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1. Introduction

Antibiotic resistance in microbes is a growing issue of human health. The extraordinary
ability of microbes to develop resistance to various antibiotics attracted evolutionary
scientists and environmental biologists in recent years. Historically, the use of antimicrobial
agents started in 1904 with the discovery of Tripan red by Ehrlich and Shiga (Browning &
Gulbransen, 1936). In 1929, penicillin was discovered by Alexander Fleming when his group
found that the fungus Penicilium notatum produces a very selective inhibitor for
Staphylococcus sp. Fleming’s discovery showed that not only synthetic agents like Ehrlich’s
“Magic Bullet” but also a microbial product can be an effective antimicrobial drug (Hare,
1970). In 1943, Waksman started to use the word “antibiotics” when he discovered
streptomycin (Wainwright, 1988). After the initial age of discovery and since the 1970s many
antimicrobial agents have been developed together with the discoveries of new antibiotics.
It is well documented that the evolution of antibiotic resistance in bacterial strains is a direct
consequence of natural selection applied by widespread use of antibiotic drugs (Benveniste
& Davies, 1973). The providential experiment by Fleming demonstrated the production of
antibiotics (Penicillin) which eventually led to its large-scale production from
mold Penicillium notatum in the 1940s. As early as the late 1940s resistant strains of bacteria
began to appear due to their extraordinary ability in gaining resistance towards any
particular antibiotics with elapsing generation (Shoemaker et al., 2001; Chopra & Roberts et
al.,, 2001; Doern et al., 2001). In 1980 it was estimated that 3-5% of S. pneumoniae were
penicillin-resistant and by 1998, 34% of the S. pneumoniae sampled were resistant to
penicillin. Currently, it is estimated that more than 70% of the bacteria that cause hospital-
acquired infections are resistant to at least one of the antibiotics used to treat them (NIAID,
2006).

Antibiotics are defined as a chemical substance derived from microorganisms, which have
the capacity to inhibit growth, and even destroying other microorganisms in a dilute
solution (ICON, 2003). Antibiotics are low-molecular-mass (<1500kDa), products of
secondary metabolism and nonessential for the growth of producing organisms, but are
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very important for human health. They have unusual structures and are most often formed
during the late growth phase of the producing microorganisms. These secondary
metabolites have exerted a major impact on the control of infectious diseases and other
medical conditions, and the development of pharmaceutical industry. Their use has
contributed to an increase in the average life expectancy in the USA, which increased from
47 years in 1900 to 74 years (in men) and 80 years (in women) in 2000 (Reynolds, 2010).
Probably, the most important use of secondary metabolites has been as anti-infective drugs.
In 2000, the market for such anti-infectives was US$55 billion and in 2007 it was US$66
billion, with the estimated global antibiotic consumption of between 100,000 and 200,000
tonnes per year (Demain & Sanchez, 2009).

Coastal environment plays a very important role as habitat to a number of plants and
animals. They serve as breeding and nursery grounds, shelters, sources of food for various
marine lives. In the recent times, pollution of coastal areas represents one of the most
important environmental problems because it causes economic and tourism damages as
well as affects health quality. It was noted that antibiotics released into the aquatic
environment are of great concern for the three important reasons: (1) Contamination of
water used for drinking, irrigation and recreation, (2) Widespread occurrence of bacterial
resistance to antibiotics, and (3) Negative effect on microbes which play vital role in nutrient
cycling (e.g. nitrogen cycle) and regeneration of nutrients in aquatic ecosystems (Costanzo et
al., 2005). The use of antibiotics is the main treatment applied to control bacterial illness in
fish farms (Castro et al., 2008). Due to the use of a wide variety of antibiotics, aquaculture
has been implicated as potential environment to the development and selection of resistant
bacteria and a source of these pathogens to other animals and humans (Hatha et al., 2005;
Serrano, 2005). It has also been noted that sediment samples containing microorganisms
with antibiotic resistance alter the production of B-lactamase in the human defence system
(Lu, et al., 2010). The issue of antibiotic resistance was extensively addressed in the scientific
literature describing the presence of antibiotics in the environment (e.g. Nygaard et al., 1992;
Samuelsen et al., 1992). But, a comprehensive review on the emergence of antibiotic
resistance strains from the aquatic habitat is still scanty.

3. Antibiotic resistance an ecological perspective

Although antibiotics have been used in large quantities for some decades, until recently the
existence of these substances in the environment has received little attention. It is only in
recent years that a more complex investigation of antibiotic substances has been undertaken
in order to permit an assessment of the environmental risks (Kiimmerer, 2009a & b). Within
the last decade, an increasing number of studies covering antibiotic input, occurrence, fate
and effects have been published (Kiimmerer, 2009 b; Bjorkman et al., 2000; Alanis, 2005).
Antibiotic resistance is one of the major challenges for human medicine and veterinary
medicine. However, there is still a lack of understanding and knowledge about sources,
presence and significance of resistance of bacteria against antibiotics in the aquatic
environment despite the numerous studies performed (Kiimmerer, 2009b).

Antibiotic resistance can reach the environment with the potential of adversely affecting
aquatic and terrestrial organisms which eventually might reach humans through drinking
water and food chain (Edquist & Pedersen, 2001; Prior, 2008; Aarestrup et al., 2008). The
history of resistance due to the use of antibiotics has only recently been described in more

www.intechopen.com



Emergence of Antibiotic Resistant Bacteria from Coastal Environment — A Review 145

detail (Edquist & Pedersen, 2001; Prior, 2008). In general, the emergence of resistance is a
highly complex process which is not yet fully understood with respect to the significance of
the interaction of bacterial populations and antibiotics, even in a medicinal environment
(Bjorkman et al., 2000; Martinez & Baquero, 2000; Alanis, 2005). The transfer of resistant
bacteria to humans could occur via water or food if plants are watered with surface water or
sewage sludge, if manure is used as a fertilizer, or if resistant bacteria are present in meat
(Perreten et al., 1997; Khachatourians, 1998; Dolliver & Gupta, 2008). The significance of the
transfer of antibiotic resistance from animals to humans is not clearly understood. However,
to minimize this route and the unwanted intake of antibiotics, the antibiotic content of
fishery products is monitored by authorities in many countries (WHO, 2003; IM, 1989;
FAAIR, 2002).

