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An immunochromatography (ICG) strip test for rapid detection of atrazine in water samples was
developed. A monoclonal antibody (MAb) specific to atrazine was produced from the cloned hybridoma
cell (AT-1-M3) and used to develop a direct competitive enzyme-linked immunosorbent assay (DC-
ELISA) and ICG strip. MAb conjugated to colloidal gold, and that was applied to the conjugate pad
of the ICG strip. The visual detection limit for the ICG strip was 3 ng/mL. This test required only 10
min to get results and one step of sample to perform the assay. The results of water samples spiked
with 5, 10, 20, and 50 ng/mL of atrazine by ICG strip were in good agreement with those obtained
by DC-ELISA. The ICG strip was sulfficiently sensitive and accurate to be useful for rapid screening
of atrazine in various water samples.
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INTRODUCTION those found in natural wate?{-9). Therefore, there is a need

In recent years, modern agriculture has benefited from the fOF monitoring residue levels, and legal limits have been
use of agrochemicals including insecticides, herbicides, and established for atrazine in many countries including Australia

fungicides (). If we do not use these compounds, agricultural (20 ng/mL), Canada (60 ng/mL), the European Unior§8
productive capacity is likely to decrease by approximately 10 N9/mL), and the United States (3 ng/mL)Q).
15%. However, their use can also be of environmental concern Atrazine in agricultural products and foods is mainly analyzed
due to their persistence or the formation of toxic metabolites. by means of instrumental analysis such as gas chromatography
Pesticides have been detected in soil, surface, and groundwate(GC) or high-pressure liquid chromatography (HPLQJLY
Consequently, they can contaminate drinking water and agri- However, these methods require an extraction step, i.e., sample
cultural products, presenting an important risk to human health preparation, and in some cases an enrichment step prior to
(2). determination. Therefore, they are mostly laborious and time-
Atrazine is used as a pre- or postemergent herbicide appliedconsuming, and require complicated cleanup procedures and
to corn fields. This herbicide is very cheap and can be used sophisticated technical equipmerit2]j. Many scientists at-
under rainy conditions since it does not dissolve in water. It tempted to develop alternative simple and accurate methods for
degrades slowly with a half-life measured in months or years the detection of herbicides in water and agricultural samples.
depending on soil conditions3). Frequently, it runs off  Especially for screening large numbers of samples, enzyme
agricultural fields into the soil, ground, and surface water, and jmmunoassays are suitable tools for quick and sensitive analysis
many food products have become a matter of concern through-ith high sample throughput (1314). In addition to the
out the world (4-6). Recent papers suggest that atrazine disrupts chromatographic methods currently used, immunoassays can
frog development when atrazine exposure levels are lower thancomplement the repertoire of analytical techniques in residue
- analysis, in particular when only small sample volumes are
Faxfig;_%@_ggg?gfggﬁg?&% ﬁf‘%‘ﬁghbfngcggensjea%;_sﬁ 55-751-5480.  ayvailable (3. Besides, immunoassay methods are sensitive,
' Graduate School of Gyeongsang National University. cost-effective, easy to perform, and require a small sample
* Current address: Division of Applied Life Science, Graduate School volume (15). However, such techniques often require long
of Gyeongsang National University, Chinju, Gyeongnam 660-701, Korea. reaction times and involve multiple steps}. The utilization
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'M. V. Lomonosov Moscow State University. of these immunoassays has been confined to laboratories
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equipped with tools and devices for analysis. Therefore, the the third injection, sera were collected from the caudal vein of each
convenience and speed of the test have been achieved by a novehouse. Titers of anti-sera were determined by indirect ELISA. Three
concept of immunochromatography (ICG) that depends on the days before cell fusion, the mice that produced anti-sera with high titers

transportation of a reactant to its binding partner immobilized
on a membrane surfacelq, 18). This recently developed
technique, often called strip assay or lateral-flow assay, is base

on the immunochromatographic procedure that utilizes antigen

and antibody properties and provides rapid detection of an
analyte. It combines several benefits including a user friendly
format, short assay time, long-term stability over a wide range

