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Abstract

Sensors are an extremely broad field which impacts
on many major industrial sectors. This review paper
highlights the research carried out during the last 8
years based on recent advances in the development
of enzyme and NA (nucleic acid) based biosensors
for environmental detection including pollutants and
toxic compounds in a wide range of samples. NA-
based biosensors are also finding increasing use for
the detection of environmental pollutants and their
toxicity. Biosensors are now used in a wide variety
of disciplines, so that the different types of biosen-
sors are used with their advantages and limitations
with different transducers forming the sensing de-
vices, for the different environmental contaminants
analysis. The general applications of the enzyme
biosensors are highlighted related with an environ-
mental monitoring application. Recent advances in
the development and applications of biosensor
arrays for environmental detection are highlighted in
this review article with special emphasis on functio-
nal nucleic acid elements (aptamers, DNAzymes,
aptazymes), widely useful in nanobiotechnology and
also in lab-on-a-chip technology.

Keywords: Sensors, Biosensors, DNA, Toxicants, Pollu-
tants

Introduction

Biosensors have recently been attracted much atten-
tion due to their applications in environmental pollu-
tion monitoring1. The last few years have seen great
advances in the design of sensor architectures, the
marriage of biological systems with monolithic sili-

con and optical technologies, the development of
effective electron-transfer systems and the configu-
ration of direct immunosensors2. Due to their perfor-
mance capabilities including high specificity and sen-
sitivity, rapid response, low cost, relatively compact
size and user-friendly operation, they have become an
important tool for detection of chemical and bio-
logical components3. The environmental detection of
various diverse pollutants have been encouraged by
the development of new technologies and more sui-
table methodologies like biosensor arrays to monitor
as quickly and as cheaply as possible. The biosensors
offer to determine not only specific chemicals but
also their biological effects, like toxicity, cytotoxicity,
genotoxicity. Despite these advantages, the applica-
tion of biosensors in the environmental field is still
limited in comparison to medical or pharmaceutical
applications, where most research and development
has converged4. 

Enzymatic biosensors are based on the selective in-
hibition of specific enzymes by different classes of
compounds as target analyte for their quantification.
Whole living cells like bacteria, yeast, fungi, plant
and animal cells, or even tissue slices, have been used
for the determination of the toxicity of certain com-
pounds to the cells of choice. Genetically engineered
bacteria are often used in cell-based biosensors. DNA
biosensors are applied to detect pollutants by one is
the hybridisation detection of nucleic acid sequences
from infectious microorganisms, and the other is the
monitoring of small pollutants interacting with the
immobilized DNA layer with drugs, mutagenic pollu-
tants, etc.5. 

Nowadays monitoring of toxicants, contaminants or
pollutants in the air, water and soil are very important
to save from the risks pose to human health and eco-
systems. There is need have fast, cost-effective, less
time consuming analytical techniques to be used for
analyze environmental samples. Recently, nucleic
acids (NAs) have been incorporated into a wide range
of biosensors and bioanalytical assays, due to their
wide range of physical, chemical and biological acti-
vities for a specific identification of animal and vege-
tal species, genetically-modified organisms, bacteria,
viruses, toxins, etc.6,7. A nucleic acid is a macromole-
cule composed of nucleotide chains but many NA
molecules are known as aptamers with high affinity
and specificity8,9 can be recognized by small organic
molecules, proteins, cells and even intact viral parti-
cles. The catalytic DNA molecules are also called
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DNAzymes (DNA enzymes, deoxyribozymes or cata-
lytic DNA), aptamers and aptazymes are collectively
called functional DNAs, whose functions extend be-
yond the Watson-Crick base pair recognition of com-
plementary strands. These naturally occurring NAs as
well as DNA-templated materials that are responsive
to chemical stimuli have been used to assemble bio-
sensors10.

Enzyme-based Biosensors for
Environmental Pollutants Detection

Biosensors are analytical devices which tightly com-
bine biorecognition elements and physical trans-
ducers for detection of the pollutant compounds to
inhibit the activity of certain enzymes, their activity
and the resulting product concentration. The deve-
lopment of biosensors based on immobilized enzy-
mes solve several problems including loss of enzyme,
maintenance of enzyme stability and shelf life and
additionally to reduce the time of the enzymatic re-
sponse and offer disposable devices which can be
easily used in stationary or in flow systems11. The
interaction between the enzyme and the toxic com-
pound involved inhibition/inactivation of enzyme de-
pends on the substrate concentration and exposure
time. 