Many bacterial species multiply rapidly enough to double their numbers every 20-30
minutes, therefore, their ability to adapt to changes in the environment and survive
unfavorable conditions often results in the development of mutations that enable the species
to survive in changing external conditions (Ferenci, 2008). Research on the use of antibiotics
in aquaculture shows similar results with the medical use of antibiotics (Weston, 1996). The
important research findings in this regard are: (1) The use of one antibacterial agent can
increase levels of resistance not only to that specific drug but also to many others, even
those using very different modes of antibacterial action (cross-resistance). (2) Antibacterial
resistance does not always respond in a predictable fashion correlating with the amount of
drugs used or with the concentrations of residues in the environment (Hernando et al.,

2006).

3.1 Coastal environment

Coastal Environment plays a very important role as habitat to a number of microbes, plants
and animals. They serve as breeding grounds, shelters, sources of food for marine life, and
are home to a number of endangered species (Kuijper, 2003). Over half of the current global
population lives within 200 km of the coastline. For the future, the Centre for Climate
Systems Research (CCSR) of the Earth Institute at Columbia University estimates a strong
growth of coastal population by 2025. The coastal zone contains natural systems that
provide more than half of the global ecosystem goods (e.g., fish, oil, minerals) and services
(e.g., natural protection from storms and tidal waves, recreation). In addition, 14 of the
world’s 17 largest megacities are located along coasts and most of them are located in Asia’s
fastest growing economies (www.loicz.org). The overcrowding of beaches has led to large-
scale destruction of some of these habitats and has reduced their ability to adapt to drastic
environmental changes. Development, climate change, and commercialization have all
contributed a major part in increasing the pressure on beach ecosystems. Besides this fact,
anthropogenic input of various pollutants especially antibiotics into the aquatic
environment has increased the resistant capacity of the bacterial strains. In general, bacterial
load is higher in the sediments compared to the overlying water body. Hence, more
investigations were carried out on surface soil samples (Jensen et al., 2001; Tolls, 2001;
Marengo et al., 1997. It has been noted that persistence of antibiotics in soil depends on
many factors including soil type, climate, and class of antibiotics (Bonaventura, 2004). Most
antibiotics are recycled in soils through natural cycles but some of them have a long half-life
(Kumar et al., 2005; Kiimmerer, 2009a). According to Marengo et al. (1997), less than 1% of
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sarafloxacin, an antibiotic used widely in poultry production, degrades in the soil after 80
days of incubation. These antibiotics may leach to ground water or move to surface waters
via surface runoff. Olapade et al., (2006) have reported that these antibiotics find their way
to the coastal and marine environment.

Antibiotics have both quantitative and qualitative effects on the native microbial
communities in soil environment (Nygaard et al., 1992). Although antibiotic concentrations
in most soils are not at therapeutic levels to cause inhibitory effects on bacterial population,
it may still influence the selection of antibiotic resistant bacteria in the niche (USEPA, 2002).
Jensen et al. (2001) have recorded an increased antibiotic resistance among Pseudomonas sp.
and Bacillus cereus after exposure to soil sediments. Many antibiotics have a strong tendency
to bind with soil particles (Tolls, 2001, Kummerer et al., 2003). Distribution coefficients
(Kgsolia) as high as 2300, 6310, and 128 L kg-! have been reported for tetracycline,
enrofloxacin, and tylosin, respectively (Kummerer et al., 2003). Our research team has earlier
shown that the bacterial isolates from the tropical mangrove sediments are 100% resistant
against [ - lactam antibiotics (ampicillin, amoxicillin and penicillin). Bacterial isolated from
mangrove sediment soil have exhibited 66.7 and 77.8% resistance against chloramphenicol
and streptomycin, respectively, suggesting that the lipid composition may play a key role in
preventing the entrance or binding of antibiotics to the cell (Jalal et al., 2010). Interestingly,
All the isolates are susceptible to ciprofloxacin since it inhibits the enzyme topoisomerase II
that causes the negative super-coil in DNA strands and thus permits transcription or
replication. All the bacterial isolates display Multi Antibiotic Resistance (MAR) index higher
than 0.2 indicating the high-risk sources of contamination in the environment (Jalal et al.,
2010).

3.2 Aquaculture

In aquaculture fields, high loads of antibiotics in sediments at concentrations potent enough
to inhibit the growth of bacteria have been reported (Costanzo et al., 2005; Hatha et al., 2005;
Hirsch et al., 1999; Holmstrom et al., 2003; Kiimmerer, 2009a &b). Resistant bacteria may be
present in sediments because of the application of antibiotics in fish farming or because of
selection through the antibiotics present in the sediments. The fact that the exposure is
highly concentrated must also be considered to be critical. The substances used in fish
farming can enter sediments directly from water without undergoing any kind of
purification process. Some investigations have demonstrated the presence and persistence of
antibiotics applied extensively in fish farming in sediments beneath fish farms (Kiimmerer,
2003). Fluoroquinolones, sulphonamides and tetracyclines are strongly adsorbed
(Kummerer, 2009b) and therefore, they can readily accumulate in the sediments. It is not
clearly known as to what degree and under what circumstances the compounds are effective
after sorption or whether they are released to contribute to resistance. Antimicrobials can
have qualitative and quantitative effects upon the resident microbial community in
sediments. In the fish farming sector (aquaculture, mariculture, etc.), the widespread use of
antibiotics for treating bacterial diseases is associated with the development of antibiotic
resistance in Aeromonas hydrophila, Aeromonas salmonicida, Edwardsiella tarda, Edwardsiella
icttaluri, Vibrio anguillarum, Vibrio salmonicida, Pasteurella piscida and Yersinia ruckeri (Serrano,
2005). Bacteria resistant against these compounds have been detected in sediments.
Increased antibacterial resistance in sedimentary bacteria is often the most sensitive
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environmental indicator of past antibacterial use (Kiimmerer, 2003). Various patterns of
resistance among strains were isolated from very close geographical areas during the same
year, suggesting diverse patterns of drug resistance in environmental bacteria within this
area. In addition, the cross-resistance patterns have suggested that the resistance
determinants among Vibrio spp. are acquired differently within sediment and seawater
environments (Neela et al., 2007).