were given another intraperitoneal boost injection without adjuvant.
Cell fusion was performed by the standard procedw2é}. Briefly,

gmnouse spleen lymphocytes were fused with myeloma cells at a 10:1

ratio using PEG 1500. The fused cells were distributed in 96 well culture
plates at a density of 261C° cells/well in 50 uL of DMEM
supplemented with 2Bg/mL gentamicin and 20% fetal bovine serum
(referred to as s-DMEM). One day after plating,(B0of HAT selection
medium (s-DMEM supplemented with 1001 hypoxanthine, 0.4M

of climates, and cost-effectiveness. These characteristics makeaminopterin, and 1@M thymidine) was added to each well. Half of

it ideally suited for on-site screening by people who are not
skilled analysts 19). In the present work, we report on a
sensitive and rapid ICG strip using a colloidal gelhtibody
probe for the detection of atrazine in various water samples.

MATERIALS AND METHODS

Chemicals.Analytical grade atrazine, other related pesticides, and
herbicides were obtained from Supelco Inc. (Bellefonte, PA). Complete
and incomplete Freund’'s adjuvany,N-dicyclohexylcarbodiimide,
common solvents, and salts were supplied by Aldrich Chemical Co.
(Milwaukee, WI). Keyhole limpet hemocyanin (KLH), bovine serum
albumin (BSA), horseradish peroxidase (HRP), goat anti-mouse IgG,
and N-hydroxysuccinimide were purchased from Sigma Chemical Co.
(St. Louis, MO). Polyethylene glycol (PEG) 1500 was purchased from
Roche Diagnostics GmbH (Mannheim, Germany). Dialysis membrane
(Spectra/Por; MW cutoff 60068000) was obtained from Spectrum
Laboratories Inc. (Rancho Dominguez, CA). The P3-X63-Ag8.653
murine myeloma cell line was obtained from Microbiology Laboratory,
Medical College, Gyeongsang National University (Chinju, South
Korea). Dulbecco’s modified Eagle medium (DMEM), fetal calf serum,
and supplements were obtained from Hyclone (Logan, UT). Microc-
ulture plates (96 and 24 wells) were obtained from SPL Life Sciences.

the medium in the wells was replaced by fresh HAT medium every
other day. During the fused cell selection with HAT medium, the culture
supernatants were screened for the presence of antibodies that
recognized atrazine by indirect ELISA. ELISA-positive hybridoma cells
were cloned by the limiting dilution method. Stable antibody-producing
clones were expanded and stored in liquid nitrogen.

Female BALB/c mice, not less than 6 weeks old, were injected
intraperitoneally with 50Q.L of pristane (2,6,10,14-tetramethylpenta-
decane), 10 days prior to intrapertoneal injection of 10" hybridoma
cells that had been resuspended in DMEM medium containing 10%
fetal bovine serum. Ascites fluid was collected from mice injected with
hybridoma cells within 14 days and purified by ammonium sulfate
precipitation followed by affinity chromatography on a protein G
column (Bioprogen, South Korea). The protein concentration of the
purified MAb was determined with the Bio-Rad protein assay kit (Bio-
Rad Laboratories). The isotype of cloned MAb was determined with
mouse MADb isotyping kit (Roche Applied Science) according to the
instructions.

DC-ELISA. MAD solution (100uL, 1.43xg/mL in PBS containing
0.01% BSA) was added to microtiter wells (Nunc International,
Rockilde, Denmark) and incubated overnight 44 followed by thrice
washing with PBS containing 0.02% Tween 20 (PBST) by using
Immuno Wash 12 microplate washer. After the final washing step, the

(Pocheon, South Korea). All other chemicals and organic solvents were residue washing buffer was discarded. Standard or sample solutions

of reagent grade or higher.

