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(57) ABSTRACT 

A System for detecting leaks of petroleum and other non 
petroleum based products in an environment includes a 
Sensor package comprising at least one LED and an optical 
photo-detector. The emitter transmits an excitation signal 
with an excitation wavelength, and the detector is tuned to 
the emission wavelengths of a fluorescing mixture, Such as 
a petroleum based product, in a Space where detection is 
Sought. An alarm System coupled to the detector may be 
used for notifying users in case of a leak. 
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SYSTEMAND METHOD FOR OPTICAL 
DETECTION OF PETROLEUMAND OTHER 

PRODUCTS IN AN ENVIRONMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The contents of this application are a Continuation 
In-Part of the U.S application having Ser. No. 10/702,250 
filed on Nov. 4, 2003 and is incorporated by reference 
herein. 

BACKGROUND 

0002) 1. Field of the Invention 
0003. The present invention relates generally to the use of 
optical Sensors to detect the presence of petroleum and 
non-petroleum based liquids, fluids, or products in a Sample, 
medium, or environment. 
0004 2. General Background and State of the Art 
0005 Systems and methods for detecting leaks of petro 
leum or other products, in an environment or medium, are 
well known in the prior art. Most of these techniques use a 
quantitative approach to identify a leak or to determine leak 
rate based on a measurement of Volumetric changes of the 
product. The capability of prior art leak detection methods to 
accurately measure leakage is affected by certain variables 
Such as temperature change, Surrounding medium charac 
teristics, product evaporation, and the characteristics of the 
product. Furthermore, temperature variation, which is a 
Substantial factor, causes dynamic expansion or contraction 
of the Stored product on both a short-term and long-term 
basis. Indeed, changes in ambient temperature throughout 
the day are often large enough So as to “mask' the leakage 
rate to be measured. For example, a change of 0.01 F. per 
hour in a 10,000 gallon tank will cause a 0.068 gallon 
change in the product volume per hour, thus offsetting or 
amplifying an observed leak rate. 
0006 Most of the prior art methods for leak detection 
attempt to compensate for Such temperature variations. 
Some prior art methods of leak detection attempt to measure 
condensation in the Space. There is Still a need for a reliable 
and economical method and apparatus for detecting the 
presence of a petroleum or non-petroleum fluid in a medium 
or environment. 

SUMMARY 

0007. The present system and method for detecting petro 
leum or non-petroleum fluids, in a medium or environment, 
is based on an extensive emission spectral library for petro 
leum-based compounds. Recent developments in light emit 
ting diode (LED) and organic light emitting diode (OLED) 
technologies have led to the potential for inexpensive design 
alternatives. Currently available optical detection Systems 
can only distinguish the difference between aqueous and 
non-aqueous media through the use of conductivity Sensors. 
Furthermore, these detection Schemes are Subject to envi 
ronmental deterioration, thereby increasing the cost and 
complexity of the Sensor. Furthermore, conductivity Sensors 
for leak detection lead to potential false positive alarms. The 
System according to the present invention is based on the 
Selection of the appropriate excitation wavelength(s) and 
detection Setup, which are optimized to match the fluores 
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cence properties of petroleum materials (or other non 
petroleum products) using a spectral library. The present 
System is also able to minimize false alarms, as it can 
withstand effects from water condensation. 

0008 An object of the present system is to provide an 
alarm trigger when petroleum based liquids (i.e., petroleum 
oils, lubricants, and oily wastes), or other fluids, have been 
released in the Surrounding medium Such as the interstitial 
Space of a double-walled Storage tank or from a transpor 
tation vessel (e.g., vehicle or ship). This device consists of 
a unique optical based Sensor platform that detects a fluo 
rescence Signal from leaked products. The Sensor can be 
coupled to an appropriate alarm System which notifies users 
of a release before it becomes an environmental hazard. 
Rough characterization of leaked products (such as petro 
leum or non-petroleum liquids) can be accomplished by 
using an array of Sensors tuned to appropriate excitation and 
emission wavelengths. Excitation Sources may be inexpen 
Sive light emitting diodes (LEDs) or organic light emitting 
diodes (OLEDs). The detection system consists of an appro 
priately filtered silicon photo-detector. The sensitivity can be 
dramatically increased by using a lock-in or differential 
Signal amplifier to reduce background noise. 

