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Abstract

A rapid and sensitive immunoassay for the determination of linear alkylbenzene sulfonates (LAS) is described. The method involves a
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sequential injection analysis (SIA) system equipped with a chemiluminescence detector and a neodymium magnet. Magnetic bea
an anti-LAS monoclonal antibody was immobilized, were used as a solid support in an immunoassay. The introduction, trapping a
of the magnetic beads in the flow cell were controlled by means of a neodymium magnet and adjusting the flow of the carrier so
immunoassay was based on an indirect competitive immunoreaction of an anti-LAS monoclonal antibody on the magnetic beads a
sample and horseradish peroxidase (HRP)-labeled LAS, and was based on the subsequent chemiluminscence reaction of HRP w
peroxide andp-iodophenol, in a luminol solution. The anti-LAS antibody was immobilized on the beads by coupling the antibody
magnetic beads after activation of a carboxylate moiety on the surface of magnetic beads that had been coated with a polylact
The antibody immobilized magnetic beads were introduced, and trapped in the flow cell equipped with the neodymium magne
solution containing HRP-labeled LAS at constant concentration and the luminol solution were sequentially introduced into the flow
on an SIA programmed sequence. Chemiluminescence emission was monitored by means of a photon counting unit located
side of the flow cell by collecting the emitted light with a lens. A typical sigmoid calibration curve was obtained, when the logarith
concentration of LAS was plotted against the chemiluminescence intensity using various concentrations of standard LAS samples
under optimum conditions. The time required for analysis is less than 15 min.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The pollution of environmental water by linear alkyleben-
zene sulfonates (LAS), which are widely used as anionic
surfactants in detergents in both industry and the home, has
created a serious environmental problem, such as the destruc-
tion of the hydrosphere environment for fish and other living
things as well as causing human health problems due to their

∗ Corresponding author. Tel.: +81 92 642 3569; fax: +81 92 642 4134.
E-mail address: imato@cstf.kyushu-u.ac.jp (T. Imato).

permeability through cell membranes[1–3]. A rapid and sen
sitive analytical method for monitoring such pollutants wo
be highly desirable. One of the official methods for the de
mination of LAS is based on a spectrophotometric sol
extraction using a methylene blue dye[4,5]. The use of a
organic solvent in this method may not meet the require
of green chemistry and sustainable chemistry, because
derived from the organic solvent might lead to additio
pollution. Gas chromatography or high performance liq
chromatograph, coupled with mass spectroscopy is the
reliable analytical method for determining anionic sur
tants as well other environmental pollutants, because
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methods permit the identification of homologues and iso-
mers of LAS [6–8]. However, these methods typically
involve time-consuming pretreatments of samples and expen-
sive instrumentation. A method for determining LAS by
an enzyme-linked immunosorbent assay (ELISA) based
on spectrophotometric, fluorimetric or chemiluminescence
detection using a microtiter plate would be a promising
method for screening large number of samples such as envi-
ronmental samples. A method determining LAS based on
ELISA has recently been reported as a result of the successful
preparation of a monoclonal anti-LAS antibody[9]. However,
in general, such types of ELISA method involve many labo-
rious and time-consuming procedures such as the washing,
addition of sample and reagents.

A sequential injection analysis (SIA) technique is suit-
able as an analytical method for ELISA procedures, because
the washing, separation of bound-free antibody and the addi-
tion of reagent solutions, etc. can be automated by using
a computer-controlled syringe pump and a switching valve
[10–12]. Ruzicka et al. proposed a “beads injection tech-
nique” combined with the SIA technique[13–16]. They
developed a quite unique so-called jet ring cell, which can trap
microbeads, permitting an immunoreaction to proceed on the
microbeads. In our previous paper, we reported on a spec-
trophotometric immunoassay for vitellogenin (Vg) based on
an SIA system equipped with a jet ring cell, in which the
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SIA system is shown inFig. 1. The total volume larger
than the 1000�L of a holding coil is used. The flow cell
used in this study was constructed from two acrylic resin
plates (55 mm× 100 mm× t 1 mmt), one of which has a
groove (3 mm× 40 mm× 0.5 mm) and the other does not.
The plates were fused by pressing at 130◦C for 3 h. The
cell volume is about 60�L. This composite plate was
sandwiched between additional two back colored acrylic
resin plates (55 mm× 100 mm× t 10 mm), which contained
1 mm� holes for solution inlet and outlet. The inlet of the
cell was connected to the outlet of the switching valve with
Teflon tube (length 20 cm, i.d. 0.5 mm). A square hole was
prepared in the upper acrylic resin plate, to accommodate a
photon counting unit (Hamamatsu Photonics, C8855, Japan),
which was controlled by a PC with Windows software for
C8855 (Hamamatsu Photonics, Japan). Chemiluminescence
light was collected using a lens (15 mm�, fb: 16 mm), which
was set at a distance 15 mm from the flow cell. The light
intensity of the chemiluminescence was measured by count-
ing the number of photons produced in 100 ms. The photon
counting data were transmitted to the PC. A square hole was
also prepared in the lower acrylic resin plate to accommo-
date a neodymium magnet (3 mm�, Magnet Japan, Japan)
embedded in an acrylic resin was placed in this hole.