As far as intensive shrimp culture goes, a large amount of shrimp food and antibiotics have
been used to increase production and to protect shrimp from diseases (EJF, 2003).
Consequently, a large portion of feeds and antibiotics enters the water as wastes, causing
water pollution (Le et al, 2003). Several studies have demonstrated the presence of
antibacterial residues in fish farms (Weston, 1996, Capone et al., 1996; Herwig et al., 1997).
Recent studies have shown that many antibiotics persist in the sediment and in the aquatic
environment for several months following administration (Bjorklund et al., 1991; Lai et al.,
1995; Pouliquen & Le, 1996; Hirsch et al., 1999; Miranda & Zemelman, 2002).The residues of
antibacterial agents may affect the sedimentary microbial community and introduce
antibiotic resistance in the bacteria (Hektoen et al., 1995; Tendencia & Dela Pena, 2002). Mc
Phearson et al. (1991) have observed that individual and multiple antibiotic resistances are
associated with antimicrobial use. A study in Thailand has indicated that the pattern of
antibiotic use among the farms can cause the risk of the development of resistant bacteria
strains (Holmostro m et al., 2003). Little is known about the occurrence of antibiotic resistant
bacteria in marine sediments near fish farms (Schmidt et al., 2000; Tendencia & DelaPena,
2001).

4. Antibiotic resistance in sea food

Sea foods are often susceptible to spoilage by putrefactive microorganisms. Sea foods
usually spoil much more rapidly than meats obtained from warm blooded animals when
stored at ordinary refrigerator temperatures, and the reason for this is almost certainly
because of the marine products that are invariably contaminated with psychrophilic bacteria
(Witter, 1961). These organisms not only multiply quite rapidly at refrigerator temperatures,
but spoil fish about twice as fast at 370 F as at 300 F (Bluhm et al., 1956). Though proper
vessel and fish plant sanitation are obviously highly desirable for production of high quality
fish, it is quite possible to prepare fish of excellent bacteriological quality in quite primitive
premises. In other words, the maintenance of high sanitary standards on fishing vessels and
at shore plants does not necessarily insure good quality fish, though from an aesthetic stand
point alone such conditions are highly desirable. It is the actual handling and treatment of
the fish themselves which is of prime importance in determining their quality.

Reviews and original articles dealing with antibiotics in fish or shellfish preservation have
been published from other laboratories (Tomiyama et al., 1955; Ingram et al., 1956).
Antibiotics have been commonly used to preserve the fish from bacterial contamination. In
1943 penicillic acid was prepared and tested as a possible preservative for fish with poor
success (Tarr, 1944). Later penicillin and streptomycin were examined with similar
disappointing results (Tarr, 1948). In the spring of 1950, a number of the newer antibiotics
were studied and the findings were much more encouraging since Aureomycin, Terramycin
and Chloromycetin all gave quite significant preservation in comparatively low
concentration (Boyd & Tarr, 1956). Further experiments proved that of 14 antibiotics
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examined, Aureomycin (chlortetracycline, CTC) was found most effective (Tarr et al., 1954)
and it is with this antibiotic that all applied studies have been conducted (Gillespie et al.,
1955; Steiner and Tarr, 1955; antibiotics as food preservatives; Tarr et al., 1954).

Effect of several new antibiotics and furan derivatives on growth of bacteria in fish products
have been studied and they are: (1) Antibiotics: Aureomycin (Lederle Laboratories),
Amphomycin, Etamycin, Bryamycin (Bristol Laboratories, Inc.); and (2) Furan derivatives:
Furoxone, Furadantin, Nitrofurazone (Furacin), and N. F. 56 (N-5-nitro-2 furfurylidene-I-
aminoguanidine sulphate) (Eaton Laboratories, Inc.) (Table 1). The technique is similar to
that employed in previous studies with ground flesh (Tarr et al., 1950).

Bacterial counts (colony forming
‘ units x 106/ g) at temperature
Compound concentration (nug/g) e 500
6 8 6 6

None 27 >600 600 130
Aureomycin (CTC) 2.5 1.3 0.5 7 19
Amphomycin 5 450
Bryamycin 5 98

10 92 340

20 19 470
Etamycin 5 910

10 380
Furoxone 2.5 32
Furadantin 2.5 85
Nitrofurazone 2.5 114

10 37 >900

25 57 310

50 19 900
NF-56 25 63

25 157 837

50 76 367
CTC+ Bryamycin 5

10 2.7 8
CTC+ Bryamycin 2.5

5 4 1
NF-56+ Bryamycin 25 >900

10
Nitrofurazone+ Bryamycin 25

10 18 400

Table 1. Effect of various antibiotics and Furan derivatives on growth of bacteria in Minced
Lingod muscle at 00 and 4°C (Boyd et al., 1955).
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The search for antibiotics or other substances which could prove valuable in preventing
microbiological spoilage of fish or fish waste products is continuing, and the results of trials
with several new antibiotics and furan derivatives are presented. It has been argued that
suppression of natural bacterial flora of fish by introduction of CTC might create favorable
conditions for the growth of food poisoning microorganisms.

5. Antimicrobial resistance in drug development
5.1 Mechanism of antibiotic resistance in bacteria

A key factor in the development of antibiotic resistance is the ability of infectious organisms
to adapt quickly to new environmental conditions. Bacteria are single-celled organisms that,
compared with higher life forms, have small numbers of genes. Therefore, even a single
random genetic mutation can greatly affect their ability to cause disease. And because most
microbes reproduce by dividing every few hours, bacteria can evolve rapidly. A mutation
that helps a microbe surviving to an antibiotic exposure will quickly become dominant
throughout the microbial population. Microbes also often acquire resistance genes from each
other through horizontal gene transfer mechanism which might enable them to be a
multiple antibiotic resistant strain. It is also noted that the specificity of the interactions
between antibiotics and various protein sequences within a bacterium resultse in
significantly high ratio of mutations in its genome which leads to antibiotic resistance. There
is also a relatively high possibility that a particular mutation in a certain target sequence will
result in antibiotic resistance.

Antibiotics generally target a variety of essential bacterial functions. For instance, the -
lactam antibiotics and vancomycin interrupte cell wall synthesis of pathogens, whereas
macrolides and tetracyclines disrupt the protein synthesis at ribosomal level. Bacteria may
develop their antibiotic properties by a variety of mechanisms. According to a study by
Nicolaou (2001), one mechanism of resistance is by degrading the antibiotic in a step by step
process. This degradation starts when bacterial f-lactamases hydrolyzes the -lactam ring
thus rendering these antibiotics ineffective. A secondary resistance mechanism is then
triggered when the antibiotic target is altered. As the next step, bacteria may block the entry
of antibiotic to the site of action, resulting in decreased absorption, which in turn results in
bacteria with decreased sensitivity to vancomycin due to thicker cell walls. Finally, bacteria
may develop efflux pumps that actively pump antibiotics out of the cell so that they do not
reach their target. Nicolaou also tested the findings experimentally with macrolides and has
found that if the ribosomal binding site for macrolides changes so that these antibiotics bind
with decreased affinity, then protein synthesis will not be disrupted.