0009. Accordingly, in one embodiment, a system of 
detecting the presence of a product, Such as a petroleum 
based liquid, comprises: (i) an excitation Source for trans 
mitting an excitation signal with an excitation wavelength, 
(ii) a detector tuned to the emission wavelengths of the 
petroleum based liquid in a Space where detection is Sought; 
and (iii) an alarm system coupled to the detector. The System 
may further include means for notifying when the detector 
detects a presence of the petroleum based liquid, a first 
band-pass filter for preventing a low energy Scattered light 
Signal to be delivered to the detector, and a Second band-pass 
filter for filtering the excitation signal. The excitation Source 
includes at least one of a light emitting diode or an organic 
light emitting diode. The detector may be an optical Sensor 
Such as a Silicon photo-detector. Additionally, the excitation 
and emission wavelengths may be determined from the 
fluorescence properties of the petroleum based liquid, 
wherein the fluorescence properties of the petroleum based 
liquid is determined from a spectral library. 

0010. Accordingly, a method of detecting the presence of 
a petroleum based liquid comprises: (i) determining the 
appropriate excitation and emission wavelengths of Said 
petroleum based liquid; (ii) locating a optical Sensor tuned to 
the determined excitation and emission wavelengths in a 
Space where detection is sought; (iii) coupling the Sensor to 
an alarm system; and (iv) notifying a user when the optical 
Sensor detects a possible release. 
0011. Accordingly, in yet another embodiment, a system 
for detecting the presence of a petroleum based liquid, 
including polynuclear aromatic hydrocarbons, in a Space or 
environment comprises: (i) at least one emitter with an 
excitation wavelength in a non-visible region of the elec 
tromagnetic spectrum, (ii) at least one detector tuned to an 
emission wavelength of the petroleum based liquid in the 
Space or environment where detection is Sought. The emitter, 
in one aspect, is an LED that operates in the near ultraViolet 
region of the electromagnetic spectrum (viz., approximately 
in the range of 240 to 380 nanometers) and induces fluo 
rescence in the petroleum based liquid. Optionally, the 
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excitation wavelength is Selected from a spectral library 
comprising wavelengths that induce fluorescence in the 
petroleum based liquid. The detector includes at least one of 
a silicon photodiode or a cadmium Sulfide photo-resistor, a 
miniature charge coupled device (CCD), or a diode array 
tuned to a signal from the petroleum based liquid. Further 
more, the petroleum based liquid need not include an 
additive fluorescent dye. 
0012. Additionally, at least one quality assuring LED 
may be used for determining the reliability of the detector, 
and at least one quality assuring diode, possibly without any 
encapsulation, could be used for determining the reliability 
of the emitter. The System may further include a high pass 
filter for filtering the Signal from the emitter, and a low pass 
filter, Such as a colored-glass filter or an interference dich 
roic type filter, for minimizing the energy of reflective 
components wherein the reflective components includes the 
combination of the excitation Signal arriving directly from 
the emitter and the Signal arriving after reflection of Surfaces 
in the Space. 
0013 Furthermore, a Switching circuit for Switching the 
emitter on or off with a predetermined duty cycle may be 
used for improving the detection limits of the petroleum 
based liquid by canceling at least one interfering Signal. In 
one aspect, the Switching rate corresponds to the Smallest 
frequency which is an even integer multiple of at least one 
interfering Signal frequency. 
0.014. In addition to petroleum detection applications, the 
present System and method can be adapted for various 
optical applications involving cooling water leak detection, 
medical applications, Single and multi-wavelength probes 
for environmental characterization of the distribution of 
contaminants in soil, total maximum daily loads (TMDLs) 
of industrial discharges, biosensors, DNA analyses, water 
quality assessment, air quality assessment, vegetation StreSS 
characterization and classification, Soil analyses, organic 
constituent analyses, ocean water quality applications for 
organic and inorganic concentrations, anthropogenic oil spill 
detection and monitoring, and oil research activities. Fur 
thermore, Several of these applications are amenable to 
wireleSS data transmission and therefore remote Sensing 
configurations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 FIG. 1 is an exemplary depiction of the positioning 
of the petroleum detection Sensor package in a tank. 
0016 FIG. 2 is a schematic of the sensor package includ 
ing an optical Sensor. 
0017 FIG. 3 is a plot of the transmission spectra of the 
excitation bandpass and emission cutoff filters according to 
one aspect of the present invention. 
0.018 FIG. 4 is a circuit diagram including an operational 
amplifier for a 1:1 addition of two electrical Signals. 
0019 FIG. 5 is an alternative embodiment for sensor 
placement in the interstitial space of a double wall Storage 
tank positioned for facile installation and retrieval of a 
Sensor head assembly. 
0020 FIG. 6 is a block diagram depicting another 
embodiment for detecting a petroleum based product in a 
Space. 

