
During the past 50 years, pesticides have been used in
i n c reasing amounts throughout the wo rl d. Until
recently, the identification and quantitation of pesti-

cide residues in water and other sources have been limited
to the traditional chromatographic and spectroscopic meth-
ods. Although they are ve ry sensitive, these sophisticat e d
techniques are time consuming and require highly trained
personnel and expensive apparatus. Furthermore, these meth-
ods are unsuitable for real-time, in-situ or on-line monitor-
ing of pollutants. A considerable attention is now being
given to the development of biosensors that can provide con-
t i nu o u s , in-situ and rapid measurement of va rious com-
pounds. A biosensor can be defined as a device resulting
from the association between a sensitive biological element
and a transducer, which converts the biological signal into a
measurable physical signal [1].

Various types of biosensors have been developed in the
field of environmental monitoring. Depending on the nature
of the biological sensing element, they can be divided into
immunosensors, enzyme sensors, organite-based sensors and
whole cell sensors. The presently available tranducers can be
broadly divided into electrochemical, optical, mass sensitive
and thermal devices. 

The main sensors developed for environmental monitor-
ing are based on immunological reaction, enzyme inhibition
or inhibition of metabolic reactions (for a review, see [2]).

Immunosensors

Since their ap p e a ra n c e, i m mu n o a s s ays (IA) have spre a d
rapidly in clinical analysis [3-5]. However, food science and
environmental analysis have realized only recently that this
methodology was a valuable new quantitative technique and
a good altern at ive to conventional pro c e d u res [6,7]. A l l
immunoassays are based on the highly selective and sensi-
t ive antibody (AB)-antigen (AG) reaction. Th ey all use
labels to detect the immunological reaction, these labels can
be enzymes (Enzyme Immu n o a s s ay, E I A ) , ra d i o a c t ive
( R a d i o i m mu n o a s s ay, RIA) or fl u o rescent ch e m i c a l s

(Fluorescence Immunoassay, FlIA). Enzyme immunoassays
(EIA) use enzyme labels to amplify and visualize primary
a n t i ge n - a n t i b o dy binding reaction and is the most widely
used immu n o a s s ay tech n o l ogy today. Th ey avoid the
unpleasant use of radioisotopes employed in ra d i o i m-
munoassay formats (RIA). Enzyme labels are easy to han-
dle, inexpensive and are used to convert a colorless substrate
into a colored product providing sensitivity and simplicity.
Among the enzyme immunoassays (EIA), those based on
heterogeneous conditions are most commonly employed and
a re re fe red to enzyme-linked immunosorbent assay s
(ELISAs) [8]. For ELISAs, either AB or AG are immobi-
lized on a solid phase to facilitate the separation of free and
bound fractions. ELISAs can be grouped in three categories:
direct competitive ELISA, indirect competitive ELISA and
sandwich ELISA. 

The possibilities of immunoassays as detection methods
in water quality contro l , i . e. for screening as well as fo r
m o n i t o ri n g, h ave been rev i ewed in many pap e rs [9–11].
Among the commercial immu n o a s s ay kits for pesticide
analysis, major suppliers are Ohmicron (Newton, USA) for
RaPID Assay kits (J.T. Baker), Res-I-Mune (Millipore Corp.,
B e d fo rd, USA) for Env i ro G a rd kits and Quantix
(Cinnaminson, USA).

U n l i ke conventional immu n o a s s ay s , an immu n o s e n s o r
should be cap able to detect the analyte continu o u s ly and
selectively, and to give a response in real time. In general,
the direct detection of the binding of immunoreagents does
not provide enough sensitivity. A label allowing a more sen-
sitive detection of the immunological reaction is thus nec-
essary. These labels can be either an enzyme, a fluorescent
chemical or an electro ch e m i c a l ly active substance.
Enzymatic labels used in immunosensor devices are usually
ox i d o reductases such as peroxidase (HRP) or hy d ro ly t i c
enzymes such as alkaline phosphatase. Immunosensors can
be divided into four classes, depending on the transducer
e m p l oye d : p i e zo e l e c t ric [12–14], optical [15–17], e l e c t ro-
chemical [18,19], or thermometric. The immobilized sensing
element can be either an antibody (AB) or an antigen (AG)
wich can be chemically modified (hapten). In the first case,
the binding of the antigen on the immobilized antibody is
directly measured. In the second case, the method is based
on the competition between immobilized AG, the analy t e
(AG), and a fixed amount of AB.