(50 uL) and 50uL of atrazine—HRP conjugate solution (1:1000 in

A sample pad, glass-fiber membrane, conjugate pad, and absorbenPBS) were added to the wells. Then, the microtiter plate was rocked

pad were provided from Millipore (Bedford, MA). Semirigid polyeth-
ylene sheets were purchased from a local market.

on a shaker for 30 s and incubated for 30 min at’37 followed by
six washings with PBST. Then, 1Q4. of 0.1 M citrate buffer (pH

The standard solutions of atrazine and cross-reactants were prepared.0) containing 0.025% ABTS [2,zinobis(3-ethylbenzthiazoline-6-

by dilution of stock solutions of these compounds (1 mg/mL in
methanol).
Atrazine—protein (KLH and BSA) conjugates were prepared by the

sulfonic acid)] and 0.03% #D, was added and incubated for 30 min
at 37°C. The enzyme reaction was stopped withy&0of 2 M H,SOy,
and absorbance was measured at 405 nm using a Bio-Rad model 550

method of Thomas (13). The atrazine—KLH conjugate was used as anmicroplate reader.
immunogen, and the atrazine—BSA conjugate was used as a capture Preparation of Gold—Antibody Probe. Colloidal gold particles

reagent in the ICG strip. The atrazinenzyme (HRP) conjugate was

with a mean diameter of 40 nm checked by a transmission electron

prepared by the active ester method according to Wittmann and Hock microscope were prepared according to the method of F&)s §nd
(20). The atrazine—HRP conjugate was used as a competitor in directthey were used for conjugation with antibody. Briefly, 100 mL of 0.01%

competitive enzyme-linked immunosorbent assay (ELISA).

Measurements of optical density for 96 well microtiter plates were
performed on a Bio-Rad model 550 microplate reader (Bio-Rad
Laboratories, Richmond, CA). MPM software (version 4.0, Bio-Rad)
was used for data processing.

Water Samples.Drinking water, tap water, and surface water were
taken from wells, water supply facilities, streams, and rivers in Chinju
(Gyeongnam Province, Korea). All samples were centrifuged at 5000

tetrachloroauric acid was heated to boiling point, and 1 mL of 1%
sodium citrate was rapidly added. The reaction solution was stirred
while gently boiling until the color of this solution was changed from
purple to reddish-orange. The average particle diameter was measured
by a transmission electron microscope. The obtained colloidal gold
solution could be stored at°€ for several months. The colloidal getd

MADb probe was prepared according to the method of Raf) 24).
Before conjugation, the minimum amount of MAb for stabilization of

rpm for 5 min, and supernatants were taken and then directly applied colloidal gold solution was determined. Briefly, 0.1 mg of lyophilized

to direct competitive (DC)-ELISA and ICG strips. Water samples
containing atrazine (5, 10, 20, and 50 ng/mL) were obtained from

MAb was dissolved in 1 mL of 2 mM Borax and the colloidal gold
solution was adjusted to pH 8.5 with 0.1 M&Os. One milliliter of

atrazine negative spring water, tap water, and surface water samplesolloidal gold was distributed into each of a series of 1.5 mL tubes.

with a known amount of atrazine, derived from 1 mg/mL stock solutions
in methanol by artificial spiking. Negative samples were obtained as
described above but were not spiked with atrazine.

Production of Monoclonal Antibody (MAD). In order to develop
sensitive and specific MAbs against atrazine, the atraziieH
conjugate was used to immunize mice. Ten female BALB/c mice (8
weeks old) were immunized with 1Q@y of atrazine—KLH conjugate
in 0.1 mL of sterilized phosphate-buffered saline (PBS, pH 7.4), which
was emulsified with an equal volume of Freund’'s complete adjuvant.
Boost injections were given 2, 4, and 6 weeks later. One week after