Jun. 9, 2005 

0021 FIG. 7 is a plot of the transmission spectra of the 
excitation and emission filters according to another aspect of 
the present invention. 
0022 FIG. 8 is an overview diagram of an exemplary 
aspect showing the relation of the different elements in the 
Sensor package for detecting the presence of a petroleum 
based liquid. 
0023 FIG. 9 is an exemplary depiction of a circuit board 
employing the various emitters, detector photodiode, quality 
assuring devices, and Signal processing circuitry for detect 
ing the presence of a petroleum based liquid in an interstitial 
Space. 

0024 FIG. 10 is an exemplary depiction of the place 
ment of the Sensor package in an interstitial Space for 
detecting the presence of a petroleum based liquid. 
0025 FIG. 11 depicts the high-pass and low-pass filters 
used at the transmitter and receiver end respectively. 
0026 FIG. 12 is an exemplary depiction of a circuit 
board showing the various signal processing circuitry 
including various amplifier Stages. 

DETAILED DESCRIPTION 

0027 Reference will now be made in detail to an exem 
plary embodiment of the present invention, an example 
which is illustrated in the accompanying drawing (FIGS. 
1-12). 
0028 Optimal detection parameters are determined for 
Several Selected petroleum materials commonly found in 
underground and aboveground tanks (gasoline, fuel oils etc.) 
generally depicted as 12. Appropriate excitation and emis 
Sion wavelengths are then Selected for detecting specific 
petroleum based materials. The emission wavelengths gen 
erally vary depending on the petroleum product (in Some 
cases these wavelengths are between 400 and 600 nm). In 
one aspect of the present invention, the excitation wave 
lengths may be in the ultra-violet region (e.g., 300-400 nm 
region) but may vary depending on the product to be 
detected. This information is used to determine off-the-shelf 
and customized devices for detecting petroleum liquid 
releases from the tank 12. The system of the present inven 
tion utilizes relatively inexpensive Sensor package 20 con 
figured to Serve as a continuous real-time monitoring alarm 
System. This System will Serve as a first alert warning prior 
to petroleum contaminant releases to the SubSurface, pro 
tecting ground water resources on a global Scale. 
0029. The system 20 is based on an extensive excitation 
emission spectral library for petroleum-based compounds. 
Recent developments in light emitting diode (LED) and 
organic light emitting diode (OLED) technologies have led 
to the potential for inexpensive design alternatives. Cur 
rently available optical leak detection Systems can only 
distinguish the difference between aqueous and non-aqueous 
media through the use of conductivity Sensors. This 
increases the cost and complexity of the Sensor and can lead 
to potential false positive alarms. The System according to 
the present invention is based on the Selection of the 
appropriate excitation and detection elements (e.g., the 
choice of LED excitation Source and choice of bandpass 
filters as described below) which can be optimized to match 
the fluorescence properties of petroleum materials using a 
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Spectral library. The System also minimizes false alarms and 
is more robust than conductivity applications which are 
Subject to failure due to water condensation. 

