].
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Natural organic oil absorption materials and inoiganineral materials have a wide range of sourSgsthetic
organic materials is the most common oil spill apton material due to the better oil absorbindigbhow, but
these materials are difficult to be biodegraded.

Dispersant is composed of surfactant, solvent asthall amount of additives (wetting agent and $tadhi etc.).
According to the classification, dispersant camivéed into the chemical surfactants and the biastant.

3.1 Adsor ption material

The repair mechanism of adsorption material iSntakadvantage of the porosity of solid materialed ahe
adsorption materials make the wastewater pollutattésh to its surface. So the adsorption matewhish can be
chosen have the similar characteristics [20].

(1)The characteristics of natural materials carsbhewn as follows. Inorganic materials with high aflsorption
speed are cheap and accessible, and which areymgiahular or have a porous structure. Thereftie,
disadvantages of the natural material are as fallmN-water poor selectivity, low saturated oikalption capacity,
poor suspension property and difficult regeneratéao.

(2) The characteristics of the composite matedals be shown as follows. The synthesis can be eldbwith the
characteristics of different oil composition, whitlave the better Oil-wet hydrophobic and high dik@ption
capacity. But the biodegradability is poor.

3.1.1 Natural adsorption material

Many reports study adsorption materials which a@r¢ha key pretreatment technology to repair thamaavil spill
because of the wide range of source. The natusadrpbon material are researched and the naturalbsorption
materials such as milkweed, cotton, wool and cotimve been investigated systematically [21].

In Japan Hokkaido forest site thinning wood and adddboard are used to make oil absorption masergadd the
heavy oil absorption ratio is range from 13.4 to41g. The woody oil absorption materials are ¢adye produced
and the oil absorption material can be recycled. [Ratural oil absorption materials have advantayesh as strong
oil absorption ability, easy to receive, a widegamf materials possible and environmentally frigndevertheless,
there are also several faults, such as poor oilveatdr selective capacity, which restrict its agggion in treating
marine oil spill.

In addition, many experts and scholars improved ifitadion process of the natural adsorption materand
obtained the better oil absorption effect. For eplemin order to improve the oil absorption capaeihd oil-water
selectivity, common natural oil absorption materiate needed to be modified. After acid treatmenthe surface
of graphite, the expanded graphite has the higlatmsbrption performance for three kinds of heavytbe largest
oil absorption ratio can reach 80 g/g, and theitghilf oil absorption is much better than activateabon and soil
[23].

3.1.2 Chemical synthetic material

Chemical synthetic materials have been paid mdeat&in because of poor adsorption performanceackenistics
of natural materials. Chemical synthetic oil absugbmaterials has been a hotspot in the oil-abegrinaterials
with good selectivity and absorption capacity. Ndews, the most widely study on chemical synthetialesorbing
materials are polyurethane foam, polyurethane agdu@c polymer microfiber, etc.

For example, high polyurethane foam has a gooathaty between oil and water with high oil adsargiand oil
protection abilities. This is mainly due to polytiv@ne foam is a high polymer materials consisitipdphilic

monomer and cross-linkers. Polyurethane foam hgsoa suction properties which contains a three-dsional
mesh and porous structure inside. Polyurethane foses the lipophilic segment present in the moéscahd
solvent effect gradually occurs into the porousicdtire of the polyurethane foam under both oil moles and
lipophilic group of the oil molecules reaction, dity unsaturated polymer chain segment starts gltovtetract after
the suction reached equilibrium [24].

Absorbing foam is made of lipophilicity of polyest@olyether polyol and diisocyanate, and which barused to
absorb heavy ail, light oil and other toxic orgamiollutants by adjusting the cell diameter. Shimatal use
polymeric polyhydric alcohols and diphenylmethaiisatyanate as the raw material to prepare polharet, and
the influence of density airflow and the pore stuue on the lipophilicity property of polyurethaaee studied [25].
The common materials and their properties of thalmorption are listed in Table. 1.
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Table.1 Collection properties of oil collection agent

adsorbing material The types of adsorption oil &ulbn Propertiey  References
. ) Refinery emissions of naphthenic acid wastewater  656.0. 72 g/g [26]
activated carbon fibr PCBs 0.007 /g [27]
. diesel 37 9/g [28]
graphite crude oil 80 g/g [29]
perlite crude oil 5g/g [30]
. crude oil 5.15g/g
rice husk gasoline 3.79/g [31]
diesel 14 g/g
polyurethane gasoline 3.9 0/g [32]
polypropylene light crude 10 g/g [33]

