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APPARATUS FOR AUTOMATIC MEASURING OF 
WATER TOXICITY 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to an apparatus for 
automatic measuring for Water toxicity. More speci?cally, 
the present invention provides an apparatus measuring Water 
toxicity and/or contamination continuously and automati 
cally using luminescent microorganisms living in freshWa 
ter. 

BACKGROUND OF THE INVENTION 

[0002] A method using luminescent microorganisms is 
knoWn to measure Water toxicity and/or contamination. The 
luminescent mechanism of the luminescent microorganism 
is affected by activation of biochemical environmental con 
ditions of the luciferase that controls the emission of light, 
resulting in changing luminosity of the microorganism. The 
Microtox Assay System (hereinafter, MAS) commercialized 
by the MICROBICS Co. is an apparatus measuring Water 
toxicity and/or contamination using luminescent microor 
ganisms. The MAS method measures the luminosity of light 
emitted by luminescent microorganism under toxic condi 
tions on the basis of the luminosity of the luminescent 
microorganism living non-toxic conditions. The measuring 
value of MAS is EC5O that represents concentration of toxic 
chemicals causing 50% reduction of luminosity. 

[0003] HoWever, because seaWater microorganisms are 
used in MAS system, a separate addition of salts into a test 
sample in an amount equivalent to that of seaWater is 
required to shoW physiological function of luminescent 
microorganisms. In this case, toxicity of chemicals may be 
offset due to the reaction of chemicals With metals and salts. 
As a result While most parts of the MAS data shoW similar 
results With those obtained from measurements using other 
microorganisms, the MAS toxicity data do not align With 
those obtained from measurements using other microorgan 
ism, for toxic chemicals such as ammonia or cyanide. 

[0004] In addition, in order to measure toxicity of samples 
using MAS, lyophiliZed microorganisms contained in each 
ampoule need to be rehydrated one by one, and then are 
mixed With aqueous sample before their luminescence is 
measured by luminometer. Furthermore, MAS requires a 
batch operation system, Wherein an operator measures lumi 
nescence of each individual sample manually. Therefore, in 
order to measure and observe the Water toxicity continu 
ously and continuously using a MAS method, an ampoule 
containing luminescent microorganisms needs each measur 
ing time, Which necessitate an operator for an apparatus 
measuring toxicity. Due to these problems, it has been a very 
laborious Work to measure Water toxicity continuously using 
the currently available apparatuses. Therefore, continuous 
monitor of Water toxicity Was almost impossible With any 
methods that have been developed up to noW for the purpose 
of measuring Water toxicity. Until the present invention, an 
automatic apparatus for measuring and monitoring Water 
toxicity has never been developed. Despite of necessity and 
importance of continuous and automatic monitoring of Water 
toxicity, automatic measurements are limited for pH, DO, 
Water level, How rate, and the like. Automatic measuring and 
monitoring of COD and SS is reported to be partially 
available for several limited samples. 
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[0005] Moreover, an environmental monitoring system is 
mainly limited to air pollution ?eld. Thus, in Water ?eld, 
only monthly monitoring has been done in each Water 
system, and continuous and automatic system for measuring 
and monitoring Water pollution has not yet been commer 
cialiZed. 

SUMMARY OF THE INVENTION 

[0006] Therefore, the present invention provides an appa 
ratus for automatic and continuous measuring of Water 
toxicity, comprising 

[0007] A sample supplier for gathering test samples 
from Water system at regular intervals and continu 
ously, and for supplying test samples to luminescent 
microorganisms; 

[0008] a multi-Well plate containing luminescent 
microorganisms, Wherein the top of the Well is sealed 
With gas-impermeable ?lm; 

[0009] a storage unit for multi-Well plate, Which 
sequentially supplies multi-Well plates, Wherein each 
Well contains, lyophiliZed luminescent microorgan 
isms; 

[0010] 
plates; 

[0011] an injection needle for providing test samples 
and reagents in an accurate amount into luminescent 
microorganism contained said multi-Well plate; 

[0012] a sensor for detecting luminosity after a lapse 
of certain times from injection of samples and 
reagents into luminescent microorganisms; and 

[0013] a control unit for electrical or mechanical 
control or regulation of an automatic operation of 
said each unit. 

a transportation means for said multi-Well 

[0014] In addition, the apparatus of the present invention 
may further comprises a temperature control unit that con 
trols and/or maintains constant temperature inside of the 
apparatus. 

