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(54) HARMFUL SUBSTANCE EVALUATING METHOD AND HARMFUL SUBSTANCE EVALUATION 
KIT

(57) A biological growth inhibition factor assay meth-
od includes: a first step of mixing a photosynthetic sam-
ple, with an aqueous solution sample to prepare a test
measurement solution, letting the test measurement so-
lution stand, and then after illuminating light onto the test
measurement solution for a predetermined illumination
time, measuring the light amount of the delayed fluores-
cence that is emitted; a second step of mixing the pho-
tosynthetic sample with a standard sample, in which bi-
ological growth inhibition factors are not present, to pre-
pare a standard measurement solution, letting the stand-
ard measurement solution stand, and then after illumi-
nating light onto the standard measurement solution for
a predetermined illumination time, measuring the light
amount of the delayed fluorescence that is emitted; and
a third step of computing assay values based on the light
amounts of delayed fluorescence, respectively meas-
ured in the first step and the second step, and determining
a comparison value of the assay values to assay biolog-
ical growth inhibition factors. A biological growth inhibi-
tion factor assay method that enables analysis of a wide
range of inhibition factors in a short time is thereby real-
ized.
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Description

Technical Field

[0001] This invention relates to a toxic substance as-
say method and a toxic substance assay kit.

Background Art

[0002] As a method of assaying effects on living or-
ganisms of unknown chemical substances present in the
environment, biological toxicity inspection of "bioassay,"
by which growth inhibition of bacteria, algae, water flea,
fish, or other living organism is inspected, has been em-
ployed from before. Bioassay enables comprehensive
detection of effects due to unknown substances or un-
expected substances, interactions of chemical substanc-
es, environmental effects, and other biological effects,
and is in a complementary relationship with conventional
physicochemical methods such as liquid chromatogra-
phy, gas chromatography, atomic absorption measure-
ment, and enzyme immunoassay.
[0003] In bioassay, single-cell organisms, such as bac-
teria or algae, which enable a large number of individual
organisms to be treated statistically and are short in life-
cycle, or small aquatic organisms, such as small crusta-
ceans (water fleas) or small fish, etc., which have com-
paratively advanced biological functions and yet are
readily affected by chemical substances, etc., are used.
As a specific example of a bioassay method, a method
of biological effect assay by algae growth inhibition test,
which is defined in guidelines of the Ministry of Environ-
ment of Japan, can be cited. The algae growth inhibition
test is a method of assaying various toxicities of a tested
substance on algae.
[0004] As another method, a method of measuring res-
piratory inhibition by measurement of luminescence by
luminescent bacteria has been proposed. Also, Non-Pat-
ent Document 1 describes a method of measuring pho-
tosynthesis inhibition using chlorophyll fluorescence
from algae. Non-Patent Documents 2 and 3 also describe
measurement methods using delayed fluorescence.
Non-Patent Document 1: Ulrich Schreiber et al., "New
type of dual-channel PAM chlorophyll fluorometer for
highly sensitive water toxicity biotests", Photosynthesis
Research 74, p. 317-330 (2002)
Non-Patent Document 2: Werner Schmidt and Horst
Senger, "Long-term delayed luminescence in Scenedes-
mus obliquus. II. Influence of exogeneous factors", Bio-
chimica et Biophysica Acta 891, p. 22-27 (1987)
Non-Patent Document 3: Joachim Burger and Werner
Schmidt, "Long term delayed luminescence: A possible
fast and convenient assay for nutrition deficiencies and
environmental pollution damages in plants", Plant and
Soil 109, p. 79-83 (1988)

Disclosure of the Invention

Problems to be Solved by the Invention

[0005] However, with the above-mentioned method of
biological effect assay by algae growth inhibition test,
because the growth ability of a living organism is tested,
operations are complicated and a long time of 24 hours
to 72 hours is required to obtain test results. Meanwhile,
with the measurement method described in the above-
mentioned Non-Patent Document 1 and so on, though
shortening of the test time is realized in part, it is still
inadequate. In addition, all of these assay methods have
yet to realize qualitative and quantitative analysis of a
wide variety of toxic substances including unknown
chemical substances. With the measurement methods
described in Non-Patent Documents 2 and 3, specific
methods for qualitative and quantitative analysis of toxic
substances have not been examined adequately.
[0006] This invention has been made in view of the
above problem and an object thereof is to provide a toxic
substance assay method and a toxic substance assay
kit that enable a wide range of toxic substances to be
evaluated in a short time.

Means for Solving the Problems

[0007] In order to achieve the above object, this inven-
tion provides a toxic substance assay method that is a
method of assaying a toxic substance present in an aque-
ous solution sample to be tested and includes: (1) a first
step of mixing a photosynthetic sample, having a photo-
synthetic function, with the aqueous solution sample to
prepare a test measurement solution, letting the test
measurement solution stand for a predetermined stand-
ing time, and then after illuminating light onto the test
measurement solution for a predetermined illumination
time, measuring a light amount of a delayed fluorescence
that is emitted; (2) a second step of letting a comparison
measurement solution, prepared by mixing the photo-
synthetic sample with a comparison sample, stand for
the predetermined standing time, and then after illumi-
nating light onto the comparison measurement solution
for the predetermined illumination time, measuring a light
amount of the delayed fluorescence that is emitted to
thereby prepare a comparison measurement result; and
(3) a third step of computing assay values based on the
light amounts of delayed fluorescence, respectively ac-
quired in the first step and the second step, and deter-
mining a comparison value of the assay values to assay
the toxic substance present in the aqueous solution sam-
ple, wherein (4) the assay values are elapsed times of
characteristic points in temporal variations of the light
amounts of delayed fluorescence acquired in the first
step and the second step.
[0008] Or, this invention provides a toxic substance as-
say method that is a method of assaying a toxic sub-
stance present in an aqueous solution sample to be test-
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ed and includes: (1) a first step of mixing a photosynthetic
sample, having a photosynthetic function, with the aque-
ous solution sample to prepare a test measurement so-
lution, letting the test measurement solution stand for a
predetermined standing time, and then after illuminating
light onto the test measurement solution for a predeter-
mined illumination time, measuring a light amount of a
delayed fluorescence that is emitted; (2) a second step
of letting a comparison measurement solution, prepared
by mixing the photosynthetic sample with a comparison
sample, stand for the predetermined standing time, and
then after illuminating light onto the comparison meas-
urement solution for the predetermined illumination time,
measuring a light amount of the delayed fluorescence
that is emitted to thereby prepare a comparison meas-
urement result; and (3) a third step of computing assay
values based on the light amounts of delayed fluores-
cence, respectively acquired in the first step and the sec-
ond step, and determining a comparison value of the as-
say values to assay the toxic substance present in the
aqueous solution sample, wherein (4) the assay values
are temporal variations of the light amounts of delayed
fluorescence acquired in the first step and the second
step, and the comparison value is a value obtained by
determining a difference of the temporal variations.
[0009] With such a toxic substance assay method, a
plurality of toxic substances can be analyzed qualitatively
and quantitatively at the same time and at high precision
from characteristics obtained by a comparison of the tem-
poral variation of the light amount of delayed fluores-
cence emitted from the photosynthetic sample mixed with
the aqueous solution sample to be assayed and the tem-
poral variation of the light amount of delayed fluores-
cence emitted from the photosynthetic sample in the
comparison measurement solution containing the com-
parison sample that is prepared to be compared with the
aqueous solution sample. By performing the assay by
measuring the light amounts of delayed fluorescence,
the measurement time can be shortened as a whole.
[0010] In the first of the assay methods described
above, the assay values are the elapsed times of the
characteristic points in the temporal variations of the light
amounts of delayed fluorescence acquired in the first
step and the second step. In this case, because the char-
acteristic points in the temporal variations of the delayed
fluorescence light amount vary according to each chem-
ical substance species that is a toxic substance, by as-
saying the elapsed times of the characteristic points, var-
ious toxic substances can be analyzed qualitatively and
quantitatively more accurately.
[0011] With the second of the assay method, the assay
values are the temporal variations of the delayed fluo-
rescence light amounts acquired in the first step and the
second step, and the comparison value is a value ob-
tained by determining a difference of the temporal vari-
ations. In this case, a point in time at which the temporal
variations of the delayed fluorescence light amounts are
concentrated, an inflection point, or other characteristic

can be obtained to enable the chemical substance spe-
cies that are toxic substances to be specified readily.
[0012] Also, with the second of the assay method de-
scribed above, a method may be employed wherein the
temporal variation of the light amount of delayed fluores-
cence acquired in the first step or the second step has a
characteristic point, and in the third step, a value obtained
by determining a difference of the temporal variations of
the light amounts of delayed fluorescence within a pre-
determined range between one characteristic point and
a measurement starting point or another characteristic
point is used as the comparison value to assay the toxic
substance. In a case where there are no characteristic
points in the temporal variations of the delayed fluores-
cence light amounts, a value obtained by determining a
difference of the temporal variations of the light amounts
of delayed fluorescence over the entirety or a predeter-
mined range can be used as the comparison value.
[0013] Or, a method may be employed wherein in the
third step, a value, determined as a ratio of a value de-
termined as a difference of the temporal variations of the
light amounts of delayed fluorescence acquired in the
first step and the second step, with respect to the tem-
poral variation of the light amount of delayed fluores-
cence acquired in the first step or the second step, is
used as the comparison value to assay the toxic sub-
stance.
[0014] Here, as the comparison sample used in the
second step and the comparison measurement result,
any of various comparison samples and comparison
measurement results may be used. For example, a meth-
od may be employed wherein in the second step, a stand-
ard sample to be compared with is used as the compar-
ison sample, the photosynthetic sample is mixed with the
standard sample to prepare a standard measurement
solution that is the comparison measurement solution,
the standard measurement solution is left to stand for the
predetermined standing time, and then after illuminating
light onto the standard measurement solution for the pre-
determined illumination time, the light amount of the de-
layed fluorescence that is emitted is measured to acquire
the comparison measurement result. In this case, a sam-
ple in which practically no toxic substances are present
is preferably used as the standard sample.
[0015] Or, a method may be employed wherein in the
second step, another aqueous solution sample is used
as the comparison sample and a measurement result,
acquired on another test measurement solution that is
the comparison measurement solution prepared by mix-
ing the other aqueous solution sample with the photo-
synthetic sample, is prepared as the comparison meas-
urement result. In this case, for example, a previous
measurement result may be used as the comparison
measurement result.
[0016] Also, in regard to the acquisition of the compar-
ison measurement result in the second step, a method
may be employed wherein the comparison measurement
result is prepared by measuring the light amount of de-
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layed fluorescence of the comparison measurement so-
lution in the same manner as in the first step. Or, a method
may be employed wherein, in the second step, a meas-
urement result that is acquired in advance for the com-
parison measurement solution is used as the comparison
measurement result. In this case, the comparison meas-
urement result that is acquired in advance is preferably
stored in a memory, etc., and used upon being read out
as data as necessary.
[0017] Also, it is preferable that, in the first step and
the second step, the test measurement solution and the
comparison measurement solution are left to stand for a
predetermined standing time with light conditions being
varied in each measurement, and in the third step, a var-
iation of the comparison values according to the light con-
ditions is evaluated. With this method, because the effect
of the light conditions on the delayed fluorescence char-
acteristics differ according to toxic substance, the distin-
guishing of the toxic substances in the aqueous solution
sample is facilitated further by evaluating the comparison
values corresponding to the changes of the light condi-
tions during standing.
[0018] Further, the densities of the photosynthetic
sample in the test measurement solution and in the com-
parison measurement solution are preferably within a
range of densities that are in a proportional relationship
with the light amount of delayed fluorescence. In this
case, for example, by measuring the density of the pho-
tosynthetic sample by measuring the absorbance, etc.,
and then correcting the delayed fluorescence light
amount based on this density, toxic substance assay of
higher precision is realized.
[0019] In addition, preferably in the first step and the
second step, the test measurement solution and the com-
parison measurement solution are homogenized before
measuring the light amount of delayed fluorescence. Be-
cause by doing so, the photosynthetic sample in the
measurement solution is distributed uniformly during
measurement, toxic substance assay of even less error
is enabled.
[0020] In regard to the photosynthetic sample mixed
with the aqueous solution sample, at least one type of
photosynthetic sample, selected from the group consist-
ing of halotolerant algae, alkali-tolerant algae, and acid-
tolerant algae, is preferably used. Spirulina can be cited
as an example of such a photosynthetic sample.
[0021] This invention further provides a toxic sub-
stance assay method that is a method of assaying a toxic
substance present in an aqueous solution sample to be
tested and includes: (a) a preparing step of mixing the
aqueous solution sample with a photosynthetic sample,
having a photosynthetic function, to prepare a test meas-
urement solution; (b) a standing step of letting the test
measurement solution stand for a predetermined stand-
ing time; (c) a measuring step of illuminating light onto
the test measurement solution for a predetermined illu-
mination time and thereafter measuring the light amount
of delayed fluorescence that is emitted; (d) an assaying

step of assaying a toxic substance present in the aqueous
solution sample based on the light amount of delayed
fluorescence acquired in the measuring step; and (e) an
acclimating step, preceding the measuring step and in-
cluding one of either a dark standby step of subjecting
the test measurement solution to a dark standby for a
predetermined standby time or a preliminary illuminating
step of subjecting the test measurement solution to a
preliminary light illumination and to a dark standby for a
predetermined standby time.
[0022] With such a toxic substance assay method, a
plurality of toxic substances can be analyzed qualitatively
and quantitatively at the same time and at high precision
from characteristics obtained from the temporal varia-
tions of the light amount of delayed fluorescence emitted
from the photosynthetic sample mixed with the aqueous
solution sample to be assayed. By performing the assay
by measuring the delayed fluorescence light amount, the
measurement time can be shortened as a whole. Also,
by performing the acclimating step on the test measure-
ment solution before the measuring step, the precision
of measurement of the delayed fluorescence and the pre-
cision of the assay of toxic substances by the measure-
ment results can be improved.
[0023] In a case where the adaptation step is per-
formed before the measuring step as described above,
the predetermined standby time in the dark standby step
is preferably no less than 30 seconds and no more than
1 hour. Also, the ratio of the preliminary light illumination
time to the dark standby time in the preliminary illuminat-
ing step is preferably equal to the ratio of the light illumi-
nation time to the dark standby time in the measuring
step.
[0024] For such assay, a toxic substance assay kit, for
assaying a toxic substance present in an aqueous solu-
tion sample to be tested and including: a photosynthetic
sample to be mixed with the aqueous solution sample; a
salt mixture for adjusting the salt concentration and the
pH of the aqueous solution sample; and a mixing means
that mixes the aqueous solution sample with the photo-
synthetic sample and with the salt mixture in a separated
manner; is provided. The assay kit preferably also in-
cludes a stabilizer for homogenizing the distribution den-
sity of the photosynthetic sample. Specific gravity adjust-
ing agents and thickening agents can be cited as exam-
ples of such a stabilizer.

Effects of the Invention

[0025] With the toxic substance assay method accord-
ing to this invention, a wide range of toxic substances
can be analyzed in a short time.