0030 The spectral library refers to an extensive set of 
records of three dimensional excitation-emission spectra of 
many petroleum products. The three dimensional data 
allows one to choose the optical excitation and emission 
wavelengths for greatest Sensitivity. In one aspect, this 
record may be in the form of a searchable library. While it 
is possible to use this library for optimizing the System (e.g., 
obtaining the greatest Sensitivity), it may not always be 
necessary to do So, as the concentrations of fluorophores in 
the petroleum products can be So high that many excitation 
wavelengths may meet the Sensitivity requirements for 
adequate detection. Thus, an option would be to “match', or 
Select an appropriate wavelength (either optimal or adequate 
for the intended use), by referring to the spectral library or 
by running a new analysis on the product of interest. This 
can be accomplished by generating a guidance equation 
based on either the excitation wavelength optimization or 
the detection adequacy relative to (i) the detector used, and 
(ii) combined excitation and emission spectra. For instance, 
as long as the detection threshold is met using a specific 
wavelength, the System should work, and this will generally 
depend on the excitation device Setup, the detector used, and 
the data processing approach. 

0031. The system 20 includes an optical sensor package, 
including an appropriate emitter Such as an LED or OLED 
1, for detecting the petroleum product of interest at the 
lowest detection concentration through the use of a spectral 
library. The LED 1 can be linked to selected locations 
between the inner and outer wall of the double walled 
container 12 (e.g., low spots, areas of potential liquid 
accumulation following a release from the inner wall, etc.) 
by low voltage electrical cables 5. The detector is linked to 
an alarm or visible notification system (e.g., bright red light). 
Monitoring can be continuous or as frequently as deemed 
acceptable via a push button System, dial, or other mechani 
cal or Software device. If a breach is detected, the user can 
Sample the Space between the tank's two walls using exist 
ing technology for confirmation prior to tank excavation or 
leak repair. 

0.032 The sensor head or package 20 is mounted via 
brackets 6, in one aspect of the invention, at the bottom of 
the interstitial Space in a double wall Storage tank 12. 
Leaking petroleum liquids will collect at the bottom of the 
tank and trigger an alarm from the detected fluorescence 
signal. The device depicted in FIG. 2 consists of two 
Subassemblies, (1) excitation Source 1 and an (2) optical 
detector 3 Such as a photon detector. Excitation light will 
come from an ultra-violet or blue LED or OLED 1 chosen 
to match the fluorescing product(s) of interest. An appro 
priate band-pass filter 4 prevents lower energy Scattered 
light from interfering with detection. A different band-pass 
filter (which may be coupled with the band-pass filter 4) 
removes the excitation light and allows only the fluores 
cence Signal to be detected when fluorophores are present. In 
the absence of fluorophores no signal will be observed. 
Improved Sensitivity can be achieved by modulating the 
excitation Source and detecting the Signal with a lock-in 
amplifier. This greatly improves the Signal to noise ratio 
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(SNR) and increases the sensitivity of the measurement. The 
signal may be delivered by the cable 5 for additional 
post-processing. 
0033. In one aspect of the invention, the choice of band 
pass filters is determined by the choice of LED and detection 
region. In this Scenario, the general idea is to prevent any 
light from the LED from Striking the detector and giving a 
high background Signal. Since LEDs are not generally 
monochromatic light Sources, it is desirable to remove the 
long wavelength components with a bandpass or cutoff filter. 
This bandpass filter could be removed, provided the LED 
Source has a Sufficiently narrow wavelength range (i.e., a 
wavelength that does not overlap with the detection range). 
On the detection side, an additional filter is required to filter 
out the light from the excitation source. FIG. 3 shows the 
transmission curves for the two filters that could be used in 
the sensor. In the optimal situation, there will be virtually no 
overlap in the two curves, thereby resulting in a very low 
Signal in the absence of a leaked product. 
0034. There are several advantages of the present inven 
tion over prior art Systems. The present invention provides 
for continuous real-time detection of petroleum tank release. 
The present invention Similarly provides for continuous 
real-time notification of tank release. The System of the 
present invention is relatively inexpensive and can be 
readily adaptable to currently available double-walled tanks, 
and can be integrated with currently available leak detection 
and alarm Software packages. The System is easily upgrade 
able after deployment to improve Sensitivity. Furthermore, a 
major benefit of the present invention is that an optical 
System is not triggered by aqueous condensation, reducing 
the potential for false alarms. 
0035) Furthermore, excitation light source modulation 
and connection to a lock-in amplifier could be incorporated 
to increase System Sensitivity and SNR, and hence may be 
included with the Sensor package 20. 
0036). In one aspect of the present invention, the system 
may use AC and DC analog outputs from a lock-in amplifier 
(e.g., the Stanford Research Model SR510 lock-in ampli 
fier). The two signals are added using a simple op-amp 
circuit (FIG. 4). The AC signal can be altered through a 
GPIB computer interface using software that could be 
written in LabView. In a real application of the Sensor, 
according to the present invention, a much simpler circuit 
could be constructed to apply a Square wave potential to the 
LED to apply an appropriate modulation frequency. 
0037. The advantages of modulating the excitation 
Source and using lock-in amplification are a dramatic 
improvement in the Signal to noise ratio. In one aspect of the 
present invention, the modulation frequencies may be of an 
order of about 200-400 Hz. Furthermore, lock-in amplifica 
tion can result in Several orders of magnitude in increased 
Sensitivity. However, the System according to the present 
invention does not need to be overly Sensitive, but needs to 
be only Sensitive enough to detect the presence of a fuel 
product over Some detection threshold. For many petroleum 
products, fluorophore concentrations in the mixtures are 
high enough to allow for detection at very low concentra 
tions (e.g., detection is more of a presence/absence type of 
measurement). 
0038 FIG. 5 is an alternative embodiment for sensor 
placement in the interstitial Space of a double wall Storage 
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tank. The sensor access port 30 allows for retrieval and 
replacement of the Sensor if required. The Sensor is placed 
in a location where released product can accumulate in the 
outer tank 32 (e.g., a low elevation position or an engineered 
depression. One advantage with this embodiment is that if a 
leak has been detected, the System can be retrieved while 
repairs and decontamination efforts are implemented. The 
Sensor can then be re-set into place for future detection 
Service. 

