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[Document Name] Description 

[Title of Invention] Method for Examining Microorganisms 

and Examination Apparatus for Microorganisms 

[Technical Field] 

The present invention relates to a method for 

examining microorganisms and an examination apparatus for 

microorganisms, and in particular, to a method for 

examining microorganisms such as planktons which are 

contained and live in ballast water or the like, the 

method being suitable for detecting the microorganisms, 

and an examination apparatus for microorganisms. 

[Background Art] 

A ship that is not carrying cargo sails while being 

loaded with ballast water in order to stabilize the ship, 

and discharges the ballast water in a marine area in 

which cargo is loaded on the ship. 

The ballast water is normally discharged in a marine 

area different from the marine area where the cargo is 

loaded on the ship. 	Thus, microorganisms such as 

planktons and bacteria contained in the ballast water may 

be carried to a marine area different from the native 

habitat of the microorganisms, disadvantageously posing 

problems such as disruption of ecosystem. 
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To deal with such problems, 	international rules for 

the regulation of ballast water have been formulated, and 

the International Convention for the Control and 

Management of Ship's Ballast Water and Sediments (Ballast 

Water Management Convention) has been adopted. 

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

"Ballast Water Discharge Standards 	(D-2)" related to the 

Ballast Water Management Convention, the allowable 

population of microorganisms contained and living in the 

ballast water discharged from the ship is specified for 

each type of microorganisms based on the minimum size. 

For example, the allowable population is specified as at 

most 10/m3  for microorganisms with a minimum size of at 

least 50 µm (hereinafter referred to as "L size 

organisms") 	and as at most 10/mL for microorganisms with 

a minimum size of at least 10 µm and less than 50 µm 

(hereinafter referred to as "S size organisms"). 

As a method for measuring microorganism cells living 

in water such as ballast water, a method described in 

Patent Literature 1 has been known. 

In the method described in Patent Literature 1, 

first, a chemical substance reacting with an enzyme or a 

coenzyme present in living cells of microorganisms to 

generate a fluorescent substance in the cells is allowed 

to act on a measurement target sample containing the 

microorganisms. 	The chemical substance and the 

microorganisms are then mixed and contacted with one 
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another for given time, and the sample is irradiated with 

light with a wavelength needed to excite the fluorescent 

substance generated in the cells. 	Furthermore, 	in this 

method for measuring the living cells of the 

microorganism cells, 	light emitted by the individual 

microorganisms in the sample is measured as the number of 

points. 

This method significantly reduces measurement time 

that needs to be 10 hours to several tens of hours in a 

conventional agar culture method, to at most 10 minutes. 

Furthermore, since means for optically and electrically 

detecting and measuring light emitted by viable bacteria 

as points has been established, 	the number of viable 

bacteria can be directly, automatically counted. 	Thus, 

advantageously, a sterilization apparatus can be promptly 

controlled, and product quality can be expeditiously 

managed. 

However, 	in the method described in Patent 

Literature 1, measured values may vary depending on the 

type of water, 	temperature, 	the type of a stain, 

concentration, 	staining time, and the like. 

As other methods, 	for example, 	the following are 

known: an examination apparatus for microorganisms that 

passes sea water pumped up using a water pump through 

flow cells and performs image measurement in order to 

determine whether or not the discharge standards are met 

when the ballast water is discharged (for example, Patent 
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Literature 2), and an examination apparatus for 

microorganisms which passes sea water pumped up using a 

water pump through filter units with different apertures 

and which allows microorganisms on the filters to emit 

light to count the number of the microorganisms (for 

example, 	Patent Literature 3). 

The examination apparatus for microorganisms 

described in Patent Literature 2 includes a staining 

section that allows a liquid specimen to flow while 

staining organisms with living cells present in the 

specimen, a concentration section that allows the stained 

specimen to flow while concentrating the specimen so as 

to increase the concentration of the organisms, an 

individual measurement section that acquires image 

information on individuals including the organisms in the 

concentrated specimen, and control means for measuring 

the organisms based on the image information on the 

individuals output by the individual measurement section. 

This allows sequential execution of a staining step 

of staining the organisms in the liquid of the specimen, 

a step of concentrating the organisms in the liquid, a 

step of acquiring information on the organisms in the 

liquid, and the like. 	Thus, compared to a technique for 

individually executing schemes, this technique has the 

following advantages. 	Waiting time until a part of a 

specimen on which one step has been executed proceeds to 

the next step can be drastically reduced or eliminated. 



- 5 - 

Furthermore, information indicating whether the organisms 

are alive or dead can be acquired, the information being 

stable in a sense that the condition of staining during 

the waiting time is prevented from being degraded. 

However, the examination apparatus for 

microorganisms described in Patent Literature 2 

sequentially passes sea water pumped up using the water 

pump through various steps, 	leading to the need for a 

large-scale apparatus and increased manufacturing costs. 

At least several hours may be needed to complete the 

measurement. 

Furthermore, the examination apparatus for 

microorganisms described in Patent Literature 3 is 

characterized by including a step of passing sea water 

though filter units with three types of filters arranged 

in series and having different apertures, a step of 

causing the microorganisms collected and living in the 

filters to perform one of color production, 	light 

emission, and fluorescence production, and a step of 

detecting one of the color production, 	light emission, 

and fluorescence production and counting the number of 

the microorganisms in the ballast water or sea water by 

means of image analysis. 

Thus, the microorganisms can be captured according 

to the stepwise size thereof, consequently enabling 

expeditious determination of whether allowable residue 
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standards regulated according to the size of 

microorganisms are met. 

However, as is the case with Patent Literature 1, 

the examination apparatus for microorganisms described in 

Patent Literature 3 passes sea water pumped up using the 

water pump through various steps, possibly leading to the 

need for a large-scale apparatus and increased 

manufacturing costs. 

