
( 19 ) United States 
( 12 ) Patent Application Publication 

Pagan et al . 

US 2018001102019 
( 10 ) Pub . No . : US 2018 / 0011020 A9 
( 48 ) Pub . Date : Jan . 11 , 2018 

CORRECTED PUBLICATION 

( 54 ) OPTICAL DENSITY MONITOR AND 
COMPARATOR SYSTEMS AND METHODS 

055 is a continuation of application No . PCT / 
US2009 / 068765 , filed on Dec . 18 , 2009 . 

( 60 ) Provisional application No . 61 / 820 , 204 , filed on May 
7 , 2013 , provisional application No . 61 / 139 , 022 , filed 
on Dec . 19 , 2008 . 

@ ( 71 ) Applicants : The University of North Carolina at 
Charlotte , Charlotte , NC ( US ) ; 
AquiSense Technologies LLC , Walton , 
KY ( US ) Publication Classification 

@ ( 72 ) Inventors : Jennifer Godwin Pagan , Charlotte , NC 
( US ) ; Edward Brittain Stokes , 
Charlotte , NC ( US ) ; Paolo Batoni , 
Charlotte , NC ( US ) 

@ ( 73 ) Assignees : THE UNIVERSITY OF NORTH 
CAROLINA AT CHARLOTTE , 
Charlotte , NC ( US ) ; AguiSense 
Technologies LLC , Walton , KY ( US ) 

( 21 ) Appl . No . : 14 / 271 , 859 

( 1 ) Int . Cl . 
GOIN 21 / 59 ( 2006 . 01 ) 
GOIN 21 / 33 ( 2006 . 01 ) 
A61L 9 / 20 ( 2006 . 01 ) 
GOIN 21 / 03 ( 2006 . 01 ) 
CO2F 1 / 32 ( 2006 . 01 ) 

( 52 ) U . S . CI . 
CPC . . . . . . . . . . GOIN 21 / 5907 ( 2013 . 01 ) ; A61L 9 / 205 

( 2013 . 01 ) ; GOIN 21 / 031 ( 2013 . 01 ) ; GOIN 
21 / 33 ( 2013 . 01 ) ; A61L 2209 / 11 ( 2013 . 01 ) ; 

CO2F 1 / 32 ( 2013 . 01 ) ; CO2F 2209 / 11 
( 2013 . 01 ) ; GOIN 2201 / 065 ( 2013 . 01 ) ; CO2F 

2303 / 04 ( 2013 . 01 ) 
( 57 ) ABSTRACT 
The present disclosure relates generally to systems and 
methods for determining the absorption coefficient and the 
optical density of a fluid as they relate to the wavelength of 
incident radiation . Specifically , ultraviolet light - emitting 
diodes ( UV LEDs ) or the like that emit ultraviolet ( UV ) 
radiation or the like are used as sources for irradiating the 
interior of an integrating chamber that is designed to 
increase the path length of the radiation through the fluid , 
thus enhancing the detection limits of the absorption coef 
ficient and the optical density according to Beer ' s Law . 
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Photodiode response to various DNA dilutions pipetted into prototype system 
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OPTICAL DENSITY MONITOR AND 
COMPARATOR SYSTEMS AND METHODS 

CROSS - REFERENCE TO RELATED 
APPLICATION 

10001 ] The present patent application / patent is a continu 
ation - in - part of co - pending U . S . patent application Ser . No . 
13 / 163 , 055 , filed on Jun . 17 , 2011 , and entitled “ SYSTEMS 
AND METHODS FOR PERFORMING THE BACTERIAL 
DISINFECTION OF A FLUID USING POINT RADIA 
TION SOURCES , " which claims the benefit of priority of 
Patent Cooperation Treaty ( PCT ) Patent Application No . 
PCT / US09 / 68765 , filed on Dec . 18 , 2009 , and entitled 
“ SYSTEMS AND METHODS FOR PERFORMING THE 
BACTERIAL DISINFECTION OF A FLUID USING 
POINT RADIATION SOURCES , ” which claims the benefit 
of priority of U . S . Provisional Patent Application No . 
61 / 139 , 022 , filed on Dec . 19 , 2008 , and entitled “ BACTE 
RIAL DISINFECTION UNIT , ” the contents of all of which 
are incorporated in full by reference herein . The present 
patent application / patent also claims the benefit of priority 
of co - pending U . S . Provisional Patent Application No . 
61 / 820 , 204 , filed on May 7 , 2013 , and entitled “ OPTICAL 
DENSITY MONITOR AND COMPARATOR , ” the contents 
of which are incorporated in full by reference herein . 