0039. In another aspect of the present invention, the 
Sensor System could be constructed by Simply monitoring 
the Voltage from the photodiode using a continuously oper 
ating diode. If the fluorescence Signals are Sufficiently 
intense, then this can result in a System that is simple and 
relatively inexpensive to deploy. 

0040. In an alternative embodiment, the following detec 
tors may be used: (i) Photomultiplier tubes (PMTs), (ii) 
Avalanche photodiodes (APDs), (iii) Diode array detectors, 
(iv) Charge coupled devices (CCDs), or (v) CMOS sensors. 
0041 Furthermore, other excitation sources, that provide 
much greater power than LEDs or OLEDs, could be 
included in the Sensor package. These include: (i) Arc lamps 
(Xe, Hg), (ii) Deuterium lamps, (iii) Gas lasers (e.g., nitro 
gen lasers, excimer lasers (XeF, XeCI)), (iv) Solid State 
lasers (e.g., frequency tripled Nd:YAG). 
0.042 Additionally, alternate delivery mediums such as 
optical fibers, fiber bundles or liquid filled light guides may 
be placed in the interstitial Space of the Storage tank. For 
example, one set of fibers for delivering the excitation 
Source and an additional Set of fibers for recovering the 
emitted fluorescence Signal may be used. With appropriate 
optics, Single fiberS may be used for both excitation and 
emission signals. This has the advantage of removing all 
electrical components from inside the tank and placing them 
remotely. 