5.2 Drug discovery

When bacteria contact with chemical substances, they show a positive or negative
chemotaxis. If the substrates are acceptable for bacteria or can support bacterial growth, they
show a positive chemotaxis and utilize the substrate as an organic source. If toxic, they
respond by escaping from the chemical(s). Antibiotics selectively inhibit bacteria based on
targeting a specific structure or function of bacteria, which means antibiotics act as toxins to
bacteria. Mostly the targets of antibiotics are prokaryote-specific mechanisms and structures,
which are not present in eukaryotes or they have different characteristics from those of
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eukaryotic cells. However, bacteria inherently have potential drug resistance mechanisms or
they can acquire exogenous genes conferring drug resistance. Drug resistance therefore,
occurs by such mechanisms. At present, four main categories of drug resistance mechanisms
are known (Li & Nikadio, 2009). They are: (1) Drug inactivation or modification: for
example, enzymatic deactivation of Penicillin G in some penicillin-resistant bacteria through
the production of p-lactamases, (2) Alteration of target site: for example, alteration of PBP —
the binding target site of penicillins—in MRSA and other penicillin-resistant bacteria, (3)
Alteration of metabolic pathway: for example, some sulfonamide-resistant bacteria do not
require para-aminobenzoic acid (PABA), an important precursor for the synthesis of folic
acid and nucleic acids in bacteria inhibited by sulfonamides. Instead, like mammalian cells,
they turn to utilizing preformed folic acid, and (4) Reduced drug accumulation: by
decreasing drug permeability and/or increasing active efflux (pumping out) of the drugs
across the cell surface (Li & Nikadio, 2009) .Some of these mechanisms have been well
studied at the molecular level (Walsh, 2003).

The integrated approaches for maximizing the diversity of microbes in drug discovery
programs have been reviewed recently, with selective isolation of novel microorganisms
(Knight et al., 2003; Zhang et al., 2005; Bian et al., 2008; Wagner-Dobler et al., 2002). Recently
Cubist Pharmaceuticals has constructed a multi-drug resistant E. coli strain, which carries
resistance markers for 17 of the most frequently produced antibiotics. Thus, a comparison of
extract activities against sensitive and resistant E. coli strains will allow researchers to
rapidly discovering novel and specific active compounds that can be used as effective drugs
against pathogenic strains (Baltz, 2008). From these studies, it is strongly anticipated that
metagenomic libraries of the drug resistant microbial strains will drive drug discovery
process now and in the future. Hence, undoubtedly, metagenome analysis technology
combined with high throughput screening will bring innovation to the drug discovery.

6. Impact of antibiotic resistance on human health

It has been widely understood that the bacteria and other microorganisms that often cause
infections are known to be remarkably resilient and have the ability to develop ways for
surviving drugs that are meant to kill or weaken them. Recent scientific evidence suggests
that during the last decade, antibiotic resistance by various mechanisms has increased
worldwide in bacterial pathogens leading to treatment failures in human and animal
infections (Singer et al., 2003). However, the resistance against different types of biocides
(including disinfectants, antiseptics, preservatives, sterilants) has been studied and
characterized (Russell, 1990 & 1995). Only limited sound scientific evidence to correctly
assess the risks of antibiotic resistance induced by resistance to biocides is available
(SCENIHR, 2009). Furthermore, research indicates that biocides and antibiotics may share
some common behaviour and properties in their respective activity and in the resistance
mechanisms developed by bacteria (Russell, 2003, Sheldon 2005).

Although antibiotic usage has clearly benefited the animal industry and helped providing
affordable animal protein to the growing human population, the use of antibiotics in food
production has also contributed to the emergence and spread of antibiotic multiple
resistance (AMR). Along with antibiotics used for human medicine, the use of antibiotics for
animal treatment, prophylaxis and growth promotion exerts an inestimable amount of
selective pressure toward the emergence and propagation of resistant bacterial strains.

www.intechopen.com



Emergence of Antibiotic Resistant Bacteria from Coastal Environment — A Review 151

Animals can serve as mediators, reservoirs and disseminators of resistant bacterial strains
and/or AMR genes. Consequently, imprudent use of antimicrobials in animals may
eventually result in increased human morbidity, increased human mortality, reduced
efficacy of related antibiotics used for human medicine, increased healthcare costs, increased
potential for carriage and dissemination of pathogens within human populations and
facilitated emergence of resistant human pathogens (Figure 1).

INGREASED HUMAN MORBIITY

INCREASED HUMAN MORTALITY

REDUCED EFFICACY OF
RELATED ANTIBIOTICS
USED IN HUMANS

/\ ) INCREASED HUMAN
, \/I i ; HEALTHCARE GOSTS

\ INCREASED POTENTIAL
FOR GARRIAGE
AND DISSEMINATION

SELECTIVE PRESSURE DUE
TO IMPRUDENT ANTIBIOTIC
USAGE IN ANIMALS

FACILITATED EMERGENCE OF
RESISTANCE IN HUMAN PATHOGENS

Fig. 1. The Human Health Impact of Antimicrobial Resistance in Animal Populations

According to Helms et al., (2002), the patients infected with pansusceptible Salmonella
typhimurium are 2.3 times more likely to die within 2 years after infection than persons in
the general Danish population, and that patient infected with strains resistant to amplicillin,
chloramphenicol, streptomycin, suldonamide and tetracycline are 4.8 times (95% CI 2.2 to
10.2) more likely to die within 2 years. Furthermore, they have established that quinolone
resistance in this organism is associated with a mortality rate 10.3 times higher than the
general population.