Brief Description of the Drawings

[0026]

[FIG. 1] FIG. 1 is a diagram of an embodiment of a
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delayed fluorescence measuring device.
[FIG. 2] FIG. 2 is a block diagram of a portion of the
delayed fluorescence measuring device of FIG. 1.
[FIG. 3] FIG. 3 is a flowchart of procedures of a bio-
logical growth inhibition factor assay method accord-
ing to an embodiment of this invention.
[FIG. 4] FIG. 4 is a flowchart of operations of delayed
fluorescence measuring device 1 in a process of
measuring a light amount of delayed fluorescence.
[FIG. 5] FIG. 5 is a diagram of an example of a tem-
poral variation of the light amount of delayed fluo-
rescence.
[FIG. 6] FIG. 6 shows (a) a graph of an example of
a relationship between absorbance at a wavelength
of 665nm and the delayed fluorescence amount, and
(b) a graph of an example of a relationship between
absorbance at a wavelength of 750nm and the de-
layed fluorescence amount.
[FIG. 7] FIG. 7 is a graph of a variation of a compar-
ison value VCP1 with respect to absorbance.
[FIG. 8] FIG. 8 shows (a) a graph of assay values
CP1 at various light intensities, (b) a graph of assay
values CP2 at various light intensities, and (c) a
graph of assay values TP2 at various light intensities.
[FIG. 9] FIG. 9 shows (a) a graph of assay values
CP1 for various wavelengths of light, (b) a graph of
assay values CP2 for various wavelengths of light,
and (c) a graph of assay values TP2 for various
wavelengths of light.
[FIG. 10] FIG. 10 shows (a) a graph of a variation of
comparison value VCP1 with respect to atrazine con-
centration, (b) a graph of a variation of comparison
value VCP2 with respect to atrazine concentration,
and (c) a graph of a variation of comparison value
VTP2 with respect to atrazine concentration.
[FIG. 11] FIG. 11 is a graph of Curve values for var-
ious atrazine concentrations.
[FIG. 12] FIG. 12 shows (a) a graph of a variation of
comparison value VCP1 with respect to DCMU con-
centration, (b) a graph of a variation of comparison
value VCP2 with respect to DCMU concentration,
and (c) a graph of a variation of comparison value
VTP2 with respect to DCMU concentration.
[FIG. 13] FIG. 13 is a graph of Curve values for var-
ious DCMU concentrations.
[FIG. 14] FIG. 14 shows (a) a graph of a variation of
comparison value VCP1 with respect to paraquat
concentration, (b) a graph of a variation of compar-
ison value VCP2 with respect to paraquat concen-
tration, and (c) a graph of a variation of comparison
value VTP2 with respect to paraquat concentration.
[FIG. 15] FIG. 15 is a graph of Curve values for var-
ious paraquat concentrations.
[FIG. 16] FIG. 16 shows (a) a graph of a variation of
comparison value VCP1 with respect to inorganic
mercury concentration, (b) a graph of a variation of
comparison value VCP2 with respect to inorganic
mercury concentration, and (c) a graph of a variation

of comparison value VTP2 with respect to inorganic
mercury concentration.
[FIG. 17] FIG. 17 is a graph of Curve values for var-
ious inorganic mercury concentrations.
[FIG. 18] FIG. 18 shows (a) a graph of a variation of
comparison value VCP1 with respect to free cyanide
concentration, (b) a graph of a variation of compar-
ison value VCP2 with respect to free cyanide con-
centration, and (c) a graph of a variation of compar-
ison value VTP2 with respect to free cyanide con-
centration.
[FIG. 19] FIG. 19 is a graph of Curve values for var-
ious free cyanide concentrations.
[FIG. 20] FIG. 20 shows (a) a graph of a variation of
comparison value VCP1 with respect to TPN con-
centration, (b) a graph of a variation of comparison
value VCP2 with respect to TPN concentration, and
(c) a graph of a variation of comparison value VTP2
with respect to TPN concentration.
[FIG. 21] FIG. 21 is a graph of Curve values for var-
ious TPN concentrations.
[FIG. 22] FIG. 22 shows (a) a graph of comparison
values VCP1 of various test measurement solutions
containing different types of biological growth inhibi-
tion factors, (b) a graph of comparison values VCP2
of various test measurement solutions containing dif-
ferent types of biological growth inhibition factors,
and (c) a graph of comparison values VTP2 of vari-
ous test measurement solutions containing different
types of biological growth inhibition factors.
[FIG. 23] FIG. 23 shows (a) a graph of comparison
values VCP1 of various test measurement solutions
containing the same types of biological growth inhi-
bition factors, (b) a graph of comparison values
VCP2 of various test measurement solutions con-
taining the same types of biological growth inhibition
factors, and (c) a graph of comparison values VTP2
of various test measurement solutions containing the
same types of biological growth inhibition factors.
[FIG. 24] FIG. 24 is a diagram of procedures per-
formed to measure delayed fluorescence using a bi-
ological growth inhibition factor assay kit according
to an embodiment of this invention.
[FIG. 25] FIG. 25 is a diagram of procedures per-
formed to measure delayed fluorescence using a bi-
ological growth inhibition factor assay kit according
to another embodiment of this invention.
[FIG. 26] FIG. 26 is a flowchart of procedures of a
biological growth inhibition factor assay method ac-
cording to another embodiment of this invention.
[FIG. 27] FIG. 27 shows (a) a graph of comparison
values concerning TPN for various light conditions
during standing, and (b) a graph of comparison val-
ues concerning inorganic mercury for various light
conditions during standing.
[FIG. 28] FIG. 28 shows (a) a graph of comparison
values VCP1 computed in Example 1, (b) a graph of
comparison values VCP2 computed in Example 1,
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and (c) a graph of comparison values VTP2 comput-
ed in Example 1.
[FIG. 29] FIG. 29 is a graph of comparison values
VCP1 computed in Example 2.
[FIG. 30] FIG. 30 is a table of adjustment examples
of adjusting aqueous solution samples using a high
salinity medium and a low salinity medium.
[FIG. 31] FIG. 31 is a graph of variations of delayed
fluorescence amount with respect to standing time
under a condition of no homogenization of solution
and under addition of a thickening agent.
[FIG. 32] FIG. 32 is a schematic view of an example
of a continuous toxic substance assay method.
[FIG. 33] FIG. 33 is a schematic view of another ex-
ample of a continuous toxic substance assay meth-
od.
[FIG. 34] FIG. 34 shows diagrams of examples of
temporal variations of light amounts of delayed flu-
orescence.
[FIG. 35] FIG. 35 shows diagrams of examples of
methods of computing the Curve values when char-
acteristics points exist in delayed fluorescence de-
cay curves.
[FIG. 36] FIG. 36 is a diagram of an example of a
method of computing the Curve values when no
characteristics points exist in a delayed fluorescence
decay curve.
[FIG. 37] FIG. 37 shows graphs of the Curve values
in cases where the concentration of simazine and
the concentration of dichlorophenol are varied.
[FIG. 38] FIG. 38 shows graphs of the VCurve values
in cases where the concentration of simazine and
the concentration of dichlorophenol are varied.
[FIG. 39] FIG. 39 is a graph of a variation of assay
value CP1 with the number of times of measurement
of delayed fluorescence.
[FIG. 40] FIG. 40 is a table of measurement preci-
sions of results of measuring delayed fluorescence
three times.

Description of the Symbols

[0027] 1 - delayed fluorescence measuring device, 10
- light source, 12 - first measuring unit, 12a - first photo-
sensor, 12b - scattered light amount computing unit, 14
- measuring unit, 14a - second photosensor, 14b - de-
layed fluorescence amount computing unit, 16 - analyz-
ing unit, 18 - controlling unit, 20 - casing, 22 - main unit,
24 - lid portion, 26 - entrance, 28 - setting unit, 30 - filter,
32 - converging optical system, 34 - shutter, 36, 44 -
cable, 38 - computing unit, 40 - storage unit, 42 - display
unit, 50 - liquid sampling container, 52 - aqueous solution
sample, 54 - adjusting solution, 56 - concentrated pho-
tosynthetic sample, 58 - test measurement solution, 60
- liquid sampling container.

Best Modes for Carrying Out the Invention

[0028] Embodiments of this invention shall now be de-
scribed, with reference to the accompanying drawings.
In the drawings, components that are the same shall be
provided with the same symbol and overlapping descrip-
tion shall be omitted.

(Delayed Fluorescence Measuring Device)

[0029] First, a delayed fluorescence measuring device
for carrying out a toxic substance assay method accord-
ing to this invention shall be described. FIG. 1 is a diagram
of an embodiment of a delayed fluorescence measuring
device, and FIG. 2 is a block diagram of a portion of the
delayed fluorescence measuring device.
[0030] Delayed fluorescence measuring device 1 in-
cludes a light source 10, a first measuring unit 12, a sec-
ond measuring unit 14, an analyzing unit 16, and a con-
trolling unit 18. Light source 10 illuminates measurement
light of a predetermined wavelength onto a solution to be
measured, and the wavelength thereof is in a range of
280nm to 800nm. Here, light source 10 may be a mon-
ochromatic light source or may be a light source combin-
ing a plurality of light sources. Emission of light by light
source 10 may continue for a predetermined time, or
pulse lighting may be performed in an arbitrary pattern.
Also, a plurality of light sources having the same or dif-
ferent wavelength characteristics may be made to emit
light in succession, or the plurality of light sources may
be made to emit light simultaneously.
[0031] First measuring unit 12 measures the absorb-
ance or the scattered light amount of a solution with re-
spect to the measurement light, and includes a first pho-
tosensor 12a that detects transmitted light or scattered
light of the measurement light illuminated onto the solu-
tion and an absorbance or scattered light amount com-
puting unit 12b that computes the absorbance or the scat-
tered light amount based on a signal output by first pho-
tosensor 12a upon detection.
[0032] Second measuring unit 14 measures the light
amount of delayed fluorescence emitted from a photo-
synthetic sample (details of which shall be described lat-
er) upon illumination of the measurement light, and in-
cludes a second photosensor 14a that detects the de-
layed fluorescence and a delayed fluorescence amount
computing unit 14b that computes the light amount of
delayed fluorescence based on a signal output by second
photosensor 14a upon detection. Here, the delayed flu-
orescence occurs in the following manner. That is, in a
biological reaction having a photosynthetic function, light
energy that is absorbed by an assimilation pigment (pho-
tosynthetic pigment) is transferred in the biological reac-
tion as chemical energy by an electron transfer pathway.
In this transfer process, a portion of the chemical energy
undergoes a reverse reaction and the photosynthetic pig-
ment is re-excited by this chemical energy. Emission of
fluorescence occurs from the photosynthetic pigment
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that is thus re-excited. Delayed fluorescence is also re-
ferred to as delayed luminescence, and in the following
description, shall be referred to comprehensively as de-
layed fluorescence.
[0033] Light source 10, first measuring unit 12, and
second measuring unit 14 are housed in casing 20 with
a light blocking property. Casing 20 may be formed of a
light blocking member that blocks light in itself or may be
formed of a member coated with a coating, etc., that
blocks light.
[0034] Casing 20 has a main unit 22 and lid portion 24.
Main unit 22 has an entrance 26 formed at one end there-
of. Entrance 26 is formed for placing a solution, contain-
ing a photosynthetic sample, inside casing 20, and is
closed by lid portion 24.
[0035] Also, inside casing 20, a setting unit 28, in which
a container (not shown), containing a solution, can be
set, is disposed between light source 10 and first meas-
uring unit 12. Setting unit 28 has, for example, a fixing
claw for fixing the container and is arranged to fix the
container by means of this fixing claw.
[0036] Between setting unit 28 and second measuring
unit 14 inside casing 20 are disposed a filter 30, a con-
verging optical system 32, and a shutter 34. Filter 30 is
disposed so as to contact an inner wall face of casing 20
and transmits delayed fluorescence. Converging optical
system 32 converges the weak delayed fluorescence.
Shutter 34 is enabled to open and close, and blocks the
delayed fluorescence when closed.
[0037] Analyzing unit 16 is connected via a first cable
36 to first measuring unit 12 and second measuring unit
14 and has a computing unit 38, a storage unit 40, and
a display unit 42. Based on the absorbance or the scat-
tered light amount measured by means of first measuring
unit 12 and the delayed fluorescence light amount meas-
ured by means of second measuring unit 14, computing
unit 38 determines, in accordance with a computing
method to be described later, a comparison value corre-
lated to a toxic substance present in a solution. Storage
unit 40 successively stores the comparison values de-
termined by computing unit 38. Display unit 42 displays
or illustrates a plurality of the comparison values that are
successively stored in storage unit 40.
[0038] Controlling unit 18 is connected via a second
cable 44 to analyzing unit 16. Controlling unit 18 is thus
connected to first measuring unit 12 and second meas-
uring unit 14 via second cable 44 and first cable 36. Also,
controlling unit 18 sends control signals for controlling
the opening/closing of lid portion 24, the emission of light
and the stoppage of light emission by light source 10,
and the opening/closing of shutter 34.

(Toxic substance assay method)

[0039] A toxic substance assay method according to
this invention shall now be described in detail. FIG. 3 is
a flowchart of procedures of method of assaying biolog-
ical growth inhibition factors as toxic substances. This

assay method is for assaying a biological growth inhibi-
tion factor that is present in an aqueous solution sample
to be tested. Here, a biological growth inhibition factor
refers to a factor that exhibits growth inhibition, toxicity,
or other ill effect on a biological organism, such as bac-
teria, algae, water flea, fish, etc.
[0040] First, the aqueous solution sample to be tested
and an adjusting solution are mixed inside a cuvette or
other container (step S01).
[0041] As the aqueous solution sample, water that is
directly sampled from a lake, swamp, river, well water,
or other natural water source, an aqueous solution that
contains extracted components obtained by a general
extraction method from soil, sludge, or other solid matter,
an aqueous solution that is collected by rinsing a surface
of a vegetable or other object sprayed with an agricultural
chemical, an aqueous solution that is obtained by making
a gas component be absorbed in a liquid, an aqueous
solution that contains extracted components obtained by
a general extraction method from a plant or animal (veg-
etable or meat), etc., an aqueous solution that contains
extracted components obtained by a general extraction
method from a tissue fluid, blood, milk, or feces or urine
or other excrement sampled from a plant or animal, etc.,
can be used. Also, as the above-mentioned aqueous so-
lution sample, a sample, which has been separated or
concentrated in advance into water-soluble substances,
hydrophobic substances, or other components that differ
in characteristics by fractionation by solvent extraction,
solid phase extraction, etc., may be used.
[0042] The adjusting solution is a solution that contains
various salts for adjusting the salt concentration and the
pH of the aqueous solution sample. In preparing a meas-
urement solution to be used in delayed fluorescence
measurement using a photosynthetic sample, the aque-
ous solution sample is an unknown aqueous solution,
and in many cases, the salt concentration, pH, etc., there-
of vary widely. It is known that the photosynthetic func-
tions of the photosynthetic sample will be affected when
the salt concentration and the pH are not within appro-
priate ranges. The adjusting solution is thus used to ad-
just the salt concentration and the pH of the measurement
solution. Furthermore, in order to make measurements
of high sensitivity, it is preferable for the distribution den-
sity of the photosynthetic sample in the measurement
solution in a cuvette to be homogenous and unbiased
and that there be no settling matter or floating matter
during measurement. The adjusting solution thus prefer-
ably contains a stabilizer for homogenization so that a
bias will not arise in the distribution density of the photo-
synthetic sample in the measurement solution. For ex-
ample, the measurement solution may be homogenized
by being provided with some degree of viscosity or being
matched in specific gravity with the photosynthetic sam-
ple.
[0043] As examples of the solute of the adjusting so-
lution, a salt mixture that adjusts the salt concentration
and the pH of the aqueous solution sample to conditions
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suited for the photosynthetic sample, a stabilizer that ho-
mogenizes the distribution density of the photosynthetic
sample in the measurement solution, nutrient salts that
are required as minimum for a photosynthetic reaction,
etc., can be cited. As a stabilizer to be contained in the
adjusting solution, a specific gravity adjusting agent or a
gelling agent (thickening agent), etc., needed for spatial
stabilization of the photosynthetic sample during meas-
urement, can be used. By using such a specific gravity
adjusting agent, the specific gravity of the measurement
solution is adjusted to substantially match that of the pho-
tosynthetic sample. This stabilizer may be contained in
the photosynthetic sample, to be described below, in-
stead of in the adjusting solution.
[0044] The photosynthetic sample is then mixed into
the aqueous solution sample, which has been adjusted
by the adjusting solution, inside the cuvette or other con-
tainer to prepare a test measurement solution (step S02,
preparing step). Here, the photosynthetic sample is
mixed so that it will be of uniform concentration in the
test measurement solution.
[0045] It is sufficient for the photosynthetic sample to
have a photosynthetic function and be able to emit de-
layed fluorescence, and algae, phytoplankton, cyano-
bacteria, photosynthetic bacteria, a plant body or leaf or
fragment thereof, cultured plant cells, such as a callus,
photosynthetic organelles or thylakoid membrane ex-
tracted from a plant, an artificially synthesized membrane
or protein complex that has a photosynthesis-like func-
tion, etc., can be cited as examples. As favorable exam-
ples, Spirulina, which is a blue-green algae, Selenas-
trum, which is a green algae, Isochrysis, which is a yellow
algae, or a thylakoid membrane extracted from spinach,
etc., can be used.
[0046] The test measurement solution prepared as de-
scribed above is left to stand under predetermined light
conditions for a predetermined standing time (step S03,
standing step). Light conditions shall refer to such envi-
ronmental conditions as the wavelength and light amount
of light illuminated onto the test measurement solution
during standing, and shall refer to the wavelengths and
light amounts of the respective components in the case
of a synthetic light.
[0047] The light amount of the delayed fluorescence
that is emitted from the test measurement solution is then
measured as described below to determine the temporal
variation of the light amount of delayed fluorescence
(step S04, measuring step).
[0048] FIG. 4 is a flowchart of operations of delayed
fluorescence measuring device 1 in the process of meas-
uring the delayed fluorescence light amount. It shall be
deemed that a container, containing the test measure-
ment solution, is set in setting unit 28 inside casing 20.
[0049] First, controlling unit 18 sends the control signal
for making light source 10 emit light. Light source 10
thereby emits light (step S401). By this light emission, a
preliminary light illumination for acclimating the photo-
synthetic sample to the measurement light is performed