[0015] Therefore, one aspect of the present invention is to 
provide an apparatus capable of measuring Water toxicity 
continuously Without an operator. 

[0016] Another aspect of the present invention is to pro 
vide a multi-Well plate containing luminescent microorgan 
isms, Wherein top of the Well is sealed With gas-impermeable 
?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The above aspects and other advantages of the 
present invention Will become more apparent by describing 
in detail a preferred embodiment thereof With reference to 
the attached draWings, in Which: 

[0018] FIG. 1 is a front vieW of an apparatus for automatic 
measuring Water toxicity. 

[0019] FIG. 2 is a plane vieW of an apparatus for auto 
matic measuring Water toxicity. 

[0020] FIG. 3 is a right-side vieW of an apparatus for 
automatic measuring Water toxicity. 
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[0021] FIG. 4 is a left-side vieW of an apparatus for 
automatic measuring Water toxicity. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] Hereinafter, an apparatus of the present invention 
Will be described in more detail. HoWever, the automatic 
Water toxicity measuring apparatus explained in below is 
given only for the explanation of embodiment of the present 
invention and not intended to limit the scope of the present 
invention. 

[0023] An apparatus of the present invention for automatic 
measuring of Water toxicity comprises: 

[0024] a sample supplier for gathering test samples 
from Water system at regular intervals and continu 
ously, and for supplying test samples to luminescent 
microorganisms; 

[0025] a multi-Well plate containing luminescent 
microorganisms, Wherein the top of the Well is sealed 
With gas-impermeable ?lm; 

[0026] a storage unit for multi-Well plate, Which 
sequentially supplies multi-Well plates, Wherein each 
Well contains, lyophiliZed luminescent microorgan 
isms; 

[0027] 
plates; 

[0028] an injection needle for providing test samples 
and reagents in an accurate amount into luminescent 
microorganism contained said multi-Well plate; 

[0029] a sensor for detecting luminosity after a lapse 
of certain times from injection of samples and 
reagents into luminescent microorganisms; and 

[0030] a control unit for electrical or mechanical 
control or regulation of an automatic operation of 
said each unit. 

a transportation means for said multi-Well 

[0031] In addition, the apparatus of the present invention 
may further comprises a temperature control unit that pref 
erably employs Peltier device and heat radiation board as a 
temperature controls means. 

[0032] The said sample supplier comprises a circulation 
pump, a sample-collecting block to collect aqueous samples 
from Water system such as river, brook, lake, marshes, and 
etc., and a sample supplying tube. The said control unit 
initiates the circulation pump operation at preset-time inter 
vals. Then the said circulation pump takes in the sample 
from Water system through the sample supply tube. The 
aqueous sample collected by the said sample supplier is 
transferred into the injection needle by the operation of the 
said circulation pump through the sample supply tube. At the 
end of the sample supplying tube of the sample supplier, 
there is a ?lter that prevents entering of non-liquid sub 
stances and also, is an apparatus for creating reverse stream 
to prevent clogging of the said ?lter With the non-liquid 
substances. 

[0033] The said storage unit for multi-Well plate that stores 
and supplies the multi-Well plates that contain lyophiliZed 
luminescent microorganism, comprises a rack Which stores 
numerous multi-Well plates in layers, an operation means 
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Which moves the said rack in up/doWn directions, and a 
transportation means that transport the multi-Well plate in 
front/back directions in order to take out the multi-Well 
plates. 

[0034] The luminescent microorganism of the present 
invention may be the freshWater luminescent microorganism 
obtained preferably from freshWater or prepared by gene 
manipulation. The luminescent microorganisms are placed 
in each Well of the multi-Well plate and then lyophiliZed. The 
said Well is purged With nitrogen, then the front of the plate 
is sealed With gas-impermeable ?lm thereby securing the 
long-term preservation of the microorganism. The rack of 
the present invention can store numerous multi-Well plates. 
The operation means for rack comprises a stepping motor 
and a ball screW. The rack is driven by the stepping motor 
to transport the multi-Well plate in up/doWn directions thus 
desired plate can be selected. The transportation means for 
the multi-Well plate is to bring out the plate from inside the 
rack and mounting the multi-Well plate on the stage by 
moving the plate in front/back directions to desired posi 
tions. That is, the said transportation means adjusts the 
position of the multi-Well plate Wherein the reagent and test 
sample can be precisely injected on the desired Well through 
the injection needle and Wherein the sensor can precisely 
measure the luminosity of light emitted by the microorgan 
ism contained in desired Well. The said transportation means 
comprises a pulley and belt mounted thereon, and a stepping 
motor connected With pulley through the belt, and by the 
operation of the belt driven by the stepping motor, the 
transportation means take out the multi-Well plate from the 
rack. 