It has been well documented that antimicrobial resistance due to a particular antibiotic used
in food animals may result in reduced efficacy of most or all members of that same antibiotic
class, some of which may be extremely important for human medicine (McDonald et al.,
2001). The current pharmaceutical era faces multi resistant infectious disease organisms that
are difficult and, sometimes, impossible to treat successfully. When there is an increase in
numbers of bacteria that are resistant to antibiotics, it will be more difficult and more
expensive to treat human bacterial infections. According to a study published by the Centers
for Disease Control and Prevention (CDC), up to date, there are more than 100 antibiotics
approved by the US Food and Drug Administration for human use. As antibiotics fail to
treat recurring infections, the consequences include frequent visits to the doctor,
hospitalization or even a need for a more expensive medication as a replacement for the
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existing ineffective ones (Levy, 2002). Increased healthcare costs are another important
consequence of antimicrobial resistance. Increased costs are due to the need for additional
antibiotic treatments, longer hospitalization, more diagnostic tests, higher professional costs
and more pain management. In 1998, the Institute of Medicine estimated the annual cost of
infections caused by antibiotic-resistant bacteria at US$ 4 to 5 million per year (McGowan,
2001). This occurrence of antibiotic resistance is found all over the world and has become a
very serious problem in the treatment of diseases. The US Office of Technology Assessment
report has attributed a cost of $1.3 billion per year for antibiotic-resistant infections in US
hospitals. The fiscal cost of treating antibiotic resistant infections worldwide has been
estimated to be many billions of dollars per year.

7. Conclusion

At present, there is insufficient information available to reach a final conclusion on the
significance and impact of the presence of resistant bacteria in the environment which
would allow the assessment of the potential risks related, for instance, to human health and
ecosystem functions. Currently, it is thought that the input of antibiotics in general as well
as from hospitals seems to be of minor importance, at least in terms of resistance. Up to now,
antibiotics have not been detected in drinking water. The impact of antibiotics present in the
aquatic environment on the frequency of resistance transfer is questionable. The information
available to date suggests that the input of resistant bacteria into the environment from
different sources seems to be the most important source of resistance in the environment.
Therefore, the prudent use of antibiotics and disinfectants will significantly reduce the risk
for the general public and for the environment. This not only means limiting the duration of
selective pressure by reducing the treatment period and the continuous use of sub-
therapeutical concentrations, but also includes controlling the dissemination of antibiotics
being used, as well as prudent monitoring of resistance. However, a full environmental risk
assessment cannot be performed on the basis of the data available; the availability of such
data is a prerequisite if proper risk assessment and risk management programs for both
humans and the environment are to be undertaken. Therefore, the careful use of antibiotics
and the restriction of their input into the aquatic environment are the matters of necessity.

8. References

Aarestrup, F.M.,. Wegener, H.C., & Collignon, P. 2008. Resistance in bacteria of the food
chain: epidemiology and control strategies. Expert Review of Anti-Infective
Therapy. 6(5): p. 733-50.

Alanis, A.]. 2005. Resistance to Antibiotics: Are We in the Post-Antibiotic Era? Archives of
Medical Research 36, 697-705.

Baltz, R. H. 2008. Renaissance in antibacterial discovery from actinomycetes. Current
Opinion in Pharmacology. 8, 557-563.

Benveniste R, & Davies J. 1973. Mechanisms of antibiotic resistance in bacteria. Annual
Review of Biochemistry. 42:471-506.

Bian, J., Song, F. & Zhang, L. 2008. Strategies on the construction of high-quality microbial
natural product library. A review. Wei Sheng Wu Xue Bao 48, 1132-1137.

Bjorklund, H, Bergh, R.B.,, CMI, & Bylund, G. 1991. Residues of oxolinicacid and
oxytetracycline in fish and sediments from fish farms. Thesis, Bjdrklund, H.

www.intechopen.com



Emergence of Antibiotic Resistant Bacteria from Coastal Environment — A Review 153

Oxytetracycline and oxolinic acid as antibacterials in aquaculture analysis,
pharmacokinetics and environmental impacts. Department of Biology, Abe
Akademi University, Finland.

Bjorkman, J., Nagaev, I, Berg, O.G., Hughes, D., & Andersson, D.I. 2000. Effects of
Environment on Compensatory Mutations to Ameliorate Costs of Antibiotic
Resistance. Science 287, 1479-1482.

Bluhm, H.M., Boyd, J.W., Muirhead, C.R., Tarr, H.L. 1956. Use of antibiotics for the
preservation of fish and sea foods. American Journal of Public Health Nations
Health. 46(12):1531-9.

Bonaventura, C., & Johnson, F.M. 2004. Healthy Environments for Healthy People. EHPS.
Vol 1/105. Environmental Health Perspectives.

Boyd, J.W., & Tarr, H.L.A., 1956. Effect of chlortetracycline and storage temperatures on
quality of shucked oysters. fishery research. Bd. Canada, Prog. Rep. Pacific coast
stas., No. 105: 12-13.

Boyd, J.W., Bissett, H.M., & Tarr, H.L.A., 1955. Further observations on the distribution of
chlortetracycline throughout ice blocks. Ibid. No. 102-14-15.

Browning, C.H., & Gulbransen, R., 1936. Immunity following cure of experimental
Trypanosoma brucei infection by a chemotherapeutic agent. The Journal of
Pathology and Bacteriology 43, 479-486.

Capone, D.G., Weston, D.P., Miller, V., & Shoemaker, C., 1996. Antibacterial residues in
marine sediments and invertebrates following chemotherapy in aquaculture.
Aquaculture 145, 55-75.

Castro, S.B.R,, Leal, C.A.G,, Freire, F.R., Carvalho, D.A., Oliveira, D.F., & Figueiredo, H.C.P.
2008. Antibacterial activity of plant extracts from Brazil against fish pathogenic
bacteria. Brazilian Journal of Microbiology.39. No. 4. doi: 10.1590/51517-
83822008000400030

Chopra, 1., & Roberts, M., 2001. Tetracycline Antibiotics: Mode of Action, Applications,
Molecular Biology, and Epidemiology of Bacterial Resistance. Microbiology and
Molecular Biology Reviews. 65, 232-260.

Costanzo, S.D., Murby, J., & Bates, J. 2005. Ecosystem response to antibiotics entering the
aquatic environment. Marine Pollution Bulletin 51, 218-223.

Demain, A.L., & Sanchez, S., 2009. Microbial drug discovery: 80 years of progress. Journal of
Antibiotics. 62, 5-16.