on the test measurement solution and thereafter, light
illumination for making delayed fluorescence occur is
performed for a predetermined illumination time. When
light source 10 emits light, first measuring unit 12 meas-
ures the absorbance or the scattered light amount of the
test measurement solution (step S402). After measure-
ment, first measuring unit 12 sends information concern-
ing the absorbance or the scattered light amount to com-
puting unit 38. Thereafter, controlling unit 18 sends the
control signal for stopping the emission of light by light
source 10. Light source 10 thus stops emitting light (step
S403). The above-mentioned measurement of the ab-
sorbance or the scattered light amount may be performed
during the preliminary light illumination.
[0050] After the stoppage of light emission, controlling
unit 18 sends the control signal for opening shutter 34.
Shutter 34 thus undergoes an opening operation (step
S404). When shutter 34 opens, second measuring unit
14 measures the delayed fluorescence light amount (step
S405). After measurement, second measuring unit 14
sends information concerning the temporal variation of
the light amount of delayed fluorescence within a prede-
termined measurement time to computing unit 38. There-
after, controlling unit 18 sends the control signal for clos-
ing shutter 34. Shutter 34 thus undergoes a closing op-
eration (step S406).
[0051] Measurement of the delayed fluorescence
amount concerning the test measurement solution (first
step) is completed by the above processes.
[0052] Returning now to FIG. 3, a standard sample and
the adjusting solution are mixed in another container,
such as a cuvette, under the same conditions as step
S01 (step S05). Here, the standard sample is a solution,
for which it is known that a toxic substance that is a bio-
logical growth inhibition factor is not present therein, and,
for example, sterilized distilled water, pure water, or other
water from which impurities and bacteria have been re-
moved, is used.
[0053] Then, under the same conditions as step S02,
the photosynthetic sample is mixed with the standard
sample, which has been adjusted by the adjusting solu-
tion, in the cuvette or other container to prepare a stand-
ard measurement solution (step S06). Thereafter, the de-
layed fluorescence amount of the standard measure-
ment solution is measured in the same manner as steps
S03 and S04 (steps S07 and S08; the above shall be
referred to hereinafter as the second step).
[0054] The above-described delayed fluorescence
amount measurement (steps S401 to S406) may be re-
peated a plurality of times on each of the test measure-
ment solution and the standard measurement solution
and average values of the measurements may be com-
puted to improve the measurement precision.
[0055] When the temporal variations of the delayed flu-
orescence amounts of the test measurement solution
and the standard measurement solution and the absorb-
ances (or scattered light amounts) of the respective so-
lutions during measurement have been measured, com-
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puting unit 38 determines a comparison value correlated
to biological growth inhibition factors based on the tem-
poral variations of the delayed fluorescence amounts
(step S09).
[0056] FIG. 5 is a diagram of an example of a temporal
variation of the light amount of delayed fluorescence un-
der standard measurement conditions. Here, the stand-
ard measurement conditions are as follows. First, Spir-
ulina platensis, which is a blue-green algae and has been
grown by a general method under a red monochromatic
light of a wavelength of 665nm and a light intensity of
50mmol/m2/s, is prepared as the photosynthetic sample,
and 1.8ml of sterilized distilled water is prepared as the
standard sample. 0.6ml of an adjusting solution, contain-
ing a standard blue-green algae culturing salt mixture of
4 times concentration and a salt mixture for pH and salt
concentration adjustment, are added to the standard
sample. 0.6ml of the photosynthetic sample, containing
Spirulina platensis at a uniform density such that the OD
as absorbance at 665nm is approximately 0.1 and con-
taining 0.5 weight % of agar as a gelling agent, are then
mixed to prepare 3ml of the measurement solution.
[0057] Thereafter, the measurement solution is left to
stand for approximately 15 minutes under a white fluo-
rescent lamp of a light intensity of 1.5mmol/m2/s. Then,
using delayed fluorescence measuring device 1, the pho-
tosynthetic sample is subject to 2 seconds of illumination
light of 665nm and 0.8mW/cm2 as preliminary light illu-
mination for acclimating the sample to the measurement
light conditions and then put on standby under total dark-
ness for 60 seconds. Then, after illuminating excitation
light of 665nm and 0.8mW/cm2 for 2 seconds again, the
light amount of delayed fluorescence is measured for 60
seconds at a time resolution of 0.1 seconds. This meas-
urement of 60 seconds is executed three times and the
temporal variation of the light amount of delayed fluores-
cence is obtained from the average values. The same
applies likewise to aqueous solution samples.
[0058] As shown in FIG. 5, a delayed fluorescence de-
cay curve (temporal variation of the light amount of de-
layed fluorescence) that is obtained has a first peak (P1),
which is a peak of the decay curve that follows from the
end of light illumination, and a second peak (P2), which
appears near 25 to 35 seconds after the end of light illu-
mination. Also, an inflection point (C1) appears at point
between the first peak (P1) and the second peak (P2)
and near P1. These points (characteristics points) P1,
P2, and C1 exhibit characteristic variations according to
the types of biological growth inhibition factors. These
variations in the characteristic points are brought about
by variations of the sensitivity of the photosynthetic sam-
ple to the biological growth inhibition factors. Character-
istic points are not restricted to the above-mentioned
three points, and a minimum point between P1 and P2
or other inflection point in the delayed fluorescence decay
curve may be used as well.
[0059] Here, computing unit 38 detects the character-
istic points in the delayed fluorescence decay curves of

the test measurement solution and the standard meas-
urement solution and computes assay values for assay-
ing the characteristic points. As these assay values, a
delayed fluorescence amount CP1 at P1, a delayed flu-
orescence amount CP2 at P2, and an elapsed time TP2
at P2 from the end of light illumination are used. Also, as
assay values for assaying inflection point C1, values of
the temporal variations of the light amounts of delayed
fluorescence of the test measurement solution and the
standard measurement solution are used.
[0060] Here, computing unit 38 also performs correc-
tion of the light amounts of delayed fluorescence or the
assay values based on the absorbances (or scattered
light amounts) during measurement of the respective
measurement solutions. This correction is performed to
correct for measurement errors due to concentration dif-
ferences of the photosynthetic sample in the measure-
ment solutions. These measurement errors occur due to
the illuminated light amount and the optical path varying
according to the positioning of the photosynthetic sample
in setting unit 28 or according to the position of setting
unit 28 itself, especially when regions of ultralow variation
are to be evaluated for the photosynthetic sample. A cell
density, measured based on the absorbance (or scat-
tered light amount), can be used effectively for this cor-
rection.
[0061] To perform the above-mentioned correction
precisely, the densities of the photosynthetic samples in
the test measurement solution and the standard meas-
urement solution are preferably within ranges of densities
that are in a proportional relationship to the correspond-
ing light amounts of delayed fluorescence. That is, when
the photosynthetic sample density in a measurement so-
lution is no more than a certain value, the absorbance
(or scattered light amount) and the light amount of de-
layed fluorescence exhibit a high correlation with the pho-
tosynthetic sample density. The upper limit of this density
is suitably set according to the characteristics of the pho-
tosynthetic sample.
[0062] In FIG. 6, graph (a) is a graph of an example of
a relationship between absorbance (OD665) at a wave-
length of 665nm and the delayed fluorescence amount
CP1, and graph (b) is a graph of an example of a rela-
tionship between absorbance (OD750) at a wavelength
of 750nm and the delayed fluorescence amount CP1.
The examples of FIG. 6 show that the absorbance and
the delayed fluorescence amount CP1 are highly corre-
lated up to an absorbance (OD) of approximately 0.5. It
can be understood, however, that with OD=0.5 or more,
the delayed fluorescence amount exhibits an apparent
decrease due to self-absorption by the photosynthetic
sample itself. Thus, in this case, as long as the absorb-
ance is within a range of OD=0.5 or less, the delayed
fluorescence amount can be corrected at high precision
based on the absorbance.
[0063] Computing unit 38 then computes a comparison
value from the assay values to make the effect due to
the biological growth inhibition factor in the aqueous so-
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lution sample more apparent. As examples of the com-
parison values, a VCP1 value, a VCP2 value, and a VTP2
value, obtained by determining the ratios of CP1, CP2,
and TP2 obtained respectively from the test measure-
ment solution and the standard measurement solution,
and Curve values, obtained by determining differences
of the temporal variations of the light amounts of delayed
fluorescence respectively obtained from the test meas-
urement solution and the standard measurement solu-
tion, are used. By evaluating these comparison values,
the sensitivity of the photosynthetic sample to the biolog-
ical growth inhibition factors can be evaluated appropri-
ately.
[0064] In the present Specification, it shall be deemed
that CP1 is computed as the integrated amount of de-
layed fluorescence [counts] from 0.1 seconds to 0.5 sec-
onds after the end of light illumination, TP2 is computed
as the time elapsed from the end of light illumination [sec]
to the point at which the second peak (or a similar inflec-
tion point) appears, CP2 is computed as the integrated
amount of delayed fluorescence [counts] in 60.5 sec-
onds with respect to the time at which the second peak
(or a similar inflection point) appears, the Curve values
are the differences [counts] between the delayed fluo-
rescence decay curve, between the first peak and the
second peak and including C1, of the test measurement
solution and that of the standard measurement solution,
and the values of VCP1, VCP2, and VTP2 are computed
as the respective ratios of CP1, CP2, and TP2 of the test
measurement solution with respect to those of the stand-
ard measurement solution. Specific methods of comput-
ing these assay values and comparison values may be
suitably selected as necessary.
[0065] Also, to detect the biological growth inhibition
factor at high sensitivity using the comparison value com-
puted in the above manner, the photosynthetic sample
is preferably adequately low in density, even within the
above-mentioned range of photosynthetic sample den-
sities that are in a proportional relationship with the light
amount of delayed fluorescence.
[0066] FIG. 7 shows a variation of comparison value
VCP1 with respect to absorbance at the wavelength of
665nm. These VCP1 values were obtained by measuring
a measurement solution, in which an aqueous solution
sample, containing DCMU at a concentration of 0.1ppb,
was mixed with a photosynthetic sample of Spirulina plat-
ensis. In the case where the standard measurement so-
lution is measured, a high correlation is seen between
the absorbance and the light amount of delayed fluores-
cence at absorbances of no more than 0.5.
[0067] As shown in FIG. 7, as the photosynthetic sam-
ple density becomes higher than that at which OD=0.1,
the VCP1 value (%) decreases. Meanwhile, the correla-
tion between the light amount of delayed fluorescence
and the photosynthetic sample density is maintained up
to an absorbance of approximately 0.5. This indicates
that even in the range of photosynthetic sample densities
at which the light amount of delayed fluorescence is not

attenuated by self-absorption, the biological growth inhi-
bition factor detection sensitivity decreases when the
photosynthetic sample density is comparatively high.
The biological growth inhibition of the photosynthetic
sample occurs as a result of chemical substances in the
aqueous solution sample permeating and becoming ab-
sorbed into the photosynthetic sample and directly or in-
directly interacting with specific target biomolecules.
Thus, if excess photosynthetic sample (= target biomol-
ecules) is present with respect to an ultralow concentra-
tion of a chemical substance, the effect of the chemical
substance is lowered.
[0068] Returning now to FIG. 3, when the comparison
values have been determined, storage unit 40 stores the
comparison values (step S10) and display unit 42 dis-
plays the stored comparison values (step S11). Here, the
display is carried out, for example, by graph display of
the stored comparison values. It is also preferable to dis-
play comparison values concerning other aqueous solu-
tion samples that had been stored previously so that com-
parisons can be made. Lastly, by analyzing by comparing
the displayed comparison values with comparison values
of known substances, the biological growth inhibition fac-
tors in the aqueous solution sample are determined qual-
itatively and quantitatively (step S12, the above steps
make up the third step or the assaying step). Details of
the analysis and assay methods performed in step S12
shall be described later.
[0069] The light conditions during standing of the
measurement solution in step S03 are preferably con-
trolled to predetermined conditions for making measure-
ments of high sensitivity in a stable manner. Also, be-
cause when a photosynthetic sample is moved from a
bright location to a dark location, etc., the photosynthetic
sample adapts to the environment gradually with the
elapse of time, it is more preferable to make measure-
ments of the delayed florescence after keeping the pho-
tosynthetic sample under certain light conditions before
measurement or upon letting a predetermined time
elapse after the light environment, in which the photo-
synthetic sample is placed, has been changed.
[0070] FIG. 8 shows examples of assay values in var-
ious cases that differ in the light intensity during standing
of the measurement solution, with Spirulina platensis be-
ing used as the photosynthetic sample. In FIG. 8, graph
(a) is a graph of CP1 at various light intensities, graph
(b) is a graph of CP2 at various light intensities, and graph
(c) is a graph of TP2 at various light intensities. As shown
in FIG 8, the CP1 measured from the measurement so-
lution placed in a bright location under strong light before
measurement is larger than those at other light intensi-
ties, the CP2 measured from the measurement solution
placed under weak light, is larger than those at other light
intensities, and the TP2 measured from the measure-
ment solution placed under total darkness is larger than
those at other light intensities. The delayed fluorescence
emitted from the photosynthetic sample thus varies ac-
cording to the light intensity in the standing state, and the
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light intensity in the standing state thus affects the meas-
urement and assay results of the delayed fluorescence
decay curve. Due to these reasons, it is important to con-
trol the light conditions during standing of the measure-
ment solution in order to measure and assay maxima,
minima, inflection points, and other characteristic points
in the delayed fluorescence decay curve with good re-
producibility and stability.
[0071] Also, to obtain measurement results of good re-
producibility, the photosynthetic sample that is mixed with
the measurement solution is preferably grown under pre-
determined culturing conditions. Such predetermined
culturing conditions are preferably those of a certain light
environment (for example, illumination wavelength, illu-
mination intensity). More preferably, the culturing condi-
tions are such that the photosynthetic sample is grown
under a monochromatic light source and then restrained
in proliferation by being stored under a low temperature
and in total darkness or under a predetermined light illu-
mination intensity (for example, a light illumination inten-
sity of 1 mmol/m2/s).
[0072] FIG. 9 shows assay values for cases of using
photosynthetic samples of Spirulina platensis grown un-
der different light environments. In FIG. 9, graph (a) is a
graph of CP1 when a culturing condition (wavelength of
light) is varied, graph (b) is a graph of CP2 for various
wavelengths of light, and graph (c) is a graph of TP2 for
various wavelengths of light. Because the delayed fluo-
rescence decay curve varies according to the light envi-
ronment as shown in FIG 9, the obtained assay values
vary as well. Due to these reasons, it is important to grow
the photosynthetic sample under predetermined cultur-
ing conditions to make high-sensitivity measurements
that are standardized.

