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[Document Name] Description 

[Title of Invention] MICROORGANISM TESTING METHOD 

5 [Technical Field] 

The present invention relates to a method for 

examining microorganisms, and in particular, relates to a 

method for examining microorganisms, the method being 

suitable for detecting microorganisms such as planktons 

10 that are included and live in ballast water or the like. 

[Background Art] 

A ship carrying no cargoes is loaded with ballast 

water in order to stabilize the ship when it sails, and 

15 discharges the ballast water in a marine area where cargoes 

are carried on the ship. 

The ballast water is usually discharged in a marine 

area different from the marine area where the ballast water 

is loaded on the ship, and therefore, the following problem 

20 may be caused: microorganisms such as planktons and 

bacteria included in the ballast water are transported to a 

marine area other than the native habitats thereof to 

disrupt ecosystem. 

In order to address such a problem, international 

25 rules for the regulation of ballast water have been 

established, and "the International Convention for the 

Control and Management of Ships' Ballast Water and 



- 2 -

Sediments (Ballast Water Management Convention)" has been 

adopted. 

In the "Guidelines for Ballast Water Sampling (G2)" 

related to the above Ballast Water Management Convention, 

"Ballast Water Discharge Standards (D-2)" prescribes the 

acceptable population of microorganisms that are included 

and live in ballast water discharged from a ship with 

differentiation based on the minimum size of the 

microorganisms, and for example, it prescribes that the 

acceptable population of microorganisms having a minimum 

size of 50 fim or more (hereinafter, referred to as "L 

size organisms") is 10/m3 or less, and that of 

microorganisms having a minimum size of 10 jam or more and 

less than 50 pm (hereinafter, referred to as "S size 

organisms") is 10/mL or less. 

As a technique for confirming whether the above 

Discharge Standards are satisfied when the ballast water 

is discharged, examination apparatuses for microorganisms 

have been heretofore known, such as an examination 

apparatus described in Patent Literature 1, in which 

seawater pumped up by a water pump is passed through flow 

cells and subjected to image measurement, and an 

examination apparatus described in Patent Literature 2, 

in which seawater pumped up by a water pump is passed 

through a unit of filters having different apertures, 

followed by allowing microorganisms on the filters to 

emit light and counting the number of the microorganism. 
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The examination apparatus for microorganisms 

described in Patent Literature 1 includes a staining 

portion that, while allowing a liquid analyte to flow, 

stains organisms having living cells present in the 

analyte; a concentrating portion that, while allowing the 

stained analyte to flow, performs concentrating so that 

the concentration of the organisms is increased; an 

individual measurement portion that acquires image 

information on individuals including the organisms in the 

concentrated analyte; and a controlling means that 

performs measurement of the organisms based on the image 

information on the individuals output by the individual 

measurement portion. 

Thus, the examination apparatus can perform a step 

of staining the organisms in the liquid of the analyte, a 

step of concentrating the organisms in the liquid, a step 

of acquiring the information on the organisms in the 

liquid, and the like in a flow system, and therefore has 

the following advantages as compared with a technique in 

which the each steps are performed in a batch system: a 

waiting time until the analyte after completion of one 

step partially proceeds to the next step can be 

significantly reduced or can be eliminated, and stable 

information on the life and death of the organisms can be 

acquired in the view that deterioration in the state of 

staining during the waiting time is prevented. 
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The examination apparatus for microorganisms 

described in Patent Literature 1, however, allows the 

seawater pumped by the water pump to sequentially pass 

through the each steps, and therefore has the problems of 

being a large-scale apparatus and being high in 

production cost. Further, although the examination 

apparatus allows the seawater to sequentially pass 

through the each steps for a reduction in waiting time, 

it has the problem of taking at least several hours for 

the completion of measurement. 

In addition, in the examination apparatus for 

microorganisms described in Patent Literature 2, there 

are a step of passing the seawater through the unit of 

filters which is formed by arranging of three filters 

each having a different aperture in series; a step of 

allowing the microorganisms trapped in the filters and 

living therein to conduct any of color development, light 

emission and fluorescence emission; and a step of 

detecting any of color development, light emission and 

fluorescence emission to count the number of the 

microorganisms in the ballast water or seawater by image 

analysis. 