[0035] The said injection needle comprises a syringe 
Which takes in aqueous test sample and reagent from the 
sample supplier and reagent storage unit, and a piston 
operation means that control the amounts of test sample and 
reagents discharged. The said piston operation means com 
prises a stepping motor and a ball screW, a pulley and a belt 
to control the movement of piston through the operation of 
stepping motor. Therefore, the injected amount through the 
syringe of the present invention can be quantitatively con 
trolled by the stepping motor to an extent of beloW pl. The 
position of the said syringe can be adjusted in up/doWn 
directions by means of pulley and the belt mounted thereon, 
ball spline and stepping motor, and thereby the movement of 
the syringe is driven by the operation of stepping motor. The 
transportation means for moving syringe and sensor in 
left/right directions comprises a pulley, a stepping motor, 
and a linear motion (LM) guide, and the syringe and the 
sensor unit move along With the LM guide by the operation 
of stepping motor. The syringe and the sensor of the present 
invention are formed in one body and set. Thus, the syringe 
and the sensor move in left/right directions at the same time. 

[0036] The said reagent storage unit comprises some 
bottles containing various reagents and dilution buffer 
required for luminescence of microorganisms. 

[0037] The said sensor unit comprises a sensor and an 
operation means thereof required for measuring light reduc 
tion and luminosity of the luminescent microorganisms. 
Preferably, photon multiplier tube (PMT) is employed as a 
sensor of the apparatus of the present invention. When the 
apparatus is open, the control unit cut off the PMT operation 
poWer to secure the PMT safety. 
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[0038] The apparatus of the present invention may further 
comprise a temperature control unit. The temperature con 
trol unit of the present invention preferably employs a 
Peltier device and a heat radiation board as a temperature 
control means. The internal temperature of the apparatus of 
the present invention should be maintained in a certain level 
to secure luminescent reaction and appropriate storage of 
microorganism and reagents. Since the internal temperature 
of the apparatus of the present invention should be constant 
continuously throughout the four (4) seasons, cooling during 
the summer season and heating during the Winter season are 
required. Therefore, the apparatus of the present invention 
employs the Peltier device that can cool and/or heat as one 
device the interior of the apparatus, together With air circu 
lation devices, to control the internal temperature of the 
apparatus. 

[0039] A thermostatic system of the apparatus that ensure 
uniform temperature inside the apparatus, can minimiZe 
measuring error, Which may be caused by temperature 
change, and also can secures long-term storage of microor 
ganism. 

[0040] The control unit of the apparatus of the present 
invention controls the operation of the stepping motors that 
control precise positions of each units, the analog-digital 
converter that converts the output data of sensor into digital 
data that can be acknowledged by the computer, various 
solenoid valve that convert electric signal into mechanical 
signal, the poWer supplier that supplies required DC poWer, 
the temperature sensor that measures the interior tempera 
ture of the apparatus and/or the poWer controller that con 
trols the heat generated from Peltier device. 

[0041] The control unit of the present invention comprises 
p-COM, SRAM, EEPROM, RS232C serial port, eXterior 
sensor, and SRAM and EEPROM constitute memory unit. 

[0042] The analog-digital converter of the present inven 
tion converts the analog output data of the sensor(PMT) into 
digital data, Which can be acknowledged by the computer. 
An automatic gain adjustment device is installed betWeen 
the PMT sensor and the analog-digital converter in order to 
increase the applicability of the apparatus. That is, When the 
PMT output is Weak, degree of gain is automatically 
increased, and contrarily When PMT output is strong, degree 
of gain is automatically reduced to maintain appropriate 
degree of gain. In the present invention, solenoid valves 
controlled by electronic signals generated from the said 
control unit, is used for selective operation of the circulation 
pump, PMT device, and the apparatus for creating reverse 
stream to prevent clogging of ?lter located at the end of the 
said sample supply tube. 