(Measurement of known substances)

[0073] The results of analyzing delayed fluorescence
measurements made on aqueous solution samples, con-
taining known chemical substances that act as biological
growth inhibition factors, under standard measurement
conditions shall now be described.
[0074] FIGS. 10 and 11 show graphs of comparison
values computed for aqueous solution samples contain-
ing atrazine at various concentrations. In FIG. 10, graph
(a) is a graph of a variation of the VCP1 value with respect
to atrazine concentration, graph (b) is a graph of a vari-
ation of the VCP2 value with respect to atrazine concen-
tration, and graph (c) is a graph of a variation of the VTP2
value with respect to atrazine concentration. FIG. 11 is
a graph of Curve values for various atrazine concentra-
tions. Though atrazine has been used as a hydrophobic
herbicide that inhibits photosynthesis, this chemical sub-
stance has become subject to restrictions because it was
found to exhibit endocrine disrupting actions and indicate
teratogenic actions in frogs, etc., at a low concentration
of approximately 20mg/l. The atrazine concentrations in-
dicated in the figures are concentrations in test meas-

urement solutions, each adjusted to a final total volume
of 3ml.
[0075] As shown in FIG. 10, with an increase in the
atrazine concentration, whereas the VCP1 value increas-
es, the VCP2 value decreases. Also, as the atrazine con-
centration increases, the VTP2 value decreases slightly.
Furthermore, FIG. 11 shows that the Curve value varies
in the positive direction at around 1 second after excita-
tion and then varies in the negative direction at around
3 to 4 seconds after excitation as the concentration be-
comes higher.
[0076] FIGS. 12 and 13 show graphs of comparison
values computed for aqueous solution samples contain-
ing DCMU (diuron) at various concentrations. In FIG. 12,
graph (a) is a graph of a variation of the VCP1 value with
respect to DCMU concentration, graph (b) is a graph of
a variation of the VCP2 value with respect to DCMU con-
centration, and graph (c) is a graph of a variation of the
VTP2 value with respect to DCMU concentration. FIG.
13 is a graph of Curve values for various DCMU concen-
trations. As with atrazine, though DCMU (diuron) was
used widely as a herbicide that inhibits photosynthesis,
ill effects on living organisms have been indicated and
the substance has become subject to restrictions. The
DCMU concentrations indicated in the figures are con-
centrations in test measurement solutions, each adjusted
to a final total volume of 3ml.
[0077] As shown in FIG. 12, with an increase in the
DCMU concentration, whereas the VCP1 value increas-
es, the VCP2 value decreases. The VTP2 value hardly
changes with an increase in the DCMU concentration.
Furthermore, FIG. 13 shows that the Curve value varies
in positive direction at around 1 second after excitation
and then varies in the negative direction at around 3 to
5 seconds after excitation as the concentration becomes
higher.
[0078] FIGS. 14 and 15 show graphs of comparison
values computed for aqueous solution samples contain-
ing paraquat at various concentrations. In FIG. 14, graph
(a) is a graph of a variation of the VCP1 value with respect
to paraquat concentration, graph (b) is a graph of a var-
iation of the VCP2 value with respect to paraquat con-
centration, and graph (c) is a graph of a variation of the
VTP2 value with respect to paraquat concentration. FIG.
15 is a graph of Curve values for various paraquat con-
centrations. Paraquat is used as a herbicide and disrupts
electron transfer in biological reaction upon being taken
into cells and damages cells by generating reactive ox-
ygen. The paraquat concentrations indicated in the fig-
ures are concentrations in test measurement solutions,
each adjusted to a final total volume of 3ml.
[0079] As shown in FIG. 14, with an increase in the
paraquat concentration, the VCP2 value and the VTP2
value decrease. However, such a decrease becomes im-
perceptive at high paraquat concentrations. Also, at low
paraquat concentration, the VCP1 value decreases
slightly as the paraquat concentration increases. Further-
more, FIG. 15 shows that the Curve value varies in the
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negative direction at around 1 to 4 seconds after excita-
tion as the concentration becomes higher.
[0080] FIGS. 16 and 17 show graphs of comparison
values computed for aqueous solution samples contain-
ing inorganic mercury at various concentrations. In FIG.
16, graph (a) is a graph of a variation of the VCP1 value
with respect to inorganic mercury concentration, graph
(b) is a graph of a variation of the VCP2 value with respect
to inorganic mercury concentration, and graph (c) is a
graph of a variation of the VTP2 value with respect to
inorganic mercury concentration. FIG. 17 is a graph of
Curve values for various inorganic mercury concentra-
tions. Inorganic mercury is a substance that exhibits tox-
icity not only to photosynthetic samples but to cells in
general. The inorganic mercury concentrations indicated
in the figures are mercury ion concentrations in test
measurement solutions, each prepared as a mercury
chloride solution and adjusted to a final total volume of
3ml.
[0081] As shown in FIG. 16, with an increase in the
inorganic mercury concentration, whereas the VTP2 val-
ue increases, the VCP2 value decreases. Also, though
the VCP1 value does not change much with an increase
in the inorganic mercury concentration at low inorganic
mercury concentration, at high inorganic mercury con-
centration, the VCP1 value increases with an increase
in the inorganic mercury concentration. Furthermore,
FIG. 17 shows that the Curve value varies in the positive
direction at around 1 to 2 seconds after excitation as the
concentration becomes higher.
[0082] FIGS. 18 and 19 show graphs of comparison
values computed for aqueous solution samples contain-
ing free cyanide at various concentrations. In FIG. 18,
graph (a) is a graph of a variation of the VCP1 value with
respect to free cyanide concentration, graph (b) is a graph
of a variation of the VCP2 value with respect to free cy-
anide concentration, and graph (c) is a graph of a varia-
tion of the VTP2 value with respect to free cyanide con-
centration. FIG. 19 is a graph of Curve values for various
free cyanide concentrations. Free cyanide is a substance
that exhibits toxicity not only to photosynthetic samples
but to cells in general. The free cyanide concentrations
indicated in the figures are cyanide ion concentrations in
test measurement solutions, each prepared as a potas-
sium cyanide solution and adjusted to a final total volume
of 3ml.
[0083] As shown in FIG. 18, though the VTP2 value
and the VCP2 value hardly change as the free cyanide
concentration increases at low free cyanide concentra-
tion, these values decrease as the free cyanide concen-
tration increases at high free cyanide concentration. Also,
the VCP1 value hardly changes with an increase in the
free cyanide concentration. Furthermore, FIG. 19 shows
that the Curve value varies in the positive direction as
the concentration becomes higher, and this variation is
concentrated at around 2 to 4 seconds after excitation.
[0084] FIGS. 20 and 21 show graphs of comparison
values computed for aqueous solution samples contain-

ing TPN at various concentrations. In FIG. 20, graph (a)
is a graph of a variation of the VCP1 value with respect
to TPN concentration, graph (b) is a graph of a variation
of the VCP2 value with respect to TPN concentration,
and graph (c) is a graph of a variation of the VTP2 value
with respect to TPN concentration. FIG. 21 is a graph of
Curve values for various TPN concentrations. TPN is a
component that is contained in agricultural chemicals,
etc., that exhibit an antiseptic action and is a chemical
substance that acts not on photosynthesis but on respi-
ratory metabolism by deactivating an enzyme involved
in the production of ATP, which is an energy source for
cells. The TPN concentrations indicated in the figures
are TPN concentrations in test measurement solutions,
each prepared by diluting an antiseptic, having TPN as
the sole main agent, and adjusting to a final total volume
of 3ml.
[0085] As shown in FIG. 20, with an increase in the
TPN concentration, whereas the VCP1 value and the
VTP2 value increase, the VCP2 value decreases. Also,
FIG. 21 shows that the Curve value varies in the positive
direction at around 1 second after excitation and then
varies in the negative direction at around 3 to 5 seconds
after excitation as the concentration becomes higher.
[0086] TPN is a major antiseptic that is subject to re-
strictions of residual agricultural chemicals on vegeta-
bles, and a legal regulation concentration is 1ppm. The
application concentration in a major commercially-avail-
able antiseptic having TPN as the main agent is 400ppm.
The detection sensitivity of the present method is such
as to enable detection at a concentration of approximate-
ly 1/10000 of the application concentration. TPN of no
more than the regulation standard amount can thus be
detected adequately by obtaining an aqueous solution
sample from a surface of a vegetable.

(Analysis and assay of biological growth inhibition fac-
tors)

[0087] In measuring an actual aqueous solution sam-
ple, a plurality of biological growth inhibition factors may
be present at the same time in the sample. With the de-
layed fluorescence decay curve obtained by the biolog-
ical growth inhibition factor assay method, the effects due
to the various growth inhibition factors are separated in
time and are exhibited in an additive manner in corre-
spondence to the biological growth inhibition factors.
Thus, when a plurality of biological growth inhibition fac-
tors are present, each factor can be estimated separately
and the variations can be evaluated in an integrated form
as well. Qualitative assay and quantitative assay of the
biological growth inhibition factors are thus carried at the
same time.
[0088] When biological growth inhibition factors that
differ in type are present in an aqueous solution sample,
for example, when DCMU and inorganic mercury are
present, the comparison values, which, among the com-
parison values used in the present embodiment, exhibit
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major variations, are the VCP1 value in the case of DCMU
and the VCP2 and VTP2 values in the case of inorganic
mercury. When biological growth inhibition factors, which
differ in the comparison values that exhibit variations in
the delayed fluorescence decay curve, are contained at
the same time, the overall variations of comparison val-
ues are exhibited in an additive manner.
[0089] FIG. 22 shows comparison values, VCP1,
VCP2, and VTP2, obtained from a test measurement so-
lution "DCMU," containing DCMU as the biological
growth inhibition factor at a concentration of 0.1ppb, a
test measurement solution "Hg2+," containing mercury
ion as the biological growth inhibition factor at a concen-
tration of 20ppb, and a test measurement solution "DC-
MU+Hg," containing DCMU at a concentration of 0.1ppb
and mercury ion at a concentration of 20ppb. In FIG 22,
graph (a) is a graph of the VCP1 values of the respective
test measurement solutions, graph (b) is a graph of the
VCP2 values of the respective test measurement solu-
tions, and graph (c) is a graph of the VTP2 values of the
respective test measurement solutions.
[0090] As shown in the graph (a) of FIG. 22, the VCP1
value is 116.0 for "DCMU," for which the VCP1 value is
the assay value that exhibits a major variation, 129.6 for
"DCMU+Hg," which contains DCMU and mercury ion,
and 104.1 for "Hg2+," which contains only mercury ion,
and it can thus be understood that the variation of the
VCP1 value is large when DCMU is contained. Also, as
shown in the graph (b) of FIG. 22, the VCP2 value is 59.9
for "Hg2+," for which the VCP2 value is the comparison
value that exhibits a major variation, 44.9 for "DC-
MU+Hg," which contains DCMU and mercury ion, and
88.0 for "DCMU," which contains only DCMU, and it can
thus be understood that the variation of the CP2 value is
large when mercury ion is contained. Furthermore, as
shown in the graph (c) of FIG 22, the VTP2 value is 144.9
for "Hg2+," for which the VTP2 value is the comparison
value that exhibits a major variation, 149.9 for "DC-
MU+Hg," which contains DCMU and mercury ion, and
100.0 for "DCMU," which contains only DCMU, and it can
thus be understood that the variation of the TP2 value is
large when mercury ion is contained.
[0091] The above results show that with "DCMU+Hg,"
which contains DCMU and mercury ion, variations ap-
pear in the VCP1 value, which exhibits a major variation
with DCMU, and in the comparison values, VCP2 and
VTP2, which exhibit major variations with mercury ion,
and that DCMU and mercury ion are contained simulta-
neously can be measured at the same time.
[0092] Meanwhile, when biological growth inhibition
factors of the same type are present in an aqueous so-
lution sample, for example, when atrazine and DCMU
are present, the comparison value, which, among the
comparison values used in the present embodiment, ex-
hibits a major variation, is the VCP1 value. When biolog-
ical growth inhibition factors, for which the comparison
value that exhibits a variation in the delayed fluorescence
decay curve is the same, are contained at the same time,

the overall variations of comparison values are exhibited
in an additive manner.
[0093] FIG. 23 shows comparison values, VCP1,
VCP2, and VTP2, obtained from a test measurement so-
lution "atrazine," containing atrazine as the biological
growth inhibition factor at a concentration of 0.2ppb, a
test measurement solution "DCMU," containing DCMU
as the biological growth inhibition factor at a concentra-
tion of 0.1ppb, and a test measurement solution "atra-
zine+DCMU," containing DCMU at a concentration of
0.1ppb and atrazine at a concentration of 0.2ppb. In FIG
23, graph (a) is a graph of the VCP1 values of the re-
spective test measurement solutions, graph (b) is a graph
of the VCP2 values of the respective test measurement
solutions, and graph (c) is a graph of the VTP2 values of
the respective test measurement solutions.
[0094] As shown in the graph (a) of FIG. 23, the VCP1
value is 106.4 for atrazine, 125.6 for "DCMU," and 132.2
for "atrazine+DCMU," and it can thus be understood that
VCP1 increases additively when atrazine and DCMU are
contained at the same time. Also, as shown in the graph
(b) of FIG. 23, the VCP2 value is 90.0 for "atrazine," 84.6
for "DCMU," and 86.0 for "atrazine+DCMU," and it can
thus be understood that a large variation is not seen.
Furthermore, as shown in the graph (c) of FIG. 23, the
VTP2 value is 100.0 for "atrazine," 101.5 for "DCMU,"
and 100.0 for "atrazine+DCMU," and it can thus be un-
derstood that a large variation is not seen.
[0095] The above results show that with "atrazine+DC-
MU," which contains atrazine and DCMU, the VCP1 val-
ue, which is the comparison value that exhibits a major
variation with respect to both substances, increases in
an additive manner. Since biological growth inhibition
factors of the same type thus influence the delayed flu-
orescence measurement results in an additive manner,
comprehensive biological growth inhibition factor assay
results are obtained for chemical substances that are bi-
ological growth inhibition factors of the same type.