2.2. Materials and reagents
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mmunoassay was conducted using antibody-immobi
ephadex beads[17]. In our subsequent paper, we utiliz
ntibody-immobilized magnetic microbeads instead of
ephadex beads for the determination of Vg, becau

heir ease of trapping in an immunoreaction cell by a m
et [18]. Prior to our publication, Ruzicka and Christ
eported on an immunoassay based on SIA using imm
agnetic beads[19]. An analytical method using magne
icrobeads has many advantages, in that they have a

urface area, in which many ligands can be immobilized,
f separation from the liquid phase by a magnetic field[20].
any applications of magnetic microbeads to enzyme-b
iosensors[21,22], immunoassays[23–26], genosoenso
27] have been reported. An electrochemical immunoa
ased on a microelectrode using magnetic microbead
een also proposed by Heineman et al.[28–31]. In this pape
e wish to report on an attempt to apply a sequential in

ion immunoassay using magnetic microbeads for the r
nd sensitive determination of LAS in environmental w
amples, as an alternative method of ELISA.

. Experimental

.1. Apparatus and flow cell

An SIA system was constructed from an SIA ins
ent, FIAlab-3000 (Alitea USA, USA), and a personal co
uter, which served to control the SIA instrument using
IAlab software program for Windows. A diagram of
The anti-LAS monoclonal antibody and horseradish
xidase (HRP)-labeled LAS were purchased from J
nvironchemical (Japan). Magnetic beads coated
garose gel (Agarose particles-M plain, particle s
00�m) and beads coated with polylactate polymer (O
articles-M COOH, particle size: 100�m) were purchase

rom Micromod (Germany). The magnetic beads w
upplied suspended in a solution at a concentratio
5 mg mL−1 for the former beads and 10 mg mL−1 for the

atter. Luminol andp-iodophenol were purchased from Wa
hemical Co. Ltd. (Japan). The other reagents were obt
ommercially and were used without further purification

.3. Preparation of antibody-immobilized magnetic
eads [32]

A 200�L of 10 mg mL−1 slurry of magnetic microbead
PLA-particles-M COOH), the surface which contained
oxylic acid groups, was placed in a test tube and wa
ith a phosphate–citric acid buffer (pH 8) and the t
nal volume of the slurry was set 600�L. A 200�L of
.2 M N-hydroxysuccinimide (NHS) solution and 200�L
f 0.8 M 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimi
ydrochloride (EDC) were added to the test tube and
esulting mixture was incubated for 30 min at room te
erature. The beads were then washed with the a
hosphate–citric acid buffer and the final volume of the sl
as set 200�L. A 200�L aliquot of the 500 ppb of anti-LA
ntibody solution was added to the test tube and resu
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Fig. 1. Schematic flow diagram of the sequential injection system using magnetic microbeads.

slurry was incubated for 12 h at 4◦C in a refrigerator. After the
incubation, the beads were washed with the phosphate–citric
acid buffer several times and the final volume of the slurry
set 1000�L with the same buffer.

2.4. Evaluation of immobilization method to magnetic
beads

For the selection of the immobilization method of anti-
LAS antibody to the magnetic microbeads, we attempted to
immobilize HRP instead of the anti-LAS antibody on the
surface of the agarose coated-magnetic beads, because the
amount of immobilized HRP can be easily evaluated by con-
ventional colorimetry. The protocol for the immobilization
and evaluation of the amount of HRP immobilized with mag-
netic beads is as follows:

(a) Amino coupling method[32]
A 20�L slurry of agarose-coated microbeads

(25 mg mL−1) was placed in a microtube and a 4 M
NaOH solution (40�L) and a 4 M bromoacetic acid
solution (40�L) were added to the microtube and the
resulting slurry was incubated for 16 h at room tempera-
ture. The microbeads were several times washed with a
phosphate–citric acid buffer (pH 8.0) and the final vol-
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tion (pH 8.0) to deactivate the unreacted NHS ester on the
microbeads. After allowing the microbeads to stand in the
Tris–HCl buffer solution for 30 min, they were washed
several times with a phosphate–citric acid buffer solu-
tion (pH 5.2) and the final volume of the slurry was kept
at 50�L. A 2 mg mL−1 o-phenylendiamine (OPD) solu-
tion (400�L) and a 20 mM H2O2 solution (50�L) were
added to the microtube for color development and the
resulting slurry was incubated for 30 min at 25◦C. After
the incubation, 450�L of the supernatant of the slurry
was placed in the other microtube and 450�L of a 1.5 M
H2SO4 solution was added to the microtube to terminate
the color developing. The absorbance of the resulting
solution was measured at a wavelength of 490 nm.

(b) Epoxy coupling method using chloromethyloxirane[38]
A 20�L aliquot of a slurry of agarose-coated

microbeads (25 mg mL−1) was placed in a microtube and
a chloromethyloxirane solution (30�L), a 2 M NaOH
solution (120�L) and deionized water (430�L) were
added to the microtube and the resulting slurry was incu-
bated for 2 h at 40◦C with shaking. After the incubation,
the supernatant was removed and the beads were washed
with water and finally with a phosphate–citric acid buffer
(pH 8.0). An appropriate volume of an HRP solution was
added to the microtube and the final volume was kept at
200�L with the above buffer solution. Five slurry sam-
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ume of the slurry was kept at 120�L with the same
buffer solution. A 0.2 M NHS solution (40�L) and a
0.8 M EDC solution (40�L) were then added to th
microtube and resulting slurry was incubated for 30
at room temperature to activate the carboxylate gr
on the microbeads. The microbeads were washed
the above buffer solution and an appropriate volum
an HRP solution was then added to the microtube
the final volume was kept at 200�L. Five slurry sam
ples containing HRP at final concentrations of 10,
50, 100 and 200 ppb were prepared. The resulting s
was incubated for 30 min in order to immobilize H
on the surface of the activated ester on the microbe
The beads were then washed with a Tris–HCl buffer s
ples containing HRP at final concentrations of 10, 40
100 and 200 ppb were prepared. Subsequent proce
and measurement of absorbance were the same as

c) Epoxy coupling method using ethylene glycol diglyci
ether (EGDE)[34]

A 20�L aliquot of a slurry of agarose-coat
microbeads (25 mg mL−1) was placed in a microtube a
an EGDE (20�L) and 0.2 M Na2CO3 solution (180�L)
were added to the microtube and the resulting sl
was incubated for 12 h at 40◦C with shaking. Afte
the incubation, the supernatant was removed and b
were washed with water and then with a phosphate–
acid buffer (pH 8.0). An appropriate volume of an H
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solution was added to the microtube and the final volume
was kept at 200�L with the above buffer solution. Five
slurry samples containing HRP at final concentrations of
10, 40, 50, 100 and 200 ppb were prepared. Subsequent
procedures and measurement of absorbance are the same
as in (a).

2.5. Chemiluminescent immunoassay for the
determination of LAS using SIA system

The SIA protocol used in the determination of LAS is
summarized inTable 1. After washing the Teflon tubing and
the flow cell with a carrier solution of Tris–HCl buffer (pH
8.4) containing 0.1% Tween 20 (TBS-T buffer)[35], a 50�L
aliquot of the slurry of magnetic microbeads immobilized
with the anti-LAS antibody was aspirated into the hold-
ing coil. The slurry was then introduced into the flow cell
equipped with the magnet by pushing the syringe pump at a
flow rate of 5�L/s and the magnetic beads were then trapped
in the flow cell. A 100�L aliquot of a sample solution con-
taining LAS at various concentrations from 0 to 500 ppb and
an HRP-labeled LAS solution at concentration of 500 ppb
was aspirated into the holding coil and then introduced into
the flow cell. In this case, to keep the time for competitive
reaction between the anti-LAS antibody on the beads and
L ro-
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At the same time, the chemiluminescence intensity was mea-
sured by means of a photon counting unit. Finally, the magnet
was shifted downward and 2000�L of the TBS-T buffer was
introduced into the flow cell to remove the used beads. New
beads were introduced into the flow cell after the magnet was
returned to the original position for the next measurement.
An addition of Tween 20 to the Tris–HCl buffer is effective
to reduce non-specific adsorption of the LAS-HRP and also
effective to flush out the magnetic microbeads from the flow
cell. The flow cell is made of polyacrylic resin and surface of
which is somewhat hydrophobic. The magnetic microbeads
tend to adsorb on the flow cell due to its hydrophobic feature.
However, the Tris–HCl buffer containing Tween 20 makes
the surface of the flow cell hydrophilic and the beads can be
flushed out smoothly by the buffer containing Tween 20.