[Citation List] 

[Patent Literature] 

[Patent Literature 1] 	Japanese Patent Laid-Open No. 	3- 

43069 

[Patent Literature 2] 	Japanese Patent Laid-Open No. 	2009- 

85898 

[Patent Literature 3] 	Japanese Patent Laid-Open No. 	2007- 

135582 

[Summary of Invention] 

[Technical Problem] 

With the above-described problems in view, 	it is a 

technical object of the present invention to provide a 

method for examining microorganisms in ballast water and 

an examination apparatus for microorganisms which allow 

the amount of the microorganisms to be easily and quickly 

measured with high accuracy. 
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[Solution to Problem] 

To accomplish the object, the present invention has 

taken technical measures by providing an examination 

apparatus for microorganisms for measuring an amount of 

microorganisms in a sample solution, the apparatus 

including: stirring and mixing means having a sample 

container formed of a material allowing light to pass 

through, for stirring and mixing the sample solution in 

the sample container, an excitation light source that 

irradiates the sample container with excitation light; 

light receiving means for detecting light and converting 

the light into an electric signal; and control means for 

calculating the amount of the microorganisms contained in 

a sample in the sample container, in which the sample 

solution is prepared by adding a fluorescent staining 

reagent that stains the microorganisms to the sample, the 

light receiving means detects a fluorescent emission from 

the sample solution resulting from irradiation with the 

excitation light from the excitation light source, and 

the control means detects the number of emissions based 

on an electric signal from the light receiving means to 

calculate the amount of the microorganisms contained in 

the sample in the sample container. 

Thus, the sample and the fluorescent staining 

reagent that stains the microorganisms are added into the 

sample container, and the stirring and mixing means stirs 

and mixes the sample solution. 	Next, with the sample 
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solution being stirred, 	excitation light is allowed to 

enter the sample container, and moreover, the light 

receiving means receives fluorescent emissions from the 

microorganisms. 	Consequently, compared to an examination 

apparatus for microorganisms that measures the sample 

solution kept stationary without stirring, the 

examination apparatus for microorganisms according to the 

present invention allows the microorganisms to emit 

bright light in a very short time, enabling the amount of 

microorganisms in ballast water to be easily and quickly 

measured. 	Furthermore, the apparatus according to the 

present invention is not of a flow type and can thus be 

downscaled, allowing manufacturing costs to be reduced. 

Additionally, an invention set forth in Claim 2 is 

characterized by including filtering means between the 

light receiving means and the control means, in which the 

filtering means filters out noise of a low frequency 

component and noise of a high frequency component 

contained in the electric signal from the light receiving 

means. 

Thus, before the electric signal is loaded into the 

control means, 	the filtering means filters out 

disturbance, allowing the electric signal commensurate 

with the amount of fluorescent emissions from the 

microorganisms to be definitely distinguished from the 

disturbance. 	This prevents a possible error in the 

measurement of the amount of the microorganisms and a 
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disadvantageous variation in measured values, enabling 

stable measurement. 

An invention set forth in Claim 3 is characterized 

in that the filtering means is a band pass filter with a 

high pass filter and a low pass filter coupled together. 

An invention set forth in Claim 4 is characterized 

in that the excitation light source is disposed so as to 

irradiate the sample container with the excitation light 

in such a manner that the excitation light is orthogonal 

to the sample container, and the light receiving means is 

disposed so as to receive the fluorescent emission at an 

angle orthogonal to the excitation light from the 

excitation light source. 

Thus, the excitation light from the excitation light 

source is prevented from directly entering the light 

receiving means, and the thickness portion of the 

fluorescent emission is made thinner (for example, 	the 

width of an emission portion, which is conventionally 20 

mm to 30 mm, is reduced to a width M (3 mm) 	as depicted 

in Figure 2, 	and thus, 	the thickness portion is thinner). 

This significantly clarifies the difference in the amount 

of light between a background and the fluorescent 

emissions from the microorganisms, 	improving detection 

accuracy for the fluorescent emissions from the 

microorganisms. 
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Furthermore, an invention set forth in Claim 5 is 

characterized in that a slit member is provided between 

the light receiving means and the sample container. 

Thus, the area of a fluorescent emission from the 

background, which contributes to noise, 	is reduced. 	This 

increases the signal ratio of the fluorescent emissions 

from the microorganisms to the fluorescent emission from 

the background, and improves the detection accuracy for 

the fluorescent emissions from the microorganisms. 

Moreover, an invention set forth in Claim 6 is 

characterized in that parallel-light converting means for 

converting light from the excitation light source into 

parallel light is provided between the excitation light 

source and the sample container. 

Thus, the excitation light from the excitation light 

source is restrained from being spread so that an 

irradiation target surface of the sample container is 

irradiated with parallel light. 	Consequently, the 

thickness portion of the fluorescent emission from the 

background is made thinner. 	This increases the signal 

ratio of the fluorescent emissions from the 

microorganisms to the fluorescent emission from the 

background, 	improving the detection accuracy for the 

fluorescent emissions from the microorganisms. 

An invention set forth in Claim 7 is characterized 

in that the parallel-light converting means is formed by 

drilling a threaded hole in a flat plate. 



Thus, an inexpensive material can be used to allow 

the angle of the excitation light from the excitation 

light source to be forcibly set by the threaded hole, 

enabling a reduction in the directivity angle of light 

radiated through the threaded hole. 	Consequently, the 

thickness portion of the fluorescent emission from the 

background is made thinner. 	This increases the signal 

ratio of the fluorescent emissions from the 

microorganisms to the fluorescent emission from the 

background, 	improving the detection accuracy for the 

fluorescent emissions from the microorganisms. 

Furthermore, an invention set forth in Claim 8 is 

characterized in that the parallel-light converting means 

is formed of a convex lens. 