(Biological growth inhibition factor assay kit)

[0096] A biological growth inhibition factor assay kit ac-
cording to this invention shall now be described in detail.
The biological growth inhibition factor assay kit can be
used to put the above-described biological growth inhi-
bition factor assay method into practice in a simple man-
ner. The biological growth inhibition factor assay kit in-
cludes a concentrated photosynthetic sample, which is
mixed with an aqueous solution sample or a standard
sample, an adjusting solution, containing a concentrated
salt mixture and nutrient salts for adjusting the salt con-
centration and the pH of the aqueous solution sample or
standard sample into which the photosynthetic sample
has been mixed, and a mixing means that mixes the
aqueous solution sample with the photosynthetic sample
and with the adjusting solution in a separated manner.
[0097] Here, preferably, one of either or both of the
above-mentioned concentrated photosynthetic sample
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and the adjusting solution contains a stabilizer that is
necessary for spatial stabilization of the photosynthetic
sample. In a case where the concentrated photosynthetic
sample contains a stabilizer, a stabilizer that will not have
an ill effect on the photosynthetic sample in the concen-
trated state is used. Also, a stabilizer that does not inhibit
the actions, on the photosynthetic sample, of the biolog-
ical growth inhibition factors in the aqueous solution sam-
ple by adsorption, decomposition, etc., is preferably
used. Agarose and other polysaccharides and macromo-
lecular polymers can be cited as examples of stabilizers.
[0098] As the mixing means, a liquid sampling contain-
er of an arbitrary shape may be used as long as the pho-
tosynthetic sample and the adjusting solution can be
mixed separately with the aqueous solution sample in
the liquid sampling container.
[0099] FIG. 24 is a diagram of procedures performed
to measure delayed fluorescence using such a biological
growth inhibition factor assay kit. As shown in this figure,
a predetermined amount of an aqueous solution sample
52 is sampled in a predetermined liquid sampling con-
tainer 50, and thereafter, an adjusting solution 54 is mixed
so that the salt concentration and the pH are within pre-
determined ranges. A concentrated photosynthetic sam-
ple 56 is then mixed into liquid sampling container 50.
Then, after letting test measurement solution 58, which
has thus been prepared inside liquid sampling container
50, stand, liquid sampling container 50 is housed in de-
layed fluorescence measuring device 1 to perform meas-
urement of the light amount of delayed fluorescence.
[0100] As the liquid sampling container, a syringe,
dropper, or other container that enables a predetermined
amount of an aqueous solution sample to be sampled by
suction, etc., is preferably used. Also, preferably, the ad-
justing solution and the concentrated photosynthetic
sample, either or both containing a stabilizer, are housed
in separated states in the liquid sampling container. In
this case, because the adjusting solution, the photosyn-
thetic sample, and the stabilizer can be mixed in a single
action in the process of sampling the aqueous solution
sample, the measurement can be performed in a simpler
manner.
[0101] Also, preferably, the adjusting solution and the
concentrated photosynthetic sample are held at positions
such that when the aqueous solution sample is sucked
in, it is first mixed with the adjusting solution and then
with the concentrated photosynthetic sample. With such
an arrangement, even if the salt concentration and the
pH of the aqueous solution sample are within ranges that
may affect the photosynthetic sample, the effect on the
photosynthetic sample can be reduced by mixing the
photosynthetic sample after adjustment with the adjust-
ing solution.
[0102] FIG. 25 is a diagram of procedures performed
to measure delayed fluorescence using a dropper-type
biological growth inhibition factor assay kit. As shown in
this figure, an adjusting solution 54 and a concentrated
photosynthetic sample 56 are contained in a vertically

separated manner inside a dropper-type liquid sampling
container 60. To hold the adjusting solution and the con-
centrated photosynthetic sample in a separated manner
inside liquid sampling container 60, liquid sampling con-
tainer 60 itself may be provided with walls, solution pock-
ets or other separating means. From the standpoint of
simplifying the structure and reducing the cost of liquid
sampling container 60, one of either or both of the ad-
justing solution and the concentrated photosynthetic
sample may be made to have a high viscosity by the
containing of a concentrated gelling agent or other sta-
bilizer.
[0103] With this liquid sampling container 60, an aque-
ous solution sample 52 is sampled by suction to the po-
sition at which adjusting solution 54 is contained and the
aqueous solution sample is mixed once with adjusting
solution 54. Aqueous solution sample 52 is then sampled
by suction into liquid sampling container 60 until a pre-
determined amount is reached and mixed with concen-
trated photosynthetic sample 56. The test measurement
solution that is thus prepared inside liquid sampling con-
tainer 60 is then left to stand, and liquid sampling con-
tainer 60 is then housed in delayed fluorescence meas-
uring device 1 to perform measurement of the light
amount of delayed fluorescence.
[0104] Because by using the above-described biolog-
ical growth inhibition factor assay kit, the adjusting solu-
tion, which contains salts at high concentrations, and the
photosynthetic sample are mixed separately with the
aqueous solution sample, the effects of the salts on the
photosynthetic sample can be minimized to prevent
death and destruction of the photosynthetic sample due
to osmotic pressure differences, etc.
[0105] Actions and effects of the biological growth in-
hibition factor assay method according to the embodi-
ment of this invention shall now be described.
[0106] With the biological growth inhibition factor as-
say method, the decay curve of the delayed fluorescence
emitted from the photosynthetic sample that is mixed with
the aqueous solution sample to be assayed and the de-
cay curve of the delayed fluorescence emitted from the
photosynthetic sample in the solution in which biological
growth inhibition factors are not present are measured.
By then evaluating peaks, inflection points, and other
characteristic points from the respective decay curves
and comparing the two curves, the effect of the biological
growth inhibition factors on the photosynthetic sample
are assayed. By performing such assay, a plurality of
chemical substances can be analyzed qualitatively and
quantitatively simultaneously and at high precision. Also,
by assaying by measuring the light amount of delayed
fluorescence, the measurement time can be shortened
as a whole.
[0107] This invention is not restricted to the above-de-
scribed embodiment and, for example, though in the bi-
ological growth inhibition factor assay method according
to the embodiment, the light conditions during standing
of the measurement solution were controlled at prede-
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termined conditions, the comparison values may instead
be evaluated upon changing the light conditions variously
each time the measurement solution is measured.
[0108] FIG. 26 is a flowchart of procedures of a biolog-
ical growth inhibition factor assay method of such a case.
To mainly describe the points of difference with respect
to the procedures of FIG. 3, first, the test measurement
solution and the standard measurement solution are pre-
pared in the same manner as in step S01, step S02, step
S05, and step S06 (step S21 to step S22 and step S26
to step S27). The light conditions of the initial standing
are then set (step S23 and step S28). Thereafter, the test
measurement solution and the standard measurement
solution are left standing for a predetermined standing
time under the set light conditions (step S24 and step
S29). Comparison values are then computed from the
light amounts of delayed fluorescence measured and the
comparison values are evaluated in the same manner
as in step S04 and steps S08 to S12 in FIG. 3 (step S25
and steps S30 to S34). After evaluation, step S23 and
step S28 are returned to, and after changing the previ-
ously set light conditions, the comparison values are
computed again, and the changes of the comparison val-
ues according to the light conditions are evaluated re-
peatedly. The measurement solutions may be prepared
anew for each set of light conditions.
[0109] As the light conditions during standing, mono-
chromatic light in the visible range or combinations of
such monochromatic light, or infrared light, ultraviolet
light, or other light may be used monochromatically or in
combination to measure changes of biological growth in-
hibition factors more finely.
[0110] FIG. 27 shows graphs of examples of compar-
ison values computed for various light conditions during
standing. In FIG 27, graph (a) is a graph of comparison
values concerning TPN for various light conditions, and
graph (b) is a graph of comparison values concerning
inorganic mercury for various light conditions. Here, as
the light conditions during standing, the light illuminated
onto the measurement solution was changed among the
three types of white fluorescent lamp, green monochro-
matic light (wavelength: 530nm), and red monochromatic
light (wavelength: 665nm). The light amount of each type
of illumination light was set to 1.5mmol/m2/s. As the com-
parison values, the VCP1 value, the VCP2 value, and
the VTP2 value were computed.
[0111] As shown in the graph (a) of FIG. 27, in the case
of TPN, the VTP2 value is 122 in the case of the light
condition during standing of "white light," 89 in the case
of "green light," and 118 in the case of "red light." The
VCP2 value is 47 in the case of the light condition during
standing of "white light," 78 in the case of "green light,"
and 44 in the case of "red light." The VCP1 value is 144
in the case of the light condition during standing of "white
light," 112 in the case of "green light," and 171 in the case
of "red light." These results show that for TPN, the vari-
ation rates of all assay values of VCP1, VCP2, and VTP2
drop and the biological growth inhibition factor detection

sensitivity is lowered when the light condition during
standing is set to "green light."
[0112] As shown in the graph (b) of FIG. 27, in the case
of inorganic mercury, the VTP2 value is 117 in the case
of the light condition during standing of "white light," 113
in the case of "green light," and 114 in the case of "red
light." The VCP2 value is 77 in the case of the light con-
dition during standing of "white light," 78 in the case of
"green light," and 77 in the case of "red light." The VCP1
value is 103 in the case of the light condition during stand-
ing of "white light," 96 in the case of "green light," and 98
in the case of "red light." Thus, for inorganic mercury, it
can be seen that there are no large differences in the
variation rates of the assay values of CP1, CP2, and TP2
according to the light conditions during standing.
[0113] From the above results, it can be understood
that the actions of the biological growth inhibition factors
in an aqueous solution sample vary according to the light
conditions among the standing conditions, and these var-
iations differ according to each biological growth inhibi-
tion factor, while there are biological growth inhibition fac-
tors that increase in influence under specific optical
wavelength conditions as well as inhibition factors that
are not influenced by light conditions.
[0114] Thus, by evaluating comparison values upon
changing the light conditions variously and placing test
measurement solutions, obtained from the same aque-
ous solution sample, under different light conditions and
comparing the measurement results, qualitative informa-
tion concerning the biological growth inhibition factors
can be obtained. For example, as shown in FIG. 27(a),
in the case of TPN, the variations of VCP1, VCP2, and
VTP2 are lessened under green light as compared under
white light or red light. This can be made note of to enable
distinction from other biological growth inhibition factors.
[0115] Though preferred examples of this invention
shall now be described in further detail, this invention is
not restricted to these examples.

(Example 1)

[0116] Using aqueous solutions obtained from well wa-
ter and lake water as aqueous solution samples to be
assayed and using distilled water as a standard sample,
comparison values were computed for the standard
measurement conditions described above. The compu-
tation results of the comparison values in this Example
are shown in FIG. 28. In FIG. 28, graph (a) is a graph of
the VCP1 values computed for the well water and the
lake water, graph (b) is a graph of the VCP2 values com-
puted similarly, and graph (c) is a graph of the VTP2
values computed similarly.
[0117] As shown in FIG. 28, whereas the VCP1 value
increased to 137.1% with the "well water," a significant
variation was not seen with the "lake water." Significant
variations were not seen in the VCP2 values and the
VTP2 values. Furthermore, as a result of sampling the
well water 4 times within 12 days at the same location,
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VCP1 values of approximately 120 to 140% were ob-
tained in substantially the same manner.
[0118] In regard to the results of the present Example,
a hydrophobic herbicide, such as DCMU or atrazine, of
an ultralow concentration level of no more than 0.5ppb
can be cited as a known chemical substance that can be
considered to be the biological growth inhibition factor
for which just the VCP1 value becomes approximately
120 to 140%. The well water used in the test was thus
presumed to contain a hydrophobic chemical substance
based agricultural chemical similar to DCMU or atrazine.

(Example 2)

[0119] Aqueous solutions, respectively containing the
well water and the distilled water of Example 1, and an
aqueous solution, containing DCMU at a concentration
of 0.1ppb, were used as aqueous solution samples to be
assayed, and comparison values were computed in the
same manner as in Example 1 for the standard meas-
urement conditions. DCMU is a known hydrophobic, or-
ganic-based herbicide and is similar to the well water of
Example 1 in terms of the characteristics of the assay
value variations.
[0120] The respective aqueous solutions of well water,
distilled water, and DCMU were also subject to adsorp-
tion treatment, and VCP1 values were computed for the
adsorbed aqueous solutions. For adsorption, activated
carbon, which was dried after washing with water filtered
through a high-density filter (water filtered through mili-
Q, made by Millipore Corp.), was used. After adding 0.8g
of the activated carbon to 5ml of each of the aqueous
solutions of distilled water, well water, and 0.1ppb con-
centration DCMU, each aqueous solution was infiltrated
slowly for 1 hour. The filtrates obtained after respectively
filtering the three solutions through a 0.45mm filter were
then subject to measurement of the delayed fluorescence
amount.
[0121] FIG. 29 shows the VCP1 value computation re-
sults of this Example. The VCP1 values computed for
each of the aqueous solution samples of distilled water,
well water, and DCMU and the VCP1 values computed
for the respective aqueous solution samples subject to
the adsorption treatment are shown in FIG. 29. As shown
in FIG. 29, with respect to the result obtained from the
distilled water, the VCP1 value was 117.1 with the "well
water," and 120.9 with the "DCMU," thus indicating that
the variation of CP1 obtained from well water is substan-
tially equivalent to the variation obtained from 0.1ppb
concentration DCMU.
[0122] Also, with respect to the VCP1 value of 100 of
the distilled water before adsorption ("distilled water"),
the VCP1 value of the distilled water after the activated
carbon adsorption treatment ("distilled water (after ad-
sorption)") was 99.7 and it was thus assayed that the
activated carbon adsorption treatment hardly affected
the variation of VCP1. For "well water" and "DCMU,"
which have increased VCP1 values before the activated

carbon adsorption treatment, the VCP1 values after the
activated carbon adsorption treatment were 95.5 for "well
water (after adsorption)" and 96.3 for "DCMU (after ad-
sorption) and were thus equivalent to those of "distilled
water" and "distilled water (after adsorption)." From
these results, it was assayed that a substance similar to
DCMU or other hydrophobic organic substance is con-
tained in the well water.
[0123] The toxic substance assay method and the toxic
substance assay kit according to this invention are not
restricted to the above-described embodiments and ex-
amples, and various modifications are possible. For ex-
ample, in regard to the photosynthetic sample that is
mixed with the aqueous solution sample, a photosynthet-
ic sample that has a photosynthesis function and can
emit delayed fluorescence can be used in general as
described above.
[0124] As such a photosynthetic sample, at least one
type of photosynthetic sample, selected from the group
consisting of halotolerant algae, alkali-tolerant algae, and
acid-tolerant algae, is preferably used. Here, halotolerant
algae refers to algae that can grow under a high salinity
environment, such as salt water, seawater, etc. Alkali-
tolerant algae and acid-tolerant algae refer to algae that
can grow under extreme pH environments. Spirulina can
be cited as an example of such a photosynthetic sample.
[0125] That is, when Spirulina or Dunaliella, which are
known as halotolerant algae, Spirulina with alkali resist-
ance, Euglena with acid resistance, or other algae grow-
ing in the ocean or a saltwater lake or algae that can
tolerate a high salinity environment or an alkaline (high
pH) or acidic (low pH) environment is used as the pho-
tosynthetic sample, the following merits arise in compar-
ison to cases where freshwater algae, etc., are used to
measure a freshwater sample of lower salt concentration
than that of an environment suited for the algae.
[0126] As an example, a case of using Spirulina, which
is an algae that can tolerate highly saline or alkaline en-
vironments, shall be described. Spirulina is a blue-green
algae that grows in both saltwater lakes, which are envi-
ronments of high salinity, and in freshwater lakes, which
are environments of low salinity. Thus, by using Spirulina,
delayed fluorescence can be measured in environments
of both a high salinity medium (SOT medium), corre-
sponding to a saltwater lake environment, and a low sa-
linity medium (MA medium), corresponding to a freshwa-
ter lake environment.
[0127] Generally, aqueous solution samples that are
to be samples are sampled from various environments,
such as river or lake water, groundwater, soil-extracted
water, etc. The salt concentrations of the samples are
thus not uniform and, as a result, may not be uniform in
pH and other elements that are important in terms of the
growing environment of algae. For this, the method of
mixing an adjusting solution with the aqueous solution
sample to be tested to adjust the salt concentration and
the pH and thereafter mixing with the photosynthetic
sample can be used. In this case, by adjusting the aque-
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ous solution sample to be a high salinity medium, the pH,
etc., can be adjusted far more readily in comparison to
a low salinity medium.
[0128] FIG 30 is a table of adjustment examples of ad-
justing aqueous solution samples using a high salinity
medium and a low salinity medium. Here, lake water, well
water, tap water, and distilled water are used as the aque-
ous solution samples. In these adjustment examples, the
pHs of the raw waters are 7.44 for the lake water, 6.03
for the well water, 7.07 for the tap water, and 5.46 for the
distilled water, and the standard deviation among sam-
ples was 0.91.
[0129] Meanwhile, upon adjustment with a high salinity
medium of 5 times concentration as the adjusting solu-
tion, the pHs became 9.68 for the lake water, 9.71 for the
well water, 9.72 for the tap water, and 9.69 for the distilled
water. The standard deviation in this case was 0.02 and
the pH differences due to differences of the aqueous so-
lution samples were thus improved in comparison to the
raw waters. Meanwhile, upon adjustment with a low sa-
linity medium of 5 times concentration as the adjusting
solution, the pHs became 8.13 for the lake water, 7.77
for the well water, 8.14 for the tap water, and 8.29 for the
distilled water. The standard deviation in this case was
0.22 and though an improvement was made with respect
to the raw waters, the results were poor in comparison
to the case of using the high salinity medium.
[0130] Even for general salt concentrations, fluctuation
of the salt concentration in raw water can be improved
more readily with a high salinity medium, which adjusts
at a high salt concentration with respect to a freshwater
environment, than with a low salinity medium. The use
of an algae, which inhabits the ocean or saltwater lake,
or other algae, which can tolerate a high salt concentra-
tion or an alkaline or acidic environment, as the photo-
synthetic sample thus provides a merit, in comparison to
the use of freshwater algae, in terms of improving fluc-
tuations of the pH, salt concentration, etc., of raw water
in measuring a freshwater sample, etc., of lower salt con-
centration than that of an environment suited to such al-
gae.
[0131] The solution to be subject to measurement of
the delayed fluorescence is preferably homogenized be-
fore measurement of the light amount of the delayed flu-
orescence. If the photosynthetic sample in a measure-
ment solution settles or floats with the elapse of time, the
density of the photosynthetic sample within the view field
of the photodetector changes and the measured value
of the emitted light amount changes. The measurement
precision may thus decrease with the elapse of time dur-
ing the standing period of predetermined time or during
measurement. Meanwhile, by homogenizing the solu-
tion, toxic substance assay of low error is enabled. For
such solution homogenization, the use of a stabilizer for
homogenizing the distribution density of the photosyn-
thetic sample is preferable. The assay kit used for toxic
substance assay is preferably equipped with a stabilizer
for homogenizing the distribution density of the photo-