tion can be separated from attenuation due to light scattering 
through the integrating sphere or multi - pass cell ; however , 
there is no enhancement of absorption coefficient measure 
ment , as the path length is determined strictly by the cuvette 
dimensions . Thus , what are still needed in the art are 
improved systems and methods for determining the absorp 
tion coefficient and the optical density of a fluid as they 
relate to the wavelength of incident radiation . 
[ 0005 ] Further , nucleic acid quantitation is used prolifi 
cally to determine the presence and the concentration of 
deoxyribonucleic acid ( DNA ) and ribonucleic acid ( RNA ) in 
a sample . There are several methodologies used to measure 
such concentrations . When relatively low concentrations of 
DNA are present , fluorescent dyes are used that bind to the 
nucleic acid and the resulting fluorescent intensity is com 
pared to control samples . This method can be more time 
consuming than other methods , but is more accurate at 
relatively low sample concentrations . The Slot - Blot tech 
nique can also be used for relatively low sample concentra 
tions , but requires adding a hybridizing agent and relies on 
luminescence measurement . Absorption spectroscopy is a 
commonly used method whereby the sample absorbance at 
260 nm is correlated to the concentration and the sample 
absorbance at 280 nm . It may also be used to ascertain 
sample purity or contamination of a protein sample by DNA 
as compared to the 260 nm absorption . This method is 
defined by the Beer - Lambert Law , where absorption is a 
function of the path length of the sample . Because , as 
described above , the samples of interest are typically in held 
small cuvettes ( i . e . about 1 - cm path length ) or microplates , 
they must have sufficient DNA concentrations to allow for 
measurement , or , be mechanically concentrated prior to 
sampling ( as required for a nanodrop spectrophotometer ) . If 
the path length of the sample can be increased , then the level 
of sensitivity of the measurement can be increased ; alterna 
tively , smaller sample volumes can be used for measure 
ment . Thus , what are still needed in the art are improved 
systems and methods for determining the presence and the 
concentration of DNA and RNA in a sample by exploiting 
increased path length . 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[ 0002 ] The U . S . Government may have certain rights in 
the present disclosure pursuant to Award Nos . 0740524 and 
0848759 by the National Science Foundation ( NSF ) . 

FIELD OF THE DISCLOSURE 
[ 0003 ] The present disclosure relates generally to systems 
and methods for determining the absorption coefficient and 
the optical density of a fluid as they relate to the wavelength 
of incident radiation . Specifically , ultraviolet light - emitting 
diodes ( UV LEDs ) or the like that emit ultraviolet ( UV ) 
radiation or the like are used as sources for irradiating the 
interior of an integrating chamber that is designed to 
increase the path length of the radiation through the fluid , 
thus enhancing the detection limits of the absorption coef 
ficient and the optical density according to Beer ' s Law . 

BACKGROUND OF THE DISCLOSURE 
[ 0004 ] The use of integrating spheres or multi - pass cells 
for quantifying the optical density of a fluid is prolific ; 
however , in most of these applications , the fluid being 
examined is disposed in a sample container ( e . g . a cuvette ) 
and placed inside or against a porthole manufactured in the 
side of the sphere of cell . A radiation source , typically a 
halogen , mercury , or deuterium lamp , is used to irradiate the 
fluid inside the sample container . Some light is absorbed by 
the fluid and the remainder is scattered into the interior of the 
sphere or cell . After being multiply scattered , the remaining 
light exits the sphere or cell through a porthole and is 
detected by a spectrometer or the like . The path length in this 
type of measurement is determined by the dimensions of the 
cuvette , and is not enhanced by multiple scattering inside the 
sphere or cell . This is a common methodology in the field of 
absorption spectroscopy , where the amount of light absorbed 
can be correlated to the concentration of a molecule in the 
fluid . In this methodology , attenuation due to light absorp 