The limit of the detection of biosensors depends on
the several parameters such as pH, temperature, the
enzyme loading the substrate concentration, the
immobilization matrix and the time of reaction bet-
ween the enzyme and the inhibitor. Besides these, the
choice of organic solvent needs to be considered as
part of the method development in order to avoid un-
desirable effects as well as minimize the enzyme
inhibition/inactivation12,13. 

Biosensors based on the immobilization of the bio-
chemical component for the detection of various toxi-
cants. Sensor devices coupled with reactors which
contain an immobilized enzyme matrix. The inhibitor
passes through the reactor and inhibits the enzyme as
shown in Figure 1, which illustrated experimental set-
up of biosensor system. The residual activity of the
enzyme is evaluated by measuring the enzymatic pro-
duct before and after the inhibition and also reported
captan in real contaminated samples up to 2 ppm and
the response time to steady sensor signal was about
15 min14. Furthermore, they have also been reported
the fiber-optic biosensor consisting of AChE-immobi-
lized LB film for simple and direct detection of orgar-
nophosphorus compounds in contaminated water up
to 2 ppm and the response time to steady signal of the
sensor was about 10 min15. 

The biosensor systems for the environmental detec-
tion of various toxic chemical entities are based on
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Figure 1. Experimental set-
up of biosensor system bas-
ed on flow type SPR for the
detection of captan and orga-
nophosphorous compounds,
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the principle of enzyme inhibition including pesti-
cides, heavy metals and chemical toxins. In general,
the development of these biosensing systems relies
on a quantitative measurement of the enzyme activity
before and after exposure to a target analyte basically
the percentage of inhibited enzyme that results quan-
titatively related to the inhibitor (i.e. analyte) concen-
tration and the incubation time16,17. Kuswandi has

developed a simple optical biosensor based on immo-
bilized urease for the monitoring of heavy metals and
the detection limit depends on the incubation time (5
min) of the enzyme with the inhibitor18. Shan et al.
have been reported specific electrostatic interaction
of the host matrix that may induce an accumulation
of the inhibitor within the anionic clay and this pheno-
menon improved the sensitivity of the amperometric
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Table 1. The list of few enzyme biosensors for the determination of inhibitors.

Inhibitors Enzymes used Methods Sources Limit of detection References

Oxalic acid AChE Amerometric - 0.5-20 mmol-1 1

Nitric oxide Xanthine oxidase Amerometric - 0-2 mmol-1 40

Nitric oxide HRP Amerometric -
2.7×10-6-1.1×10-5 mol L-1

41LOD==2×10-6 mol L-1

Benzoic acid Tyrosinase Amerometric Soft drinks 9×10-7 mol L-1 1

Cyanide Tyrosinase Amerometric - LOD==0.1 nmol L-1 19

Methyl AIDH Amerometric -
100-1,000 ppb, 1isothiocynate LOD==100 ppb 

Anatoxin-a(s) AChE Amerometric Fresh water - 2

Captan and GST Optical Contaminated water Upto 2 ppm 14, 15, 17pesticides

Table 2. The list of enzyme biosensors for the determination of heavy metals.

Heavy metals Enzymes Methods Sources Limit of detection References

Hg++2, Cu++2, Cd++2 Urease Optical Tap and LOD==10 nM, 50 μM, 500 μM 28, 29
river water

Hg++2, Cu++2 GOx Amperometric - 2 5 μmol-1-0 2 μmol-1 and 24
2 5 μmol-1-0.2 μmol-1

Hg(NO3)2, HgCl2, Urease Potentiometric Water 0.05-1.0/0.2, 0.05-1.0/ 30, 31
Hg2(NO3)2 0.2, 0.05-1.0/0.1 μmol-1

Cd++2 Urease Optical (SPR) - 0-10 mg L-1 1

1×10-9-1×10-5, 1×10-8-1×10-5

Hg++2, Ag++, Cu++2, Urease Optical fibre - 1×10-7-1×10-5, 1×10-6-1×10-5
18

Pb++2, Ni++2, Zn++2, Co++2 2×10-5-1×10-3, 2×10-5-1×10-3

1×10-4-1×10-3 mol L-1

Mercury(II), mercury(I),
methylmercury, Hg-GSH HRP Amperometric - LOD==0.1, 0.1, 1, 7 ng mL-1 1
complex, Methyl mercury,
Hg++ and Hg++2