synthetic sample. As such a stabilizer, for example, a
specific gravity adjusting agent or a thickening agent (gel-
ling agent, etc.) may be used as described above.
[0132] FIG. 31 is a graph of variations of delayed flu-
orescence amount with respect to standing time under a
condition of no homogenization of solution and under ad-
dition of a thickening agent. Here, the blue-green algae,
Spirulina (Spirulina platensis), is used as the photosyn-
thetic sample, and the light amounts of delayed fluores-
cence were measured for different standing times under
the same conditions as the standard measurement con-
ditions described in relation to FIG. 5.
[0133] In regard to the addition of a thickening agent,
"No homogenization" indicates the measurement results
of using a measurement solution adjusted without the
addition of agar as a gelling agent that corresponds to
being a thickening agent, and "Thickening agent added"
indicates the measurement results of using a measure-
ment solution, with which agar was added as the thick-
ening agent to an amount of 0.1 weight % with respect
to the entirety. Measurements were made in accordance
with the elapse of standing times from immediately after
(0 minutes from) solution preparation to 15 minutes after
solution preparation, and as the delayed fluorescence
amount, CP1, which is the integrated delayed fluores-
cence amount from 0.1 seconds to 0.5 seconds after the
end of light illumination, was determined.
[0134] As shown in FIG 31, with the "No homogeniza-
tion" graph, for the case of not adding a thickening agent,
CP1 decreases with the elapse of the standing time. This
is due to the settling or floating of the photosynthetic sam-
ple with the elapse of time. On the other hand, with the
"Thickening agent added" graph, a large change is not
seen in the measured value of CP1 even after the elapse
of time. It can thus be understood that use of the meas-
urement solution in measurement upon taking measures
to homogenize the photosynthetic sample is effective for
improving the measurement precision.
[0135] Such a thickening agent is preferably added in
a condition that does not inhibit or disturb the measure-
ment of light emission from the photosynthetic sample
and enables measurement of weak light emission. Spe-
cifically, the use of a thickening agent that does not emit
fluorescence or phosphorescence at the concentration
enabling homogenization of the photosynthetic sample,
is transparent, and does not absorb the light emitted from
the photosynthetic sample is preferable. As examples of
such a thickening agent, agar or agarose at low concen-
trations, or methyl cellulose solution may be used. Also,
as a means of homogenizing the photosynthetic sample
before measurement, the settling or floating of the pho-
tosynthetic sample may be restrained in the measure-
ment solution by a microscopic network or lattice struc-
ture, or the homogeneity may be maintained by stirring
from the exterior, in addition to the method of adding the
thickening agent.
[0136] Also, the light amount of delayed fluorescence
etc. is preferably corrected, etc., as necessary for meas-
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urement errors that arise due to concentration differenc-
es of the photosynthetic sample in the measurement so-
lution. That is, due to the use of living cells, intracellular
organelles, membrane protein complexes, etc., as the
photosynthetic sample to be used in measurements,
quantitative changes may arise due to increase by cel-
lular growth or cell division or decrease by death or de-
composition during manipulation or storage of the sam-
ple. Also, even if there are no quantitative changes, qual-
itative changes, such as change of the delayed fluores-
cence emission ability, change of characteristics of the
temporal variation of the light amount, etc., may occur.
[0137] Because such changes become errors in the
measurement evaluation, it is effective to employ an eval-
uation method of evaluating whether or not changes are
occurring in the photosynthetic sample used, before
measurement. By detecting quantitative changes and
qualitative changes of the photosynthetic sample, the
precision of the measurement results is controlled. When
an abnormality of the photosynthetic sample is detected
by such an evaluation method, it can be judged whether
the abnormality is within a tolerable range and methods,
such as issuing an alarm to a measurer as necessary,
can be employed.
[0138] Examples of the above-described photosyn-
thetic sample evaluation method include the following
methods (1) to (3). (1) Whether the density of the photo-
synthetic sample is within a range of densities in a pro-
portional relationship with the light amount of delayed
fluorescence is evaluated. Such an evaluation can be
made using, for example, a calibration curve prepared
from densities of the photosynthetic sample and light
amounts of delayed fluorescence. (2) Whether or not the
light amount of delayed fluorescence with respect to the
density of the photosynthetic sample has changed in
comparison to exemplary data that serve as an evalua-
tion standard is judged. This evaluation is made, for ex-
ample, by judging whether or not correlation within a cer-
tain error range is obtained with respect to a relational
expression of the amount of light emitted per density of
photosynthetic sample indicated by a calibration curve
prepared from densities of the photosynthetic sample
and light amounts of delayed fluorescence. (3) Whether
or not the temporal variation of the light amount of de-
layed fluorescence has changed in comparison to exem-
plary data that serve as an evaluation standard is judged.
For example, differences with respect to the temporal
variation of light amount of the exemplary data, the light
amount of a characteristic point or the point in time at
which a characteristic point appears in the temporal var-
iation of the light amount of delayed fluorescence, the
slope of light amount variation between two characteristic
points, the slope of light amount variation within a specific
time range, etc., can be used for the evaluation.
[0139] In the above-described evaluation of the pho-
tosynthetic sample, data on the photosynthetic sample,
such as the absorbance, light scattering amount, delayed
fluorescence light amount, temporal variations of such

data, are used as the exemplary data. As such exemplary
data and data indicating tolerance ranges, data stored in
advance in a measuring device or analyzing device, data
recorded during preparation of the photosynthetic sam-
ple, etc., may be used. Measurement results of a stand-
ard measurement solution, etc., can be estimated from
the results of performing the same evaluation on the pho-
tosynthetic sample before mixing with the aqueous so-
lution sample. The same data mentioned above may be
used in such cases as well.
[0140] Preferably, when a change of the photosynthet-
ic sample is detected by the evaluation of the photosyn-
thetic sample, correction of measurement is made as
necessary. As an example of such a correction method,
if the change that is occurring in the photosynthetic sam-
ple is a quantitative change and the density of the pho-
tosynthetic sample is judged to be within the range of
densities that are in a proportional relationship with the
light amount of delayed fluorescence by the evaluation
method of (1) described above, measurement results us-
ing photosynthetic samples that differ in density can be
compared by normalizing the light amount of delayed flu-
orescence by the density of the photosynthetic sample
in each measurement result. As a normalization method
to be employed in such a case, there is, for example, the
method of dividing the light amount of delayed fluores-
cence by the density of the photosynthetic sample.
[0141] The toxic substance assay method according
to this invention shall now be described further.
[0142] The above-described embodiment is used to
describe a toxic substance assay method that mainly in-
cludes: (1) a first step of mixing a photosynthetic sample
with an aqueous solution sample to prepare a test meas-
urement solution, letting the test measurement solution
stand for a predetermined standing time, and then after
illuminating light onto the test measurement solution for
a predetermined illumination time, measuring the light
amount of the delayed fluorescence that is emitted; (2)
a second step of mixing the photosynthetic sample with
a standard sample, in which a toxic substance is not
present, to prepare a standard measurement solution,
letting the standard measurement solution stand for the
predetermined standing time, and then after illuminating
light onto the standard measurement solution for the pre-
determined illumination time, measuring the light amount
of the delayed fluorescence that is emitted; and (3) a third
step of computing assay values based on the light
amounts of delayed fluorescence, respectively obtained
in the first step and the second step, and determining a
comparison value of the assay values to assay the toxic
substance present in the aqueous solution sample.
[0143] Generally, such a toxic substance assay meth-
od can be arranged from: (1) a first step of mixing a pho-
tosynthetic sample with an aqueous solution sample to
prepare a test measurement solution, letting the test
measurement solution stand for a predetermined stand-
ing time, and then after illuminating light onto the test
measurement solution for a predetermined illumination
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time, measuring the light amount of the delayed fluores-
cence that is emitted; (2) a second step of letting a com-
parison measurement solution, prepared by mixing the
photosynthetic sample with a comparison sample, stand
for the predetermined standing time, and then after illu-
minating light onto the comparison measurement solu-
tion for the predetermined illumination time, measuring
the light amount of the delayed fluorescence that is emit-
ted to thereby prepare a comparison measurement re-
sult; and (3) a third step of computing assay values based
on the light amounts of delayed fluorescence, respec-
tively obtained in the first step and the second step, and
determining a comparison value of the assay values to
assay the toxic substance present in the aqueous solu-
tion sample.
[0144] Also, as described above, in such an assay
method, the assay values are preferably elapsed times
of characteristic points in temporal variations of the light
amounts of delayed fluorescence acquired in the first
step and the second step. Or, the assay values are pref-
erably the temporal variations of the delayed fluores-
cence light amounts acquired in the first step and the
second step, and the comparison value is a value ob-
tained by determining a difference of the temporal vari-
ations.
[0145] Here, in regard to the comparison sample and
comparison measurement result used in the second step,
any of various comparison samples and comparison
measurement results may be used. For example, a meth-
od may be employed in which, in the second step, a
standard sample to be compared is used as the compar-
ison sample, a standard measurement solution that is
the comparison measurement solution is prepared by
mixing the photosynthetic sample with the standard sam-
ple, the standard measurement solution is left to stand
for the predetermined standing time, and then after illu-
minating light onto the standard measurement solution
for the predetermined illumination time, the light amount
of the delayed fluorescence that is emitted is measured
to acquire the comparison measurement result. In this
case, a sample in which a toxic substance is practically
not present is preferably used as the standard sample
as was described above in relation to FIG. 3.
[0146] Or, in the second step, a method may be em-
ployed in which another aqueous solution sample is used
as the comparison sample and a measurement result,
acquired on another test measurement solution that is a
comparison measurement solution prepared by mixing
the aqueous solution sample with the photosynthetic
sample, is prepared as the comparison measurement
result. In this case, a previous measurement result may
be used as the comparison measurement result.
[0147] Also, in regard to the acquisition of the compar-
ison measurement result in the second step, a method
may be employed wherein the comparison measurement
result is prepared by performing measurement of the light
amount of delayed fluorescence on the comparison
measurement solution in the same manner as in the first

step. Or, a method may be employed wherein, in the
second step, a measurement result that is acquired in
advance for the comparison measurement solution is
used as the comparison measurement result. In this
case, the comparison measurement result that is ac-
quired in advance is preferably stored in a memory, etc.,
and used upon being read out as data as necessary.
Various modifications are thus possible regarding to the
comparison sample, comparison measurement solution,
method of acquiring the comparison measurement re-
sult, etc., used in the second step.

(Continuous toxic substance assay method)

[0148] A continuous toxic substance assay method
(monitoring method) using the method according to this
invention shall now be described. By using such an assay
method, aqueous solution samples taken from a river,
groundwater, etc., can be measured in a continuous
manner and changes of toxicity can be monitored.
[0149] FIG. 32 is a schematic view of an example of a
continuous toxic substance assay method. In this assay
method, firstly as first measurements, measurement of
a standard measurement solution and measurement of
a test measurement solution of an aqueous solution sam-
ple of water sampled from a river, etc., are made in ac-
cordance with the ordinary procedures. Then, these
measurement results are compared to assay toxic sub-
stances contained in the river water. In this process, a
measurement result C1 of the standard measurement
solution, a measurement result S1 of the test measure-
ment solution, and an aqueous solution sample toxicity
assay result D1 corresponding to the comparison result
of the measurement results are recorded.
[0150] Then, after the elapse of a predetermined time
set as a measurement time interval, measurement of the
standard measurement solution and measurement of a
test measurement solution of an aqueous solution sam-
ple of newly sampled river water are made as second
measurements, these results are compared, and a meas-
urement result C2 of the standard measurement solution,
a measurement result S2 of the test measurement solu-
tion, and a toxicity assay result D2 are recorded.
[0151] Measurements are thereafter made in the same
manner at each elapse of the predetermined time, and,
for example, in an n-th measurement, a measurement
result Cn of the standard measurement solution, a meas-
urement result Sn of the test measurement solution, and
a toxicity assay result Dn are recorded. By comparing
these recorded aqueous solution sample toxic assay re-
sults D1, D2, ..., Dn in a continuous manner, changes in
contamination by toxic substances in a river, etc., can be
monitored.
[0152] FIG. 33 is a schematic view of another example
of a continuous toxic substance assay method. In this
assay method, the first measurements are made in the
same manner as described above, and measurement
result C1 of the standard measurement solution and
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measurement result S1 of the test measurement solution
are recorded. Aqueous solution sample toxicity assay
result D1 corresponding to the comparison result of the
measurement results is also recorded as necessary.
[0153] Then, after the elapse of the predetermined
time, just a measurement of a test measurement solution
of an aqueous solution sample of newly sampled river
water is made as the second measurement, and meas-
urement result S2 is recorded. Here, the measurement
result S2 of the test measurement solution of the second
measurement is compared with the measurement result
S1 of the test measurement solution of the first meas-
urement, and a toxicity assay result E2 for the aqueous
solution sample, corresponding to the comparison result
of the measurement results, are recorded. This assay
result E2 indicates, in a simple manner, how much the
toxicity of the river water, etc., that is to be the aqueous
solution sample, has changed between the first meas-
urement and the second measurement.
[0154] Measurements are thereafter made in the same
manner at each elapse of the predetermined time, and,
for example, in an n-th measurement, a measurement
result Sn of the test measurement solution and a toxicity
assay result En, corresponding to the comparison result
of measurement result Sn with measurement result Sn-
1 of the (n-1)-th measurement, are recorded. By com-
paring these recorded aqueous solution sample toxic as-
say results E2, E3, ..., En in a continuous manner, chang-
es in contamination by toxic substances in a river, etc.,
can be monitored in a simplified manner.
[0155] In a case where toxic substance assay is per-
formed in a continuous manner by changing the time at
which measurement is made as in the assay methods
shown in FIGS. 32 and 33, changes may occur in the
photosynthetic sample due to the elapse of time between
the first measurement and the second measurement on-
ward. Such changes of the photosynthetic sample in-
clude quantitative changes, such as a change of density
of the photosynthetic sample due to degradation, decom-
position, death, proliferation, etc., of the photosynthetic
sample, and qualitative changes, such as a change in
the elapsed time of a characteristic point in the temporal
variation of the light amount of delayed fluorescence or
a change in the light amount of the delayed fluorescence.
For such changes of the photosynthetic sample, the fol-
lowing corrections can be made after measuring the light
amount of delayed fluorescence and measuring the cell
density of the photosynthetic sample.
[0156] First, if a quantitative change in the density of
the photosynthetic sample occurs and it has been deter-
mined in advance that, for the photosynthetic sample
used in the measurements, the cell density and the light
amount of delayed fluorescence are in a range in which
these are in a proportional relationship, a correction can
be made based on the cell density of the photosynthetic
sample measured by absorbance or light scattering
amount, etc.
[0157] As a specific correction method, for example,

in the first measurement, the cell density of the sample
is measured along with the light amount of delayed flu-
orescence from the measurement solution. The cell den-
sity of the sample is measured along with the light amount
of delayed fluorescence from the measurement solution
in the second measurement as well. Here, by performing
a correction of dividing the light amount of delayed fluo-
rescence by the cell density in each of the measurement
results of the first measurement and second measure-
ment, even if the cell density of the photosynthetic sample
changes between the first measurement and the second
measurement, the results of the two measurements can
be compared.
[0158] If a qualitative change in the elapsed time of a
characteristic point in the temporal variation of the light
amount of delayed fluorescence or in the light amount of
delayed fluorescence occurs and it has been determined
in advance that, for the photosynthetic sample used in
the measurements, the temporal variation of the light
amount of delayed fluorescence is within a tolerable
range in comparison to exemplary data, a correction can
be made based on a positional relationship of the char-
acteristic points, etc.
[0159] A specific example of a correction method shall
now be described with reference to FIG. 34. FIG. 34
shows diagrams of examples of temporal variations of
light amounts of delayed fluorescence, with graph (a) be-
ing a graph indicating the temporal variation of the de-
layed fluorescence amount acquired in a first measure-
ment, and graph (b) being a graph indicating the temporal
variation of the delayed fluorescence amount acquired
in a second measurement.
[0160] For these temporal variations of delayed fluo-
rescence amount, for example, elapsed times a1 and b1
are determined for characteristic points A and B of the
first measurement shown in the graph (a). Likewise,
elapsed times a2 and b2 are determined for characteristic
points A and B of the second measurement shown in the
graph (b). For these measurement results, the ratio of
elapsed time b1 with respect to a1, (b1/a1), is determined
from the results of the first measurement. Likewise, the
ratio of elapsed time b2 with respect to a2, (b2/a2), is
determined from the results of the second measurement.
By then comparing these ratios, (b1/a1) and (b2/a2), a
correction based on the positional relationship of the
characteristic points can be made.