Thus, an inexpensive material can be used to reduce 

the directivity angle of the excitation light from the 

excitation light source. 	Consequently, the thickness 

portion of the fluorescent emission from the background 

is made thinner. 	This increases the signal ratio of the 

fluorescent emissions from the microorganisms to the 

fluorescent emission from the background, improving the 

detection accuracy for the fluorescent emissions from the 

microorganisms. 

An invention set forth in Claim 9 is a method for 

examining microorganisms in a sample solution to measure 

an amount of the microorganisms in a sample solution, the 

method including: a stirring and mixing step of stirring 
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and mixing, in the sample container, the sample solution 

in which a fluorescent staining reagent that stains the 

microorganisms is added to a sample; an excitation step 

of irradiating the sample container with excitation 

light; a light receiving step of detecting a fluorescent 

emission from the sample container resulting from the 

irradiation with the excitation light, and converting the 

fluorescent emission into an electric signal; and a 

microorganism number estimating step of detecting the 

number of emissions based on the electric signal 

resulting from the conversion in the light receiving step, 

and calculating the amount of the microorganisms 

contained in a sample in the sample container. 

Thus, compared to a method of measuring the sample 

solution kept stationary without stirring, the method 

according to the present invention allows the 

microorganisms to emit light in a very short time, 

enabling the amount of the microorganisms in ballast 

water to be easily and quickly measured. 	Furthermore, 

the thickness portion of the fluorescent emission is made 

thinner to significantly clarify the difference in the 

amount of light between the background and the 

fluorescent emissions from the microorganisms. 	As a 

result, 	the detection accuracy for the fluorescent 

emissions from the microorganisms is improved. 

Additionally, an invention set forth in Claim 10 is 

characterized by including a filtering step between the 
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light receiving step and the microorganism number 

estimating step, 	the filtering step filtering out noise 

of a low frequency component and noise of a high 

frequency component contained in the electric signal 

resulting from the conversion in the light receiving step. 

Thus, before the electric signal is loaded into the 

control means, the filtering means filters out 

disturbance, allowing the electric signal commensurate 

with the amount of fluorescent emissions from the 

microorganisms to be definitely distinguished from the 

disturbance. 	This prevents a possible error in the 

measurement of the amount of microorganisms and a 

disadvantageous variation in measured values, enabling 

stable measurement. 

[Advantageous Effects of Invention] 

The present invention can provide a method for 

examining microorganisms in ballast water and an 

examination apparatus for microorganisms which allow the 

amount of the microorganisms to be easily and quickly 

measured with high accuracy. 

[Brief Description of Drawings] 

[Figure 1] 	Figure 1 is a perspective view generally 

depicting an examination apparatus for microorganisms 

according to embodiments of the present invention. 
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[Figure 2] 	Figure 2 is a schematic plane cross-sectional 

view of a measurement section according to the 

embodiments of the present invention. 

[Figure 3] 	Figure 3 is a block diagram depicting a 

general configuration of an examination apparatus for 

microorganisms according to a first embodiment of the 

present invention. 

[Figure 4] 	Figure 4 is a flowchart depicting a 

measurement flow for the examination apparatus for 

microorganisms according to the first embodiment of the 

present invention. 

[Figure 5] 	Figure 5 is a block diagram depicting a 

general configuration of an examination apparatus for 

microorganisms according to a second embodiment of the 

present invention. 

[Figure 6] 	Figure 6 is a diagram depicting an example of 

a circuit for filtering means according to the second 

embodiment of the present invention-  

[Figure 7] 	Figure 7 is a flowchart depicting a 

measurement flow for the examination apparatus for 

microorganisms according to the second embodiment of the 

present invention. 

[Figure 8A] 	Figure 8A is a schematic cross-sectional view 

depicting an embodiment of parallel-light converting 

means. 
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[Figure 8B] 	Figure 8B is a schematic cross-sectional view 

depicting an embodiment of the parallel-light converting 

means. 

[Figure 9A] 	Figure 9A is a diagram depicting the effect 

of the presence of slits which serves to narrow a viewing 

surface. 

[Figure 9B] 	Figure 9B is a diagram depicting the effect 

of the presence of slits which serves to narrow a viewing 

surface. 

[Figure 10A] 	Figure 10A is a graph depicting a 

correlation between the population of microorganisms and 

a light reception count in a photomultiplier tube 	(PMT). 

[Figure 10B] 	Figure 10B is a graph depicting a 

correlation between the population of microorganisms and 

the light reception count in the photomultiplier tube 

(PMT). 

[Figure 11A] 	Figure 11A is a graph indicating tests 

examining whether or not detection can be achieved based 

on whether microorganisms are alive or dead. 

[Figure 11B] 	Figure 11B is a graph indicating the tests 

examining whether or not detection can be achieved based 

on whether microorganisms are alive or dead. 

[Figure 110] 	Figure 11C is a graph indicating the tests 

examining whether or not detection can be achieved based 

on whether microorganisms are alive or dead. 
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[Figure 11D] 	Figure 11D is a graph indicating the tests 

examining whether or not detection can be achieved based 

on whether microorganisms are alive or dead. 

[Figure 12A] 	Figure 12A is a graph depicting the waveform 

of a voltage acquired before installation of the 

filtering means. 

[Figure 12B] 	Figure 12B is a graph depicting the waveform 

of the voltage acquired before installation of the 

filtering means. 

[Figure 120] 	Figure 12C is a graph depicting the waveform 

of the voltage acquired before installation of the 

filtering means. 

[Figure 13A] 	Figure 13A is a graph depicting the waveform 

of a voltage acquired after installation of the filtering 

means. 

[Figure 13B] 	Figure 13B is a graph depicting the waveform 

of the voltage acquired after installation of the 

filtering means. 

[Figure 13C] 	Figure 13C is a graph depicting the waveform 

of the voltage acquired after installation of the 

filtering means. 

[Figure 13D] 	Figure 13D is a graph depicting the waveform 

of the voltage acquired after installation of the 

filtering means. 