0043. In an alternative embodiment, FIG. 6 shows an 
overview block diagram 100 for detecting a product (such as 
petroleum or any other product/material that can fluoresce) 
in a Space of interest or medium/environment. Specifically, 
an excitation Source 102, Such as at least one LED or 
optionally an array of LED emitters, transmits a “probe' 
Signal having an excitation wavelength approximately in the 
range of 240 to 380 nanometers in the near ultraviolet region 
of the electromagnetic spectrum. This excitation light then 
passes through a high pass excitation filter (HPF) 104 and 
illuminates the Space having the petroleum Sample 106. 
Light returning from the sample 106, via reflection and/or 
fluorescence, passes through the low pass detection filter 
(LPF) 108, which removes the reflection component. The 
remaining light falls upon a light detector 110, which may be 
a silicon photodiode or a cadmium Sulfide photoresistor, or 
other type of emission detector. The photodiode Signal is 
amplified, digitized, and processed by a circuit 112 to yield 
an indication of the amount of fluorescence present. Thus if 
the target Sample is known a priori and a calibration has been 
performed, the amount of fluorescent material present may 
be quantitatively determined. The calibration Step comprises 
of generating a functional relationship between emission 
intensity and concentration. When an emission signal is 
detected, the concentration of the material can be determined 
based on this calibration relationship. Thus, calibration is 
achieved by measuring the Signals from Samples containing 
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known amounts of fluorescent materials under Similar con 
ditions in which the Sensor package 20 is deployed. The 
resulting data describe a linear relationship between the 
observed Signal and the concentration of fluorescent material 
that may by used to quantify the amount of fluorescent 
material in an unknown Sample. 
0044) The advantage of using an emitter operating in the 
near ultraViolet region of the electromagnetic spectrum is 
that there is no requirement for a fluorescent dye, or any 
other additives, to be present in the fluorescing product for 
detecting a leak in the Space. In fact, Such emitters may 
effectively induce fluorescence in diesel, gasoline, and other 
petroleum constituents that include polynuclear aromatic 
hydrocarbons (PAHs) amenable to this excitation wave 
length. Furthermore, the choice of emitter LEDs will gen 
erally determine the excitation wavelength. With the LEDs 
presently in use, the excitation light must be passed through 
an HPF excitation filter since a small fraction of the LEDs 
light output falls Sufficiently far from the peak to register on 
the detector. Thus, the function of the HPF is to block a 
fraction of the LED emission in extraneous bands overlap 
ping with the fluorescence return to allow better detection 
rates. For example, for certain choices of LEDs, an HPF is 
required to remove visible frequencies from the LED out 
puts, Since many Such diodes have a Substantial amount of 
light emitted in the Visible region of the electromagnetic 
Spectrum. Generally, HPFS, for the present application, do 
not need a sharp cutoff, So an inexpensive colored-glass filter 
could be used. 

0045. The function of the LPF is to substantially remove 
the reflection component of the Signal arriving at the detec 
tor photodiode as well as the primary emitter emission from 
reaching the detector photodiode. To Satisfy this criteria, the 
detection filter may be a colored-glass filter or an interfer 
ence (dichroic) type filter. Manufactures of such HPFS and 
LPFs include Edmund Optics of New Jersey (USA). As an 
example, FIG. 7 shows a plot of the transmission spectra of 
the HPF 202 and LPF 200 according to one aspect of the 
present invention, whereas FIG. 11 shows an exemplary 
HPF 604 (comprising of Hoya U-360 material) and LPF 602 
(comprising Schott GG 455 material). 
0046 FIG. 8 is an overview diagram of an exemplary 
aspect showing the relation of the different elements in the 
Sensor package for detecting the presence of a fluorescing 
liquid (Such as a petroleum based product). AS evident, the 
Sensor package may also include quality assurance (QA) 
elements 306 and 314 (in addition to the emitter LEDs 302, 
photodetector 310, HPF304, LPF 308, and a transparent or 
Semi-transparent window 312) for periodically determining 
the reliability of the emitter LEDs and the primary photo 
detector used for detecting petroleum or other products. 