Doern, G.V., Heilmann, K.P., Huynh, H.K., Rhomberg, P.R., Coffman, S.L., & Brueggemann,
A.B., 2001. Antimicrobial Resistance among Clinical Isolates of Streptococcus
pneumoniae in the United States during 1999-2000, Including a Comparison of
Resistance Rates since 1994-1995. Antimicrobial Agents Chemotheraphy. 45, 1721-
1729.

Dolliver, H.A., & Gupta, S.C., 2008. Antibiotic losses from unprotected manure stockpiles.
Journal of Environmental Quality. 37, 1238-1244.

Edquist, L.E., & Pedersen, K.B. 2001. Antimicrobials as growth promoters: resistance to
common sense. In: Harremoés, P. (Chairman), Gee, D. (EEA Ed.), MacGarvin, M.
(Executive Ed.), Stirling, A., Keys, J., Wynne, B., Guedes Vas, S. (Eds.), Late lesson
From Early Warnings: The Precautionary Principle 1896-2000. Environmental Issue
Report No. 22, European Environment Agency, Copenhagen, pp. 93-109.

www.intechopen.com



154 Antibiotic Resistant Bacteria — A Continuous Challenge in the New Millennium

EJF. 2003. Risky Business: Vietnamese Shrimp Aquaculture — Impacts and Improvements.
London, UK7 Environmental Justice Foundation. pp. 44.

FAAIR, Policy recommendations. Clinical Infectious Diseases, 2002. 34 Suppl 3: p. 76-87.

Ferenci T. 2008. Bacterial physiology, regulation and mutational adaptation in a chemostat
environment. Advances in Microbial Physiology. 53:169-229.

Gillespie, D.C., Boyd, J.W., Bissett, HM., & Tarr, H.L.A., 1955. Ices containing
chlortetracycline in experimental fish preservation. Ibid. 9:296-300.

Hare, R. 1970. The Birth of Penicillin, Allen & Unwin, London.

Hatha, M., Vivekanandhan, A.A., Julie Joice, G., & Christol, 2005. Antibiotic resistance
pattern of motile aeromonads from farm raised fresh water fish. International
Journal of Food Microbiology 98, 131-134.

Hektoen, H., Berge, J.A., Hormazabal, V., & Yndestad, M., 1995. Persistence of antibacterial
agents in marine sediments. Aquaculture 133, 175-184.

Helms, M., Vastrup, P., Gerner-Smidt, P., & Molbak, K. 2002. Excess Mortality Associated
with Antimicrobial Drug-Resistant SalmonellaTyphimurium. Emerging Infectious
Diseases. 8(5):490-495.

Hernando, M.D., Mezcua, M., Fernandez-Alba, A.R., & Barcelg, D., 2006. Environmental risk
assessment of pharmaceutical residues in wastewater effluents, surface waters and
sediments. Talanta 69, 334-342.

Herwig, R.P., Gray, ].P., & Weston, D.P., 1997. Antibacterial resistant bacteria in surficial
sediments near salmon net-cage farms in Puget Sound, Washington. Aquaculture
149, 263-283.

Hirsch, R., Ternes, T., Haberer, K., & Kratz, K.L., 1999. Occurrence of antibiotics in the
aquatic environment. The Science of The Total Environment 225, 109-118.

Holmstrom, K., Graslund, S., Wahlstrom, A., Poungshompoo, S., Bengtsson, B.E., &
Kautsky, N., 2003. Antibiotic use in shrimp farming and implications for
environmental impacts and human health. International Journal of Food Science &
Technology 38, 255-266.

ICON, 2003. Antibiotics: A Medical Dictionary, Bibliography, and Annotated Research
Guide to Internet References. San Diego, CA: ICON Health Publications, 2003.
http:/ /www.answers.com/ topic/antibiotic#ixzz1SzZ AoJuz

IM, 1989. Institute of Medicine. Human health risks with the subtherapeutic use of penicillin
or tetracyclines in animal feed. 1989. Washington, D.C.: National Academy Press.

Ingram, M., Barnes,E., & Shewan, J.M., 1956. Problems in the use of antibiotics for
preserving meat and fish. Food science abstracts 28: 121-136.

Jalal, K.C.A., Fatin, Mardiana, Akbar John, B., Kamaruzzaman, Y.B., & Mohd. Nor. 2010.
Antibiotic Resistance Microbes in Tropical Mangrove Sediments, East Coast
Peninsular Malaysia. African Journal of Microbiology Research Vol. 4 (8), pp. 640-
645

Jensen, L.B., Baloda, S., Boye, M., & Aarestrup, F.M., 2001. Antimicrobial resistance among
Pseudomonas spp. and the Bacillus cereus group isolated from Danish agricultural
soil. Environment International 26, 581-587.

Khachatourians, G.G., 1998. Agricultural use of antibiotics and the evolution and transfer of
antibiotic-resistant bacteria. Canadian Medical Association Journal 159, 1129-1136.

www.intechopen.com



Emergence of Antibiotic Resistant Bacteria from Coastal Environment — A Review 155

Knight, V., Sanglier, ]J.J., DiTullio, D., Braccili, S., Bonner, P., Waters, J., Hughes, D., &
Zhang, L., 2003. Diversifying microbial natural products for drug discovery.
Applied Microbiology and Biotechnology 62, 446-458.

Kuijper, M.\W.M., 2003. Marine and coastal environmental awareness building within the
context of UNESCOQO's activities in Asia and the Pacific. Marine Pollution Bulletin 47,
265-272.

Kumar, K., Gupta, S., Chander, Y., Singh, A.K., 2005. Antibiotic Use in Agriculture and Its
Impact on the Terrestrial Environment, in: Donald, LS. (Ed.), Advances in
Agronomy. Academic Press, pp. 1-54.

Kimmerer, K., 2003. Significance of antibiotics in the environment. Journal of Antimicrobial
Chemotherapy 52, 5-7.

Kimmerer, K., 2009a. Antibiotics in the aquatic environment - A review - Part L
Chemosphere 75, 417-434.

Kiummerer, K., 2009b. Antibiotics in the aquatic environment - A review - Part IL
Chemosphere 75, 435-441.

Lai, H.T., Liu, SM. & Chieln, Y.H. 1995. Transformation of chloramphenicol and
oxytetracycline in aquaculture pond sediments. Journal of Environmental Science
and Health, Part A. Toxic / Hazardous Substances and Environmental
Engineering. A30:1987-1993.