(Curve value analysis method)

[0161] In regard to the assay values and the compar-
ison values used in toxic substance assay, for example,
the temporal variations of the light amounts of delayed
fluorescence acquired in the first step and the second
step may be used as assay values, and the value ob-
tained by determining a difference of the temporal vari-
ations may be used as a comparison value as described
above. In the embodiment described above, the Curve
values, obtained by determining differences of the re-
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spective temporal variations of the light amounts of de-
layed fluorescence obtained from the test measurement
solution and the standard measurement solution, are cit-
ed as such comparison values. In regard to methods of
analyzing the Curve values, various analysis methods
may be used according to the specific measurement re-
sults acquired for the test measurement solution and the
standard measurement solution.
[0162] In regard to the Curve values, corresponding to
the differences of the temporal variations of the light
amounts of delayed fluorescence, considerations can be
made separately for cases where characteristic points
are present in the temporal variations of the light amounts
of delayed fluorescence that are the measurement re-
sults and cases where characteristic points are not
present.
[0163] In a case where characteristic points are
present in the delayed fluorescence decay curve (see
FIG. 5) that indicates the temporal variation of the light
amount of delayed fluorescence, an evaluation can be
made by noting the amounts of emitted light, the elapsed
times, etc., at the characteristic points as described
above. If the Curve values are to be used, preferably the
Curve values, determined by making note of the interval
between two characteristic points or the interval between
the measurement starting point and a characteristic
point, are used as comparison values for carrying out the
assay. Or, the Curve values may be determined for the
entirety or a predetermined range without consideration
of characteristic points.
[0164] Meanwhile, if characteristic points are not
present in a delayed fluorescence decay curve, the Curve
values, determined for the entirety or a predetermined
range of the decay curve, may be used as comparison
values for carrying out the assay. Here, the Curve value
at each measurement point n in a temporal variation of
the light amount of delayed fluorescence is determined
by: (amount of light emitted from the test measurement
solution at measurement point n) - (amount of light emit-
ted from the standard measurement solution at meas-
urement point n).
[0165] Generally, as was shown for example in FIG 5,
with the delayed fluorescence emitted from a photosyn-
thetic sample, the amount of emitted light is high in a time
range of early post-excitation time and the amount of
emitted light decreases by decay in later time ranges.
Thus, if the time ranges in which the Curve values are
computed differ, the magnitudes of the differences of
emitted light amounts differ, and there may be cases
where it is difficult to evaluate variations in different time
ranges.
[0166] In such a case, it is effective to use VCurve val-
ues, each being standardized by being determined as a
ratio of a Curve value, which is a value obtained by de-
termining a difference of the temporal variations of the
light amount of delayed fluorescence acquired for the
test measurement solution and the standard measure-
ment solution, with respect to a light amount of delayed

fluorescence acquired for the test measurement solution
or the standard measurement solution (preferably, a light
amount of delayed fluorescence acquired for the stand-
ard measurement solution), as the comparison values.
The evaluation of variations within different time ranges
is thereby facilitated. Here, in a temporal variation of the
light amount of delayed fluorescence, the VCurve value
at each measurement point n is determined as (Curve
value at measurement point n)/(amount of light emitted
from the standard measurement solution at measure-
ment point n)3100.
[0167] In a case of applying the above-described
VCurve values to a delayed fluorescence decay curve in
which characteristic points exist, the VCurve values may
be determined by making note of the interval between
characteristic points or the interval between the meas-
urement starting point and a characteristic point, or the
VCurve values may be determined for the entirety or a
predetermined range of the decay curve without consid-
eration of characteristic points.
[0168] In regard to the presence or non-presence of
characteristic points in a delayed fluorescence decay
curve, generally, the temporal variation of the light
amount of delayed fluorescence acquired in the first step
or the second step has characteristic points, and a meth-
od may be employed, in which in the third step, the values
of the differences of the temporal variations of the light
amount of delayed fluorescence, within a predetermined
range between one characteristic point and the meas-
urement starting point or another characteristic point, are
used as comparison values to assay toxic substances.
In a case where there are no characteristic points in tem-
poral variations of the light amount of delayed fluores-
cence, the values of the differences of the temporal var-
iations of the light amount of delayed fluorescence over
the entirety or a predetermined range of the temporal
variations may be used as comparison values.
[0169] FIG. 35 shows diagrams of examples of meth-
ods of computing the Curve values when characteristic
points exist in the delayed fluorescence decay curves.
In comparing the delayed fluorescence decay curve of a
standard measurement solution and the delayed fluores-
cence decay curve of a test measurement solution, the
positions of characteristic points in the decay curves may
differ. In such a case, a time range that does not contain
the characteristic points is preferably set as the range for
computing the Curve values to assay toxic substances
while eliminating the effects of the characteristic points.
[0170] The graphs (a) to (c) of FIG. 35 show cases of
setting the time range for computing Curve values when
the delayed fluorescence decay curves of the standard
measurement solution and the test measurement solu-
tion differ in the positions of characteristic points, with
the maxima at 0 seconds after excitation (measurement
starting point) and a minima that appears immediately
thereafter being the two characteristic points to be noted.
The graph (a) of FIG. 35 shows a case where, of the
delayed fluorescence decay curves of the standard
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measurement solution and the test measurement solu-
tion, the characteristic point is present only in the decay
curve of the standard measurement solution. In this case,
the time range, "a," from the measurement starting point
to the point of appearance of the minima of the standard
measurement solution, is preferably selected as the
range for computing the Curve values.
[0171] The graph (b) of FIG. 35 shows a case where
the minima in the delayed fluorescence decay curve of
the test measurement solution appears at an earlier point
in time than the minima of the standard measurement
solution. In this case, preferably, the time range, "b," from
the measurement starting point to the point of appear-
ance of the minima of the standard measurement solu-
tion, and time range, "c," from the measurement starting
point to the point of appearance of the minima of the test
measurement solution, are compared, and the time
range "c," which is a time range in common to both curves
is selected as the range for computing the Curve values.
[0172] The graph (c) of FIG. 35 shows a case where
the minima in the delayed fluorescence decay curve of
the test measurement solution appears at a later point in
time than the minima of the standard measurement so-
lution. In this case, preferably, the time range, "d," from
the measurement starting point to the point of appear-
ance of the minima of the standard measurement solu-
tion, and time range, "e," from the measurement starting
point to the point of appearance of the minima of the test
measurement solution, are compared, and the time
range "d," which is a time range in common to both curves
is selected as the range for computing the Curve values.
[0173] FIG. 36 is a diagram of an example of a method
of computing the Curve values when no characteristics
points exist in a delayed fluorescence decay curve. Here,
a delayed fluorescence decay curve of a standard meas-
urement solution using Selenastrum capricomutum,
which is a green algae and has been grown by a general
method at a light intensity of 50mmol/m2/s under a white
fluorescence lamp, as the photosynthetic sample is
shown. Preparation of the sample is carried out in the
same manner as in the case of Spirulina platensis. Clear
characteristic points do not appear in the delayed fluo-
rescence decay curve of the graph of FIG 36. In such a
case, assay using the Curve values is effective because
assay that makes note of characteristic points cannot be
made.
[0174] FIG. 37 shows graphs of the Curve values in
cases where (a) the concentration of simazine and (b)
the concentration of dichlorophenol are varied. Specifi-
cally, graph (a) of FIG. 37 is a graph of the Curve values
computed from the measurement results of test meas-
urement solutions exposed to simazine, which is a her-
bicide, at concentrations of 25, 50, and 100ppb and the
measurement results of the standard measurement so-
lution for a time range of 0.1 seconds to 50 seconds after
excitation. Graph (b) is a graph of the Curve values com-
puted from the measurement results of test measure-
ment solutions exposed to dichlorophenol at concentra-

tions of 1, 5, and 10ppm and the measurement results
of the standard measurement solution for a time range
of 0.1 seconds to 50 seconds after excitation.
[0175] Of these, with the graph (a) that concerns si-
mazine, the Curve values vary according to the simazine
exposure concentration and, with an increase in concen-
tration, vary in the positive direction near 0.1 seconds
after excitation. Slight variations in the negative direction
were also seen from 0.5 seconds after excitation and
onward. With the graph (b) concerning dichlorophenol,
the Curve values vary according to the dichlorophenol
exposure concentration and, with an increase in concen-
tration, vary in the negative direction near 0.2 to 10 sec-
onds after excitation.
[0176] The above results show that even when clear
characteristic points are not present in the delayed fluo-
rescence decay curve, the effects of toxic substances
can be assayed by computing the Curve values. Because
the time range in which variations appear and the positive
or negative direction of variations differ according to toxic
substance, such Curve values are useful for specifying
the types, actions, etc., of the detected toxic substances.
[0177] FIG 38 shows graphs of the VCurve values in
cases where (a) the concentration of simazine and (b)
the concentration of dichlorophenol are varied. Specifi-
cally, graph (a) of FIG. 38 is a graph of the VCurve values
computed from the measurement results of test meas-
urement solutions exposed to simazine at concentrations
of 25, 50, and 100ppb and the measurement results of
the standard measurement solution for a time range of
0.1 seconds to 50 seconds after excitation. Graph (b) is
a graph of the VCurve values computed from the meas-
urement results of test measurement solutions exposed
to dichlorophenol at concentrations of 1, 5, and 10ppm
and the measurement results of the standard measure-
ment solution for a time range of 0.1 seconds to 50 sec-
onds after excitation. Specifically, in regard to the VCurve
values, the examples shown here are those in which the
Curve values, corresponding to differences in temporal
variations, are standardized as ratios with respect to the
emitted light amounts of the standard measurement sam-
ple, as described above.
[0178] Of these, with the graph (a) that concerns si-
mazine, the VCurve values vary according to the si-
mazine exposure concentration and, with an increase in
concentration, vary in the positive direction near 0.1 to
0.3 seconds after excitation. Also, variations in the neg-
ative direction were seen over a wide range, from 0.4
seconds to 50 seconds after excitation and centered near
15 seconds. With the graph (b) concerning dichlorophe-
nol, the VCurve values vary according to the dichloroph-
enol exposure concentration and, with an increase in
concentration, vary in the negative direction widely over
the entire range (near 0.1 to 50 seconds) of the time after
excitation.
[0179] The above results show that even when clear
characteristic points are not present in the delayed fluo-
rescence decay curve, the effects of toxic substances
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can be assayed by computing the VCurve values. Be-
cause the time range in which variations appear and the
positive or negative direction of variations differ accord-
ing to toxic substance, such VCurve values are useful
for specifying the types, actions, etc., of the detected toxic
substances. Also, in comparison to Curve values, varia-
tions in different time ranges can be compared readily
with VCurve values.

(Acclimation treatment of a test measurement solution)

[0180] An acclimation treatment that is performed on
a test measurement solution before measurement shall
now be described. As mentioned above in relation to the
standard measurement conditions of FIG 5, an acclima-
tion treatment (acclimating step) by preliminary light illu-
mination and standby under total darkness for a prede-
termined time (dark standby) may be performed to accli-
mate the photosynthetic sample to the measurement light
conditions.
[0181] In general, a toxic substance assay method in-
cluding such an acclimating step is a toxic substance
assay method for assaying a toxic substance present in
an aqueous solution sample to be tested that preferably
includes: (a) a preparing step of mixing the aqueous so-
lution sample with a photosynthetic sample, having a
photosynthetic function, to prepare a test measurement
solution; (b) a standing step of letting the test measure-
ment solution stand for a predetermined standing time;
(c) a measuring step of illuminating light onto the test
measurement solution for a predetermined illumination
time and thereafter measuring the light amount of de-
layed fluorescence that is emitted; (d) an assaying step
of assaying a toxic substance present in the aqueous
solution sample based on the light amount of delayed
fluorescence acquired in the measuring step; and (e) an
acclimating step, preceding the measuring step and in-
cluding one of either a dark standby step of subjecting
the test measurement solution to a dark standby for a
predetermined standby time or a preliminary illuminating
step of subjecting the test measurement solution to a
preliminary light illumination and to a dark standby for a
predetermined standby time.
[0182] With such a toxic substance assay method, a
plurality of toxic substances can be analyzed qualitatively
and quantitatively at high precision at the same time from
characteristics obtained from the temporal variation of
the light amount of delayed fluorescence emitted from
the photosynthetic sample mixed in the aqueous solution
sample to be assayed. By performing the assay by meas-
uring the delayed fluorescence light amount, the meas-
urement time can be shortened as a whole. Also, by per-
forming the acclimating step on the test measurement
solution before the measuring step, the precision of
measurement of the delayed fluorescence and the pre-
cision of assay of toxic substances by the measurement
result can be improved.
[0183] In such a case where the adaptation step is per-

formed before the measuring step, the predetermined
standby time in the dark standby step is preferably no
less than 30 seconds and no more than 1 hour. Also,
preferably in the preliminary illuminating step, the ratio
of the preliminary light illumination time to the dark stand-
by time is equal to the ratio of the light illumination time
and the dark standby time in the measuring step. Such
an acclimating step shall now be described specifically.
[0184] The delayed fluorescence that is used to assay
toxic substances is a phenomenon in which the light en-
ergy absorbed by the photosynthetic sample is re-emitted
after being distributed among various chemical reac-
tions. Thus, the history of the photosynthetic sample re-
lated to various environmental factors, such as light, tem-
perature, etc., up to the point of measuring the delayed
fluorescence (measuring step) may have an important
effect on the delayed fluorescence measurement results
(see, for example, Non-Patent Document 2). Thus, in or-
der to use the delayed fluorescence measurement re-
sults for assay of toxic substances in water quality in-
spection, etc., the environmental history of the photosyn-
thetic sample is preferably controlled to perform meas-
urement of the delayed fluorescence under conditions of
good reproducibility.
[0185] FIG 39 is a graph of a variation of CP1 with the
number of times of measurement of delayed fluores-
cence. Here, on a standard measurement solution, which
had been left to stand for 15 minutes under a white flu-
orescent lamp of 5mmol/m2/s as effective photosynthetic
radiation, the light amount of delayed fluorescence was
measured under darkness for 60 seconds after 2 sec-
onds of illumination by light of 665nm and 0.8mW/cm2