BRIEF SUMMARY OF THE DISCLOSURE 
[ 0006 ] In various exemplary embodiments , the present 
disclosure provides an integrating sphere or multi - pass cell 
( collectively referred to herein as a flow cell ) including one 
or more UV LEDs or the like disposed around the interior 
periphery thereof . The one or more UV LEDs are operable 
for irradiating the interior of the flow cell , which contains 
and confines a fluid sample in substantially the entire 
internal volume of the flow cell , thereby maximizing path 
length through the fluid sample . A detector is also disposed 
at the interior periphery of the flow cell , such that scattered 
radiation within the interior of the flow cell impinges on and 
is detected by the detector . 
[ 0007 ] In one exemplary embodiment , the present disclo 
sure provides a system for determining the absorption coef 
ficient and / or the optical density of a fluid , including : an 
integrating flow cell configured to contain a fluid sample 
within substantially an entire interior portion thereof ; one or 
more point radiation sources disposed about an interior 
periphery of the integrating flow cell , wherein the one or 
more point radiation sources are operable for delivering 
radiation of a predetermined wavelength to the fluid sample ; 
and one or more radiation detectors operable for detecting 
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radiation of a second predetermined wavelength to the fluid 
sample . Optionally , the one or more point radiation sources 
include one or more UV point radiation sources . Optionally , 
the one or more point radiation sources include a point 
radiation source operable for delivering radiation having a 
predetermined wavelength of between about 260 nm and 
about 280 nm to the fluid sample . The interior surface of the 
integrating flow cell is operable for reflecting the radiation 
delivered to the fluid sample by the one or more point 
radiation sources such that a radiation intensity is uniform 
throughout the interior portion of the integrating flow cell . 
Optionally , the method also includes providing an algorithm 
operable for quantifying a degree of disinfection of the fluid 
sample using the detected radiation . Alternatively , the 
method includes providing an algorithm operable for quan 
tifying nucleic acids in the fluid sample using the detected 
radiation . 

radiation within the interior portion of the integrating flow 
cell ; wherein an interior surface of the integrating flow cell 
is operable for reflecting the radiation delivered to the fluid 
sample by the one or more point radiation sources ; and 
wherein a path length of the radiation delivered to the fluid 
sample and reflected is maximized by the fluid sample 
occupying substantially the entire interior portion of the 
integrating flow cell . The absorption coefficient and / or the 
optical density of the fluid is determined utilizing the 
predetermined wavelength of the delivered radiation and a 
characteristic ( e . g . intensity ) of the detected radiation . The 
integrating flow cell includes one or more of an integrating 
cavity , an integrating ellipsoid , an integrating sphere , and a 
multi - pass cell . Preferably , the one or more point radiation 
sources include a first point radiation source operable for 
delivering radiation of a first predetermined wavelength to 
the fluid sample . Optionally , the one or more point radiation 
sources further include a second point radiation source 
operable for delivering radiation of a second predetermined 
wavelength to the fluid sample . Optionally , the one or more 
point radiation sources include one or more UV point 
radiation sources . Optionally , the one or more point radia 
tion sources include a point radiation source operable for 
delivering radiation having a predetermined wavelength of 
between about 260 nm and about 280 nm to the fluid sample . 
The interior surface of the integrating flow cell is operable 
for reflecting the radiation delivered to the fluid sample by 
the one or more point radiation sources such that a radiation 
intensity is uniform throughout the interior portion of the 
integrating flow cell . Optionally , the system also includes an 
algorithm operable for quantifying a degree of disinfection 
of the fluid sample using the detected radiation . Alterna 
tively , the system includes an algorithm operable for quan 
tifying nucleic acids in the fluid sample using the detected 
radiation . 
[ 0008 ] In another exemplary embodiment , the present 
disclosure provides a method for determining the absorption 
coefficient and / or the optical density of a fluid , including : 
providing an integrating flow cell configured to contain a 
fluid sample within substantially an entire interior portion 
thereof ; providing one or more point radiation sources 
disposed about an interior periphery of the integrating flow 
cell , wherein the one or more point radiation sources are 
operable for delivering radiation of a predetermined wave 
length to the fluid sample ; and providing one or more 
radiation detectors operable for detecting radiation within 
the interior portion of the integrating flow cell ; wherein an 
interior surface of the integrating flow cell is operable for 
reflecting the radiation delivered to the fluid sample by the 
one or more point radiation sources ; and wherein a path 
length of the radiation delivered to the fluid sample and 
reflected is maximized by the fluid sample occupying sub 
stantially the entire interior portion of the integrating flow 
cell . The absorption coefficient and / or the optical density of 
the fluid is determined utilizing the predetermined wave 
length of the delivered radiation and a characteristic ( e . g . 
intensity ) of the detected radiation . The integrating flow cell 
includes one or more of an integrating cavity , an integrating 
ellipsoid , an integrating sphere , and a multi - pass cell . Pref 
erably , the one or more point radiation sources include a first 
point radiation source operable for delivering radiation of a 
first predetermined wavelength to the fluid sample . Option 
ally , the one or more point radiation sources further include 
a second point radiation source operable for delivering 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0009 The present disclosure is illustrated and described 
herein with reference to the various drawings , in which like 
reference numbers are used to denote like system compo 
nents / method steps , as appropriate , and in which : 
[ 0010 ) FIG . 1 is a schematic diagram illustrating one 
exemplary embodiment of the optical density monitor and 
comparator system of the present disclosure , containing a 
fluid sample to be quantified ; 
[ 0011 ] FIG . 2 is a schematic diagram illustrating one 
exemplary embodiment of the optical density monitor and 
comparator system of the present disclosure , containing a 
fluid sample and DNA / RNA or the like to be quantified ; 
[ 0012 ] FIG . 3 is a plot illustrating photodiode response in 
a 4 - inch integrating sphere with a 255 - nm LED source to 
various DNA dilutions ; and 
[ 0013 ] FIG . 4 is a plot illustrating photodiode response 
positioned in the side of a Beta Pearl reactor which was filled 
with air , distilled water , and distilled water combined with 
varying amounts of instant coffee to adjust the UV trans 
mittance of the water . 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