Thus, the following advantage is provided: capturing 

the microorganisms by the stepwise size can be realized 

and, as a result, whether the standard of the acceptable 

residue for each size is satisfied can be rapidly 

measured. 
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The examination apparatus for microorganisms 

described in Patent Literature 2, however, also allows 

the seawater pumped by the water pump to sequentially 

pass through the each steps, and has the problems of 

being a large-scale apparatus and being high in 

production cost, as in the examination apparatus for 

microorganisms described in Patent Literature 1. 

In view of the above problems, the present applicant 

has proposed, in Patent Literature 3, a method for 

examining microorganisms, in which a batch type 

measurement cell can be utilized to thereby measure the 

number of microorganisms in ballast water simply in a 

short time at a high accuracy. 

The method for examining microorganisms proposed by 

the present applicant includes a stirring and mixing step 

of stirring and mixing a sample solution obtained by 

adding a fluorescence staining reagent to a sample in a 

batch type sample container; an excitation step of 

irradiating a surface to be irradiated of the sample 

container with excitation light while stirring the sample 

solution; a light reception step of counting the number 

of fluorescence emissions of microorganisms that emit 

fluorescence by the excitation light; and an estimation 

step of the number of microorganisms, which is a step of 

calculating the amount of microorganisms included in the 

sample in the sample container from the number of the 
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fluorescence emissions detected in the light reception 

step. 

Therefore, the method has the following actions and 

effects: microorganisms can brightly emit light in an 

extremely short time, by which the amount the 

microorganisms in the ballast water can be measured 

simply in a short time; and the thickness portion of the 

fluorescence emission is reduced, which results in that 

the difference in the amount of light between the 

background and the fluorescence emission of 

microorganisms become extremely clear to enhance the 

detection accuracy of the fluorescence emission of 

microorganisms. 

For example, as illustrated in Figure 6, the 

detection principle of microorganisms described above is 

as follows: microorganisms such as planktons subjected to 

fluorescence staining can be detected as electric signals 

in a photomultiplier tube, and a background component, 

for example, of a voltage of about 0.9 V continuously 

detected can be compared with a fluorescence intensity 

when living planktons pass to distinguish the peak height 

of the fluorescence intensity when the planktons pass, 

namely, the height of the voltage from the background 

component. The background component here is based on the 

fluorescence of sample water by itself, namely, intrinsic 

fluorescence or the fluorescence due to spontaneous 

decomposition of a staining agent in sample water. 
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In the above proposition, however, as the background 

component is larger, a noise component tends to be also 

larger, and as a result, a problem is that a larger 

background component causes a reduction in the S/N ratio 

to affect the detection accuracy. 

[Citation List] 

[Patent Literatures] 

[Patent Literature 1] Japanese Patent Laid-Open No. 2009-

85898 

[Patent Literature 2] Japanese Patent Laid-Open No. 2007-

135582 

[Patent Literature 3] Japanese Patent Laid-Open No. 2014-

042463 

[Summary of Invention] 

[Technical Problem] 

In view of the above problems, a technical object of 

the present invention is to provide a method for 

detecting microorganisms, in which fluorescence emission 

of the background component can be reduced to result in 

an enhancement in detection accuracy. 

[Solution to Problem] 

The method for examining microorganisms according to 

the present invention is a method for measuring an amount 

of microorganisms in a sample, the measurement of an 



amount of microorganisms in the sample including a 

sampling preparation step of stirring and mixing a sample 

and a fluorescence staining reagent to prepare a sampling, 

and a calculation step of an amount of microorganisms, 

which is a step of calculating an amount of 

microorganisms from the number of light emissions in 

fluorescence emission obtained by irradiation of the 

sampling with excitation light of a specific wavelength, 

wherein the sampling preparation step includes a 

fluorescence staining step of stirring and mixing certain 

amounts of the sample and the fluorescence staining 

reagent, a still standing step of leaving a solution 

after the fluorescence staining step to still stand for a 

certain time, and a dilution step of diluting a solution 

after the still standing step with a liquid that emits no 

fluorescence. 