The MADb solution (0—15QuL) was added to each tube. The tubes
were shaken for 1 min and then incubated for 5 min at room
temperature. One hundred microliters of 10% NaCl was added to each
tube and mixed for 1 min. A minimum amount of MAb was evaluated
by color change from reddish to blue. If a tube contained a minimum
amount of the antibody, the color of the colloidal gold particles was
not changed from reddish to blu@X). For conjugation, 30 mL of
colloidal gold particles was mixed dropwise with 1.2 mL of MAb
solution (0.1 mg/mL) in a tube with rapid stirring. After 1 h, 3.1 mL

of 10% BSA was added for blocking of residual surfaces of the colloidal
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Figure 1. Schematic diagram of ICG strip. C, control line; T, test line.

gold particles and the mixture was incubated fb h at room « type light chains. Prior to the competitive tests, the capability
temperature. The mixture was then centrifuged for 15 min at 10000 of four MAbs to recognize atrazire€BSA conjugate was
rpm, and the supernatant was discarded. The pellets were resuspendegy,g|uated by checkerboard titration. All MAbs showed good
in 2 mM borate buffer (pH 7.2). The centrifugation was repeated twice, binding to atrazine—BSA conjugate: Titers were 1/6000
and final pellets were resuspended with 3 mL of 2 mM borate buffer o a1 P
(pH 7.2) containing 1% BSA, 1% sucrose, and 0.05% sodium azide. ]l\-/lli5g?1d ]:‘(\]'i'ngM fsn dr:s/zgggvfe?)r/ ABL; dl\(/alz' g'-gs]é-';/tle%c'?\ji—tyz of

The colloidal gold-antibody probes were stored at’@ before use. .
Colloidal Gold-Based ICG Strip. The ICG strip consisted of three the four MADbs to other pesticides was evaluated. The three

pads (sample, conjugate, and absorbent pads) and of one nitrocellulosd/APS (AT-1-M8, AT-2-M1, and AT-3-M15) showed 5378%
membrane with test and control lines. A schematic diagram of the ICG Cross-reactivity for simazine, but AT-1-M3 MAb showed 23%
strip was shown itFigure 1. The sample pad was soaked with 50 mM  cross-reacitivity for simazine (Table 1). These indicated that
borate buffer (pH 7.4) containing 1% BSA, 0.5% Tween 20, 5% AT-1-M3 MAb was a more specific MAb against atrazine than
sucrose, 5% dextrane, and 0.05% sodium azide and then dried for 1 hthree MAbs and the titer of AT-1-M3 MAb was highest.
at 60°C. Five microliters of colloidal gold—MAb probe (absorbance  Therefore, we selected AT-1-M3 MAD to develop in DC-ELISA
at 540 nm was 1.5) was applied to an untreated glass-fiber membraneand ICG strip. In addition, we thought that the specificity of

to be used as a conjugate pad. The conjugate pad was dried for 30 min - . -
at 37°C. An absorbent pad was used without treatment. The test line our MAb was higher than that observed in the previously

and control line on the nitrocellulose membrane were treated with 3 developed. MAD. Accordmg to .Thomas ,(13)’ several MAbs
uL of atrazine-BSA (0.5 mg/mL) conjugate and L of goat anti- showed high cross-reaction with simazine, captan, _and ter-
mouse IgG (1.2 mg/mL in PBS), respectively. The treated nitrocellulose butryne, whereas our MAb showed little cross-reaction with
membranes were dried for 30 min at 3Z. All treated pads and the  Simazine and no cross-reaction with other pesticides. If this MAb
membrane were attached in a semirigid polyethylene sheet. will be empolyed in immunoassay, specificity immunoassays

Water samples (150L) treated as described above were applied to  such as ELISA and ICG strips for atrazine detection could be
the sample pad and allowed to migrate up the membrane. After 10 established.