Le Tuan Xuan, Munekage Yukihiro, Phan Dao Anh Thi, Quan Dao & Quynh Thi. 2003. The
environmental quality of shrimp ponds in mangrove areas. Proceedings of the
Thirteenth (2003) International Offshore and Polar Engineering Conference
Honolulu, HI, USA, May25 - 30; ISSN: 1098-6189 (set) 1-880653-60-5 (set). p. 255-
262.

Levy, S. B. 2002. The antibiotic paradox: How the misuse of antibiotics destroys their
curative powers. Cambridge: Perseus Publishing.

Li, X, & Nikadio H. 2009. Efflux-mediated drug resistance in bacteria: an update. Drug 69
(12): 1555-623.

Lu, S.Y., Zhang, Y.L., Geng, S.N., Li, T.Y., Ye, Z. M., Zhang, D.S., Zou, F., & Zhou, HW.,
2010. High Diversity of Extended-Spectrum Beta-Lactamase-Producing Bacteria in
an Urban River Sediment Habitat. Applied Environmental Microbiology. 76, 5972-
5976.

Marengo, J.R., Kok, R.A., O'Brien, K., Velagaleti, R.R., & Stamm, J.M., 1997. Aerobic
biodegradation of (14C)-sarafloxacin hydrochloride in soil. Environmental
Toxicology and Chemistry 16, 462-471.

Martinez, J.L., & Baquero, F., 2000. Mutation Frequencies and Antibiotic Resistance.
Antimicrobial Agents Chemotheraphy. 44, 1771-1777.

McDonald, L.C., Rossiter, S., Mackinson, C., Wang, Y.Y., Johnson, S., Sullivan, M., Sokolow,
R., DeBess, E., Gilbert, L., Benson, J.A., Hill, B. & Angulo, F.J. 2001. Quinupristin-
Dalfopristin resistant Enterococcus faecium on chicken and in human stool
specimens. New England Journal of Medicine. 345(16):1155-60.

McGowan Jr, J.E. 2001. Economic Impact of Antimicrobial Resistance. Emerging Infectious
Diseases. 7(2):286-292.

McPhearson, R.M., DePaola, A., Zywno, S.R., Motes Jr, M.L.,, & Guarino, A.M., 1991.
Antibiotic resistance in Gram-negative bacteria from cultured catfish and
aquaculture ponds. Aquaculture 99, 203-211.

www.intechopen.com



156 Antibiotic Resistant Bacteria — A Continuous Challenge in the New Millennium

Miranda, C.D., & Zemelman, R., 2002. Bacterial resistance to oxytetracycline in Chilean
salmon farming. Aquaculture 212, 31-47.

Neela, F., Nonaka, L., Rahman, M., & Suzuki, S., 2009. Transfer of the chromosomally
encoded tetracycline resistance gene tet (M) from marine bacteria to; Escherichia coli
and; Enterococcus faecalis. World Journal of Microbiology and Biotechnology 25,
1095-1101.

NIAID, 2006. The problem of antimicrobial resistance. National Institute of Allergy and
Infectious Diseases, Division of Microbiology and Infectious Diseases,
www.niaid.nih.gov/dmid/antimicrob

Nicolaou, K.C. 2001. A close look at the inner workings of microbes in the era of escalating
antibiotic resistance is offering new strategies for designing drugs. Scientific
American 2001; Vol 284: p 54-61.

Nygaard, K., Lunestad, B.T., Hektoen, H., Berge, J.A., & Hormazabal, V., 1992. Resistance to
oxytetracycline, oxolinic acid and furazolidone in bacteria from marine sediments.
Aquaculture 104, 31-36.

Olapade, O.A., Depas, M.M,, Jensen, E.T., & McLellan, S.L., 2006. Microbial Communities
and Fecal Indicator Bacteria Associated with Cladophora Mats on Beach Sites along
Lake Michigan Shores. Applied Environmental Microbiology. 72, 1932-1938.

Perreten, V., Schwarz, F., Cresta, L., Boeglin, M., Dasen, G., & Teuber, M., 1997. Antibiotic
resistance spread in food. Nature. 389, 801-802.

Pouliquen, H., & Le Bris, H., 1996. Sorption of oxolinic acid and oxytetracycline to marine
sediments. Chemosphere 33, 801-815.

Prior, L.S.0.S., 2008. The 2008 Garrod Lecture: Antimicrobial resistance —animals and the
environment. Journal of Antimicrobial Chemotherapy 62, 229-233.

Reynolds, D., 2010. Modern Medicine and The Overuse Of Antibiotics.
http:/ /www healthytheory.com/modern-medicine-and-the-overuse-of-antibiotics

Russell, A.D. 2003. Biocide use and antibiotic resistance: the relevance of laboratory findings
to clinical environmental situations. Lancet Infectious Disease. 3:794-803.

Russell, A.D., 1990. Mechanisms of bacterial resistance to biocides. International
Biodeterioration 26, 101-110.

Russell, A.D., 1995. Mechanisms of bacterial resistance to biocides. International
Biodeterioration & Biodegradation 36, 247-265.

Samuelsen, O.B., Torsvik, V., & Ervik, A., 1992. Long-range changes in oxytetracycline
concentration and bacterial resistance towards oxytetracycline in a fish farm
sediment after medication. Science of The Total Environment 114, 25-36.

SCENIHR, 2009. Scientific Committee on Emerging and Newly Identified Health Risks.
Assessment of the Antibiotic Resistance Effects of Biocides. European Commission.
pp-1-87.

Schmidt, A.S., Bruun, M.S., Dalsgaard, I., Pedersen, K., & Larsen, J.L., 2000. Occurrence of
Antimicrobial Resistance in Fish-Pathogenic and Environmental Bacteria
Associated with Four Danish Rainbow Trout Farms. Applied Environmental
Microbiology. 66, 4908-4915.

Serrano, P.H. 2005.. Responsible use of antibiotics in aquaculture. In: Food and Agriculture
Organization (FAO) Fisheries Technical Paper, 469, Roma, 97 p.

Sheldon, A.T. Jr. 2005.Antiseptic "resistance": real or perceived threat? Clinical Infectious
Diseases. 40:1650-6.

www.intechopen.com



Emergence of Antibiotic Resistant Bacteria from Coastal Environment — A Review 157

Shoemaker, N.B., Vlamakis, H., Hayes, K., & Salyers, A.A., 2001. Evidence for Extensive
Resistance Gene Transfer among Bacteroides spp. and among Bacteroides and
Other Genera in the Human Colon. Applied Environmental Microbiology. 67, 561-
568.