In the fluorescence staining step, 1 to 10% by 

volume of the sample based on the total volume of a 

sample container may be loaded into the sample container 

together with 1% by volume of the fluorescence staining 

reagent based on the volume of the sample may be loaded 

into the sample container, and the sample and the 

fluorescence staining reagent may be stirred and mixed. 

Furthermore, FDA may be used as the fluorescence staining 

reagent and added so that the concentration thereof in 

the sample before dilution is 0.01 mM. 
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The method for examining microorganisms of the 

present invention is a method for measuring an amount of 

microorganisms in a sample, the measurement of an amount 

of microorganisms in the sample including a sampling 

preparation step of stirring and mixing a sample and a 

fluorescence staining reagent to prepare a sampling, and 

a calculation step of an amount of microorganisms, which 

is a step of calculating an amount of microorganisms from 

the number of light emissions in fluorescence emission 

obtained by irradiation of the sampling with excitation 

light of a specific wavelength, wherein the sampling 

preparation step includes a fluorescence staining step of 

stirring and mixing certain amounts of the sample and the 

fluorescence staining reagent, a still standing step of 

leaving a solution after the fluorescence staining step 

to still stand for a certain time, and a pH adjustment 

step of adding a pH adjuster to a solution after the 

still standing step. In the pH adjustment step, when a 

pH of the solution in the fluorescence staining step is 

8.0, the pH adjuster may be added so that the pH is 6.0 

in the pH adjustment step. 

[Advantageous Effects of Invention] 

According to the method for examining microorganisms 

of the present invention, a small amount of the sample is 

first stirred and mixed with the fluorescence staining 

reagent in the fluorescence staining step, and the 
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resulting solution is then left to still stand for a 

certain time in the still standing step and is further 

diluted with the liquid that emits no fluorescence in the 

dilution step. Thus, microorganisms included in a small 

amount of the sample can be stirred and mixed with the 

fluorescence staining reagent and extremely clearly 

stained without any plaques in the fluorescence staining 

step. Therefore, staining activity of the fluorescence 

staining reagent can be no longer exhibited when the 

dilution liquid is added in the dilution step, and 

fluorescence emission of the background component can be 

reduced to increase the S/N ratio, resulting in a 

remarkable enhancement in detection accuracy in the 

calculation step of the amount of microorganisms as the 

final step. In the fluorescence staining step, 1 to 10% 

by volume of the sample based on the total volume of the 

sample container can be loaded into the sample container 

together with 1% by volume of the fluorescence staining 

reagent based on the volume of the sample, and the sample 

and the fluorescence staining reagent can be stirred and 

mixed, thereby resulting in a further enhancement in 

detection accuracy. Furthermore, it is effective that 

FDA be used as the fluorescence staining reagent and 

added so that the concentration thereof in the sample 

before dilution is 0.01 mM. 

In the method for examining microorganisms of the 

present invention, the sampling preparation step includes 



the fluorescence staining step of stirring and mixing 

certain amounts of the sample and the fluorescence 

staining reagent, the still standing step of leaving the 

solution after the fluorescence staining step to still 

stand for a certain time, and the pH adjustment step of 

adding the pH adjuster to the solution after the still 

standing step. For example, when the pH of the sample is 

weakly alkaline in the fluorescence staining step, 

microorganisms included in the sample are extremely 

clearly stained without any plaques upon stirring and 

mixing with the fluorescence staining reagent. Therefore, 

when the pH of the sample is adjusted to weak acidity by 

adding of the pH adjuster in the pH adjustment step, 

staining activity of the fluorescence staining reagent 

can be no longer exhibited, and fluorescence emission of 

the background component can be reduced to increase the 

S/N ratio, resulting in a remarkable enhancement in 

detection accuracy in the calculation step of the amount 

of microorganisms as the final step. In the pH 

adjustment step, when the pH of the solution in the 

fluorescence staining step is 8.0, the pH adjuster can be 

added so that the pH becomes 6.0 in the pH adjustment 

step, thereby resulting in a further enhancement in 

detection accuracy. 

[Brief Description of Drawings] 
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[Figure 1] Figure 1 is a schematic process diagram of a 

method for examining microorganisms according to the 

first embodiment. 