[Description of Embodiments] 

(First Embodiment) 
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Embodiments of the present invention will be 

described with reference to the drawings. 	Figure 1 is a 

perspective view generally depicting an examination 

apparatus for microorganisms according to the present 

embodiment. 	Figure 2 is a schematic plane cross-

sectional view of a measurement section according to the 

present embodiment. 	Figure 3 is a block diagram 

depicting a general configuration of the examination 

apparatus for microorganisms according to the present 

embodiment. 

As depicted in Figure 1 and Figure 2, an examination 

apparatus 1 according to the present invention includes, 

as main components, a main body section 2 incorporating a 

control mechanism such as a CPU board to perform an 

information processing operation and a statistical 

processing operation on measurement results and the like, 

an operation section 3 including an arrangement of 

operation buttons juxtaposed on the main body section 2, 

a display section 4 formed of a liquid crystal panel or 

the like in order to display the measurement results and 

the like, and a measurement section 6 that houses a batch 

sample container 5 formed of a transparent material that 

allows light to pass through (for example, 	glass, 	quartz, 

or an acrylic resin) to optically count the number of 

microorganisms in a sample solution S. 	Reference numeral 

7 denotes a rotor that allows the sample solution S 

contained in the sample container 5. 	The rotor 7 is 
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housed in the sample container 5 along with the sample 

solution S and an emission reagent, and is rotationally 

driven by a magnetic stirrer 27 incorporated in the 

measurement section 6 when the sample container 5 is 

housed in the measurement section 6. 	Thus, the number of 

microorganisms in the sample solution S can be counted 

while the sample solution S containing the sample and 

emission reagent in the sample container 5 is being 

stirred and mixed at a predetermined temperature. 

Compared to an examination apparatus for microorganisms 

which measures the sample solution kept stationary 

without stirring, the examination apparatus for 

microorganisms according to the present invention allows 

the microorganisms to emit light in a very short time, 

enabling the amount of the microorganisms in ballast 

water to be easily and quickly measured. 

The examination apparatus 1 depicted in Figure 1 is 

formed to have a width of 300 mm, a depth of 300 mm, a 

height of 100 mm, and a weight of approximately 2 to 4 kg. 

The examination apparatus 1 can be carried in a handheld 

trunk (not depicted in the drawings) 	to enable 

measurement in a ship or outdoors. 

The batch sample container 5 formed of the material 

that allows light to pass through is shaped like a prism 

having a 50 mm x 50 mm bottom surface and a height of 60 

mm. 	The internal capacity of the sample container 5 at a 

water level of 40 mm is set to 100 ml 	(milliliters). 	The 
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sample container 5 is not limited to such a prismatic 

shape but may be shaped like a cylinder or a cubic 

provided that an internal capacity of approximately 100 

ml 	(milliliters) 	can be secured. 

As depicted in Figure 1, 	Figure 2, and Figure 3, 	the 

measurement section 6 includes a sample container housing 

section 9 that houses and holds the sample container 5, a 

light source section 13 that irradiates the sample 

container 5 with excitation light, and a light receiving 

section 1.9 that allows microorganisms stained with an 

emission reagent and floating in the sample container 5 

to be observed using the excitation light radiated by the 

light source section 13. 	The light receiving section 19 

electrically communicates with a CPU board 23 which 

counts the number of microorganisms in the sample 

solution S and which performs an information processing 

operation and a statistical processing operation on 

measurement results and the like. 

The sample container housing section 9 includes 

holding plates 8a, 	8b surrounding at least two surfaces 

of the sample container 5, and houses and holds the 

sample container 5 so as not to block radiation of light 

from the light source section 13. 

As depicted in Figure 2, 	the light source section 13 

is disposed such that excitation light enters an 

irradiation target surface G of the sample container 5 

along a normal AP. 	The light source section 13 includes 
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a LED light source 10 disposed near the sample container 

housing section 9, parallel-light converting means 11 

disposed in front of the LED light source 10 to convert 

diffusion light into parallel light 	(the parallel-light 

converting means 11 converts light from a LED into 

parallel rays of light impinging uniformly on a surface 

at the same angle), and an excitation light band pass 

filter 12 that irradiates the sample container 5 with 

excitation light including slit-like parallel rays of 

light. 

Figure 8 is a schematic cross-sectional view 

depicting an embodiment of the parallel-light converting 

means 11. 	In an example depicted in Figure 8A, the 

parallel-light converting means 11 is formed by drilling 

a threaded hole 32 with a predetermined diameter in a 

flat plate 31 with a predetermined thickness. 	The 

thickness L of the flat plate 31 and the hole diameter of 

the threaded hole are appropriately set in accordance 

with an optical path length. 	Thus, 	scattering light with 

an incident angle 0 radiated by the LED light source 10 

is converted into parallel light upon passing through the 

threaded hole 32. 	In the example depicted in Figure 8A, 

optimum conditions for 0 and L have been determined 

through tests on an SN ratio. 	For example, 	for M3 	(the 

outer diameter of the threaded hole) 	x 0.5 	(pitch), 0 is 

optimum at 9.5° and L is optimum at 15 mm. 
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The parallel-light converting means 11 depicted in 

Figure BB includes a convex lens 33 provided in front of 

the LED light source 10. 	Scattering light radiated by 

the LED light source 10 is converted into parallel light 

upon passing through the convex lens 33 to the exterior. 

The light source section 13 according to the present 

embodiment uses the LED light source 10 as a light source. 

However, the present embodiment is not limited to the LED 

light source 10 but a parallel-light LED light source, a 

laser light source, or a light bulb which enables 

parallel light to be radiated may be used provided that 

the light source allows fluorescent substances contained 

in the microorganisms to be excited. 	Of course, when a 

parallel-light LED light source or a laser light source 

is used which enables parallel light to be radiated, the 

above-described parallel-light converting means 11 is 

unwanted. 