Piezoelectric immunosensors

P i e zo e l e c t rics are mat e rials (usually quartz crystals) that
m ay be brought into resonance by the ap p l i c ation of an
ex t e rnal altern ating electric fi e l d. The fre q u e n cy of the
resulting oscillation is determined by the mass of the crys-
tal. In immu n o s e n s o rs , the surface of the piezo e l e c t ric is
usually coated with an antibody or an antigen (hapten) and
the mass variation induced by the antigen-antibody binding
is corre l ated to the concentration of the antige n .

M 144 ANALUSIS MAGAZINE, 1998, 26, N° 6
© EDP Sciences, Wiley-VCH

Dossier
Pesticide analysis

■ Biosensors for the detection of pesticides
J.-L. Marty, B. Leca and T. Noguer

Centre de Phytopharmacie, Université de Perpignan, 52 avenue de Villeneuve, 66860 Perpignan Cedex, France

This rev i ew presents the last advances in the
field of biosensors for pesticide detection. The
main categories of reported sensors are presen-
ted according to the immobilized biological sen-
sing element: immunosensors, enzyme sensors
and “whole cell” sensors. The potential of each
type of sensor in env i ronmental monitoring is
discussed and the advantages and drawbacks of
the described devices are highlighted.

Article available at http://analusis.edpsciences.org or http://dx.doi.org/10.1051/analusis:199826060144

http://analusis.edpsciences.org
http://dx.doi.org/10.1051/analusis:199826060144


P i e zo e l e c t ric immu n o s e n s o rs have been described for the
detection of pesticides such as the herbicide atrazine [13,14]
and the insecticide parathion [12]. For instance, Guilbault 
et al. [13] have developed a direct detection device using
p rotein A to ori e n t ate the antibodies on the crystal ade-
quately. Using this system, they achieved the detection of
0.03 ppb atrazine. Two commercial devices exist to prepare
piezoelectric immunosensors: the PZ 106 Immunobiosensor
System (Unive rsal Sensors Inc. , N ew Orl e a n s , USA) and
model QCA 917 (EG&G, Princeton Applied Research, New
Jersey, USA).

Optical immunosensors

Optical immu n o s e n s o rs are based on the measure of the
ab s o rption or emission of light by the immu n o re a c t a n t s .
Fibre optic sensors usually consist of an optic fibre strand
having an appropriate sensing layer on the distal tip of the
fibre. Light travels along the fibre by total internal reflex-
ion. The interactions between light and the reactant can be
measured as changes in absorbance, luminescence, polariza-
tion or refractive index. The main optical immunosensors
developed for environmental monitoring are based on sur-
face plasmon resonance (SPR) devices. An SPR immunosen-
sor is a classical SPR device modified with an immobilized
antibody layer. When the antigen binds to the immobilized
a n t i b o dy, the SPR device detects minute ch a n ges in the
refractive index as a shift in the angle of total absorption of
light incident on a metal layer carrying the antibodies.
Optical immu n o s e n s o rs can also be based on eva n e s c e n t
wave (EW) transducers. An evanescent wave is produced in
ex t e rnal media by an electro m agnetic field associated by
light guided in a waveguide by total internal reflexion. The
main immunosensors based on this principle used labelled
molecules that are able to re-emit the absorbed evanescent
photons at a longer wavelenght as fluorescence, this phe-
nomena is called total internal re flection fl u o re s c e n c e
(TIRF). Minunni and Mascini [20] used the commercial SPR
apparatus BIAcore™� from Pharmacia (Uppsala, Sweden) to
detect the herbicide atrazine. In this case, an atrazine con-
jugate was immobilized on the sensor surface and the car-
rier stream contained a known amount of free antibody and
the herbicide analy t e. Such a non-labelled competitive
device allowed to achieve a detection limit of 0.05 ppb. This
example, together with those reported in table I, shows that
immunosensors are able to give fast and sensitive measure-
ments.

Electrochemical immunosensors

Detection by electro chemical sensors is inex p e n s ive and
allows to achieve very low detection limits when coupled to
chemical amplifi c ation systems such as enzymes.
Electrochemical measurements fall into two broad classes:
potentiometric and amperometric.