0047. In one aspect, a QA photodiode 306 is placed 
adjacent to the emitter LEDs 302 and in proximity with the 
excitation HPF304. Some of the light scatter from the LEDs 
302, as well as reflections off the HPF 304, are collected by 
the QA photodiode 306. Subsequently, the signal from the 
QA photodiode 306 provides an indicator as to whether, (a) 
the excitation or emitter LEDs are working nominally, and 
(b) the signal from the QA diode is proportional to the light 
output from the excitation LEDs. The QA photodiode 306 
may thus be used to identify Small changes occurring from 
LED aging or changes in temperature, as well as rapid/large 
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changes (or the absence of a signal) that represent a mal 
function in the System. For example, if the intensity of the 
emitter LEDs drop by about 5%, the QA diode will measure 
this drop and can adjust, or normalize, the calibration of the 
detection Stage accordingly. Most of the Signal processing 
steps are common between the QA photodiode 306 and the 
detector photodiode 310, SO changes in the Signal path will 
affect both and can be easily compensated for. The QA 
photodiode 306 is not plastic-encapsulated, and hence does 
not Suffer from plastic yellowing, which is a typical problem 
in Systems operating in the UV wavelengths of the electro 
magnetic Spectrum. 
0.048. In a further aspect, the system may include a QA 
LED 314 operating at a wavelength which can pass through 
the LPF 308 and be measured by the photodiode 310. While 
the QALED 314 would not induce fluorescence, the incident 
energy of this LED, however, would be detected directly by 
the photodiode, thereby indicating whether the photodiode is 
in fact operating correctly or not. Furthermore, the QALED 
may also be used to determine whether the Sampling Space 
has been fouled by compounds or dust that can deposit onto 
the Surface of optical elements. In other words, Significant 
changes (most likely a decrease) in the QA signal indicate 
Some obstruction or fouling of the Sampling Space or filter 
windows. Thus, as shown in FIG. 8, emitter LEDs 302 have 
the detector photodiode 310 has a QA LED 314 mounted 
adjacent to it, and wherein the Signal delivered to the QA 
LED 314 is a Switchable current Source. As with the exci 
tation QA System, the entire signal path used in normal 
operation is exercised Since the QA Signal passes through the 
LPF 308 striking the sampling space and is scattered/ 
reflected back through the HPF 304 and is detected by the 
photodiode 310. Aging of the QA LED 314 is not likely to 
be a problem, Since the LED is active only occasionally, 
thereby preventing the QA LED from being subjected to 
Significant operating-time-related age effects. 

0049. In one aspect, the QA LED may have a peak 
wavelength of about 635 nanometers, or lower, with the QA 
response being Substantially time-invariant and Stable in the 
midband of the detector photodiode response. Furthermore, 
the emitter LEDs 302 may be switched on and off with a 
predetermined duty cycle. This Switching causes a corre 
sponding fluctuation in the intensity of the observed fluo 
rescence Such that light impinging on the photodetector from 
other Sources, and other random noise Sources (e.g. photo 
detector dark current), will not be amplified, thus resulting 
in a minimal signal contribution from other Signal Sources. 
Thus, this LED modulation (viz., on/off switching) allows 
Substantial rejection of electrical and optical Signal Sources 
that may cause interferences during detection. Accordingly, 
in one aspect, the frequency of the Signal for causing LED 
Switching is approximately 600 Hz, which is the smallest 
frequency that is an even integer multiple of interfering 
signals having frequencies of 50 and 60 Hz. Furthermore, an 
added benefit of emitter LED modulation is that it causes an 
AC modulation of the fluorescence Signal which enables 
further improvement in the detection limits of petroleum 
leakages. 

0050. At the detector end, incoming light from the target 
sample passes through the detection filter 308 and strikes the 
detection photodiode 310. The detection filter 308 may be a 
colored-glass filter or an interference (dichroic) type filter. 
The response of the photodiode typically Sets the Outer limits 
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on the detected wavelengths, with reasonable efficiency 
from near-UV through near-IR. This is a range which 
encompasses many target fluorophores in petroleum prod 
ucts, particularly among aromatic organic chemicals of 
moderate size. In one aspect, the detector is a Silicon 
photodiode, operated photoconductively under reverse bias 
for improved speed (versus photovoltaic mode). The output 
current from the photodiode is proportional to the number of 
photons Striking the photodiode, and the bias Voltage is 
constant. In an alternative aspect of the present System, the 
photodetector diode may be chosen Such that the spectral 
response is most Sensitive to emission of non-petroleum 
products. 
0051. The petroleum leak detection system may be built 
as two sections, the “head' and the “base', separated by a 
cable up to thirty feet long. Alternatively, these may be 
assembled together on the same circuit board, tested, then 
Sawed apart. The head circuit board provides mounting for 
the optics, and also contains most of the amplification 
circuitry. The Signals transmitted over the cable are thus leSS 
Susceptible to interference and crosstalk. The base circuit 
board includes the remaining processing, control, interface, 
and power Supply functions. The Signal from the head is 
received at the base, where it is routed to a 12 bit analog 
to-digital converter (ADC). Similarly, a 10 bit DAC pro 
duces the requisite Voltage Signals to operate the System. The 
digital Signals are routed to and from the base microcon 
troller in serial format. 