As depicted in Figure 2, the light receiving section 

19 is provided so as to dispose a light receiving surface 

F at an angle orthogonal to excitation light traveling 

from the light source section 13 along the normal AP. 

Furthermore, 	the light receiving section 19 includes a 

photomultiplier tube 	(PMT) 14 arranged to receive 

fluorescence along an optical axis orthogonal to parallel 

light corresponding to excitation light radiated toward 

the sample container 5 by the LED light source 10, a 

fluorescence band pass filter 15 disposed in front of the 
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photomultiplier tube 	(PMT) 	14, 	a condensing lens 16 

disposed in front of the fluorescence band pass filter 15, 

a slit 17 disposed in front of the condensing lens 16, 

and a relay lens 18 installed at the gap between the slit 

17 and the sample container 5 to excite fluorescent 

substances contained in the microorganisms to condense 

and form the resultant fluorescence into an image. 

The slit 17 between the photomultiplier tube 	(PMT) 

14 and the sample container 5 serves to narrow a viewing 

surface like a slit. 	That is, 	with no slit provided as 

depicted in FIG. 9A, a background is monitored for which 

a light receiving surface F is shaped like a circle. 	On 

the other hand, with a slit provided as depicted in 

Figure 9B, a background is monitored for which the light 

receiving surface F is shaped like a vertically long slit 

corresponding to the circle except for a shaded portion. 

Thus, the light receiving area of the light receiving 

surface F decreases as in Figure 9B, 	reducing the area of 

a fluorescent emission from the background. 	This 

increases the signal ratio of the fluorescent emissions 

from the microorganisms to the fluorescent emission from 

the background, 	improving the detection accuracy for the 

fluorescent emissions from the microorganisms. 

In the illustrated example, the light receiving 

section 19 uses the photomultiplier tube 	(PMT) 	14 as a 

light receiving sensor. 	However, 	the present embodiment 

is not limited to the photomultiplier tube (PMT) 	14 but 
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may adopt various photodetectors such as a silicon 

photodiode (SiPD) and an avalanche photodiode 	(APD) which 

allow detection of emissions from fluorescent substances 

contained in the microorganisms similarly to the 

photomultiplier tube 	(PMT). 

Moreover, an electric control configuration for the 

examination apparatus 1 according to the present 

embodiment will be described with reference to Figure 3. 

A CPU board 23 is disposed in the internal center of a 

housing 20 forming the main body section 2 to receive a 

supply of power from an AC power source 21 or a secondary 

battery 22 to analyze an electric output signal into 

which light has been converted by the photomultiplier 

tube 	(PMT) 	14, determine whether or not the output signal 

has a brightness within any range, perform pulse counting 

on signals with any brightness, and perform on/off 

control on the LED light source 10. 	An AC/DC converter 

24 is interposed between the AC power source 21 and the 

CPU board 23. 

The CPU board 23 electrically connects to the 

photomultiplier tube 	(PMT) 	14, 	the LED light source 10, a 

RAM 25 serving as a read and write storage section, and a 

ROM 26 serving as a read-only storage section. 	The CPU 

board 23 also electrically connects to a power button 3a, 

a measurement start button 3b, an external output button 

3c, and a setting button 3d. 	The power button 3a is 

depressed to perform switch on/off control. 	The 



- 24 - 

measurement start button 3b is depressed to start 

measurement. 	The external output button 3c is depressed 

to transfer data to an external printer or personal 

computer. 	The setting button 3d is depressed to switch 

the type of measurement (switch between measurement of L 

size microorganisms and measurement of S size 

microorganisms), 	change a determination criterion setting, 

change a threshold setting, or change a measurement time 

setting. 

Besides, the CPU board 23 connects to a magnetic 

stirrer 27 that magnetically rotates the rotor 7, 	the 

display section 4 formed of a liquid crystal panel, a 

cooling fan 28 for control equipment such as the CPU 

board 23, and an external output terminal 29 such as an 

RS-232C. 

Figure 4 is a flowchart depicting a measurement flow. 

The effects of the above-described configuration will be 

described with reference to Figures 1 to 4. 

First, an operator uses a pipette or the like to 

collect 100 ml of ballast water with a temperature of 

approximately 20°C as a sample and introduces the sample 

into the sample container 5 	(step 1 in Figure 4). 	Then, 

the operator adds a fluorescent staining reagent into the 

sample container 5 	(step 2 in Figure 4). 	As the 

fluorescent staining reagent, Calcein-AM (manufactured by 

Promocell GMBH in Germany) or FDA, which is commonly 

known, may be used. 	The Calcein-AM tends to stain 
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phytoplanktons, whereas the FDA tends to stain 

zooplanktons. 	Thus, when staining with a staining 

reagent is performed using a reagent that is a mixture of 

the Calcein-AM and the FDA, the staining time for the 

reagent can be reduced, enabling the time needed for the 

staining to be reduced to half of the conventionally 

needed time. 	Then, the operator introduces the rotor 7 

into the sample container 5, houses the sample container 

5 in the measurement section 6 of the examination 

apparatus 1, and places a cover 30 on the measurement 

section 6. 	Thus, preparation for measurement is 

completed. 	Then, when the power button 3a is depressed, 

the magnetic stirrer 27 incorporated in the measurement 

section 6 is driven to rotate the rotor 7, allowing the 

sample solution S to be stirred (step 3 in Figure 4). 

Then, the operator depresses the measurement start 

button 3b on the operation section. 	A predetermined time 

later, the LED light source 10 is turned on to irradiate 

the sample container 5 with light transmitted through the 

excitation light band pass filter 12. 	At this time, 	the 

sample container 5 is irradiated with light with a 

wavelength characterized to be 450 nm to 490 nm, and a 

specimen (microorganisms) 	in the sample container 5 emits 

fluorescence 	(step 4 in Figure 4). 	The fluorescence 

passes through the fluorescence band pass filter 15 and 

is detected by the photomultiplier tube 	(PMT) 	14 	(step 5 

in Figure 4). 
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The photomultiplier tube 	(PMT) 	14 utilizes a 

photoelectric effect to convert light energy into 

electric energy. 	The photomultiplier tube 	(PMT) 	14 

additionally has a current amplifying function and can 

sensitively detect fluorescent emission. 	The detected 

electric signal is transmitted to the CPU board 23, which 

then counts the number of received light waveforms with a 

value equal to or larger than a given threshold (step 6 

in Figure 4). 