as the measurement conditions. This measurement was
repeated 5 times in succession and the CP1 value was
determined each time.
[0186] As the measurement results, the CP1 value ob-
tained was 15217 in the first measurement, 11693 in the
second measurement, 10098 in the third measurement,
9690 in the fourth measurement, and 9627 in the fifth
measurement. As indicated by these CP1 values, there
is fluctuation of the CP1 value, especially among the re-
sults of the first to third measurements. It can also be
seen that, by repeating the measurement of delayed flu-
orescence, the measurements results stabilize at a cer-
tain value (for example, the values obtained in the third
to fifth measurements) and the reproducibility improves.
This indicates that the distribution of light energy inside
the photosynthetic sample acclimates from the standing
conditions to the measurement conditions.
[0187] As can be understood from the above results,
when the delayed fluorescence measuring step is per-
formed in continuation to the standing step of letting the
measurement solution stand for the predetermined
standing time, an adequate reproducibility of delayed flu-
orescence measurement is not obtained and there is fluc-
tuation of the measurement results. With the example
shown in FIG 39, the measurement results of the first to
third measurements do not provide an adequate preci-
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sion for water quality inspection. Also, it is troublesome
to judge from which measurement result an adequate
reproducibility is obtained and individual differences
among measurers may be reflected in the measurement
results as well.
[0188] As a result of examining methods of controlling
the environmental history of photosynthetic samples in
such a case, it was found that by adding an acclimating
step of controlling the environmental history of the pho-
tosynthetic sample between the standing step and the
measuring step, measurement results of good reproduc-
ibility are obtained. By carrying out such an adaptation
step, for example, the measurement result of the third
measurement or later among the measurement results
of FIG. 39 can be obtained from the first measurement.
[0189] The acclimating step of acclimating the meas-
urement solution to the measurement conditions is
achieved by adding, between the standing step and the
measuring step, one of either or both of: (1) a dark stand-
by step of subjecting the measurement solution to a dark
standby for a predetermined standby time; and (2) a pre-
liminary illuminating step of subjecting the test measure-
ment solution to a preliminary light illumination and to a
dark standby for a predetermined standby time.
[0190] FIG. 40 is a table of measurement precisions
of results of measuring delayed fluorescence three times
under various acclimation conditions. Specifically, for
each of various acclimation conditions, measurements
were made three times in succession and the measure-
ment precision (%) was computed by dividing the stand-
ard deviation of the measurements by the average of the
three measurements and then multiplying by 100. Each
measurement precision shown in FIG 40 thus expresses
how much error a CP1 value obtained in the three meas-
urements contains with respect to the average.
[0191] Here, on a standard measurement solution,
which had been left to stand for 15 minutes under a white
fluorescent lamp of 5mmol/m2/s as effective photosyn-
thetic radiation, the light amount of delayed fluorescence
was measured under darkness for 60 seconds after 2
seconds of illumination by light of 665nm and 0.8mW/cm2

as the measurement conditions. This measurement was
repeated three times as the main measurements. And
before carrying out the main measurements, an acclima-
tion treatment under an acclimation condition (prelimi-
nary illumination condition) among the various acclima-
tion conditions is performed, and the measurement pre-
cision is determined for the results of the three measure-
ments.
[0192] As the acclimating conditions, two seconds of
illumination of light of 665nm and 0.8mW/cm2, followed
by 60 seconds of standby under darkness in the same
manner as the procedures of the measurement condi-
tions were performed immediately before the main meas-
urements in the case of "1 time of measurement condi-
tions," and the same procedures were repeated twice in
the case of "2 times of measurement conditions." In the
case of "1 time of darkness," standby under darkness for

the same duration as the measurement conditions was
carried out without light illumination, and in the case of
"2 times of darkness," this dark standby was repeated
twice. In the case of "1 time of illumination," light was
illuminated for the same duration as the measurement
conditions, in the case of "light 30, darkness 30," illumi-
nation of light for 30 seconds was followed by 30 seconds
of standby under darkness, in the case of "light 1, dark-
ness 30," illumination of light for 1 second was followed
by 30 seconds of standby under darkness, and in the
case of "no acclimation," an acclimation treatment was
not performed.
[0193] As a result, it was found that as acclimation con-
ditions for the measurement solution, the repetition of the
same light illumination and dark standby as the meas-
urement conditions once or twice or the repetition of
standby under darkness for the same duration as the
measurement conditions once or twice without perform-
ing light illumination is suitable as the acclimation treat-
ment. With the example shown in FIG 40, the measure-
ment precisions for "2 times of measurement conditions"
and "2 times of darkness," which are the same in the
duration of the acclimation conditions, were 3.6 and 4.8,
respectively, and the measurement precisions for "1 time
of measurement conditions" and "1 time of darkness"
were 10.6 and 14.2, respectively. It was found that in
comparison to the case of performing acclimation treat-
ment by just standby under darkness, the measurement
solution can be acclimated to the measurement environ-
ment more effectively by performing the same light illu-
mination and standby under darkness as the measure-
ment conditions.
[0194] The above results show that by adding, be-
tween the standing step and the measuring step, one of
either or both of the above-mentioned dark standby step
and preliminary illuminating step, the precision of the de-
layed fluorescence measurement that is performed sub-
sequently can be improved.

Industrial Applicability

[0195] This invention can be used to provide a toxic
substance assay method and a toxic substance assay
kit that enable a wide range of toxic substances to be
analyzed in a short time.

List of further preferred embodiments

[0196]

1. A toxic substance assay method of assaying a
toxic substance present in an aqueous solution sam-
ple to be tested, the toxic substance assay method
comprising:

a first step of mixing a photosynthetic sample,
having a photosynthetic function, with the aque-
ous solution sample to prepare a test measure-
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ment solution, letting the test measurement so-
lution stand for a predetermined standing time,
and then after illuminating light onto the test
measurement solution for a predetermined illu-
mination time, measuring a light amount of a de-
layed fluorescence that is emitted;
a second step of letting a comparison measure-
ment solution, prepared by mixing the photosyn-
thetic sample with a comparison sample, stand
for the predetermined standing time, and then
after illuminating light onto the comparison
measurement solution for the predetermined il-
lumination time, measuring a light amount of the
delayed fluorescence that is emitted to thereby
prepare a comparison measurement result; and
a third step of computing assay values based
on the light amounts of delayed fluorescence,
respectively acquired in the first step and the
second step, and determining a comparison val-
ue of the assay values to assay the toxic sub-
stance present in the aqueous solution sample,
wherein the assay values are elapsed times of
characteristic points in temporal variations of the
light amounts of delayed fluorescence acquired
in the first step and the second step.

2. A toxic substance assay method of assaying a
toxic substance present in an aqueous solution sam-
ple to be tested, the toxic substance assay method
comprising:

a first step of mixing a photosynthetic sample,
having a photosynthetic function, with the aque-
ous solution sample to prepare a test measure-
ment solution, letting the test measurement so-
lution stand for a predetermined standing time,
and then after illuminating light onto the test
measurement solution for a predetermined illu-
mination time, measuring a light amount of a de-
layed fluorescence that is emitted;
a second step of letting a comparison measure-
ment solution, prepared by mixing the photosyn-
thetic sample with a comparison sample, stand
for the predetermined standing time, and then
after illuminating light onto the comparison
measurement solution for the predetermined il-
lumination time, measuring a light amount of the
delayed fluorescence that is emitted to thereby
prepare a comparison measurement result; and
a third step of computing assay values based
on the light amounts of delayed fluorescence,
respectively acquired in the first step and the
second step, and determining a comparison val-
ue of the assay values to assay the toxic sub-
stance present in the aqueous solution sample,
wherein the assay values are temporal varia-
tions of the light amounts of delayed fluores-
cence acquired in the first step and the second

step, and the comparison value is a value ob-
tained by determining a difference of the tem-
poral variations.

3. The toxic substance assay method according to
embodiment 2, wherein the temporal variation of the
light amount of delayed fluorescence acquired in the
first step or the second step has a characteristic
point, and in the third step, a value obtained by de-
termining a difference of the temporal variations of
the light amounts of delayed fluorescence within a
predetermined range between one characteristic
point and a measurement starting point or another
characteristic point is used as the comparison value
to assay the toxic substance.
4. The toxic substance assay method according to
embodiment 2 or 3,
wherein, in the third step, a value, determined as a
ratio of a value determined as a difference of the
temporal variations of the light amounts of delayed
fluorescence acquired in the first step and the sec-
ond step, with respect to the temporal variation of
the light amount of delayed fluorescence acquired
in the first step or the second step, is used as the
comparison value to assay the toxic substance.
5. The toxic substance assay method according to
any of embodiments 1 to 4
wherein in the second step, a standard sample to be
compared with is used as the comparison sample,
the photosynthetic sample is mixed with the standard
sample to prepare a standard measurement solution
that is the comparison measurement solution, the
standard measurement solution is left to stand for
the predetermined standing time, and then after illu-
minating light onto the standard measurement solu-
tion for the predetermined illumination time, the light
amount of the delayed fluorescence that is emitted
is measured to acquire the comparison measure-
ment result.
6. The toxic substance assay method according to
any of embodiments 1 to 4,
wherein in the second step, another aqueous solu-
tion sample is used as the comparison sample and
a measurement result, acquired on another test
measurement solution that is the comparison meas-
urement solution prepared by mixing the other aque-
ous solution sample with the photosynthetic sample,
is prepared as the comparison measurement result.
7. The toxic substance assay method according to
any of embodiments 1 to 6,
wherein, in the second step, a measurement result,
acquired in advance for the comparison measure-
ment solution, is prepared as the comparison meas-
urement result.
8. The toxic substance assay method according to
any of embodiments 1 to 7
wherein in the first step and the second step, the test
measurement solution and the comparison meas-
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urement solution are left to stand for a predetermined
standing time with light conditions being varied in
each measurement, and
in the third step, a variation of the comparison values
according to the light conditions is evaluated.
9. The toxic substance assay method according to
any of embodiments 1 to 8
wherein the densities of the photosynthetic sample
in the test measurement solution and in the compar-
ison measurement solution are within a range of den-
sities that are in a proportional relationship with the
light amount of delayed fluorescence.
10. The toxic substance assay method according to
any of embodiments 1 to 9
wherein in the first step and the second step, the test
measurement solution and the comparison meas-
urement solution are homogenized before measur-
ing the light amount of delayed fluorescence.
11. The toxic substance assay method according to
any of embodiments 1 to 10
wherein the photosynthetic sample includes at least
one type of photosynthetic sample, selected from
the group consisting of halotolerant algae, alkali-tol-
erant algae, and acid-tolerant algae.
12. The toxic substance assay method according to
embodiment 11, wherein the photosynthetic sample
is Spirulina.
13. A toxic substance assay method for assaying a
toxic substance present in an aqueous solution sam-
ple to be tested, the toxic substance assay method
comprising:

a preparing step of mixing the aqueous solution
sample with a photosynthetic sample, having a
photosynthetic function, to prepare a test meas-
urement solution;
a standing step of letting the test measurement
solution stand for a predetermined standing
time;
a measuring step of illuminating light onto the
test measurement solution for a predetermined
illumination time and thereafter measuring the
light amount of delayed fluorescence that is
emitted;
an assaying step of assaying the toxic sub-
stance present in the aqueous solution sample
based on the light amount of delayed fluores-
cence acquired in the measuring step; and
an acclimating step, preceding the measuring
step and including one of either a dark standby
step of subjecting the test measurement solution
to a dark standby for a predetermined standby
time or a preliminary illuminating step of subject-
ing the test measurement solution to a prelimi-
nary light illumination and to a dark standby for
a predetermined standby time.

14. The toxic substance assay method according to

embodiment 13, wherein in the dark standby step,
the predetermined standby time is no less than 30
seconds and no more than 1 hour.
15. The toxic substance assay method according to
embodiment 13 or 14,
wherein the ratio of the preliminary light illumination
time to the dark standby time in the preliminary illu-
minating step is equal to the ratio of the light illumi-
nation time to the dark standby time in the measuring
step.
16. A toxic substance assay kit for assaying a toxic
substance present in an aqueous solution sample to
be tested, the toxic substance assay kit comprising:

a photosynthetic sample to be mixed with the
aqueous solution sample;
a salt mixture for adjusting the salt concentration
and pH of the aqueous solution sample; and
a mixing means that mixes the aqueous solution
sample with the photosynthetic sample and with
the salt mixture in a separated manner.

17. The toxic substance assay kit according to em-
bodiment 16, further comprising a stabilizer for ho-
mogenizing the distribution density of the photosyn-
thetic sample.

Claims

1. A toxic substance assay method of assaying a toxic
substance present in an aqueous solution sample to
be tested, the toxic substance assay method com-
prising:

a first step of mixing a photosynthetic sample,
having a photosynthetic function, with the aque-
ous solution sample to prepare a test measure-
ment solution, letting the test measurement so-
lution stand for a predetermined standing time,
and then after illuminating light onto the test
measurement solution for a predetermined illu-
mination time, measuring a light amount of a de-
layed fluorescence that is emitted;
a second step of letting a comparison measure-
ment solution, prepared by mixing the photosyn-
thetic sample with a comparison sample, stand
for the predetermined standing time, and then
after illuminating light onto the comparison
measurement solution for the predetermined il-
lumination time, measuring a light amount of the
delayed fluorescence that is emitted to thereby
prepare a comparison measurement result; and
a third step of computing assay values based
on the light amounts of delayed fluorescence,
respectively acquired in the first step and the
second step, and determining a comparison val-
ue of the assay values to assay the toxic sub-
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stance present in the aqueous solution sample,
wherein the assay values are elapsed times of
characteristic points in temporal variations of the
light amounts of delayed fluorescence acquired
in the first step and the second step.

2. The toxic substance assay method according to
Claim 1, wherein in the second step, a standard sam-
ple to be compared with is used as the comparison
sample, the photosynthetic sample is mixed with the
standard sample to prepare a standard measure-
ment solution that is the comparison measurement
solution, the standard measurement solution is left
to stand for the predetermined standing time, and
then after illuminating light onto the standard meas-
urement solution for the predetermined illumination
time, the light amount of the delayed fluorescence
that is emitted is measured to acquire the compari-
son measurement result.

3. The toxic substance assay method according to
Claim 1, wherein in the second step, another aque-
ous solution sample is used as the comparison sam-
ple and a measurement result, acquired on another
test measurement solution that is the comparison
measurement solution prepared by mixing the other
aqueous solution sample with the photosynthetic
sample, is prepared as the comparison measure-
ment result.

4. The toxic substance assay method according to any
of Claims 1 to 3, wherein, in the second step, a meas-
urement result, acquired in advance for the compar-
ison measurement solution, is prepared as the com-
parison measurement result.

5. The toxic substance assay method according to any
of Claims 1 to 4, wherein in the first step and the
second step, the test measurement solution and the
comparison measurement solution are left to stand
for a predetermined standing time with light condi-
tions being varied in each measurement, and
in the third step, a variation of the comparison values
according to the light conditions is evaluated.

6. The toxic substance assay method according to any
of Claims 1 to 5, wherein the densities of the photo-
synthetic sample in the test measurement solution
and in the comparison measurement solution are
within a range of densities that are in a proportional
relationship with the light amount of delayed fluores-
cence.

7. The toxic substance assay method according to any
of Claims 1 to 6, wherein in the first step and the
second step, the test measurement solution and the
comparison measurement solution are homoge-
nized before measuring the light amount of delayed

fluorescence.

8. The toxic substance assay method according to any
of Claims 1 to 7, wherein the photosynthetic sample
includes at least one type of photosynthetic sample,
selected from the group consisting of halotolerant
algae, alkali-tolerant algae, and acid-tolerant algae.

9. The toxic substance assay method according to
Claim 8, wherein the photosynthetic sample is Spir-
ulina.
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