Singer, R.S., Finch, R., Wegener, H.C., Bywater, R., Walters, J., Lipsitch, M., 2003. Antibiotic
resistance--the interplay between antibiotic use in animals and human beings. The
Lancet Infectious Diseases 3, 47-51.

Steiner, G., & Tarr, H.L.A., 1955. Transport and storage of fish in refrigerated sea water: II.
Bacterial spoilage of blue black salmon in refrigerated sea water and in ice, with
and without assed chlortetracycline. Fish research Bd. Canada, Prog. Rep. pacific
coast sras, No: 104: 7-8.

Tarr, H.L.A., & Deas, C.P., 1948. Action of sulpha compounds, antibiotics and nitrite on
growth of bacteria in fish and flesh. Journal of fishery research. Bd. Canada. 7: 221-
223.

Tarr, H.L.A., 1944. Chemical Inhibition of Growth of Fish Spoilage Bacteria. Journal of the
Fisheries Research Board of Canada 6¢, 257-266.

Tarr, H.L.A., Boyd, ].W., & Bissett, H.M., 1954. Antibiotics in food processing. Experimental
preservation of fish and beef with antibiotiocs. Journal of Agriculture Food
chemistry. 2: 372-375.

Tarr, H.L.A., Southcott, B.A., & Bissett, H.M., 1950. Effect of several antibiotics and food
preservatives in retarding bacterial spoilage of fish. Fish. Res. Bd, Canada, Prog.
Rep. pacific coast stas. No. 83:35-38.

Tendencia, E.A., & Dela Pefia, L.D., 2002. Level and percentage recovery of resistance to
oxytetracycline and oxolinic acid of bacteria from shrimp ponds. Aquaculture 213,
1-13.

Tolls, J., 2001. Sorption of Veterinary Pharmaceuticals in Soils: A Review. Environmental
Science & Technology 35, 3397-3406.

Tomiyama, T., Nomura, M., & Kuroki,S. 1955. Effectiveness of aureomycin on keeping
quality of sardine. Bulletin of Japanese society of scientific fisheries. 21: 262-266.

USEPA, 2002. Environmental and Economic Benefit Analysis of Final Revisions to the
National Pollutant Discharge Elimination System Regulation and the Effluent
Guidelines for Concentrated Animal Feeding Operations. EPA 821-R-03-003.
USEPA Office of Water, Washington, DC.

Wagner-Dobler, 1., Beil, W., Lang, S., Meiners, M., Laatsch, H., 2002. Integrated Approach To
Explore the Potential of Marine Microorganisms for the Production of Bioactive
Metabolites, in: Schiigerl, K., Zeng, A.P., Aunins, J., Bader, A., Bell, W., Biebl, H.,
Biselli, M., Carrondo, M., Castilho, L., Chang, H., Cruz, P., Fuchs, C., Han, S., Han,
M.R., Heinzle, E., Hitzmann, B., Koster, D., Jasmund, I., Jelinek, N., Lang, S,
Laatsch, H., Lee, J., Miirkl, H., Maranga, L., Medronho, R., Meiners, M., Nath, S,,
Noll, T., Scheper, T., Schmidt, S., Schiiigerl, K., Stdirk, E., Tholey, A., Wagner-
Débler, 1., Wandrey, C., Wittmann, C., & Yim, S.C. (Eds.), Tools and Applications of
Biochemical Engineering Science. Springer Berlin / Heidelberg, pp. 207-238.

Wainwright, M. 1988. Selman A.Waksman and the streptomycin controversy. Soc.gen.
Microbial. Quarterly, 15: 90-92

Walsh, C. 2003. Antibiotics — Action, Origin, Resistance. ASM Press, Washington, D.C.

www.intechopen.com



158 Antibiotic Resistant Bacteria — A Continuous Challenge in the New Millennium

Weston, D.P. 1996. Environmental considerations in the use of antibacterial drugs in
aquaculture. In: Baird D, Beveridge M, Kelly L,Muir ], editors. Aquaculture and
Water Resources Management. Black-well Science; 140-65.

Witter, L.D., 1961. Psychrophilic Bacteria--A Review. Journal of Dairy Science 44, 983-1015.

World Health Organization 2003. Dept. of Communicable Disease Prevention Control and
Eradication., Danish Veterinary Institute.,, and Danmarks jordbrugs forskning,
Impacts of antimicrobial growth promoter termination in Denmark : the WHO
international review panel' s evaluation of the termination of the use of
antimicrobial growth promoters in Denmark : Foulum, Denmark 6-9, Geneva:
World Health Organization. 57 p.

Zhang, L., An, R, Wang, J., Sun, N., Zhang, S., Hu, J., & Kuai, J., 2005. Exploring novel
bioactive compounds from marine microbes. Current Opinion in Microbiology 8,
276-281.

www.intechopen.com



o oy

' - Antibiotic Resistant Bacteria - A Continuous Challenge in the New
ANTIBIOTIC | Millennium
RESISTANT BACTERIA.. . .
- A CONTINUOUS CHALLENGE IN THE NEW Edited by Dr. Marina Pana

i

ISBN 978-953-51-0472-8

Hard cover, 576 pages

Publisher InTech

Published online 04, April, 2012
Published in print edition April, 2012

Antibiotic-resistant bacterial strains remain a major global threat, despite the prevention, diagnosis and
antibiotherapy, which have improved considerably. In this thematic issue, the scientists present their results of
accomplished studies, in order to provide an updated overview of scientific information and also, to exchange
views on new strategies for interventions in antibiotic-resistant bacterial strains cases and outbreaks. As a
consequence, the recently developed techniques in this field will contribute to a considerable progress in
medical research.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

K.C.A. Jalal, B. Akbar John, B.Y. Kamaruzzaman and K. Kathiresan (2012). Emergence of Antibiotic Resistant
Bacteria from Coastal Environment - A Review, Antibiotic Resistant Bacteria - A Continuous Challenge in the
New Millennium, Dr. Marina Pana (Ed.), ISBN: 978-953-51-0472-8, InTech, Available from:
http://www.intechopen.com/books/antibiotic-resistant-bacteria-a-continuous-challenge-in-the-new-
millennium/emergence-of-antibiotic-resistant-bacteria-from-coastal-environment-a-review

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