3. Results and discussion

3.1. Evaluation of immobilization method to the
magnetic microbeads

In a competitive immunoreaction of an antibody with a tar-
get antigen and a labeled antigen, a lower detection of the tar-
get antigen would be expected to depend on the amount of the
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AS or the HRP-labeled LAS at 300 s in the flow cell, a p
edure of flowing 1�L of the sample solution for 1 s an
aiting for 2 s was repeated 100 times. This procedure
ccelerate the rate of the immunoreaction compared w
onventional stopped-flow procedure (waiting for 300 s w
ut moving a solution), because the movement of the li
hase diminishes the thickness of a diffusion layer adja

o the solid phase immobilized with the antibody. A 500�L
liquot of the TBS-T buffer was then introduced into the fl
ell at a flow rate of 5�L/s in order to remove nonspeci
ally adsorbed LAS or the HRP-labeled LAS on the bead
all of the flow cell. A 100�L aliquot of a chemiluminesce

eagent solution containing 0.5 mM luminol, 4 mM H2O2 and
.4 mMp-iodophenol was aspirated into the holding coil
as introduced into the flow cell at a flow rate of 20�L/s.

able 1
equential injection protocol for the determination of LAS

vent Sample

ash Tris–HCl buffer (pH 8.4) +
ntroduction of magnetic

microbeads
Slurry of magnetic micro
antibody (1.5 mg mL−1)

rapping the magnetic
microbeads with magnet

Slurry of magnetic micro
antibody (1.5 mg mL−1)

ntroduction of the LAS solution
containing LAS-HRP
(incubation time: 5 min)

0–200 ppb LAS + 500 ppb
buffer (pH 8.4) + Tween 2

ash Tris–HCl buffer (pH 8.4) +
ntroduction of luminol solution Luminol solution (0.5 mM

(4 mM) andp-iodophenol
ischarge the magnetic
microbeads
ntibody immobilized on the solid matrices. Many meth
ave been reported for the immobilization of an antibod
solid matrix[32–34,38]. Three of the more commonly u

mmobilization methods were compared using the aga
oated magnetic microbeads. To more easily evaluat
ethods, HRP was used instead of the anti-LAS monoc
ntibody, as described in Section2.

Fig. 2shows the amount of HRP immobilized on the m
etic microbeads, which was incubated with the HRP s

ions the concentration range from 10 to 200 ppb. In this c
he extinction coefficient for the absorbance of the OP
xidized form was converted to HRP (assuming a molec
eight of 4.2× 104 Da) concentration using the same pro
ures as described in Section2. As a result, the extinctio
oefficient ofε490 nm= 6.7× 10−3 ng−1 mL cm−1 was used
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Fig. 2. Amount of HRP immobilized on magnetic microbeads by amino
coupling and epoxy coupling methods: (a) amino coupling method, (b) epoxy
coupling method using epichlorohidorine and (c) epoxy coupling method
using ethylene glycol diglycidyl ether.

for the concentration of HRP in the final solution described
in Section2. The amino coupling method (a) appeared to
be superior to the epoxy coupling methods (b) and (c) with
respect to the amount of HRP immobilized on the magnetic
microbeads. The concentration of HRP for incubation does
not have any significant effect on immobilization efficiency.
In subsequent experiments, the amino coupling method was
utilized. Since, after this examination, we were able to obtain
magnetic microbeads coated with polylactate, the surface
of which is already a carboxylic acid, immobilization by
this amino coupling method was adopted for the polylactate
coated microbeads for the immobilization of anti-LAS anti-
body, as described in Section2.3. The molecular weight and
the molecular shape between HRP and the anti-LAS antibody

are different and the activity of HRP and anti-LAS antibody
after immobilization on the magnetic microbeads may be dif-
ferent. So, the converting the above data for immobilization
of HRP to the immobilization of the anti-LAS antibody may
not be adequate. However, we can estimate active site on the
present magnetic microbeads for immobilization is at least
2× 10−13 mol/g beads.