[Figure 2] Figure 2 is a schematic process diagram of a 

method for examining microorganisms according to the 

second embodiment. 

[Figure 3] Figure 3 is a schematic view of an examination 

apparatus to be applied to the method for examining 

microorganisms. 

[Figure 4] Figure 4 is a voltage waveform diagram 

illustrating one example of a background component not 

diluted. 

[Figure 5] Figure 5 is a voltage waveform diagram 

illustrating one example of a background component 

diluted. 

[Figure 6] Figure 6 is a diagram illustrating voltage 

waveform for a comparison of a conventional background 

component and the fluorescence intensity when living 

planktons pass. 

[Description of Embodiments] 

Figure 1 is a schematic process diagram of a method 

for examining microorganisms according to a first 

embodiment, and Figure 2 is a schematic process diagram 

of a method for examining microorganisms according to a 

second embodiment. 
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As illustrated in Figure 1 and Figure 2, the method 

for examining microorganisms includes a sampling 

preparation step of collecting ballast water as a sample, 

and stirring and mixing the sample and a fluorescence 

staining reagent to prepare a sampling, and a calculation 

step of the amount of microorganisms, which is a step 

using an examination apparatus 1 for microorganisms and 

which is a step of calculating the amount of 

microorganisms from the number of light emissions in 

fluorescence emission obtained by irradiation of the 

sampling prepared in the sampling preparation step with 

excitation light of a specific wavelength. 

In the first embodiment of the present invention, 

the sampling preparation step includes a fluorescence 

staining step of stirring and mixing certain amounts of 

the sample and the fluorescence staining reagent, a still 

standing step of leaving the solution after the 

fluorescence staining step to still stand for a certain 

time, and a dilution step of diluting the solution after 

the still standing step with a liquid that emits no 

fluorescence. 

In the second embodiment, the sampling preparation 

step includes a fluorescence staining step of stirring 

and mixing certain amounts of the sample and the 

fluorescence staining reagent, a still standing step of 

leaving the solution after the fluorescence staining step 

to still stand for a certain time, and a pH adjustment 
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step of adding a pH adjuster to the solution after the 

still standing step. 

The sampling preparation step of the first 

embodiment will be described with reference to Figure 1. 

An operator provides, for example, a 100-ml sample 

container 2 formed from a transparent material that 

penetrates light, such as a glass, quartz or an acrylic 

resin, in advance. Then, a sample is collected in the 

sample container 2 and a fluorescence staining reagent or 

the like is added thereto for preparation. Thereafter 

the sample container 2 is accommodated in the examination 

apparatus 1 for microorganisms, and the amount of 

microorganisms is calculated. Hereinafter, "ml" 

represents milliliter. 

In measurement of the amount of microorganisms, it 

is desirable to concentrate a large amount of ballast 

water in a certain amount in advance. Then, the operator 

collects the ballast water concentrated in a certain 

amount as the sample by use of a pipette or the like, and 

loads 1 to 10% by volume of the sample based on the total 

volume of the sample container 2 into the sample 

container 2. For example, when the total volume of the 

sample container is 100 ml, the amount to be loaded into 

the sample container 2 is in the range of 1 to 10 ml, and 

is more preferably 5 ml. 

Next, the fluorescence staining reagent is added 

into the sample container 2. As the fluorescence 
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staining reagent, Calcein AM (Calcein-AM, produced by 

Promocell GmbH, Germany) or FDA, e.g., Fluorescein 

diacetate, which are commonly known, or the like can be 

used. While Calcein AM tends to easily stain 

phytoplanktons, FDA tends to easily stain zooplanktons. 

In the present invention, FDA is preferably used as the 

staining reagent. When the concentration of FDA is here 

1 mM, 1% by volume of the staining reagent based on the 

volume of the sample is preferably loaded into the sample 

container 2. That is, when 1 ml of the sample is 

collected, 0.01 ml, namely, 10 p.L of FDA in a 

concentration of 1 mM may be added; when 5 ml of the 

sample is collected, 0.05 ml, namely, 50 pL of FDA in a 

concentration of 1 mM may be added; and when 10 ml of the 

sample is collected, 0.1 ml, namely, 100 |LIL of FDA in a 

concentration of 1 mM may be added. Thereafter, the 

operator stirs and mixes the sample solution in the 

sample container 2 by a stirring means such as a rotor. 