Ag++, Ni++2, Cu++2 Urease Potentiometri - LOD==3.5×10-8, 7×10-5, 27
pH-SFET 2×10-6 mol L-1

Cu++2 AChE Amperometric - 0.05-4.0 mmol-1 2

Hg++2 GOx Amperometric Spiked 2.5-12 ng mL-1
2

water LOD==1 ng mL-1

Methyl and Invertase Amperometric - I50==0.27, 0.032, 0.27, 0.34, 0.12 ppm 25, 26
Phenyl mercury

Chromium (vi) GOx Amperometric Soil 0.49 μg L-1 to 8.05 mg L-1, 2
samples LOD==0.49 μg L-1

Nitrate Recomb. E. coli, Optical Water - 60
nitrite reductase



biosensor toward cyanide (0.1 nM)19. Mazzei et al.
have been reported the use of a bioelectrochemical
system for the determination of pesticides by alkaline
phosphatase inhibition20. Simonian et al. have been
reported direct detection of OP neurotoxins using
OPH enzyme attached gold nanoparticle21. The inhi-
bition of tyrosinase has been investigated for the de-
termination of carbaryl using amperometric22.

Table 1 and 2 highlight enzyme based biosensors
for the detection of various inhibitors (pesticides and
other toxic pollutants) and heavy metals respectively
including tyrosinase22, GST15, glucose oxidase23, alco-

hol oxidase24, invertase25,26, Urease27-32, AChE33-37,
butyrilcholinesterase (BChE)38, Lactate dehydroge-
nase (LDH)39, cellobiose dehydrogenase40, nitric oxide
(NO)41 and superoxide radicals42. Lee et al. presented
a cell-based array technology that uses 20 recombi-
nant bioluminescent bacteria to detect and classify en-
vironmental toxicity43. Photosynthesis inhibition is an
interesting indicator that rapidly reflects the toxic
effect of certain pollutants. Taking advantage of this
feature, some biosensors based on Photosystem II
(PSII) have been reported to be able to detect herbi-
cides44. Recently, a label-free direct piezoelectric im-
munosensor built on a flow-through cell was used for
the determination of 2,4-D in water. Polychlorinated
biphenyls (PCBs) are ubiquitous environmental pollu-
tants, considered as carcinogenic and a potential thr-
eat to human health has been determined by SPR
based biosensor45. Bisphenol A is an environmental
pollutant determined by immunosensors based on
bacterial magnetic particle; a SPR; total internal re-
flection fluorescence and has also been reported bas-
ed on a tyrosinase-carbon paste electrode of an opti-
cal biosensor for phenolic EDCs including bisphenol
A, nonylphenol and diethylstilbestrol46. Amperome-
tric biosensors for naphthalene found in contaminated
soils were constructed using Sphingomonas yanoiku-
yae B1 and a recombinant Escherichia coli-based
biosensor for benzene determination in air47. Hansen
and Sorensen have been presented the choice of three
different recombinant cells modified with a tetracy-
cline-inducible promoter in the development of three
corresponding whole-cell biosensors48.