[0043] The stepping motors of the apparatus rotate in 
accordance With the number of pulse inputted for purpose of 
the precise position control of each unit, and also are 
controlled by the control unit. 

[0044] In the apparatus of the present invention, a graphic 
user interface(GUI) commercialiZed for a personal computer 
is employed. Thus, all information regarding to the opera 
tion status of the apparatus can be processed through the 
monitor screen of the computer. In addition, through the 
control unit, self-diagnosis, and detection of exterior envi 
ronment change and respond thereto are processed automati 
cally to secure the safety of the apparatus. 
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[0045] The apparatus of the present invention can be 
controlled remotely and/or automatically operates to mea 
sures toXicity of aqueous sample and processes the data 
obtained therefrom for a prescribed period, Without the 
operator’s manipulation by using reagents and luminescent 
microorganism stored in this apparatus. 

[0046] Hereinafter, an embodiment of the apparatus of the 
present invention Will be described in greater detail With 
reference to the folloWing Figures. The Figures are given 
only for the illustrations of the invention and are not 
intended to limiting the scope of the present invention. 

[0047] In a preferable embodiment of the apparatus of the 
present invention, the test sample supplier comprises a 
circulation pump(10), a sample-collecting block(11) to col 
lect aqueous samples from Water system such as river, 
brook, lake, marshes, and etc., and a sample supplying 
tube(12). The control unit initiates the circulation pump(10) 
operation at preset-time intervals. Then the said circulation 
pump takes in test samples from Water system. The aqueous 
sample collected by the said test sample supplier is trans 
ferred into an injection needle by the operation of the said 
circulation pump(10) through the sample supplying 
tube(12). At the end of the sample supply tube of the said 
sample supplier, there is a ?lter that prevents entering of 
non-liquid substances and also, is an apparatus for creating 
reverse stream to prevent clogging of the said ?lter With the 
non-liquid substances. 

[0048] The said storage unit for multi-Well plate(17 that 
stores and supplies the multi-Well plates that contain lyo 
philiZed luminescent microorganism, comprises a rack(18) 
Which stores numerous multi-Well plates(17) in layers, an 
operation means(19) Which moves the said rack in up/doWn 
directions, and a transportation means(20) that transport the 
multi-Well plate(17) in front/back directions in order to take 
out the multi-Well plates. 

[0049] The luminescent microorganisms of the present 
invention may be the freshWater luminescent microorgan 
isms obtained preferably from freshWater or prepared by 
gene manipulation. The luminescent microorganisms are set 
in each Well of the multi-Well plate and then lyophiliZed. The 
said Well is purged With nitrogen then the top of the plate is 
sealed With gas-impermeable ?lm thereby securing the long 
term preservation of the microorganism. The rack of the 
present invention can store numerous multi-Well plates. The 
operation means of rack comprises a stepping motor and a 
ball screW. The rack is driven by the stepping motor to 
transport the multi-Well plate in up/doWn directions thus 
desired plate can be selected. The transportation means for 
the multi-Well plate is to bring out the plate from inside the 
rack and mounting the multi-Well plate on the stage by 
moving the plate in front/back directions to desired posi 
tions. That is, the said transportation means adjusts the 
position of the multi-Well plate Wherein the reagent and test 
sample can be precisely injected on the desired Well through 
the injection needle and Wherein the sensor can precisely 
measure the luminosity of light emitted by the microorgan 
ism contained in desired Well. The said transportation means 
comprises a pulley and belt mounted thereon, and a stepping 
motor connected With pulley through the belt, and by the 
operation of the belt driven by the stepping motor, the 
transportation means take out the multi-Well plate from the 
rack. 
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[0050] The said injection needle comprises a syringe(13) 
Which takes in aqueous test sample and reagent from sample 
supplier and reagent storage unit, a piston operation 
means(14) that control the amounts of test sample and 
reagents discharged, and a syringe transportation means(15, 
16). The said piston operation means(14) comprises a step 
ping motor and ball screW, a pulley and belt to control the 
movement of piston through the operation of stepping 
motor. Therefore, the injected amount through the syringe of 
the present invention can be quantitatively controlled by the 
control of the stepping motor to an extent of beloW pl. The 
position of the said syringe can be adjusted in up/doWn 
directions by the means(15) comprises a pulley and the belt 
mounted thereon, ball spline and a stepping motor, and 
thereby the movement of the syringe is driven by the 
operation of stepping motor. The transportation means(16) 
for moving syringe and sensor in left/right directions com 
prises a pulley, a stepping motor, and a linear motion(LM) 
guide, and the syringe and the sensor unit move along With 
the LM guide by the operation of stepping motor. The 
syringe and the sensor of the present invention are formed in 
one body and set. Thus, the syringe and the sensor move in 
left/right directions at the same time. 