The foregoing describes the fluorescence staining step in 

Figure 1. 

Next, in the still standing step in Figure 1, the 

operator leaves the sample container 2 after the 

fluorescence staining step, for a certain time. With 

respect to the conditions here, the sample container 2 is 

preferably left to still stand under an environment of 

20°C for about 30 minutes. 
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Furthermore, in the dilution step in Figure 1, the 

operator performs dilution by use of a liquid that emits 

no fluorescence, in the sample container 2 after the 

still standing step. In the dilution, for example, 

artificial seawater generating a low background noise, 

namely, emitting no fluorescence may be used, and the 

amount to be loaded into the sample container 2 as the 

amount of dilution may be in the range of 90 ml to 99 ml 

depending on the amount of the sample to be collected. 

Herein, the liquid that emits no fluorescence is not 

limited to artificial seawater, and for example, a sample 

including organisms not stained, before the fluorescence 

staining reagent is added thereto, can be applied as the 

liquid that emits no fluorescence. Thus, the following 

advantage is provided: the liquid that emits no 

fluorescence, such as artificial seawater, is not 

required to be separately provided and prepared. 

As described above, a small amount of the sample is 

first stirred and mixed with the fluorescence staining 

reagent, the resulting solution is then left to still 

stand for a certain time, and the solution left to still 

stand is further diluted with the liquid that emits no 

fluorescence. Thus, microorganisms included in a small 

amount of the sample can be stirred and mixed with the 

fluorescence staining reagent and extremely clearly 

stained without any plaques, and staining activity of the 

fluorescence staining reagent can be no longer exhibited 



in adding of the dilution liquid, which results in that 

fluorescence emission of the background component can be 

reduced. 

Next, the sampling preparation step of the second 

embodiment will be described with reference to Figure 2. 

As in the above embodiment, an operator prepares a 100-ml 

sample container 2 in advance. Then, the operator 

collects ballast water concentrated in a certain amount 

as the sample by use of a pipette or the like, and loads 

the sample in an amount of the total volume of the sample 

container 2 into the sample container 2. For example, 

when the total volume of the sample container is 100 ml, 

100 ml of the sample is loaded into the sample container 

2. Then, FDA may be used as the fluorescence staining 

reagent, and also 1 ml, namely, 1000 (aL of FDA in a 

concentration of 1 mM may be added to 100 ml of the 

sample. Thereafter, the operator mixes and stirs the 

sample solution in the sample container 2 by use of a 

stirring means such as a rotor. The foregoing describes 

the fluorescence staining step in Figure 2. The pH of 

the solution here is about 8.0 which is weakly alkaline. 

Then, as the still standing step in Figure 2, the 

operator leaves the sample container 2 after the 

fluorescence staining step, for a certain time. With 

respect to the conditions here, the sample container 2 is 

preferably left to still stand under an environment of 

20°C for about 30 minutes. 



- 18 -

Next, in the pH adjustment step in Figure 2, the 

operator adds a pH adjuster to the sample container 2 

after the still standing step to adjust the pH of the 

solution to about 6.0, which is weakly acidic. For 

example, an MES buffer may be used as the pH adjuster, 

and the concentration of the pH adjuster and the amount 

thereof to be loaded are appropriately modulated so that 

the pH shifts from 8.0 to 6.0. 

As described above, the sample is first stirred and 

mixed with the fluorescence staining reagent, the 

resulting solution is then left to still stand for a 

certain time, and the pH adjuster is further added to the 

solution left to still stand so as to adjust the pH. 

Thus, in the initial fluorescence staining step, the pH 

is weakly alkaline, and microorganisms included in the 

sample are stirred and mixed with the fluorescence 

staining reagent and extremely clearly stained without 

any plaques. In addition, in the last pH adjustment step, 

the pH adjuster is added to thereby allow the pH to shift 

to weakly acidic, and staining activity of the 

fluorescence staining reagent is no longer exhibited, 

which results in that fluorescence emission of the 

background component can be reduced. 