3.2. Optimization of chemiluminescent reagents

A luminol solution containing H2O2 and p-iodophenol
was selected as a chemiluminescent reagent[36,37]. Chemi-
luminescence light is emitted when luminol reacts with H2O2
to give 3-aminophthalae in the presence of catalytic amounts
of HRP. Sincep-iodophenol is known to act as a sensitizer of
chemiluminescence,p-iodophenol was added to the luminol
solution. The optimum conditions for the highest sensitivity
of chemiluminescence was examined using a two-channel
flow injection system, where a chemiluminescent solution
containing luminol, H2O2 and p-iodophenol in Tris–HCl
buffer solution (pH 8.4) was pumped from one channel at
a flow rate of 20�L/s and a Tris–HCl buffer (pH 8.4) was
pumped from the other channel at the same flow rate. A con-
centration of one of the three components was changed and
the others were fixed. A 200 ppb HRP solution (100�L) was
injected from the Tris–HCl buffer channel. The coil length
t s the
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t of the
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ig. 3. Effect of composition of the chemiluminescent solution on the
oncentrations of luminol andp-iodophenol fixed at 0.5 mM and 0.5 mM

2O2 and luminol fixed at 4 and 0.5 mM, respectively. (c) Varying conc
nd 0.5 mM, respectively.
o the chemiluminescence detector was 20 cm, which i
ame as the SIA system described in Section2. Fig. 3shows
he concentration dependency of the three components
uminol solution on chemiluminescence light intensity. T
lots are the average of three times measurements b
omewhat scattered except for the effect of luminol. H
ver, the tendency could be obtained from these results
oncentrations of H2O2, luminol andp-iodophenol in the
hemiluminescent solution were determined to be 4, 0.5
.4 mM, respectively, from the present experiments.

ity of chemiluminescence intensity. (a) Varying concentrations of H2O2 with the
ctively. (b) Varying concentrations ofp-iodophenol with the concentrations
ons of luminol with the concentrations of H2O2 andp-iodophenol fixed at 2 mM
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Fig. 4. Effect of the amount of magnetic microbeads introduced into
the flow cell on chemiluminescence light intensity. Slurry concentration:
25 mg mL−1. Volume of slurry injected: 10–100�L. The chemiluminescent
solution: 4 mM H2O2, 0.5 mM luminol and 0.4 mMp-iodophenol. The sam-
ple solution: 400 ppb HRP-labeled LAS solution (100�L).

3.3. Optimization of amount of magnetic microbeads
introduced into the flow cell

The amount of magnetic microbeads introduced into the
flow would be expected to affect the sensitivity of the
immunoassay, because the amount of anti-LAS antibody
immobilized on the magnetic beads is proportional to the
amount of microbeads present. The effect of the amount of
magnetic microbeads was examined by introducing a slurry
of the magnetic beads into the flow cell and the measuring the
intensity of the chemiluminescence light. A 10–100�L of a
slurry of microbeads at a concentration of 25 mg mL−1 was
introduced into the flow cell and the magnetic beads were
then trapped in the flow cell. A 400 ppb of an HRP-labeled
LAS solution (100�L) was then introduced into the flow cell
and the intensity of the chemiluminescence light was mea-
sured using the photon counting unit. The light intensity is
expressed by normalizing the number of photons counted in
1 s. In Fig. 4, the number of photons is plotted as a func-
tion of the amount of magnetic beads, which was calculated
from the concentration of the slurry and the volume of slurry
introduced into the flow cell. As can be seen fromFig. 4,
the number of photons increases steeply with increasing
amount of microbeads and reaches a constant values for a
amounts of microbeads above 0.15 mg. This saturation phe-
nomena seems to be strange because the larger the amoun
o ount
o nti-
b tons
s pped
i ads
t atu-
r mm
i ads,
b this

work had an averaged diameter of about 100�m, therefore
about 103 magnetic beads were calculated to be trapped on a
magnet with a diameter of 3 mm�. Even when a slurry con-
taining 0.5 mg is introduced into the flow cell, the excess
microbeads over 0.35 mg may be not trapped by the magnet
and may flow away from the flow cell. Even when the excess
amount of the microbeads can be trapped in multi layers, only
the chemiluminescence from the microbeads of the top layer
may be effective. To enhance the chemiluminescence light,
a microbead with smaller diameter and a flow cell with a
larger surface area for detecting the chemiluminescence light
may be useful. In the subsequent experiments, 0.125 mg of
magnetic microbeads was introduced into the flow cell.