[0051] The luminescent microorganism used in the 
present invention may be freshWater luminescent microor 
ganism separated from freshWater is desirable (Kim, E. -C., 
T. -S. Byun, K. -J. Park, and K. -H. Lee, 1998, Toxicity Test 
Using a Luminescently Transformed Bacterium With an 
highly Increased Sensitivity, The 38th Korea Microorganism 
Scholarly Symposium and Spring Plenary Session; Park, K. 
-J., S. -J. Chun and K. -H. Lee, (1997), Development of 
toxicity test system using a Luminescently transformed 
freshWater bacterium 52nd Korean As. Biol. Sci., Chunbuk 
Univ.). 
[0052] In addition, the luminescent microorganisms used 
in the apparatus of the present invention, all luminescent 
microorganisms that can be luminous on contact With 
chemical substances, can be used. These luminescent micro 
organisms are natural or prepared by gene manipulation. 
Various luminescent microorganisms may be employed in 
the apparatus of the present invention can be obtainable 
from microorganism depository throughout the World. Espe 
cially, YH9-RC unit of Which accession number is KCTC 
0730BP is preferable. The appropriate luminescent micro 
organisms used in the apparatus of the present invention and 
the proliferation method thereof are described in detail in 
Korea Patent Application No. 2000-010763. Also, the 
method of lyophiliZing luminescent microorganism used in 
the apparatus of the present invention is described in the 
Korea Patent Application No. 2000-37709. 

[0053] In order to operate the apparatus of the present 
invention as long term-automated system, the rack stores 
numerous multi-Well plates as like 384 Well plate. 

[0054] In order to arrange numerous plates efficiently, and 
to minimiZe the siZe of the apparatus, the preferred embodi 
ment of the present invention employs rack structure 
Wherein six(6) or more 384 Well plates can be layered in 
tWo(2) roW. 

[0055] In case that the aqueous sample is tested every 10 
minutes, 4,320 [6x24(hours)><30(days)] of Wells Which con 
tains luminescent microorganism are required to measure 
and monitor Water toxicity for one(1) month. Since the 
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apparatus of the present invention can store tWelve(12) or 
more of 384 Well plates, 4,608 [384x12] or more of aqueous 
samples can be measured. The rest of Well[4,608—4,320= 
288] can be used as control. 

[0056] Thus, 24 Wells can be used as control Well per each 
384 Well plate. In preferred embodiment of the present 
invention, tWelve(12) or more of 384 Well are set in the 
apparatus. Therefore, upon measuring aqueous sample every 
10 minutes, automatic operation of the apparatus for one(1) 
month is possible. By supplying multi-Well plates every 
one(1) month, automatic continuous Water toxicity monitor 
ing can be achieved. 

[0057] The solution storage unit of the apparatus of the 
present invention stores bottles(21) that are containing 
reagents, dilution solution required for the activation of the 
luminescent microorganisms. 

[0058] The sensor unit includes sensor(22) and operation 
means thereof, and the light reduction degree and luminosity 
of light emitted from luminescent microorganism is mea 
sured. Photon Multiplier Tube(PMT) is appropriately 
employed as the sensor device. The temperature control 
means of the present invention employs tWo(2) Peltier 
devices(23) and heat radiation board(24). 

Industrial Applicability 

[0059] The apparatus for automatic measuring of Water 
toxicity of the present invention comprises a test sample 
supplier for gathering test samples from Water system at 
regular intervals and continuously and for supplying test 
sample to luminescent microorganism, a multi-Well plate 
storage that keep and provide sequentially multi-Well plate 
in Which each Well contains lyophiliZed luminescent micro 
organism, a transportation means for moving said numerous 
multi-Well plates sequentially, an injection needle for pro 
viding test samples and reagents in an accurate dose into 
luminescent microorganism contained in said multi-Well 
plate and a sensor for detecting luminosity after the lapse of 
some times from injection of test sample and reagent into 
luminescent microorganism, and a control unit that controls 
or regulates electrically or mechanically the operation of 
said each unit automatically. 