Moreover, the CPU board 23 estimates the number of 

microorganisms present in the 100-ml 	(milliliters) 	water 

in the sample container 5 based on the received light 

waveform count value to indicate, on the display section 

4, whether or not the number of microorganisms meets the 

discharge standard (step 7 in Figure 4). 

(Second Embodiment) 

A second embodiment is different from the first 

embodiment in that, 	in the second embodiment, 	filtering 

means 34 is provided between the light receiving section 

19 and the CPU board 23. 	The remaining parts of the 

configuration are similar to the corresponding parts of 

the configuration of the first embodiment, and will thus 

not be described. 	The second embodiment will be 

described below based on the drawings. 

As depicted in Figure 1, 	Figure 2, and Figure 5, 	the 

measurement section 6 includes the sample container 

housing section 9 that houses and holds the sample 
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container 5, the light source section 13 that irradiates 

the sample container 5 with excitation light, and the 

light receiving section 19 that allows microorganisms 

floating in the sample container 5 and emitting light to 

be observed using the excitation light radiated by the 

light source section 13. 	The light receiving section 19 

electrically communicates with the CPU board 23 via the 

filtering means 34. 	The CPU board 23 can count the 

number of microorganisms in the sample solution S based 

on electric signals from the light receiving section 19 

and perform an information processing operation and a 

statistical processing operation on measurement results 

and the like. 

Figure 6 is a diagram depicting an example of a 

circuit for the filtering means that is an important part 

of the present invention. 	As depicted in Figure 6, an 

arithmetic amplifier 35, 	a high pass filter circuit 36, 

and a low pass filter circuit 37 are electrically 

connected together between the photomultiplier tube (PMT) 

14 and the CPU board 23. 	The arithmetic amplifier 35 

converts an output current generated in accordance with 

the amount of light received by the photomultiplier tube 

(PMT) 	14, into a voltage, 	to enable even a minute current 

to be detected. 	Furthermore, the high pass filter 

circuit 36 is filtering means for avoiding attenuating 

components of an input signal with frequencies higher 

than a predetermined frequency and gradually reducing 
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components with frequencies lower than a predetermined 

frequency. 	On the other hand, 	the low pass filter 

circuit 37 is filtering means for avoiding attenuating 

components of the input signal with frequencies lower 

than a predetermined frequency and gradually reducing 

components with frequencies higher than a predetermined 

frequency. 	Coupling the high pass filter circuit 36 and 

the low pass filter circuit 37 together results in a band 

pass filter circuit 38 that passes only a needed range of 

frequencies. 

The arithmetic amplifier 35 has an operational 

amplifier OP and a resistor R. 	The high pass filter 

circuit 36 has a resistor R1 and a capacitor Cl 

electrically connected together. 	The low pass filter 

circuit 37 has a resistor R2 and a capacitor C2 

electrically connected together. 	Thus, 	the arithmetic 

amplifier 35 converts an output current from the 

photomultiplier tube 	(PMT) 	14 into a voltage. 	Then, when 

a signal Vin(t) 	is input to the band pass filter circuit 

38 at an input side thereof, 	the band pass filter circuit 

38 outputs, 	at an output side thereof, 	a signal Vout(t) 

from which an electric signal acting as disturbance has 

been filtered out. 	The disturbance has been clearly 

distinguished from the electric signal commensurate with 

the amount of fluorescent emissions received from the 

microorganisms. 	Consequently, when the filtered signal 

Vout(t) 	is input to the CPU board 23, no error occurs in 
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the measurement of the amount of microorganisms and no 

disadvantageous variation occurs in measured values. 	As 

a result, stable measurement is enabled. 

Figure 7 is a flowchart depicting a measurement flow. 

The effects of the above-described configuration will be 

described with reference to Figure 1, Figure 2, and 

Figures 5 to 7. 

First, 	the operator uses a pipette or the like to 

collect 100 ml of ballast water with a temperature of 

approximately 20°C as a sample and introduces the sample 

into the sample container 5 	(step 1 in Figure 7). 	Then, 

the operator adds a fluorescent staining reagent into the 

sample container 5 	(step 2 in Figure 7). 	As the 

fluorescent staining reagent, Calcein-AM (manufactured by 

Promocell GMBH in Germany) or FDA, which is commonly 

known, may be used. 	The Calcein-AM tends to stain 

phytoplanktons, whereas the FDA tends to stain 

zooplanktons. 	Thus, when staining with a staining 

reagent is performed using a reagent that is a mixture of 

the Calcein-AM and the FDA, the staining time for the 

reagent can be reduced, enabling the time needed for the 

staining to be reduced to half of the conventionally 

needed time. 	Then, the operator introduces the rotor 7 

into the sample container 5, houses the sample container 

5 in the measurement section 6 of the examination 

apparatus 1, and places the cover 30 on the measurement 

section 6. 	Thus, preparation for measurement is 
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completed. 	Then, when the power button 3a is depressed, 

a magnetic stirrer 27 incorporated in the measurement 

section 6 is driven to rotate the rotor 7, allowing the 

sample solution S to be stirred (step 3 in Figure 7). 

Then, the operator depresses the measurement start 

button 3b on the operation section. 	A predetermined time 

later, 	the LED light source 10 is turned on to irradiate 

the sample container 5 with light transmitted through the 

excitation light band pass filter 12. 	At this time, 	the 

sample container 5 is irradiated with light with a 

wavelength characterized to be 450 nm to 490 nm, and a 

specimen (microorganisms) 	in the sample container 5 emits 

fluorescence 	(step 4 in Figure 7). 	The fluorescence 

passes through the fluorescence band pass filter 15 and 

is detected by the photomultiplier tube 	(PMT) 	14 	(step 5 

in Figure 7). 