The sampling preparation step of each of the first 

embodiment in Figure 1 and the second embodiment in 

Figure 2 is followed by the calculation step of the 

amount of microorganisms below. 



?'' 
i 

- 19 -

Figure 3 is a schematic view of an examination 

apparatus to be applied to the method for examining 

microorganisms. The principle of such an examination 

apparatus 1 is as follows. A sample container 2 is 

installed to the examination apparatus 1, a measurement 

starting button of an operation portion 3 is pressed to 

thereby turn on an LED light source 4 after a 

predetermined time, and the sample container 2 is 

irradiated with light that penetrates a band pass filter 

for excitation light 5. Here, the sample container 2 is 

irradiated with, for example, light of wavelengths of 450 

nm to 490 nm as wavelength properties to allow an analyte 

in the sample container 2, namely, microorganisms to emit 

fluorescence. Then, the fluorescence penetrates a band 

pass filter for fluorescence 6, and is detected by a 

photomultiplier tube (PMT) 7. 

The photomultiplier tube (PMT) 7 can convert light 

energy to electric energy by use of the photoelectric 

effect, and can also have a current amplification 

function added, to detect fluorescence emission at a high 

sensitivity. The electric signal detected is sent to a 

CPU board 8, and the number of received light waveforms 

of a certain threshold or more is counted. 

Furthermore, in the CPU board 8, the number of 

microorganisms present in 100 ml of water in the sample 

container 5 is estimated from the number counted based on 

the received light waveforms, and whether the number of 
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microorganisms satisfies the effluent standard is 

displayed on a display portion 9. 

Hereinafter, the results of the above first 

embodiment are verified. 

Whether the background is reduced by dilution to 

result in a reduction in noise to enhance the S/N ratio, 

as in the first embodiment described above, has been 

verified. 

As one example not diluted, 5 ml of seawater 

including organisms, as a sample, 95 ml of artificial 

seawater including no organisms, and 1 ml of FDA in a 

concentration of 1 mM were loaded into a sample container 

2 having a total volume of 100 ml, and were stirred and 

mixed. The sample container 2 was left to still stand 

for a certain time, specifically, left to still stand 

under an environment of 20°C for about 30 minutes, and 

subjected to measurement by an examination apparatus 1. 

The background component here is illustrated in Figure 4 

(a). In addition, an enlarged diagram is illustrated in 

Figure 4 (b) . Here, the voltage of the background 

component was 0.3977 V, the signal voltage S was 0.006118 

V, the noise voltage N was 0.001157 V, and the S/N ratio 

was 5.2878. 

As one example diluted, a sample was adjusted 

according to the technique in paragraphs 0025 to 0030 

described above, and subjected to measurement by the 

examination apparatus 1. The background component here 
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is illustrated in Figure 5 (a). In addition, an enlarged 

diagram is illustrated in Figure 5 (b). Here, the 

voltage of the background component was 0.03977 V, the 

signal voltage S was 0.006354 V, the noise voltage N was 

0.000479 V, and the S/N ratio was 13.2651. 

In comparison of the example not diluted, with the 

example diluted, the voltage of the background component 

was reduced to about 1/20 and the S/N ratio was increased 

about 2.5 times. 

According to the present embodiments, as described 

above, a small amount of the sample is stirred and mixed 

with the fluorescence staining reagent in the 

fluorescence staining step, the resulting solution is 

then left to still stand for a certain time in the still 

standing step, and the solution is further diluted with 

the liquid that emits no fluorescence in the dilution 

step. Therefore, microorganisms included in a small 

amount of the sample can be stirred and mixed with the 

fluorescence staining reagent and extremely clearly 

stained without any plaques in the fluorescence staining 

step, staining activity of the fluorescence staining 

reagent can be no longer exhibited in adding of the 

dilution liquid in the dilution step. Thus, fluorescence 

emission of the background component can be reduced to 

increase the S/N ratio, resulting in a remarkable 

enhancement in detection accuracy in the calculation step 

of the amount of microorganisms as the final step. 
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In addition, in the case where the sampling 