[ 0014 ] Referring now specifically to FIG . 1 , again , in one 
exemplary embodiment , the present disclosure provides an 
integrating sphere or multi - pass cell ( collectively referred to 
herein as a flow cell 10 ) including one or more UV LEDs or 
the like 12 disposed around and / or through the interior 
periphery 14 thereof . The one or more UV LEDs 12 are 
operable for irradiating the interior 16 of the flow cell 10 , 
which contains and confines a fluid sample 18 in substan 
tially the entire internal volume 16 of the flow cell 10 , 
thereby maximizing path length 20 through the fluid sample 
18 . The path length 20 substantially coincides with the entire 
internal diameter 22 of the flow cell 10 . One or more 
detectors 24 are also disposed at the interior periphery 14 of 
the flow cell 10 , such that scattered radiation 26 within the 
interior 16 of the flow cell 10 impinges on and is detected by 
the one or more detectors 24 . 
[ 0015 ] The enhanced pathlength offered by integration 
spheres provides advantages in sensitivity . A 10 - cm diam 
eter integrating sphere results in a 250 - cm pathlength , which 
is 250x that of a standard 1 - cm cuvette . The increased 
pathlength inside the integrating sphere is a result of mul 
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tiple reflections of the incoming radiation from the walls of 
the sphere which are typically made from a Lambertian 
scattering material . Each time the incoming radiation is 
reflected there is some attenuation of the signal which is 
affected by the reflectivity of the wall of the sphere as well 
as the absorption coefficient of the medium inside the 
sphere . A good approximation of the pathlength is deter 
mined by setting the Beer - Lambert law equal to the inte 
grating sphere multiplier , M , which describes the increase in 
radiance in an integrating sphere due to multiple reflections . 
Sphere Multiplier 
[ 0016 ] 

M = L - P ( 1 - f ) 
! ! 

$ 0 " 1 - P ( 1 - 1 ) 

Where f is the port hole fraction in the sphere and p is the 
reflectivity of the sphere wall and p and do are the internal 
radiance and initial radiance in the sphere , respectively . 
Beer - Lambert 
[ 0017 ] 

