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ABSTRACT

Surfactants have wide use all over world. This study summarizes the characteristics and classification of surfactants.
Surfactants have wide application in commodity and industry. A large number of surfactant containing wastewater
are discharged into the environment, resulting in harming aquatic life, polluting the water and endangering human
health. Therefore, it isimportant to monitor and control emissions of surfactants in environmental water.
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INTRODUCTION

Surfactants are the main components in househddgdent. Household detergents include laundry deter(such as
washing powder, laundry soap, laundry detergenshimg paste, and laundry tablets), home cleanipgl®&s (such
as detergent, floor cleaner, toilet fine and cleppliances cleaning), and personal toiletries (sscshampoo, shower
gel, hand liquid and cleanser).Surfactant develagim¢o promote the home washing detergents anspprdy, and
the development of household detergents also satesithe surfactant growth. Surfactants are widespin several
human activities because of a series of excellenfopmances like wetting and emulsifying. A largember of
surfactant containing wastewater are dischargexdti@ environment, resulting in harming aquatie, Ijolluting the
water and endangering human health. Therefors,iihportant to monitor and control emissions offattants in
environmental water.

Hydrophilic

Agqueous

Lipophilic

Fig. 1The structure of the surfactant

CHARACTERISTICS OF THE SURFACTANT MOLECULAR STRUCTU RE
Surfactant molecular structures consist of two@ne is called the hydrophilic group which isubbé in water and
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hashydrophilic nature. The other part is calledif@philic group which issoluble in oil butis nsbluble in water and
has lipophilic nature. Two kinds of groups arehia bpposite directions, and both ends are connéatiednd in the
same molecule, forming an asymmetric and polarcsira.The structure is usually referred to "pargmicture”
(Amphiphilic structure)[1]. Surfactant moleculesveaamphiphilic structure including an affinity ferater and an
affinity for oil (Shown in Fig. 1). The hydrophiligroup has common-COOH,-g) and a polyoxyethylene chain;
lipophilic group has common-Si,-CF,-gFand a polyoxypropylene chain. The hydrophilia dipdphilicity in
surfactant molecules change with molecule commositind structure. When the hydrophilic is strontiean
lipophilic, it is the water-soluble surfactant; whieydrophilic is stronger than lipophilic, it isgtoil-soluble surfactant.
Water-soluble or oil-soluble reflects important plogl and chemical parameters of surfactant apgicdt is an
important basis for a reasonable choice of sunfef@h

Surfactants are to make a significant decreaserface tension or to reduce the surface tensiondsat two liquids.
Through adding the small amount of solvent surfatstasurface tension is reduced andthe state daftiagace system
is changed. Theyproduce wetting, emulsifying, faagriinddissolving characteristics. Surfactants heppapties of
interfacial tension, surface tension and adsorptigentation, thereby forming the dispersion, foagnpiflocculation,

disinfection, decontamination, and a sequence mdtfans. They are widely used in the oil industmyning, textile,

printing and dyeing, pharmaceutical, environmeritadd, cosmetics, rubber processing, metal proegssid paper
industry [3].

CLASSIFICATION AND APPLICATION OF SURFACTANTS

There are many kinds of surfactants, and they lassified by use, properties and chemical strucfline surfactant
classification depends on water dissociation aedsthucture of hydrophilic group. According to tater-soluble,
surfactants can be classified into ionic surfactaartd nonionic surfactants.lonic surfactants camibigled into
anionic surfactants, cationic surfactants and arngslwosurfactant. Special features or new typesstight is as special
surfactant [4,5].

Anionic surfactants

The anionic surfactantsare dissolved in water wgdnerating the negatively charged surface activeumr
whoseaqueous solution is neutral or alkaline[6dtdphilic groups according to the type of anionicfactants can be
divided into five peptide condensates: carboxytidaalt type, sulfate salt type, sulfonate, phasplester and fatty
acid salt type[7]. Anionic surfactants are the ieatldevelopment, the biggest production and thges species in
various types of surfactants. They can be widebduss detergents, foaming agents, emulsifiersstatit agents,
dispersants and stabilizers in the family and chaha@spects of life.

Cationic surfactants

Cationic surfactantsare dissolved in water withegating the surface activity positive ions[8]. Thiegve good
surface activity in an acidic medium and are likedyprecipitate and lose activity in alkaline madiuCationic
surfactantsareclassifiedinto open-chain cationidastants, heterocyclic group cationic surfactamisdoonded
intermediate connectioncationic surfactants acogrth the chain structure. Cationic surfactantssdely used for
sterilization, rust, corrosion, breaking, corrosamd mineral flotation.