The detection of toxins especially bacterial and
mycotoxin in environmental and clinical samples are
very important. Oh et al. have been reported protein
chip based on SPR for the simultaneous detection of
pathogens existing in contaminated environment, such
as Escherichia coli O15 : H7, Salmonella typhimuri-
um, Legionella pneumophila, and Yersinia enterocoli-
tica as shown in Figure 2a. They have detected 4
pathogens by SPR spectroscopy. The proposed pro-
tein chip, based on SPR for the simultaneous detec-
tion of pathogens, could also be applied to develop
other protein chips with a high efficiency49 as shown
in Figure 2b. Choi et al. have been investigated bio-
surface fabrication based on synthetic cysteine termi-
nated oligopeptide on gold surface for the application
to cell chip platform with E. coli O157 : H7 for the
biological toxicity detection such as phenol exposure
as shown in Figure 3. The detection limit was deter-
mined to be 5 ppm of phenol. The proposed cell im-
mobilization method using self-assembly technique
can be applied to construct the cell chip for the dia-
gnosis, drug detection, and on-site monitoring50,51.
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Figure 2. (a) Schematic illustration of the proposed protein
chip based on SPR and (b) The response of Mab against four
pathogens spot of protein chip based on SPR for ca. 105 CFU/
mL of four pathogens, such as E. coli O157 : H7, S. typhimu-
rium, L. pneumophila, and Y. enterocolitica. 
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Waleed et al. have recently been reported that the
feasibility of detection of the anticancer drugs effect
using immobilized HeLa cells, and the applicability
of this approach to a cell chip platform using cyclic
voltammetry and potentiometric stripping analysis for
use as direct electrochemical detection techniques to
monitor cell growth and viability and the effect of
anticancer drugs on cell viability52,53. Oh et al. have
also been described an immunosensor based on SPR
for the detection of S. typhimurium with high sensi-
tivity by controlling the orientation of antibody mole-
cules immobilized on SPR surface using self-assem-
bled protein G54. Lee et al. fabricated the protein array
based on the sol-gel-derived surface for the detection
of E. coli O157 : H7 as shown in Figure 4. They have
found detection limit 102 CFU/mL and speculated
that the technique involving the preparation of sol-gel
derived bioactive platform can be applied to the pro-
tein chip based detection such as diagnosis, bioche-
mical research, and so on. These bioactive inorganic
platforms will offer many advantages for commer-
cialization and popular use55. Jyoung et al. have also
been developed an immunosensor based on SPR for
the detection of V. cholerae O1 using immobilization
of the antibody, a protein G layer on the mixed-SAM
and found detection range of between 105 and 109

cells/mL. The proposed fabrication technique using

protein G and SAM has the potential to be utilized
for the development of a versatile immunosensor56. A
portable fiber-optic biosensor and an impedance-based
immunosensor have been reported to determine sta-
phylococcal enterotoxin B57. A rapid and sensitive
immunosensor developed for the detection of the
Clostridium botulinum toxin A enabled the detection
of the toxin within 1 min at concentrations as low as
5 ng/mL58. Recombinant luminescent bacterial sen-
sors were used for the determination of the bioavail-
able fractions of cadmium, zinc, mercury and chro-
mium in soil and heavy metals in sediments and
soil59. Urban wastewater treatment regulations aim at
reducing pollution, including nitrate/nitrite pollution,
from sewage treatment works and industry. A whole-
cell fluorescence biosensor based on recombinant
Escherichia coli allowed the determination of nitrate
without the interference of phosphate, chloride and
nitrite60. The commercial environmental biosensors
are substantially less for the measurement of pollu-
tants and other environmental hazards due to their
practical stability but SPR biosensors (BIACORE
AB, Uppsala, Sweden), REMEDIOS, a whole-cell-
based biosensor, employed for diagnosis of contami-
nated land or soil to detects the levels of any toxic
substance that affects the metabolic activity of the
biosensor organisms. Unisense (Aarhus, Denmark)
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Figure 3. Schematic descrip-
tion of cell immobilization
for cell chip and biological
toxicity detection of phenol
as a pollutant.
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and NECi’s Nitrate Biosensor (Nitrate Elimination,
MI, USA) launched microbial and enzymatic biosen-
sors, respectively, for nitrate determination61,62. Multi-
analyte determinations of several analytes simultane-
ously allow a reduction in time and sample volume
and reagents required are a valuable tool for environ-
mental monitoring. A portable SPR immunosensor
designed for on-site analysis, which was applied to
the simultaneous determination of benzopyrene and
2-hydroxybiphenyl and a planar array immunosensor,
equipped with a charge-coupled device (CCD) as a
detector and a diode laser as light source, has been
also developed and applied to either the determina-
tion of multiple compounds, such as viruses, toxins
and bacterial spores, in a single sample analysis or a
single analyte in multiple samples simultaneously63.
Mastichiadis et al. have recently been applied an
optical capillary immunosensor to the simultaneous
determination of the pesticides mesotrione, hexaco-
nazole, paraquat and diquat and recently, quantum
dots are also being applied for multi-analyte determi-
nations64. 

Nanotechnology is playing an increasingly impor-
tant role in the development of biosensors by using
nanomaterials for biosensor construction, the sensiti-
vity and performance is improved. The quantum dot
or nanocrystal display extraordinary optical propert-
ies, tunable by regulating their size65. The microele-
ctronics and microfluidics are miniaturisation of an-
alytical systems using low volume samples and re-
duce reagent consumption and waste generation, and
increasing sample throughput by decreasing analysis
time, increasing reliability and sensitivity through
automation and integrating several processes in a
single device66. New sensing elements are those whi-
ch improve the affinity, specificity and mass produc-
tion of the molecular recognition components in
future biosensor development by using biotechnology
or gene engineering. Modified cell biosensors are be-
ing constructed by fusing a reporter gene to a promot-
er element that is induced by the presence of a target
compound67.