min, test_ resu_lts were evaluated visual_ly. T_he negat_i\{e test resulted in DC-ELISA. In some previous works, the application of a
two red lines in the test and control region lines. Positive samples gave . . . . .
only one red line in the control regiofFigure 1). prgcoatlng step with antl-'mouse |mmunoglobulln.s (IgGs) to
orient MAb to the competing reagents was descritizdL8).
This method was shown to provide the best immunoassay
performance for atrazine and other pesticides with the use of
Production and Characterization of MAbs. Atrazine, like MAbs. However, this method required complicated assay
most herbicides, is too small to be immunogenic. In order to procedures and was time-consuming. Therefore, we studied a
overcome the limit of small molecule recognition in an immune rapid-coating method of MAb without anti-mouse IgG trapping.
response, the atrazinéLH conjugate was constructed and used Three coating buffers, 0.1 M carbonate buffer (pH 9.0), 0.01
as the immunogen instead of atrazine itself. However, im- M phosphate buffer saline (PBS, pH 7.4), and 0.01 M PBS
munized animals with atraziredKLH might induce many kinds containing 0.01% BSA, were evaluated for diluting MAb.
of antibodies that recognized not only atrazine but also KLH. Ninety-six well microtiter plates were coated with 100 of
For the development of sensitive and specific MAbs against diluted MAb solution (1.43ug/mL) using the three coating
atrazine, cell fusion and cloning were carried out by standard buffers. The DC-ELISA was carried out as previously described.
methods (21). Anti-sera of six mice in indirect ELISA showed As shown inFigure 2, all of the tested coating buffers showed
high titer values, and they were used to develop hybridoma cells.a high absorption rate of MAb to 96 well microtiter plates. A
After cell fusion and cloning, four cloned hybridoma cells 0.1 M concentration of carbonate buffer showed a highest signal
(named AT-1-M3, AT-1-M8, AT-2-M1, and AT-3-M15) show-  at 0 ng/mL of atrazine, but sensitivity of ELISA ((¢= 18.5
ing a positive signal in indirect ELISA were selected. All MAbs ng/mL) was lower than other coating buffers. PBS containing
produced from cloned hybridoma cells were lggaibclass with 0.01% BSA was shown as a lower signal than 0.1 M carbonate

RESULTS AND DISCUSSION
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Table 1. Cross-Reactivity of MAb AT-1-M3 to Atrazine and Related
Compounds

Analogues Structure  Cross-reactivity(%)

HNHC(CHs)z

N Cl
. =
Atrazine Y \( 100
NYN
HNCH,CH,

N Cl
Y Y
- |
imazine N\(

NHC,Hs

C,HsNH

Z

23

CH,CHy

Alachor _CHOCH, <1
coctiol

CHyCHy
o

Captan <1

I
/N
Terbutryne Y \l( CIHs <1

N o
Bromacil | \]/ <1
OMe
N
Parathion-methyl /P—04©7N02 <1
OMe

2,4-D cl OCHCCOH <1

jol]

buffer, but the sensitivity of ELISA was highest §£= 8.8

ng/mL). In addition, our coating system was compared with
another coating system using anti-mouse IgG trapping. DC-
ELISA with anti-mouse IgG trapping required 1/15000 dilution
of MAb, whereas DC-ELISA without anti-mouse 1gG trapping
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Figure 2. DC-ELISA standard curves for atrazine using different buffers
for the dilution of MAb. The labels A, B, and C show 0.01 M PBS
containing 0.01% BSA (ICs; = 8.8 ng/mL), 0.01 M PBS (ICs, = 10.6

ng/mL), and 0.1 M carbonate buffer (ICsp = 18.5 ng/mL), respectively.
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Figure 3. DC-ELISA standard curve for atrazine detection in buffer with
10% methanol. The procedures are described in the text. Each point of
the curve represents the mean + SD (standard deviation) of n = 4 assays
on the same day.

Labeling of the Antibody with Colloidal Gold. Colloidal
gold has been generally used as an immunospecific probe for
immunocytochemistry and immunoblottin@g, 27). Many
scientists recognized that colloidal gold particles could be
applied in immunoanalysis, biosensors, gene therapy, and DNA
computation 28). The size of the colloidal gold particles is
directly dependent on the amount of sodium citrate used in its
preparation process. The strength of color is closely related to
the size and quality of the colloidal gold particles. In some
previous papers, they represented that 40 nm colloidal gold