Amphoteric surfactants

Amphoteric surfactants which take with both positand negative ions can be divided into imidazolbetaine,
lecithin, and amino acid-type type according toah@n type[9]. The toxicity of amphoteric surfautss very low. It
isgentle to the skin, and hasgood biodegradab#itpphoteric surfactantshave wide application in gegsonal
protective equipment such as shampoo, shower gsietics, etc. and also can be used in industftgreers and
antistatic agents.

Non-ionic surfactants

Nonionic surfactantsdid not ionize any form of iemsin aqueous solution,and a number of oxygenaiaing groups
form hydrophilic,achieving dissolution by hydrogbaonding with water[10]. Most of non-ionic surfactarare in

liquid and slurry form, their solubility in wateredrease with the increasing temperature.Non-iamifastants have
different physicochemical properties from ionic fagtantsdue to their structural features. Hydraphiroupsare
divided into four categories such as polyethylehed type, polyhydric alcohols, polyether type aglgcosidic

type[11]. Non-ionic surfactants are widely usedha textile, paper, food, plastic, glass, fiberdiomes, pesticides,
dyes and other industries. They are a lot betteiopeance than ionic surfactants, theproductioeeisond to the
anionic surfactants.

Specialty surfactants
Specialty surfactants havemany special propertibgchw conventional surfactants do not have.Wherdia t
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fluorocarbon surfactant is the most important sggchas high surface activity, high thermal stgbidind high
chemical stability, in many areas with a commonfaant irreplaceable role, so they are widely usedire
protection, textile, paper, mineral processingtHen pesticides and chemical industries. Furtheemb, Sn and Ge
elements are also used to improve the surfactalgoules[12].

Macromolecule surfactants

Macromolecule surfactants generally refer to polgmeurfactantswhose relative molecular mass aatgreahan
10000, having a surface-active substance.Accortbnthe natural source, they can be divided intamaéttype,
modified natural material and composing categotigls[Polymer surfactants can be used as thickge#ling agent,
fluidity-improving agent, emulsifier, dispersingeag and antistatic agent.It has become an imponi@ntber of the
surfactants family.

Bio-surfactants

Bio-surfactants refer to culturing the microorgamisunder certain conditions, dissolving out surfacsive
metabolites in its metabolism. Depending on thevtbal structure, biological surfactants can bedkd into single
sugar esters, polysaccharides esters, proteinplaogpholipid esters[14]. Bio-surfactants are widgbplied in the
petrochemical industry, and are extensively useadefmulsification, emulsion breaking, wetting, foagiand
anti-static. They also have important applicationthe textile, cosmetics, pharmaceutical, food @thér fields.

Surfactantsare important auxiliary in the produttiprocess, theyare usually used as wetting, eruasdn,
dispersion, penetration, levelness.They faciliatenprove the physical and chemical action oftdrning process,
shorten the production cycle, save chemical maseriacrease productivity and improve the qualifyeather into
purpose.

THE EFFECTS OF SURFACTANTS

Surfactants are widely used in various field of tlational economy,will continue to expand its scopapplication
andthe consumption is also increasing. In usewdhste water containing surfactants inevitably scharged into
water bodies, and cause serious dangerous hareosgstems.

The effects of surfactants on aquatic plants

The damage degree of surfactants to aquatic plelat®s to its concentration. When the contenudastants is high
in the water, it will affect the growth of algaedanther microorganisms in water, resulting in dasesl primary
productivity of water bodies, thereby underminihg food chain of aquatic organisms in water bodié® reason
that surfactants causing acute poisoning can leadetmbrane permeability increase, so that the mhrosmose
and cell structure gradually disintegrate. The eohtof superoxide dismutase, catalase, peroxidetbéty and
chlorophyll decrease[15]. The accumulation of sttefats increase with time.

From the chemical structure, the relationship betwthhe chemical structure of surfactantsand theitgxof water to
aguatic organisms can be summarized as the folfpthiree points:

(1) The greater hydrophobicity (HLB value is smalief surfactants, the greater the aquatic toxjcity

(2) The more ethoxylate group,the lower toxicityagiuatic organisms;

(3) Compared with non-ionic surfactants, the tayiof anionic surfactants decreases[16].