???? 
VO 

Where a is the absorption coefficient and z is the pathlength 
and o and Do are the radiance with and without the presence 
of absorption , respectively . 
[ 0018 ] The resulting effective pathlength , z , in an integrat 
ing sphere is defined by the following equation , which has 
been shown to have good agreement with experimental 
measurements : 

made of plastic or the like for ease of manufacturing , and , in 
such cases where the material is not a good Lambertian 
scatterer , the interior surfaces thereof are coated with a 
Lambertian scattering material . Alternatively , the flow cell 
10 is made of a metallic or other reflective or coated 
reflective material , such as aluminum , stainless steel , cop 
per , etc . , which may be anodized or otherwise coated with 
organic polymer , silicone , inorganic oxide , etc . The flow cell 
10 is scalable and may have any suitable dimensions , on the 
order of millimeters to meters , for example . 
[ 0021 ] The flow cell 10 includes at least an inlet port ( not 
illustrated ) and an outlet port ( not illustrated ) manufactured 
into it that provides for the flow of the fluid sample 18 ( i . e . 
a liquid or a gas ) from the inlet port to the outlet port . 
Alternatively , the inlet port and the outlet port may consist 
of the sample port . It will be readily apparent to those of 
ordinary skill in the art that multiple inlet ports and / or 
multiple outlet ports may also be utilized . 
[ 0022 ] In the nominal design , one or more point radiation 
sources 12 , such as one or more UV optical sources , one or 
more deep - UV optical sources , one or more semiconductor 
optical sources , and / or one or more light - emitting diode 
( LED ) optical sources , are disposed within or partially or 
wholly through one or more ports ( not illustrated ) manufac 
tured through the flow cell 10 , optionally at symmetrically 
disposed positions . “ Point radiation sources ” as used herein , 
refer to small , roughly symmetrical radiation sources , as 
compared to the other dimensions of the system . 
[ 0023 ] Referring again specifically to FIG . 1 , one exem 
plary application of the present invention involves measur 
ing the optical density of a water influent or effluent to a 
disinfection reactor or the like . The optical density of water 
in the UV region is important for determining the efficacy of 
water disinfection reactors that use UV radiation to inacti 
vate organisms in the water . This practice is commonly 
referred to as measuring the UV transmission ( UVT ) of the 
water . In this implementation , one LED is used at 260 nm , 
for example , the typical wavelength used for water disin 
fection . 
[ 0024 ] Another exemplary application of the present 
invention involves measuring nucleic acid concentrations in 
a sample and quantifying the ratio of nucleic acids to protein 
in solution . The present invention is significantly different 
from the current methods of sample measurement in that it 
allows the sample to fill the entirety of the interior of the 
integrating sphere 10 , making the sphere the effective 
sample holder . This enables a higher level of sensitivity in 
the measurement because it maximizes the path length 20 
for both the irradiating source 12 and the sample 18 in a 
compact design . Because the sphere 10 operates on the 
principle of multiple reflections , it is extremely sensitive to 
absorbing molecules . Two LED optical sources 12 are used 
in this implementation , for example , one at 260 nm , the peak 
of DNA absorbance , and one at 280 nm , the peak of protein 
absorbance . 
[ 0025 ] Referring now specifically to FIG . 2 , the system is 
used for such nucleic acid quantitation . On the left hand side 
a detector 24 on a porthole of the integrating sphere 10 
measures a specific intensity at wavelength - 1 and wave 
length - 2 ( typically with 260 nm and 280 nm LED sources 
irradiating the interior 16 of the sphere 10 , for example ) . The 
intensity at each wavelength drops with the addition of the 
sample 18 inside the sphere 10 ( right - hand side ) and the 

P ( 1 - 1 ) 
- 11 - p ( l – f ) 