Potentiometric immunosensors

An antibody is a protein whose electric charge is affected
by the binding of an antigen. Potentiometric immunosensors
are based on the measure of a change in potential induced
by the binding of free AG or AB on its specific immobilized
p a rt n e r. Direct detection often leads to small ch a n ges in
p o t e n t i a l , so that a poor sensitivity and low precision is
obtained. Furthermore, such systems suffer from non spe-

cific binding reactions. In order to increase the sensitivity of
these sensors, enzyme labels are often linked to immunore-
actants. In such systems, the transducer converts an enzy-
matic activity into a physical signal. Only a few potentio-
m e t ric immu n o s e n s o rs for env i ronmental monitoring have
been described in literat u re. For instance, D z a n t i ev et al.
[23] reported the detection of 50 ppb of the herbicide 2,4,5-
t ri ch l o ro p h e n ox yacetic acid. The method is based on the
competitive binding of free pesticide and pesticide-peroxi-
dase conjugate with antibodies immobilized on a graphite
electrode. In potentiometric biosensors are also included the
i m muno-FETs (fi e l d - e ffect tra n s i s t o rs) and the LAPSs
(Light-addressable potentiometric sensors). A LAPS device
called TresholdTM from Molecular Devices Corp. (Palo Alto,
USA) is on the market. This system is a silicon-based device
for measuring potential changes. 

An ori ginal potentiometric immunosensor has been
described by Blackburn et al. (1990) [24] based on catalytic
antibodies; this sensor combines the benefits of both
immunosensors and catalytic sensors. The antibody is immo-
b i l i zed on a pH electrode and allows the detection of 
0.7 ppm phenylacetate.

Amperometric immunosensors

A m p e ro m e t ric detection is based on the measurement at
fixed potential of the current generated when electroactive
species are either oxidized or reduced at the electrode. The
current produced is directly related to the concentration of
the electroactive species. There are only a few examples of
amperometric immunosensors for environmental monitoring,
t h ey are all based on enzyme-labelled antibodies. As an
example, Skládal and coll. [25] used a competitive device
based on immobilized pesticide derivative (hapten) and per-
oxidase-labelled antibodies. Such a device allows the detec-
tion of 0.1 ppb 2,4-dichlorophenoxyacetic acid (2,4-D).

Other electrochemical immunosensors

Conductimetric and impedimetric immunosensors have also
been described for env i ronmental monitori n g. Conducti-
metry describes the dependence of the current generated ver -
sus a voltage while impedance refers to the dependence of
the vo l t age ve rsus the current. Sandberg et al. [26]
(Ohmicron Corporation, Newtown, USA) developed a device
a l l owing to measure 0.025 ppb at razine using an 
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Ta ble I. Optical immu n o s e n s o rs involving competitive
reactions.

Immobilized Detected Labelled reactive Detection Ref.
reagent compound limit (ppb)

Hapten Terbutryn No 3.6 [17]
Atrazine 3.2

Hapten Atrazine No 0.05 [20]
Hapten Parathion Fluorescein Anti IgG 0.3 [15]
Antibody Imazethapyr Fluorescein 0.3 [16]

Hapten [21]
Antibody Polychloro- Fluorescein 10 [22]

phenols Hapten



electroconductive polymer whose conductimetric properties
change in the presence of I3

–. This system involves a glucose
ox i d a s e ( G O D ) - l abelled pesticide wh i ch competes with the
pesticide present in the sample for the immobilized antibody.
Hydrogen peroxide produced by GOD-reaction is reduced
by lactoperoxidase with concomitant oxidation of I– into I3

–.
Ohmicron Corp. company also reported a portable electrode-
based immunoassay system called SmartSenseΤΜ.

Due to their high specificity, immunosensors offer signif-
icant adva n t ages as altern at ives to conventional analy t i c a l
methods. For determination of pesticide residues in drinking
water, only antibody-based methods fit with the legislation
of European Commu n i t y, t h at set a maximum admissibl e
c o n c e n t ration of 0.1 ppb for individual pesticides and 
0.5 ppb for the sum total of all pesticides. Howeve r,
immunoassay and immunosensor methods suffer from limi-
t ations; they are ex p e n s ive and ab ove all they allow the
detection of one particular pesticide or a limited set of struc-
turally similar cross-reacting residues.

More attention is now focused on the development of sen-
sor methods that allow the detection of whole classes of pol-
lutants and that can be used as general toxicity “index”.