While in days to come antibodies are likely to re-
main the recognition molecules, a number of alter-
natives are being investigated. One type of recogni-
tion molecule that has received significant attention
in recent years is peptide-nucleic acids (PNAs). PNAs
have been used as a platform for attachment of an an-
alyte derivative or capture antibody. Specific nucleic
acids, aptamers, have been shown to bind small
molecules with high affinity and can thus be consi-
dered as a valid alternative to antibodies or other bio-
mimetic receptors for the development of biosen-
sors68. 

NA Biosensors for 
Environmental Applications

Various signal transduction mechanisms are used in
NA biosensing applications including optical, ele-
ctrochemical, mass, magnetic, and micromechanical.
Genosensors are the integration of a sequence-speci-
fic probe (usually a short synthetic oligonucleotide)
and a signal transducer. Environmental applications
of genosensors are extensively exploited in the detec-
tion of pathogenic microorganisms relevant to food,
biodefense and environmental contamination applica-
tions69. Recently, probes produced by chemical chan-
ges to the backbone of naturally-occurring DNA or
RNA are used more and more in NA sensing techni-
ques. Among these, locked nucleic acid (LNA) and
peptide nucleic acid (PNA) are the most used and
their structure shown in Figure 5. LNA is a bicyclic
nucleic acid where a ribonucleoside is linked between
the 2′-oxygen and the 4′-carbon atoms with a methy-
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Figure 4. Schematic description of protein array fabrication
based on sol-gel bioactive platform. During the hydrolysis of
tetraethoxysilane (TEOS), the bioactive thin film was prepar-
ed through sol-gel dip coating.
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lene unit and used in any hybridization assay that re-
quires high specificity and/or reproducibility. General
properties of LNA oligonucleotides include highly
stable base pairing with DNA and RNA70 exception-
ally high thermal stability, improved discrimination,
compatibility with most enzymes and predictable
melting behaviour. PNA is a synthetic nucleic acid
reported in the early 1990s that has an achiral neutral
polyamide backbone formed by repetitive units of N-
(2-aminoethyl) glycine linked to N bases. The PNA
molecule that mimics DNA is advantageous as a pro-
be molecule, owing to improved chemical and enzy-
matic stability relative to nucleic acids. The PNA
molecule, being resistive to attack by nucleases, pro-
vides an extra edge over the use of conventional or
naturally existing nucleic acids. Several variables
affect the hybridization event at the transducer-solu-
tion interface and should be controlled carefully. Th-
ese are salt concentration, temperature, and the pre-
sence of accelerating agents, contact time and length
of the probe sequence71. Conducting polymer based
nucleic acid biosensor is also suitable for environ-
mental toxicant detection. Arora et al. have physi-
cally been immobilized ds-CT-DNA onto electroche-
mically prepared polypyrrole-polyvinylsulphonate
(PPy-PVS) films and investigated the amperometric
response studies of the DNA/PPY-PVS electrodes
carried out at 25�C as a function of 2-aminoanthra-
cene (2-AA) concentration (0.01-20 ppm) and o-chlo-
rophenol (OCP, 0.1-30 ppm) reveal that 10 ppm is
sufficient to reduce the observed guanine oxidation
current and that 25 ppm of OCP reduced the oxida-
tion current to zero72. Lermo et al. have been describ-
ed a genomagnetic assay for the electrochemical
detection of food pathogens based on in situ DNA
amplification with magnetic primers73. Elsholz et al.

have been reported a low-density electrical 16S rRNA
-specific oligonucleotide microarrays and an automa-
ted analysis system for the identification and quan-
tization of pathogens, such as E. coli, Pseudomonas
aeruginosa, Enterococcus faecalis, S. aureus, and S.
epidermides74.