required a high concentration of MAb (1/7000 dilution). The particles offered maximum visibility due to the least steric
ICsp value of coating systems with and without anti-mouse IgG hindrance in the case of IgG conjugatid®]. Therefore, the
trapping was 8.8 and 9.5 ng/mL, respectively. Although the 40 nm colloidal gold particles were selected in our study.
coating system with anti-mouse IgG trapping was more efficient Spherical gold particles with a diameter of 40 nm formed when
for MAb consumption, the developed coating system in this 1 mL of sodium citrate was added to 100 mL of 0.01% gold
study showed high sensitivity. Besides, our coating system waschloride solution Figure 4). With the increase of sodium citrate
easy to perform and not time-consuming. Therefore, we selectedvolume up to 2, 3, and 4 mL, the diameter of the colloidal gold

our system for the coating of MAb to 96 well microtiter plates.

particles uniformly decreased to 20, 15, and 10 nm, respectively.

The typical standard curve of DC-ELISA without anti-mouse With 1—4 mL of the sodium citrate, the color of colloidal gold

IgG is presented ifrigure 3. The 1Go value was 8.8 ng/mL,

was reddish or red-orange. However, when the amount of

and the detection limit was 0.5 ng/mL (10% inhibition). We sodium citrate added was 0.5 mL, the color of the obtained
think that this method should become the accurate and detectablesolloidal gold particles was purple and the diameter of the

method for atrazine in various water samples.

particles was>100 nm.
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Control line
Test line
Figure 4. Colloidal gold observed by transmission electron microscope
(110000x). The diameter of those particles was 35—40 nm.
Table 2. Determination of Minimum Amount of AT-1-M3 MAb for the Figure 5. Detection limit of ICG strip for the detection of atrazine. The
Conjugétion with Colloidal Gold Particles? tests were run four times at room temperature using distilled water samples
spiked with atrazine standard. The labels (0-5) show the concentrations
atrazine standard of atrazine (ng/mL).
concentration (ng/mL)
0 1000 Table 3. Cross-Reactivity of the ICG Strip to Other Pesticides?
amount of AT-1-M3 test control test control concentration (ng/mL)
MADb (ug/mL) line line line line compound 0 1 5 10 50 100 500
2 * + + +
’ test line + = - - - - -
+ + - +
i + + - + atrazine tcor:tlr_ol line + + + + + + +
+ + - + : . estiine + + + + + + +
> simazine controlline  + + + 4+ + + +
- - test line + o+ o+ o+ + + +
2Key: +, an obvious red band was observed; +, a faint band was observed; alachor controlline  + + + 4+ o+  + "
and —, no band was observed. captan test line + o+ o+ 4+ + + +
. . . L. controlline + + + + + + +
For conjugation of colloidal gold and MAb, a minimum X test line oo+ o+ o+ o+ 4+ "
amount of antibody should be needed for the stabilization of ©€PU"ne conmolline  + + o+ o+ o+ o+ o+
colloidal gold particles. The minimum amount of MAb was  pomaci test line B A A +
determined by adding NaCl to colloidal gold particles containing tcé’sqt{iﬁ';'"e S
different amounts of MAb. After reaction with NaCl, a colloidal ~ parathion-mettyl - copne 4 &+ & &+ 4
gold solution containing minimum MAb could be kept reddish 24D test line + o+ o+ o+ o+ + +
' controlline  + + + + + + +

or red-orange color. In our experiment,:@ of MAb was
confirmed to be the minimum amount for stabilization of
colloidal gold. However, we selected YZis) of MADb for the @Key: +, an obvious red band was observed; +, a faint band was observed;
conjugation because @y of MAb in our study often caused ~ @nd - no band was observed.
coagulation of gold particles during the conjugatidiaifle 2).