Enzyme sensors

Contrary to immunosensors, enzyme-based sensors can be
considered as early-warning devices because they are sensi-
tive to a relatively large spectrum of compounds. In the field
of environmental monitoring, the major part of papers deal-
ing with enzyme sensors are refering to the detection of pes-
ticides and heavy metals. 

The detection of pesticides is based, in some rare cases,
on the cat a lytic tra n s fo rm ation of the agro chemical by a
selected enzyme, i . e. o rga n o p h o s p h o rus hy d rolase fo r
organophosphorus insecticides. Nevertheless, pesticides are
toxic compounds that usually act by inhibiting one or sev-
eral enzyme(s). The great majority of enzyme sensors for
pesticides deal with the detection of organophosphorus and
carbamate insecticides and are based on acetylcholinesterase
(AChE) inhibition. In the case of organophosphorus insecti-
cides wh i ch are irreve rs i ble inhibitors , one of the main
requirements is to reactivate the inhibited enzyme in order
to allow for continuous monitoring. The reactivation of the
enzyme is perfo rmed by using a powerful nu cl e o p h i l i c
re agent such as 2-PAM (py ri d i n e - 2 - a l d oxime methiodide)
[27-29].

Organophosphorus and carbamate insecticides

O rga n o p h o s p h o rus and carbamate insecticides rep resent a
l a rge perc e n t age of the curre n t ly used pesticides (insecti-
cides, fungicides, herbicides...). These pesticides have harm-
ful consequences as they act as inhibitors of cholinesterases
wh i ch are invo l ved in neuronal transmission. The use of
cholinesterase as a sensing element does not allow the selec-
tive detection of a particular pesticide, but provides an esti-
mation of the total anticholinesterase activity present in a
sample.

E l e c t ro chemical enzyme sensors are based either on
potentiometric or amperometric detection; in this article we

will focus on these two types of sensors (for a review, see
[30]). 

Potentiometric enzyme sensors

Potentiometric biosensors have been designed based on the
measurement of pH change [27,31-36], electrode potential
change [37,38] or more sophisticated methods such as ion-
s e l e c t ive fi e l d - e ffect transistor (ISFET) [39-41] or light-
addressable potentiometric sensors (LAPS) [42-44].

The ch a n ge in pH is induced by the fo rm ation of an
organic acid during the hydrolysis of the choline ester by an
appropriate esterase. The detection is then carried out using
a simple pH electrode Using such a principle, Tran-Minh 
et al. [27] achieved the detection of 0.3 ppb paraoxon, AChE
being immobilized on a glass pH electrode by cross-linking
with polyacrylamide. With the exception of this work, the
detection limits reported are generally close to 3 ppb.

ISFET devices allow to achieve detection limits close to
0.2 ppm paraoxon methyl [41] or dichlorvos [39,40]. LAPS
devices seem to be more sensitive since 2.8 ppb paraoxon
can be detected [42-44].

Despite the potentiometric methods are fast and accurate,
t h ey show quite high detection limits. Furt h e rm o re, t h e
detection of H+ ions lacks sensitivity due to the consump-
tion of protons by the buffer following proton liberation dur-
ing the enzyme reaction.

Amperometric enzyme sensors

The ampero m e t ric method of detection is ge n e ra l ly more
sensitive and allows one to obtain a signal that is directly
proportional to the analyte concentration. Depending on the
cholinesterase substrate, different amperometric approaches
have been described using mono- or bi-enzymatic systems
based on the detection of thioch o l i n e, O2, H2O2 or 4-
aminophenol.

With acetyl- or bu t y ry l - choline as substrat e, b i e n z y m e
e l e c t rodes based on the co-immobilization of a
cholinesterase and ChOD have been reported, the detected
species being oxygen or hydrogen peroxide [45-51]. Based
on hy d rogen peroxide ox i d at i o n , Mionetto et al. [48]
reported the detection of 0.03 ppb paraoxon using poly(vinyl
alcohol) bearing styrylpyridinium groups (PVA-SbQ) as an
immobilization matrix. 