preparation step includes the fluorescence staining step 

of stirring and mixing certain amounts of the sample and 

the fluorescence staining reagent, the still standing 

step of leaving the solution after the fluorescence 

staining step to still stand for a certain time, and the 

pH adjustment step of adding the pH adjuster to the 

solution after the still standing step, when the pH of 

the sample is weakly alkaline in the fluorescence 

staining step, microorganisms included in the sample are 

extremely clearly stained without any plaques upon 

stirring and mixing with the fluorescence staining 

reagent. Therefore, when the pH of the sample is 

adjusted to weak acidity by adding of the pH adjuster in 

the pH adjustment step, staining activity of the 

fluorescence staining reagent can be no longer exhibited, 

and fluorescence emission of the background component can 

be reduced to increase the S/N ratio, resulting in a 

remarkable enhancement in detection accuracy in the 

calculation step of the amount of microorganisms as the 

final step. 

[Industrial Applicability] 

The present invention can be applied to, for example, 

a method for detecting microorganisms, in which 

fluorescence emission of the background component can be 

reduced to result in an enhancement in detection accuracy. 
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[Reference Signs List] 

1 examination apparatus 

2 sample container 

3 operation portion 

4 LED light source 

5 band pass filter for excitation li 

6 band pass filter for fluorescence 

7 photomultiplier tube (PMT) 

8 CPU board 

9 display portion 
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MCSLLP 

CLAIMS 

[Claim 1] 

A method for examining microorganisms to measure an 

5 amount of microorganisms in a sample taken from the ballast 

water containing microorganisms delivered from the ship and 

collected into a transparent sample container, the 

measurement of the amount of microorganisms in the sample 

comprising a sampling preparation step of stirring and 

10 mixing the sample and a fluorescence staining reagent to 

prepare a sampling, and a calculation step of an amount of 

microorganisms, which is a step of calculating an amount of 

microorganisms from the number of light emissions in 

fluorescence emission obtained by irradiation of the 

15 sampling with excitation light of a specific wavelength, 

wherein 

the sampling preparation step comprises a fluorescence 

staining step of stirring and mixing certain amounts of the 

sample and the fluorescence staining reagent, a still 

20 standing step of leaving a solution after the fluorescence 

staining step to still stand for a certain time, and a 

dilution step of diluting the solution after the still 

standing step with a liquid that emits no fluorescence, 

the fluorescence staining step comprises loading, 

25 into the sample container, 1 to 10% by volume of the sample 

based on the total volume of the sample container and also 

loading, into the sample container, 1% by volume of the 

fluorescence staining reagent based on the volume of the 

sample, and stirring and mixing the sample and the 

30 fluorescence staining reagent, and 

a dilution liquid of 90 to 99% by volume of the 

sample container based on the total volume thereof is 
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loaded in the dilution step into the sample container to 

make dilution. 

[Claim 2] 

5 The method for examining microorganisms according to 

claim 1, wherein FDA is used as the fluorescence staining 

reagent, and is added so that a concentration thereof in 

the sample before dilution is 0.01 mM. 

10 [Claim 3] 

A method for examining microorganisms to measure an 

amount of microorganisms in a sample taken from the ballast 

water containing microorganisms delivered from the ship and 

collected into a transparent sample container, the 

15 measurement of the amount of microorganisms in the sample 

comprising a sampling preparation step of stirring and 

mixing the sample and a fluorescence staining reagent to 

prepare a sampling, and a calculation step of an amount of 

microorganisms, which is a step of calculating an amount of 

20 microorganisms from the number of light emissions in 

fluorescence emission obtained by irradiation of the 

sampling with excitation light of a specific wavelength, 

wherein 

the sampling preparation step comprises a fluorescence 

25 staining step of adding, stirring, and mixing certain 

amounts of the sample and the fluorescence staining reagent 

to achieve the concentration of the reagent within the 

sampling of O.OlmM, a still standing step of leaving a 

solution after the fluorescence staining step to still 

30 stand for a certain time, and a pH adjustment step of 

adding a pH adjuster to the solution after the still 

standing step, and 



MCSLLP 
- 26 -

the pH adjustment step comprises adding the pH 

adjuster when a pH of the solution in the fluorescence 

staining step is 8.0, so that the pH is 6.0 in the pH 

adjustment step, wherein 

5 FDA is used as the fluorescence staining reagent in 

the sampling preparation step. 