ICG Strip. The main objective of the ICG strip was onthe membrane, andi& of colloidal gold—MAb probe was
qualitative detection of atrazine contamination at threshold sprayed on the conjugate pad.
levels. For this, the color intensity of the test line must be high ~ The detection limit is defined as the concentration of atrazine
enough to be seen and enable observation of difference colorin the solution that causes a complete invisibility of the test
intensities between negative controls and positive controls. Forline. A series of dilutions of atrazine standard-® ng/mL)
the development of a sensitive ICG strip, we checked to were tested by ICG strips. As shownhigure 5, the results of
determine the optimal immobilization amount of atraziBSA this test were judged within 10 min after the reaction started.
conjugate as a capture reagent and the optimal amount ofTwo red lines on the membrane indicated that the atrazine
colloidal gold—MADb probe as the detector reagent. The optimal concentration was below the detection limit. If one red line was
concentration of capture reagent and the amount of detectorshown in the control line, the atrazine concentration was above
reagent were selected as a clear appearing in the negative contrahe detection limit. The detection limit was estimated as 3 ng/
with the shortest time and comparison of the intensity of color mL for ensuring the detection results because the concentration
between positive samples and negative samples, and the positivef 2 ng/mL atrazine was shown as a weak red line in the test
sample could be easily distinguished from the negative sampleline. The specificity of the ICG strip was evaluated in
by eye. The optimal conditions for ICG strips were as follows: comparison to other pesticides. As showTable 3, two clear
1.5ug of atrazine—BSA conjugate was treated in the test line red lines were observed in the test and control lines on various
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Table 4. Results of Spiked Water Sample Analysis by DC-ELISA and LITERATURE CITED
ICG Strip (1) Kolosova, A.Y.; Park, J. H.; Eremin, S. A.; Kang, S. J.; Chung,
DC-ELISA ICG strip D. H. Fluorescence polarization immunoassay based on a
spiked detected monpt;lonal antipody for the detef:tion of the organophosphorus
atrazine atrazine recovery  test  control Eigt;mdlel&arathIon-methyﬂ. Agric. Food. Chem2003, 51,
sample _conen (ng/ml) _ conn (ng/mt) (%) fine fine (2) Andrea, D.; Muller, J.; Hock, B. Stabilization of enzyme
drinking 0 ND? NC? +¢ + immunoassays for atrazinénal. Chim. Actal998,362, 35-
water 5 42404  s4xg 4+ 45.
(n=4) (3) Gereon, J. W.; William, F. B. Atrazine hydrogen-bonding

%g 18? f 83 gg f ‘2‘ _ : proteinals.Environ. Sci. Technol1993,27, 494—500.

50 180 +24 9645 _ + (4) Kolpin, D. W.; Barbash, J. E.; Gilliom, R. J. Occurrence of
tap 0 ND NC + n pesticides in shallow groundwater of the United States: Initial
water results from the National Water-Quality Assessment Program.
(n=14) 5 46+03  92£6 - * Environ. Sci. Technol1998,32, 558—566.

10 9.1+03 91+3 - + (5) Livia, N. K.; Imare, C.; Gyorgy, F.; Gyorgy, M. Modeling of

20 186+0.2 93+1 - + single-step and multistep adsorption isotherms of organic

50 430+13 86+3 - + pesticides on soill. Agric. Food. Chen002,50, 7326—7331.
surface 0 ND NC + + (6) Mathys, W. Pesticide pollution of groundwater and drinking
water 5 41+02 82+4 - + water by the processes of artificial groundwater enrichment or
(n=4) coastal filtration: Underated sources of contaminatientralbl.

;g 1?:2 s gg gg 2 N Hyg. Umweltmed1994,196, 338—359.

50 46.0+3.0 2+6 _ + (7) Hayes, T.; Haston, K.; Tsui, M.; Hoang, A.; Haeffele, C.; Vonk,

A. Herbicides: Feminization of male frog in the wilblature
2002,419, 895—896.

(8) Luciana, B. O.; Gilberto, A.; Jorge, C. M. Determination of
atrazine using square wave voltammetry with the hanging
mercury drop electrode(HMDE)alanta2004,62, 667—674.

concentrations of other pesticides. This indicates that the (9) Hayes, T. B. Collins, A; Lee, M.; Mendoza, M.; Noriega, N.;
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