The effects of surfactants on aquatic animals
A certain toxicity of surfactantswill pass into taeimal through animal feeding and skin penetratiay. When the
surfactant concentration in water is too high, attdnts can enter the gills, blood, kidney, pars;rgallbladder and
liver, and produce aquatic toxicity effect [17].

Table 1 ECQy, for several surfactants

ECOso/mg-L*

Name Water flea Alga
Linear AlkylbenzeneSulfonates (LAS) 4~250
Linear ether sulfate 5~70 60
Anionic surfactants  Octylphenolpolyoxyethylene m sodium 5~70 10~100
Soaps 10~50
Phosphate 3~20 3~20
Lauryl alcohol ethoxylates(7EO) 10 50
- Polyoxyethylenestearyl ether(10EO) 48
Non-ionic surfactants Polyoxyethylenestearyl ether(20EO)
Nonylphenolethoxylates(9EO~11EQ) 42 50
Cationic surfactants Cetyltrimethyl ammonium chderi 82
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Fish is very easy to absorbsurfactants by the lsodiace and gills, and with the blood circulatibeyt distribute to
body tissues and organs. When the fish exposeetsutfactants, serum transaminases and alkalidephoisphatase
activity increase, it indicates that fish produce adverse effects. Contamination fish enter thaly larough the food
chain and produce inhibition to various enzymeéhuman body, thus reducing the body's immuriig.fbxicity of
surfactants on bacteria and algae can be exprasE€iD;,, which means the suppression degree of surfactaritse
movement of aquatic bacteria and algae within Pé8hTable 1 is EC@), for several surfactants.

The effects of surfactants on the water environment

Surfactants-containing wastewater discharged imtoeinvironment can cause water pollution problamsen the
concentration of the surfactant reaches to 0.1l water may appear persistent foams.A lot oblasgbare not easy
to disappear in the water, forming foam insulatienger. The insulating layer weakens exchange betwlee water
body and gas atmosphere, leading to reductionssbtlied oxygen.A large number of micro-organisnesdiad due
to hypoxia, resulting in deterioration of water sd Below the critical micelle concentration (CM®ith the
increase of surfactants concentration,and surfat&dn decrease rapidly. When the surfactant carateam exceeds
CMC in the water column, it can increase the cotragion of insoluble or soluble-water pollutantghe water. They
take substance which have no original adsorpti@rgsninto adsorption layer material, this solulaitibn behavior
can lead to indirect pollution and change the pridgee of water [19]. Surfactants can also kill migrganisms in the
environment and inhibit the degradation of otheid@ubstances.

Since most detergents contain large amounts oppolsphate as net agent, the wastewater contagesdanounts of
phosphorus, which could easily lead to eutrophicatiin sewage treatment of plant wastewater, when t
concentration of surfactants exceeds a certainestration, it will affect aeration, sedimentatisfydge nitrification
and many other processes andincrease the diffiotillyastewater treatment. Surfactants promote dfizalson and
dispersion in water-insoluble oil and polychloriméitorganics, reducing the efficiency of pollutartment.

The effects of surfactants on the human body

The effects of surfactants on the human body avaeti into effects on the skin and into the bodkeTmain
ingredients of modern life detergents are surfdstdong-term use cause skin irritation effect kradl to some degree
of damage. After the surfactantsenter into the hubady, they damage the enzyme activity and thesigi the
body's normal physiological function. Surfactardasd some toxicity and may accumulate in the hunaaly,bso it is
difficult to degrade [20].

In general, nonionic surfactants are not electyaztharged, not combined with protein. They havamat irritation
to the skin. The toxicity of cationic surfactargshe biggest, and the toxicity of anionic surfattas between that of
nonionic surfactants and cationic surfactants. @Heave been the reports that SDBS (sodium dodemytdme
sulfonate) is absorbed through the skin, they dan@aghe liver and cause narrowing and other clereyinptoms, as
well as teratogenic and carcinogenic[21].

CONCLUSION

Surfactants are as an important component of ttienah economy.Their level of development has begarded as
an important indicator of high-tech chemical tedbgy industry all over the countries. It has becaime world's
chemical industry competitive focus.There is nolttdbat the expandingof surfactants applicatiodfislas well as
the increasing of consumption. At last,the harrthtoenvironment will be more serious. Therefore,dbtection of
environmental water surfactants content is veryartgnt. At present, facing great dangers from stafats, people
should take timely measures to minimize the amofistirfactant, as soon as the development of quoreting fast,
easy and accurate detection technology of surfestanorder to protect the water environment androve water
quality.
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