The photomultiplier tube 	(PMT) 	14 utilizes a 

photoelectric effect to convert light energy into 

electric energy. 	The photomultiplier tube 	(PMT) 	14 

additionally has a current amplifying function and can 

sensitively detect fluorescent emission. 	The detected 

electric signal is amplified by the arithmetic amplifier 

35, and the amplified electric signal is input to the 

band pass filter circuit 36. 	Then, 	a signal is output 

from which an electric signal acting as disturbance has 

been filtered out 	(step 6 in Figure 7). 	The signal from 

which the electric signal acting as disturbance has been 
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filtered out is transmitted to the CPU board 23, which 

then counts the number of received light waveforms with a 

value equal to or larger than a given threshold (step 7 

in Figure 7). 

Moreover, the CPU board 23 estimates the number of 

microorganisms present in the 100-m1 	(milliliters) 	water 

in the sample container 5 based on the received light 

waveform count value to indicate, on the display section 

4, whether or not the number of microorganisms meets the 

discharge standard 	(step 8 in Figure 7). 

Examples of the present invention will be described 

below. 	First, verification tests on the examination 

accuracy of the examination apparatus for microorganisms 

according to the above-described embodiment will be 

described. 

[Example 1] 

The correlation between the population of 

microorganisms and the light reception count in the 

photomultiplier tube 	(PMT) 	was examined. 	Five, 	ten, 

fifty, one hundred, and one thousand individuals of 

Brachionus plicatilis s. 	(a minimum size of approximately 

100 µm = L size organisms) were contained in a plurality 

of sample containers 5 	(a capacity of 100 mL), 

respectively, and stained with the fluorescent staining 

reagent FDA (a concentration of 0.01 	[millimole/litter]). 

As a result, the count of waveforms increased 



- 32 - 

consistently with the number of individuals of the 

microorganisms contained, and a linear response was 

obtained for the five samples with five, ten, fifty, one 

hundred and one thousand individuals (see Figure 10A, 

Figure 10B). 	Thus, the population of the microorganisms 

present in the 100 mL of ballast water can be estimated 

from the count of waveforms obtained. 

[Example 2] 

Tests were conducted to determine whether or not 

detection was possible depending on whether 

microorganisms are alive or dead (see Figures 11A to 11D). 

Brachionus plicatilis s. 	(a minimum size of approximately 

100 µm = L size organisms) subjected to a thermal 

sterilization treatment 	(heated at 60°C for 30 minutes) 

was stained with the fluorescent staining reagent FDA (a 

concentration of 0.01 	[millimole/litter]). 	Three samples 

were prepared one hour, twenty hours, and five days after 

the sterilization treatment and were each measured. 	As a 

result, no waveform with a value equal to or larger than 

a given threshold was found in the sterilized samples. 

This enables discrimination of samples not subjected to 

the sterilization treatment and containing microorganisms 

from samples subjected to the sterilization treatment and 

containing no microorganisms. 

[Example 3] 

The waveform of a voltage acquired before the 

filtering means is installed between the photomultiplier 
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tube (PMT) 	14 and the CPU board 23 is compared with the 

waveform of a voltage acquired after the installation. 

Figure 12 depicts the waveform of the voltage 

acquired before the filtering means is installed. 	The 

waveform of the acquired voltage depicted in Figure 12A 

is a mixture of disturbance 	(approximately 0.9-V waveform 

of a background component), a definite ridge indicating a 

living microorganism exceeding the threshold, and an 

obscure ridge not exceeding the threshold. 	Furthermore, 

the waveform of the acquired voltage depicted in Figure 

12B is a mixture of disturbance 	(approximately 1.4-V 

waveform of a background component) and a definite ridge 

indicating a living microorganism exceeding the threshold. 

Moreover, the waveform of the acquired voltage depicted 

in Figure 12C is a mixture of disturbance (an 

approximately 0.4-V waveform of a background component) 

and an obscure ridge not exceeding the threshold. 

Figure 13 depicts the waveform of the voltage 

acquired after the installation of the filtering means. 

The waveform of the acquired voltage depicted in Figure 

13A was acquired when only the high pass filter circuit 

36 was installed, in order to eliminate the background 

component acting as disturbance. 	A comparison of this 

waveform with the waveform depicted in Figure 12B 

indicates that the background component, which had been 

approximately 1.4 V, converged to 0 V and that the 

disturbance was eliminated. 



- 34 - 

The waveform in Figure 13B is a rising waveform that 

is an enlarged waveform of a ridge encircled by a dashed 

line depicted in Figure 13A. 	The waveform in Figure 13B 

repeats moving up and down across the threshold, causing 

an increase in the magnitude of a measurement error. 

Thus, 	the low pass filter circuit 37 is desirably 

installed in order to eliminate such high-frequency 

waveforms. 

The waveform of the acquired voltage depicted in 

Figure 13C was acquired when the band pass filter circuit 

38, 	including the high pass filter circuit 36 and the low 

pass filter circuit 37 coupled together, was installed, 

in order to eliminate disturbance and high-frequency 

waveforms. 	A comparison of this waveform with the 

waveform in Figure 13A indicates that the high-frequency 

noise was eliminated to smooth the waveform. 

The waveform in Figure 13D is a rising waveform that 

is an enlarged waveform of a ridge encircled by a dashed 

line depicted in Figure 13C. 	The waveform in Figure 13D 

is smoothed and has no jagged waveform, and does not 

repeat moving up down across the threshold. 	This 

minimizes a measurement error to enable accurate 

measurement. 