Using acetyl- or bu t y ry l - t h i o choline as substrat e, t h e
design of the sensor can be simplified as a monoenzymatic
system can be used. The detection is based on the oxidation
of the thiocholine produced by the enzyme reaction. In this
way, the detection potential is lower than that used for the
oxidation of hydrogen peroxide (410 mV instead of 650 mV
vs. Ag/AgCl on platinum). Using AChE immobilized in a
PVA-SbQ matrix, Marty et al. [29] succeeded in reaching a
detection limit of 0.03 ppb for paraoxon. 

Using 4-aminophenyl acetate as a substrate, monoenzy-
matic devices have been also reported; in these cases oxi-
dation of 4-aminophenol was performed at 0.25 V vs. SCE
on a glassy carbon electrode [52-54]. With these electrodes,
a detection limit of 1.1 ppb paraoxon is possible.
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Finally, it is possible to enlarge the range of detectable
compounds by using two different cholinesterases co-immo-
bilized in the same biorecognition layer [55]. 

Other pesticides

Apart from the detection of insecticides with cholinesterase-
based sensors, a few works have reported the detection of
other pesticides such as dithiocarbamate fungi c e i d e s , s u l-
fonylurea and imidazolinone herbicides and triazine berbi-
cides.

Dithiocarbamates fungicides

Dithiocarbamate fungicides form the most important class of
pesticides for the broad spectrum control of a variety of fun-
gal diseases in crops. They are mainly composed of ethyl-
e n eb i s ( d i t h i o c a r b a m ate) (maneb, z i n eb, m a n c o zeb…) and
d i m e t hy l d i t h i o c a r b a m ate compounds (zira m , fe r b a m . . . ) .
Some biosensors for dithiocarbamates have been rep o rt e d
based on the inhibition of aldehyde dehydrogenase (AlDH)
or tyrosinase. Marty and Noguer [56] developed an amper-
o m e t ric bienzymic sensor for the detection of ethy l-
enebis(dithiocarbamate) by coupling AlDH with diaphorase,
with detection based on hexacyanoferrate (II) oxidation. The
optimization of enzyme loading and incubation time led to
a detection limit as low as 1.5 ppb maneb [57]. 

An alternative form of dithiocarbamate detection is to use
tyrosinase as the target enzyme. Besombes et al. [58] used
a polypyrrole membrane to detect, among other compounds,
d i e t hy l d i t h i o c a r b a m at e. Since many dithiocarbamates are
hydrophobic compounds, Wang et al. [59] described a sen-
sor for diethyl-dithiocarbamates to be used in organic media.
Another approach, based on reversed micelle systems, was
reported by Pérez Pita et al. [60] in which a detection limit
of 22.6 ppb ziram was obtained.

Triazine herbicides

Triazine herbicides are photosynthesis inhibitors which are
persistent and remain active in the environment for several
years, causing continuous water pollution. The first enzyme
sensor for the detection of these herbicides was that reported
by McArdle and Persaud (1993) [61], based on tyrosinase
inhibition. Using this principle, Mc Ardle and Persaud [61]
and Besombes et al. [58] ach i eved a detection limit of
around 1 ppm atrazine. It must be stressed that tyrosinase
has also been used for the detection of a wide range of pes-
ticides and pollutants that can act as substrates or inhibitors
[58,62]. This lack of specificity may be an advantage if the
sensor is used as a warning system for general environmen-
tal pollution.

Sulfonylurea and imidazolinone herbicides

S u l fo ny l u rea and imidazolinone herbicides (e. g. sulfo m e-
turon methyl, thifensulfuron methyl) are used for the control
of broad-leaved weeds and grasses in cereal crops. Based on
the fact that these herbicides are powerful inhibitors of ace-
tolactate synthase (ALS), Seki et al. [63] reported the design
of an amperometric biosensor enabling the detection of 0.4
ppm of sulfometuron methyl. In this system, the detection is
based on the oxygenase side-activity of ALS.

Whole cell sensors and organite-based 
sensors

Biosensors using immobilized whole cell or organites have
been described in literature based on the measurement of
biochemical oxygen demand (BOD) or the quantitation of
photosynthesis. Because of their broad specificity, whole cell
biosensors have the potential to be used as early warning
devices to monitor pollutants in waters.