a 
< = 

[ 0019 ] This effective increase in pathlength enables a 
higher level of sensitivity in the measurement because it 
maximizes the pathlength for both the irradiating source and 
the sample in a compact design . Because the sphere operates 
on the principle of multiple reflections , it is extremely 
sensitive to absorbing molecules . 
[ 0020 ] One exemplary flow cell 10 is described in U . S . 
Patent Application Publication No . 2012 / 0318749 ( com 
monly assigned ) . The flow cell 10 takes the form of an 
integrating sphere or the like . Although the integrating 
sphere configuration is discussed at length , other configu 
rations may also be utilized . The key consideration is that 
photons are repeatedly reflected within the flow cell 10 and 
that a uniform radiation field is formed with low - intensity 
radiation sources . The flow cell 10 should have substantially 
curved and concave opposing interior surfaces , should not 
have internal corners , and every point on the interior surface 
of the flow cell 10 should be “ visible ” from every other point 
on the interior surface . Ovoids , ellipsoids , cubes with 
rounded corners , etc . all fit these criteria . The flow cell 10 is 
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sensitivity to the sample absorption is increased due to the 
long path length 26 provided by the integrating sphere 10 . 
[ 0026 ] By increasing the absorption pathlength of a 
sample , the level of sensitivity of the measurement will also 
be increased ; alternately , smaller sample volumes or more 
dilute samples can be used for measurement . This effect was 
seen in preliminary data taken using a custom four inch 
diameter integrating sphere made of virgin PTFE with a 96 % 
surface reflectance in the ultraviolet wavelength range . The 
sphere was filled with deionized water and a 10 mW , 255 nm 
LED was used as the input radiation source . A SiC photo 
diode monitored the flux inside the integrating sphere . 
Herring sperm was inoculated in the integrating sphere at 
increasingly less dilute samples until an absorption 
response , seen as a drop in the photodiode current , was 
measured . As can be seen in FIG . 3 , a response was 
measured at a DNA dilution of 1 . 58 pg / uL . Also , as less 
dilute samples were inoculated into the sphere the drop in 
photocurrent increased as was expected . The preliminary 
data showed a response at 1 . 58 pg / uL which is 1000x lower 
than other absorbance based nucleic acid quantitation sys 
tems . 
[ 0027 ] The application of using the integrating sphere as 
an optical density monitor was also explored experimentally . 
Inside the sphere increasingly higher levels of coffee were 
added to water to adjust the UVT of the water . The photo 
diode response of a photodiode situated into the side of the 
sphere was measured and compared to 1 - cm cuvette read 
ings of the same liquid measured using a standard spectro 
photometer ( see FIG . 4 ) . Large changes in the photodiode 
response were observed for very small changes in liquid 
UVT , indicating the sphere could be a very sensitive mea 
surement tool for performing absorption based measure 
ments on liquids contained in the sphere interior . 
[ 0028 ] Although the present disclosure is illustrated and 
described herein with reference to preferred embodiments 
and specific examples thereof , it will be readily apparent to 
those of ordinary skill in the art that other embodiments and 
examples may perform similar functions and / or achieve like 
results . All such equivalent embodiments and examples are 
within the spirit and scope of the present disclosure , are 
contemplated thereby , and are intended to be covered by the 
following claims . 
What is claimed is : 
1 . A system for determining the absorption coefficient 

and / or the optical density of a fluid , comprising : 
an integrating flow cell configured to contain a fluid 

sample within substantially an entire interior portion 
thereof ; 

one or more point radiation sources disposed about an 
interior periphery of the integrating flow cell , wherein 
the one or more point radiation sources are operable for 
delivering radiation of a predetermined wavelength to 
the fluid sample ; and 

one or more radiation detectors operable for detecting 
radiation within the interior portion of the integrating 
flow cell ; 

wherein an interior surface of the integrating flow cell is 
operable for reflecting the radiation delivered to the 
fluid sample by the one or more point radiation sources ; 
and 

wherein a path length of the radiation delivered to the 
fluid sample and reflected is maximized by the fluid 

sample occupying substantially the entire interior por 
tion of the integrating flow cell . 

2 . The system of claim 1 , wherein the absorption coeffi 
cient and / or the optical density of the fluid and / or organic ! 
inorganic particles disposed in the fluid is determined uti 
lizing the predetermined wavelength of the delivered 
radiation and a characteristic of the detected radiation . 

3 . The system of claim 1 , wherein the determined absorp 
tion coefficient and / or optical density of the fluid and / or 
organic / inorganic particles disposed in the fluid is measured 
at one or more predetermined wavelengths of delivered 
radiation and a ratio of measured values is used to identify 
the fluid and / or organic / inorganic particles disposed in the 
fluid . 

4 . The system of claim 1 , wherein the integrating flow cell 
comprises one or more of an integrating cavity , an integrat 
ing ellipsoid , an integrating sphere , and a multi - pass cell . 

5 . The system of claim 1 , wherein the one or more point 
radiation sources comprise a first point radiation source 
operable for delivering radiation of a first predetermined 
wavelength to the fluid sample . 

6 . The system of claim 5 , wherein the one or more point 
radiation sources further comprise a second point radiation 
source operable for delivering radiation of a second prede 
termined wavelength to the fluid sample . 

7 . The system of claim 1 , wherein the one or more point 
radiation sources comprise one or more ultraviolet ( UV ) 
point radiation sources and / or one or more visible point 
radiation sources . 