[0060] By using the apparatus of the present invention, 
toxicity and contamination of Water system can be measured 
continuously Without operator’s manipulation until the 
reagents and luminescent microorganism stored in this appa 
ratus are consumed. 

[0061] In addition, by supplying multi-Well plates periodi 
cally, automatic and continuous Water toxicity monitoring 
can be achieved. 

[0062] In conclusion, the automatic Water toxicity mea 
suring apparatus of the present invention is appropriate to be 
employed as a terminal for remote monitoring of the Water 
toxicity. 

[0063] While the present invention has been particularly 
shoWn and described With reference to particular embodi 
ment thereof, it Will be understood by those skilled in the art 
that various changes in form and details may be effected 
therein Without departing from the spirit and scope of the 
invention as de?ned by the appended claims. 
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[0064] This application claims priority from the Korean 
Patent Application No. 10-2000-0002114, the contents of 
Which are hereby incorporated by reference in their entirety, 
including the speci?cation, drawings and claims. 

What is claimed is: 
1. An apparatus for automatic and continuous measuring 

of Water toxicity, comprising 

a sample supplier for gathering test samples from Water 
system at regular intervals and continuously, and for 
supplying test samples to luminescent microorganisms; 

a multi-Well plate containing luminescent microorgan 
isms, Wherein the top of the Well is sealed With gas 
impermeable ?lm; 

a storage unit for multi-Well plates, Which sequentially 
supplies multi-Well plates, Wherein each Well contains 
lyophiliZed luminescent microorganisms; 

a transportation means for said multi-Well plates; 

an injection needle for providing test samples and 
reagents in an accurate amount into luminescent micro 
organism contained said multi-Well plate; 

a sensor for detecting luminosity after a lapse of certain 
times from injection of samples and reagents into 
luminescent microorganisms; and 

a control unit for electrical or mechanical control or 
regulation of an automatic operation of said each unit. 

2. The apparatus according to claim 1, Wherein said 
sample supplier comprises a circulation pump, a sample 
collecting block for collecting aqueous samples, and a 
sample supplying tube. 

3. The apparatus according to claim 1, Wherein said 
luminescent microorganisms are freshWater luminescent 
microorganisms obtained from freshWater. 

4. The apparatus according to claim 1, Wherein said 
luminescent microorganisms are freshWater luminescent 
microorganisms prepared by gene manipulation. 

Oct. 4, 2001 

5. The apparatus according to claim 1, Wherein said 
storage unit for multi-Well plates comprises a rack that stores 
multi-Well plates in layers, an operation means that moves 
the said multi-Well plates in up/doWn directions, and a 
transportation means that transport the said multi-Well plates 
in front/back directions from the rack. 

6. The apparatus according to claim 1, Wherein said 
injection needle comprises a syringe Which takes in an 
aqueous test sample and reagent from a sample supplier and 
a reagent storage unit, a piston operation means that control 
the amounts output by the said syringe, a transportation 
means for moving syringe. 

7. The apparatus according to claim 1, further comprising 
a temperature control means for maintaining constant tem 
perature inside the apparatus. 

8. The apparatus according to claim 1 or claim 2, Wherein 
the end of the sample supplying tube in the sample supplier 
comprises a ?lter that prevents entering of non-liquid sub 
stances and an apparatus that creates reverse stream to 

prevent clogging. 
9. A multi-Well plate comprising luminescent microor 

ganisms, Wherein the top of the Well is sealed With gas 
impermeable ?lm. 

10. The multi-Well plate according to claims 9, Wherein 
said luminescent microorganisms are freshWater lumines 
cent microorganisms. 

11. The multi-Well plate according to claims 10, Wherein 
said luminescent microorganisms are separated from fresh 
Water. 

12. The multi-Well plate according to claims 9, Wherein 
said luminescent microorganisms are prepared by gene 
manipulation. 

13. The multi-Well plate according to claims 9, Wherein 
said luminescent microorganisms are lyophiliZed. 

14. The multi-Well plate according to claims 9, Wherein 
said Well is purged With Nitrogen. 