Aptasensors for Environmental Analysis
Aptamers are single-stranded DNA or RNA ligands

that can be selected for different targets starting from
a huge library of molecules containing randomly cre-
ated sequences. An application of aptamer-based bio-
sensors for the detection of environmental analysis
related molecules is very limited75. Brockstedt et al.
reported for the first time the selection of RNA apta-
mers for the recognition of hydrophobic aromatic car-
cinogens76. Among those aptamers that have actually
been applied to the detection of target molecules for
environmental analysis, find a 17β-estradiol DNA
aptamer i.e. 76-mer DNA aptamer, with a Kd of 0.13
mM selected and used for the development of an elec-
trochemical biosensor for the detection of 17β-estra-
diol, a well-known endocrine disrupting molecule77.
The aptamer was immobilized on gold electrodes via
the avidin-biotin interaction, and cyclic voltammetry
and square wave voltammetry were used to evaluate
the target binding to the aptamer as shown in Figure 6
(a) and (b) along with secondary structure of DNA
aptamer. 

Catalytic Biosensors for Environmental
Analysis

The term nucleic acid enzyme is used to identify
nucleic acids that have catalytic activity. Ribozymes
(made of ribonucleic acid or RNA) are found in
nature and mediate phosphodiester bond cleavage
and formation and peptide bond formation. Artificial
ribozymes have been obtained by means of combina-
torial chemistry approaches, such as in vitro selection
and in vitro evolution and have been shown to cata-
lyze quite a broad array of other chemical reactions.
DNAzymes are artificial molecules and are not found
in nature78.

DNAzymes for Environmental Analysis
DNAzymes are DNA-based biocatalysts capable of

performing chemical transformations. DNAzymes
can therefore provide additional control over nucleic
acid-based nanodevices. Among the many classes of
DNAzymes, RNA-cleaving DNAzymes are the most
widely used, mainly because of their simple reaction
conditions, fast turnover rates, and significant modifi-
cations on their substrate lengths79. Liu et al. have
been used 17E (a variant of the ‘8-17’ deoxyribozy-
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Figure 5. Structure of DNA (a), LNA (b) and PNA (c) mono-
mers.
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me) with gold nanoparticles for the design of a colo-
rimetric assay of lead and found detection range
between 100 nM and 4 mM80. Yim et al. have been
reported Pb2++-specific DNAzyme, immobilized onto
carbon nanotubes81. Along the same lines of surface
immobilization, the DNAzyme was covalently atta-
ched to gold surfaces82 and gold-coated nanocapillary
membranes for the analysis of environmental lead
pollution in groundwater or drinking water83. Gari-
botti et al. have recently been incorporated a Cu2++-
dependent DNAzyme with optimized cleavage effici-
ency into a two-dimensional array based on the DNA
double crossover motif (a rigid DNA building block
frequently used in DNA nanotechnology)84.

Aptazymes for Environmental Pollution
Analysis

DNAzymes can perform chemical modifications on
nucleic acids, while aptamers can bind a broad range
of molecules. A combination of the two has generat-
ed a new class of functional nucleic acids known as
allosteric DNAzymes or aptazymes. Liu and Lu have
been used an adenosine-dependent aptazyme built on
the basis of the Pb2++-specific DNAzyme, to assemble
gold nanoparticles. In the presence of adenosine, the
substrate was cleaved and the assembly inhibited.
Several aptazymes (activated RNAzymes) have been
shown to have metal-ion-dependent activities85. In
conclusion, the potentialities of aptazymes have been
reported after their selection, but no direct application
in environmental monitoring has been published so

far.