3.2 dispersant material

In 1960s, dispersant which can change the adhesiength between the oil and water was appliedlipadluted
water. Among them, the surfactant belonging to @lispnt is composed of hydrophilic radical and It group,
and which plays a main role in dispersing agene &tfect of solvent is to dilute oil, reduce theezing point of oll
and viscosity of surface active agent, eventuallfatilitate emulsification. So the dispersing agean connect the
oil and water through pro-oil base group and hyHilapgroup, oil-in-water emulsion particles formade as water
natural movement spread in the water through mechkagitation or wave action. The most of surfattased in
dispersing agent are ionic surfactant and thefevisanionic surfactant. The main advantages ofedisgnt are as
follows:

The harms to sediments, biological and shore liflebg abated becacse the oil viscosity can be cedy34].
Dispersant can be used in harsh weather conditimdsdispose rapidly in large area [35-36]. Moles. d87]
compared the fresh and weathered 20 % of Alasktn redope oil dispersion effect under I0 using dispersant
Corexit 9527 and 9520. The results showed thatyspgathe same amount of dispersant, fresh oil mimm
dispersion rate is higher than 30% of weatheredBuit it is generally considered dispersants atesniable to be
used because of the highly viscous, the diffusibara paraffin oil.

However, chemical dispersants may bring secondaltytipn. After the oil be dispersed, more aguatiganisms
will be exposed to dissolve or disperse stateradl suffer damage. Much of dispersants can existdoeral days in
water and cause acute and subacute toxicity by sY88ll. Biosurfactant is an important bioremediation
preprocessing techniques to restore sea overflbw oi

Table.2 Examples of onsite usage of disper sants

pollutant dispersant dosage effect references
anthracene SDS 250 ug/m199.2 ug/m
[41]
biosurfactant - 250 ug/mk114.8 ulg/mL
. . dispersant oil= The worst oil spill in the history of Singapore aled
heavy fuel oil Corexit 9500 (6-10) X 10° within 3 weeks [42]
By adding the nutrition or oxygen to stimulate the
growth of indigenous microorganisms to producedalrg
Kuwait oil biosurfactant -- amounts of biological surface active agent, anthat] [43]
same time promote the degradation of petrolgum
hydrocarbons.
Intermediate  without] . . L .
sulfur crude ol Corexit 9527 Dispersant:oil=11400 Treatment effeaibvious [42]
16 alkanes, 14 alkane S’Bigzﬂgggtams b
basking shark alkang gseudomonas y - All hydrocarbon degradation rate is greatly eased [44]
and other hydrocarbon ;
aeruginosa

In recently, in order to produce some certain sgrfactivity, microorganism are used and hydrophglicup and
hydrophobic group are set within a molecular stietof amphiphilic compounds. The biosurfactantany have
the same properties with the chemical surfactaoish as the lower surface tension, penetrabilitydispersion, but
also has the salt tolerance, high temperaturetaesjsimple production process and raw materiatcas, etc. The
development of the biosurfactant expands the natseiection scope and dispersant application.UBfastant can
stimulate the degradation of crude oil. Wu etatesned four types of bacteria which can use diasghe sole
carbon source from soil of oil wastewater pollutidihe diesel degradation rate can reach 62% 6 3#ter 28 d.
And in the same conditions, the diesel degradattaincreased 26% after adding biosurfactant riwdipid diesel
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[39]. Mai etal. found that crude oil could be datgd 72% by petroleum hydrocarbon degrading bag¢teutwhich
could be degraded 78% by liquid surfactant [40{:eBal kinds of dispersants and the effect arediStble 2.

4. Prospect

Multifunctional material play an important role tine degradation of marine oil pollution. At preseaaithough these
materials have obvious advantages, there are alamger defects. So the research emphasis is dsmglonore
efficient and cheaper materials in the future.

For example, the development of oil absorption nite consist of oil absorption, oil absorption sgeand good
oil-water selective is a hotspot in the field ofremt environmental research. In addition, biosttefat has already
been successfully used to handle the ocean dilesghts, but application of biosurfactant is lieqitby production
cost because the biosurfactant production cosgreh than the production cost of chemical surfatsta
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