3.4. Calibration for LAS under the optimized conditions

A calibration curve for LAS was obtained according to
the SIA protocol shown inTable 1under optimized flow
conditions. After the introduction of 0.125 mg of magnetic
microbeads immobilized with an anti-LAS antibody into the
flow cell, 100�L of a standard LAS solution at several con-
centrations (0, 50, 100, 150, 200, 250 and 500 ppb) containing
500 ppb HRP-labeled LAS was introduced. As pointed out in
our previous paper, the incubation time for an immunoreac-
tion between an antigen in a solution and an antibody on a
solid matrix affects the total analytical time. This is because
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hould be proportional to the amount of microbeads tra
n the flow cell. However, an observation of the microbe
rapped in the flow cell by the magnet can explain this s
ation phenomena. The magnet used in this work is Ø 3
n diameter and can trap a limited number of magnetic be
ecause of its effective area. The microbeads used in
t

he mass transfer rate of the antigen to the antibody o
olid matrix is generally a rate limiting process. In or
o enhance this mass transfer rate, in our previous pa
00�L of an antigen solution was repeatedly moved back

orth in the flow cell at 10 s intervals. As a result, the incu
ion time for the immunoreaction was dramatically shorte
y 1/3 to 1/6[17,18]. This can be successfully achieved by

act that the magnetic microbeads were completely trapp
he magnet even under flow conditions. However, swin
he antigen solution may diffuse the solution, i.e., the a
en solution may be diluted by the adjacent carrier solu

n the present procedure, a 100�L of the antigen solution
AS and HRP-labeled LAS mixed solution, was introdu

nto the flow cell by the procedure that 1�L of the antigen
olution was pumped for 1 s at a flow rate of 1�L/s and then
topped for 2 s and this procedure was repeated 100 t
he incubation time by this procedure is 5 min.

Fig. 5(a) shows the chemiluminescence signals w
00�L of the chemiluminescent solution containing lu
ol, H2O2 andp-iodophenol was introduced at a flow rate
0�L/s into the flow cell, where the magnetic microbe

ncubated with a LAS standard solution were trapped
eak shaped signal is observed depending on the co

ration of LAS. The noise level of the present chem
inescence system was less than 102 counts/s.Fig. 5(b)

hows the calibration curve for LAS, the peak heigh
he chemiluminescence intensity was plotted agains
ogarithm of the concentration of LAS. A typical sigmo
alibration curve was obtained with IC50, 50% binding
alue of 90 ppb. The minimum detectable concentratio
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Fig. 5. (a) Chemiluminescence signals for a sample solution containing various concentrations of LAS and 500 ppb HRP-labeled LAS at a fixed concentration.
Conditions: amount of magnetic microbeads introduced into the flow cell: 0.125 mg (50�L of a slurry), Chemiluminescent solution: 0.5 mM H2O2, 4 mM
luminol and 0.5 mMp-iodophenol. Concentration of LAS: (a) 0, (b) 50, (c) 100, (d) 150, (e) 200, (f) 250, (g) 500 ppb in 500 ppb HRP-labeled LAS solution.
Volume of sample solution containing LAS and HRP-labeled LAS: 100�L. (b) Calibration curve for LAS. Conditions are the same as (a).

LAS, which is defined as 85% inhibition, was 25 ppb. This
means that the present immunoassay sufficiently satisfies the
limits permitted in Japan for drinking water that contains
200 ppb LAS. Judging from the molar concentration of LAS
(90 ppb = 2.6× 10−10 mol/mL) and that of the HRP-labeled
LAS (500 ppb = 1.2× 10−11 mol/mL), the binding constant
of the HRP-labeled LAS-anti LAS antibody complex is esti-
mated to be larger than that of the LAS-anti LAS antibody
complex.

4. Conclusion

A chemiluminescent immunoassay using magnetic
microbeads in an SIA system equipped with a magnet was
proposed for the highly sensitive and rapid determination of
LAS. The analytical time for the proposed immunoassay was
less than 15 min including 5 min of incubation time for a com-
petitive immunoreaction for one sample. The short analytical
time can be realized by using a flow technique that a sample
solution repeatedly flows and stops in a short period. This flow
technique is due to the use of magnetic microbeads in an SIA
system. The proposed method should be validated against the
currently accepted analytical method and the tested with envi-
ronmental sample. The application of the proposed method
t ter
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