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Attorney Docket No. 79450

A DEVICE FOR THE IN-SITU MEASUREMENT

OF ACOUSTICALLY STIMULATED BIOLUMINESCENCE

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and used

by or for the Government of the United States of America for
governméntal purposes without the payment of any royalties
thereon or therefore.
| BACKGROUND OF THE INVENTION

(1) Field of the Imnvention

The present invention relates to the'field of detecting
bioluminescent emissions and more particularly to é
bioluminescence detection device in which a voltage wave train
is supplied to one or more of a plurality of transducers of anA
acoustical pulse generation system. The transducer generates
acoustical energy thereby stimulating aéuatic orgénisms to
bioluminescence in the object field of an éptical system which
in turn records the number of photons received for the duration
of the acoustical stimulus.
(2) Description of the Prior Art

Bioluminescénce is a visible light produced either

intermittingly or continuously by numerous aquatic organisms.
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Many marine dinoflagellate.species are able to produce
bioluminescence as part of their daily physiological processes.
Similarily, some marine bacteria are also bioluminescent. Since
various toxicants are known to reduce the light intensity output
of bioluminescent bacteriai cultures, the bacteria have been
used as tést organisms to detect the toxicity of atmospheric
samples, herbicides and some chemicals.

In order to effectively detect bioluminescenece, various
optical instrumentation haé been developed to provide data which
can correlate with organism.distribution patterns.
Instrumentation which measures stimulated bioluminescenece
provides a éubstantial utility for rapid profiling of aquatic
organisms.

In Copeland et al. (U.S. Patent No. 5,840,572), a system

for measuring the toxicity levels of a solution is disclosed.

In the cited reference, a stress generator in a sample container

generates pressuré pulses Which stimulate an organism to
generate measurable light emissions. A light detection system
generates an electric pulse in response to each detected light
emission. A controlief enables the stress generating system and
the light detection system, and then counts the electric pulses
within a predetermined period of timé in order to produce

measurable points for toxicity.
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An improvement to the known art of acoustically stimulating
bioluminescent organisms is providing a bioluminescence
detection device in which the detection device may be fielded
in-situ (where the sample volume is in the open ocean) by which
water can flow freely through a volume thus allowing for
measurement of a continuously changing sample. Using acoustic
generation would stimulate bioluminescent organisms without
damaging the orgaﬁisms énd would allow a consistent stimulus.
By allowing for in-situ measurement, a more realistic
observation of the behavior of bioluminescent organiSMS is
attainable than by the use of present controlled and enclosed

measurement devices.

SUMMARY OF THE INVENTION

It is therefore a general purpose and object of the
present invention to provide a bioluminescence detection device
in which the detection device may be fielded in-situ by which
water can flow freely through a volumé thus allowing for
measurement of a continuously changing sample of organisms which
are unaffected by a non-natural environment.

It is a further object.of the present invention to provide
a bioluminescence device in which bioluminescentvorgaﬁisms may
be stimulated without the impact of man-made containment

structures.
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It is a still further object of the present invention to
provide a bioluminescence detection device in which
bioluminescent organismg may be stimulated without being
damaged.

It is a still further object of the present invention to
provide a bioluminescence detection device in which
bioluminescent organisms may be stimulated consistently.

In order to attain the objects described above, there is
provided a device for bioluminéscence measurement generally
comprising an acoustical pulse generator, a tubular detector
chamber, a lens assembly and a photomultiplier tube.

| The acoustic pulse generator comprises acoustic transducers
which can project a high-powered narrow beam operation. The
transducers are operated by supplying a voltage wave train to
one or a plUrality of the transducers which in turn generates
acoustical énergy in the object field of the device. The
generated acoustical energy provides a stimulus or agitation of
any aquatic organisms within the object field (typically an

aqueous volume) . 'The‘stimulated aquatic organisms produce the

bioluminescence for measurement. The positioning of the

transducers can also allow a stationary bioluminescence
measurement if a volume is captured in addition to a measurement

of the changing flow of water in the volume.
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The lens assembly restricts a measurement of light to the
photomultiplier tube of that light originating only from the
volume of primary acoustic stimulation. The photomultiplier
tube detects the biolumineséenqe generated by any aquatic
organisﬁs in a captured volume or if a changing measurement
occurs by water flow in the volume. The output of the
photomultiplier tube is provided in photons/sec in which the
output can be further analyzed by a contréllér or any other
receiver known to those skilled in the‘art.

The photomultiplier tube and lens assembly are mounted
within the tubular detector chamber. A transparent optical
window is positioned in one‘end of the.tubular detector chamber
and is mounted in alignment with both the photomultiplier tube
and the lens assembly.