DNA Biosensors for the Detection 
of Chemically-induced DNA Damage 

The environmentally toxic compounds chemically-
induced damage to DNA is an important challenging
issue in environmental pollutants detection. A short-
term test for genotoxicity/mutagenicity are avialable
to determine the extent of environmental hazards in
polluted water and sediments but these tests are ex-
pensive to run, require sophisticated technical exper-
tise, and are not well suited to be adapted to screen-
ing applications. In recent years, use of nucleic acids
as a tool in the recognition or monitoring of chemical
compounds of environmental interest by electroche-
mical DNA biosensors for DNA strand breaks and
base damage as well as electroactive substances that
specifically interact with DNA. The guanines are
available to react rapidly with the mediator, providing
an increased current in the square wave oxidation
peak which correlates sensor for toxicity screening
based on the detection of DNA damage for the vari-
ous toxic aromatic amines, benzo[a]pyrene, and hy-
drazine etc. Some heavy metals are known to have
great affinity for DNA and to cause mutagenesis and
carcinogenesis86. Babkina and Ulakhovich, have been
proposed a method for the determination of heavy
metals based on the biospecific pre-concentration of
metal ions on an electrochemical DNA biosensor fol-
lowed by the destruction of DNA-metal complexes
with EDTA and voltammogram recording. DNA da-
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Figure 6. Secondary struc-
ture of the selected DNA ap-
tamer and (a) & (b) electro-
chemical detection system
and the mode for electroche-
mical signal production. The
DNA aptamer-immobilized
gold electrode chip as a work-
ing electrode. The sample
solution was tested by expos-
ing the DNA aptamerimmo-
bilized gold electrode to it
and then inserting the chip
into K3Fe(CN)6 containing
buffer and then signal mea-
sured by CV or SWV or DPV
by electrochemical analyser.
(b) Shows schematic descrip-
tion of cell chip set-up for
detection of anticancerous
drugs and biological toxicity.
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mage has also been measured using fluorescence-
based biosensors87. The changes in melting-annealing
behaviour that were observed in real time using a
double-strand-selective fluorescent indicator dye have
also been used to measure DNA damage induced by
radiation and chemical mutagens such as styrene
oxide, glutaraldehyde, acrolein, allylamine, chloro-
acetone, acrylonitrile, bromoethane, crotonaldehyde
and benzo[a]pyrene. This screening assay was sensi-
tive to various forms of DNA damage including strand
breaks, cross-links and adducts formation88,89. The
assay was also demonstrated with respect to the effects
of well-characterized genotoxins such as mitomycin
C as well as cytotoxic but non-genotoxic compounds
such as phenol, cyclohexane and toluene. DNA da-
mage generated by organophosphate pesticides was
studied by Hianik et al. using the sensitivity of the
acoustic shear wave technique to the interaction of
DNA strands with damaged DNA containing apurinic
or apyrimidinic (AP) sites90.

New Trends, Future Perspectives 
and Conclusions

The research activity on the development of bio-
sensors based on enzyme and their analytical appli-
cations are limited because these are not usually able
to discriminate various toxic compounds in the same
sample. The simultaneous presence of heavy metals
and pesticides in contaminated samples are a chal-
lenging concern which suggest that these biosensors
can be used as alarm systems and they would provide
either quantification of one contaminant when this
analyte is present alone or an indication of total con-
tamination of particular samples. In few cases, the
biosensor based on inhibitory effects of pesticides or
toxicants/contaminants show high sensitivity and low
specificity with rapid and cost-effective. Current re-
search studies enhancing the analytical performance
of the biosensing systems to monitor a wide range of
pollutants in environmental samples (eg genetically
modified enzymes based biosensors) using micropo-
rous-activated carbon technology; improved the effi-
ciency of enzyme-based biosensors for environmental
monitoring. This will be the future perspectives to
targetd engineered variants of enzymes for the bio-
sensor design for the discrimination and detection of
numerous enzyme-inhibiting toxicants/contaminants.
Besides this the use of transducers fabricated from
nano-structured material may improve the sensitivity
and specificity of biosensors along with the simul-
taneous monitoring of several toxicants/contaminants
in a multicomponent sample which will enable into

commercialization of biosensing devices for large
scale environmental monitoring applications.

NA biosensing of environmental pollution is a fast-
er, simpler and cheaper when compared to the enzy-
matic biosenscing assays. The functional DNA mole-
cules such as aptamers, DNAzymes and aptazymes
have been found application in almost every aspect of
DNA nanotechnology, and the resulting new materi-
als and devices enter into many other domains espe-
cially medical and environmental pollution moni-
toring. In the sake of this, nanomaterials including
CNT, metal NPs, or metal oxide nanostructures are
targeted for the development of ultrasensitive NA-
based biosensors (Nanobiosensors) for environmental
pollution monitoring to check the proliferation of can-
cer, cardiovascular diseases, diabetes and infectious
organisms. In the future, Micro Total Analysis Sys-
tems (μTAS) or Lab-on-a-chip (LOC) kind of devices
to be come into the existence to measure extremely
small fluid volumes down to less than picolitres of
desire samples. Thus, integration of nanotechnology,
microfluidics, and bioanalytical systems clearly
represent one of the future directions of all biosensor
research. In conclusion, in the near future, NA sen-
sing and biosensor technology itself will undoubtedly
benefit from nanotechnology and μTAS technology.
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