BOD sensors

BOD is the most important index of organic pollution in
water. The conventional method to determine BOD is the “5-
d ays method” based on the measurement of ox y gen con-
sumption by microorganisms. This official method requires
5 days measurement. Since 1977, many papers have been
published using various organisms: Trichosporum cutaneum
[64,65] C l o s t ridium bu t y ricum [ 6 6 ] , H a n s e nula anomala
[ 6 7 ] , Bacillus subtilis [ 6 8 ] , Bacillus subtilis and Bacillus
licheniformis 7B [69]..., mixture of microorganisms [70] and
thermophilic bacteria [71]. The best results were achieved
with Trichosporum cutaneum. Using this strain, BOD sen-
sor systems have alre a dy been commerc i a l i zed by DKK
C o rp o ration (Jap a n ) , Nisshin Electric (Jap a n ) , M e d i n ge n
(Germany). All these sensors are based on the immobiliza-
tion of micro o rganisms on a Clark ox y gen electro d e.
Depending on the systems, BOD measurements can be real-
ized within minutes. BOD sensors based on the use of other
s t rains have been developed by Dr. Lange Company
(Germany) (Rhodococcus erythropolis and Issatchenkia ori -
entalis) and Autoceam (Germany). 

Photosynthesis monitoring sensors

Approximately 30% of commercial herbicides act on photo-
synthetic systems. The main part are inhibitors of photo-
synthetic electron transport (PET), some inhibit phosphory-
lation, others inhibit both processes [72]. Herbicides such as
atrazine (s-triazine), isoproturon (phenylurea) block electron
flow in PSII, others like propanil (acylanilide) or bromoxynil
(halogenated benzonitrile) also act on phosphorylation. The
detection of these herbicides by sensors has been described
using va rious biological re c ep t o rs such as cya n o b a c t e ri a
[73], the microalga Chlorella vulgaris [74], chloroplast [75]
or thylakoid membranes [76], Synechoccus sp. prokaryotic
cells [73], i s o l ated reaction center from the bacteri u m
Rhodobacter sphaeroides [77]. The inhibitory effect of her-
bicides can be assessed by using a modified grating coupler
[77], an oxygen electrode [74], an amperometric detection
of an electron mediator such as fe rrycianide or p- b e n zo-
quinone [73]. Contrary to eucaryotic algae or chloroplasts
from higher plants which can be coupled to oxygen mea-
s u re m e n t , cya n o b a c t e ria re q u i re a mediator such as fe rri-
cyanide for ampero m e t ric detection of the photosynthetic
reaction [78]. 

Generally, photosynthesis monitoring sensors suffer from
a lack of sensitiv i t y, e s p e c i a l ly when compared to
i m mu n o s e n s o rs. For instance, the limit of detection fo r
atrazine varies from 10 ppb to 650 ppb using cyanobacteria
[73,78], unicellular algae [74], thylakoids [76], and reaction
centers [77]; whereas using immunosensors, concentrations
as low as 0.03 ppb can be detected [13].
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Conclusion

The relatively low cost of biosensors compared to classical
methods such as spectro p h o t o m e t ry and ch ro m at ograp hy
strongly suggests that there could be a significant market in
the field of environmental monitoring. Moreover, the use of
b i o s e n s o rs seems promising since they are also fast and
portable analytical methods which allow on-line measure-
ments. 

In the field of pesticide analysis, immunosensors allow to
achieve very low detection limits when compared to other
analytical methods. The main criticism of immunochemical
methods is that they are too specific. The successful appli-
c ation of immu n o s e n s o rs to env i ronmental analysis will
d epend on the commercial ava i l ability of the ap p ro p ri at e
immunochemicals. 

Contrary to immunosensors, enzyme sensors seem better
addressed to class-specific devices, allowing the detection of
broad families of pollutants and in some cases their metabo-
lites, so that they can be used as alarm systems. The main
problems of enzyme sensors remain commercial availability
and stability of enzymes. The number of natural enzymes
that can be isolated and directly used is very limited. Much
studies are devoted to the improvement of enzyme stability
in biosensors. Investigations now focus on the isolation from
natural or genetically engineered thermophilic microorgan-
isms of enzymes showing enhanced stability at high tem-
p e rat u res. The development of art i ficial enzymes beari n g
functional moities that mimic nat u ral enzyme activ i t y,
named “synzymes” is also particularly promising.

B i o s e n s o rs will undoubtedly play an important role in
f u t u re env i ronmental monitoring practices. Neve rt h e l e s s ,
some critical parameters such as stability, accuracy and reli-
ability still have to be improved in order to transfer biosen-
sor technology to industrial and domestic applications.
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