8 . The system of claim 1 , wherein the one or more point 
radiation sources comprise a point radiation source operable 
for delivering radiation having a predetermined wavelength 
of between about 260 nm and about 280 nm to the fluid 
sample . 

9 . The system of claim 1 , wherein the one or more point 
radiation sources comprise one or more semiconductor 
optical sources , light - emitting diode ( LED ) optical sources , 
ultraviolet ( UV ) optical sources , and deep - UV optical 
sources . 

10 . The system of claim 1 , wherein the interior surface of 
the integrating flow cell is operable for reflecting the radia 
tion delivered to the fluid sample by the one or more point 
radiation sources such that a radiation intensity is uniform 
throughout the interior portion of the integrating flow cell . 

11 . The system of claim 1 , further comprising an algo 
rithm operable for quantifying a degree of disinfection of the 
fluid sample using the detected radiation . 

12 . The system of claim 1 , further comprising an algo 
rithm operable for quantifying nucleic acids in the fluid 
sample using the detected radiation . 

13 . A method for determining the absorption coefficient 
and / or the optical density of a fluid , comprising : 

providing an integrating flow cell configured to contain a 
fluid sample within substantially an entire interior 
portion thereof ; 

providing one or more point radiation sources disposed 
about an interior periphery of the integrating flow cell , 
wherein the one or more point radiation sources are 
operable for delivering radiation of a predetermined 
wavelength to the fluid sample ; and 

providing one or more radiation detectors operable for 
detecting radiation within the interior portion of the 
integrating flow cell ; 
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wherein an interior surface of the integrating flow cell is 
operable for reflecting the radiation delivered to the 
fluid sample by the one or more point radiation sources ; 
and 

wherein a path length of the radiation delivered to the 
fluid sample and reflected is maximized by the fluid 
sample occupying substantially the entire interior por 
tion of the integrating flow cell . 

14 . The method of claim 13 , wherein the absorption 
coefficient and / or the optical density of the fluid and / or 
organic / inorganic particles disposed in the fluid is deter 
mined utilizing the predetermined wavelength of the deliv 
ered radiation and a characteristic of the detected radiation . 

15 . The method of claim 13 , wherein the determined 
absorption coefficient and / or optical density of the fluid 
and / or organic / inorganic particles disposed in the fluid is 
measured at one or more predetermined wavelengths of 
delivered radiation and a ratio of measured values is used to 
identify the fluid and / or organic / inorganic particles disposed 
in the fluid . 

16 . The method of claim 13 , wherein the integrating flow 
cell comprises one or more of an integrating cavity , an 
integrating ellipsoid , an integrating sphere , and a multi - pass 
cell . 

17 . The method of claim 13 , wherein the one or more 
point radiation sources comprise a first point radiation 
source operable for delivering radiation of a first predeter 
mined wavelength to the fluid sample . 

18 . The method of claim 17 , wherein the one or more 
point radiation sources further comprise a second point 

radiation source operable for delivering radiation of a sec 
ond predetermined wavelength to the fluid sample . 

19 . The method of claim 13 , wherein the one or more 
point radiation sources comprise one or more ultraviolet 
( UV ) point radiation sources and / or one or more visible 
point radiation sources . 

20 . The method of claim 13 , wherein the one or more 
point radiation sources comprise a point radiation source 
operable for delivering radiation having a predetermined 
wavelength of between about 260 nm and about 280 nm to 
the fluid sample . 

21 . The method of claim 13 , wherein the one or more 
point radiation sources comprise one or more semiconductor 
optical sources , light - emitting diode ( LED ) optical sources , 
ultraviolet ( UV ) optical sources , and deep - UV optical 
sources . 

22 . The method of claim 13 , wherein the interior surface 
of the integrating flow cell is operable for reflecting the 
radiation delivered to the fluid sample by the one or more 
point radiation sources such that a radiation intensity is 
uniform throughout the interior portion of the integrating 
flow cell . 

23 . The method of claim 13 , further comprising providing 
an algorithm operable for quantifying a degree of disinfec 
tion of the fluid sample using the detected radiation . 

24 . The method of claim 13 , further comprising providing 
an algorithm operable for quantifying nucleic acids in the 
fluid sample using the detected radiation . 

* * * * 