As described above, according to the present 

embodiments, the sample and the fluorescent staining 

reagent are added into the sample container 5, and then, 

the stirring and mixing means 7 stirs and mixes the 
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sample solution. 	Thereafter, with the sample solution 

being stirred, excitation light is allowed to enter the 

irradiation target surface of the sample container, and 

moreover, the light receiving means receives fluorescent 

emissions from the microorganisms. 	Consequently, 

compared to an examination apparatus for microorganisms 

that measures the sample solution kept stationary without 

stirring, the examination apparatus for microorganisms 

according to the present embodiment allows the 

microorganisms to emit bright light in a very short time, 

enabling the amount of microorganisms in ballast water to 

be easily and quickly measured. 	Furthermore, the 

apparatus according to the present embodiment can be 

miniaturized, allowing manufacturing costs to be reduced. 

Furthermore, before the electric signal is loaded 

into the control means, the filtering means filters out 

disturbance, allowing the electric signal commensurate 

with the amount of fluorescent emissions from the 

microorganisms to be definitely distinguished from the 

disturbance. 	This prevents a possible error in the 

measurement of the amount of the microorganisms and a 

disadvantageous variation in measured values, enabling 

stable measurement. 

[Industrial Applicability] 

The present invention is applicable to an 

examination apparatus for microorganisms which checks 
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whether or not the discharge standards are met when 

ballast water is discharged. 

[Reference Signs List] 

1 	Examination apparatus 

2 	Main body section 

3 	Operation section 

4 	Display section 

5 	Sample container 

6 	Measurement section 

7 	Rotor 

8 	Holding plate 

9 	Sample container housing section 

10 	LED light source 

11 	Parallel-light converting means 

12 	Excitation light band pass filter 

13 	Light source section 

14 	Photomultiplier tube 	(PMT) 

15 	Fluorescence band pass filter 

16 	Condensing lens 

17 	Slit 

18 	Relay lens 

19 	Light receiving section 

20 	Housing 

21 	AC power source 

22 	Secondary battery 

23 	CPU board 
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24 AC/DC converter 

25 RAM 

26 ROM 

27 Magnetic stirrer 

28 Fan 

29 External output terminal 

30 Cover 

31 Flat plate 

32 Threaded hole 

33 Cylindrical lens 

34 Filtering means 

35 Arithmetic amplifier 

36 High pass filter circuit 

37 Low pass filter circuit 

38 Band pass filter circuit 
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[Document Name] 	Claims 

[Claim 1] 

An examination apparatus for microorganisms for 

measuring an amount of microorganisms in a sample 

solution, the apparatus comprising: 

stirring and mixing means comprising a sample 

container formed of a material allowing light to pass 

through, for stirring and mixing the sample solution in 

the sample container; 

an excitation light source that irradiates the 

sample container with excitation light, 

light receiving means for detecting light and 

converting the light into an electric signal; and 

control means for calculating the amount of the 

microorganisms contained in a sample in the sample 

container, 

wherein the sample solution is prepared by adding a 

fluorescent staining reagent that stains the 

microorganisms to the sample, 

the light receiving means detects a fluorescent 

emission from the sample solution resulting from 

irradiation with the excitation light from the excitation 

light source, and 

the control means detects the number of emissions 

based on the electric signal from the light receiving 
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means to calculate the amount of the microorganisms 

contained in the sample in the sample container. 

[Claim 2] 

The examination apparatus for microorganisms 

according to Claim 1, comprising filtering means between 

the light receiving means and the control means, 

wherein the filtering means filters out noise of a 

low frequency component and a noise of a high frequency 

component contained in the electric signal from the light 

receiving means. 

[Claim 3] 

The examination apparatus for microorganisms 

according to Claim 2, wherein the filtering means is a 

band pass filter with a high pass filter and a low pass 

filter coupled together. 

[Claim 4] 

The examination apparatus for microorganisms 

according to any one of Claims 1 to 3, wherein the 

excitation light source is disposed so as to irradiate 

the sample container with the excitation light in such a 

manner that the excitation light is orthogonal to the 

sample container, and 

the light receiving means is disposed so as to 

receive the fluorescent emission at an angle orthogonal 

to the excitation light from the excitation light source. 

[Claim 5] 
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The examination apparatus for microorganisms 

according to any one of Claims 1 to 4, wherein a slit 

member is provided between the light receiving means and 

the sample container. 

[Claim 6] 

The examination apparatus for microorganisms 

according to any one of Claims 1 to 5, wherein parallel

light converting means for converting light from the 

excitation light source into parallel light is provided 

between the excitation light source and the sample 

container. 

- 

[Claim 7] 

The examination apparatus for microorganisms 

according to Claim 6, wherein the parallel-light 

converting means is formed by drilling a threaded hole 

a flat plate. 

in 

[Claim 8] 

The examination apparatus for microorganisms 

according to Claim 6, wherein the parallel-light 

converting means is formed of a convex lens. 

[Claim 9] 

A method for examining microorganisms in a sample 

solution to measure an amount of the microorganisms in 

sample solution, the method comprising: 

a 

a stirring and mixing step of stirring and mixing, 

in the sample container, the sample solution in which a 
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fluorescent staining reagent that stains the 

microorganisms is added to a sample; 

an excitation step of irradiating the sample 

container with excitation light; 

a light receiving step of detecting a fluorescent 

emission from the sample container resulting from the 

irradiation with the excitation light, and converting the 

fluorescent emission into an electric signal; and 

a microorganism number estimating step of detecting 

the number of emissions based on the electric signal 

resulting from the conversion in the light receiving step, 

and calculating the amount of the microorganisms 

contained in a sample in the sample container. 

[Claim 10] 

The method for examining microorganisms according to 

Claim 9, comprising a filtering step between the light 

receiving step and the microorganism number estimating 

step, 	the filtering step filtering out noise of a low 

frequency component and noise of a high frequency 

component contained in the electric signal resulting from 

the conversion in the light receiving step. 