The acoustic transducers are mounted directly on the tubﬁlar
detector chamber or can be additionally supported byla stainless
steel tubular ring. In either configuration, the acoustic
transducers can be adjusted and positioned so that the main
acoustic axis is directed into the center of a bioluminescence
measurement volume.

The device of the present invention alloWs the flexible
positioning of the acoustic pulse generator by the transducers

and is capable of measuring a stationary bioluminescence if a
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volume is captured or a changing bioluminescence if the volume

is part of a free flow of water moving past the device.

BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understanding of the invention and many of
the attendant advantages thereto will be readily appreciated as
the same becomes better understood by reference to the following
detailed description when considered in conjunctién with the
accompanying drawing wherein FIG. 1 shows a diagram of the in-
situ bioluminescence measurement device of the present

invention.

DESCRIPTION OF THE PREFERRED EMBObIMENT

| Referring now to FIG.1l, there is shown a bioluminescence
measurement device 10 of the present inventiontgenerally
comprising an acoustical pulse generator 20; photomultiplier
tube (PMT) 30, a lens assembly 40 and a tubular detector chamber
50.

'The acoustic pulse generator 20 preferably comprises five
acoustic transducers 22, known to those skilled in the art, in
which the transducers can project a high-powered narrow_beam

operation. The transducers 22 are operated by supplying a

voltage wave train to one or a plurality of the transducers

which in turn generates acoustical energy in the object field
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(as indicated by a volume surrounding and part of a flow in

“direction "A") of the bioluminescence measurement device 10.

The generated acoustical energy provides a stimulus or agitation
of any‘aQuatic organisms within the object field. The
stimulated aquatic organisms produce the bioluminescence. The
positioning of the transducers 22 can also allow a stationary
bioluminescence measurement if a volume is captured.

The photomultiplier tube 30 and lens assembly 40 are
mounted within the tubular detector chamber 50. The lens
assembly 40 restricts a measurement of light to the
photomultiplier tube 30 of that light origiﬁating only from the
volume of primary acoustic stimulation. The photomultiplier
tube 30 detects the bioluminescence generated by any aquatic
organisms in a captured volume or if a changing'measufement
occurs by flow in the direction "A" in the volume. The output
of the photomultiplier tube 30 is provided in photons/sec in
which the output can be further aﬁalyzed by a controller or any
other receiver known to those skilled in the art.

A transparent optical window 52 is positionéd in one end of

the tubular detector chamber 50 and is mounted in alignment with

both the photomultiplier tube 30 and the lens aésembly 40 to
allow measured bioluminescence to reach both. The tubular

detector chamber 50 is preferably made of stainless steel
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thereby providing a durable of and light-tight chamber allowing

operation to depths of up to 6000 feet.

| The acéustic transducers 22 are mounted directly on the
tubular detector chamber 50 or can be additionally supported by'
a stainless steel tubular ring 24. In either configuration, the

acoustic transducers 22 can be adjusted and positioned so that

"the main acoustic axis is directed into the center of a

biocluminescence measurement volume.

It is therefore a primary advantage of the bioluminescence
measurement device 10 Qf the present invention that the device
allows the flexibie positioning of the acoustic pulse generatof
20 by the transducers 22 and is capable of measuring a
stationary bioluminescence if a volume is captured or a changing
bioluminescence if the volume is part of a free flow of water
moving past the device.

Thus, the several aforementioned objects and advantages of
thelpresent invention are most effectively attained. Although
preferred embodiments of the invention have beep disclosed and
described in detail herein, it should be understood that.this
invention is in no sense limited thereby and its scope is to be

determined by that of the appended claims.
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Attorney Docket No. 79450

A DEVICE FOR THE IN-SITU MEASUREMENT

OF ACOUSTICALLY STIMULATED BIOLUMINESCENCE

ABSTRACT OF THE DISCLOSURE

A device and method of use for measurement of in-situ
bioluminescence generally comprising an acoustical pulse
generator, a detector chamber, a lens assembly and a
photomultiplier tube. The generator comprises transducers which
can generate acoustical energy in the object field of the
device. The acoustical energy provides a stimulus of aquatic
organisms within the object field (typically an aqueous volume)
to produce the bioluminescence. The generator is pbsitioned
outside of the detector chamber and the photomultiplier tube and
lens assembly are mounted within the chamber. The lens assembly
restricts light to the photomultiplier tub¢ of that
bioluminescence light originating only from the volume. The
photomultiplier tube detects the bioluminescenge generated by
any agquatic organisms in a captured volume or if a changing
measurement occurs by water flow in the volume. The output of

the photomultiplier tube is provided td a controller to be

analyzed.
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