0.052 FIG. 9 an exemplary depiction of a circuit board 
400 employing the various LED emitters 402, detector 
photodiode 404, quality assuring elements Such as the QA 
LED 408 and QA diode 406. Additional LEDs (e.g., 410) 
may be included for performing System checks and/or for 
indicating the presence of a product Sample. 
0053 As shown in FIG. 12, pre-amplification of the 
Signal from the detectorS is provided by two trans-imped 
ance amplifiers (TIAS) 602 in the Signal processing circuitry 
on board 400 for converting the current signal into a voltage 
Signal. The Signal from the Selected TIA is Subsequently 
delivered to two cascaded variable gain amplifiers (VGAS) 
or programmable gain amplifiers (PGAS) 604 and 606. The 
total amplification is from 1x to 1024x, software selected 
(auto-ranging). As shown, the emitter LEDs are arranged in 
a linear array. Alternatively, they may be arranged in a 
circular or a rectangular array for maximizing the emitted 
Signal to noise/interference ratio. 
0054 The signal path is substantially bandpass. Low 
frequencies representing Steady background light and DC 
errors, as well as high frequencies representing primarily 
noise and interference, are removed. The Signal is referred to 
a “virtual ground” which differs from actual ground and is 
Set by the operating Software through a digital to analog 
converter (DAC). The amplifiers cannot produce negative 
outputs with respect to actual ground, making the use of the 
Virtual ground necessarry. The optimal virtual ground level 
decreases as the excitation duty fraction decreases, nonnop 
timal VG level will reduce the effectiveness of the auto 
ranging. The Second VGA's output and the virtual ground 
are both transmitted over the cable to the base. The effect of 
outside inteference, which usually affects both of them 
Similarly, is reduced by transmitting both to the analog to 
digital converter (ADC) which takes the difference between 
the two. 
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0.055 A multiplexor, integrated with the second VGA, 
can be used to bypass the DC blocks in order to test for 
saturation of any of the VGAS or the TIAS. Saturation is 
most likely to occur in the TIA due to excessive background 
light Striking the detector, but it can also result from various 
internal failures and disturbances. Other multiplexor inputs 
allow monitoring of the bias voltage for the TIAS and 
checking the temperature of the head as reported by a 
thermistor. 

0056. The system may be designed to run on DC power 
of 12 to 18 volts (nominal) from which several internal 
Supplies could be additionally derived. In the present 
example, only linear regulators were used, as the power 
levels were substantially small to justify the complexity of 
Switching regulators. Two large (TO-220 packaged) regula 
tors in the “base” produce +8 and +6 volt supplies. The +8 
volt Supply operates the LED array, whereas the +6 volt 
supply is used to power two small (TSSOP packaged) +5 V 
regulators, one each in the base and head, which power the 
remaining circuitry. The reason for using a +6 rail was to 
have a local regulator in the head (to reduce the level of 
noise at the most critical circuitry) while adding as little 
power dissipation as possible (since the head may be encap 
sulated in plastic for field use). The +5 V supply in the base 
may be of the Same type as the one in the head for Simplicity. 

0057 The detector system in an exemplary aspect is 
operated under the control of two microcontrollers. A micro 
controller combines a digital computer processor, memory, 
program Storage, and useful peripherals in a Single inte 
grated circuit. This promotes flexibility as many of the 
System parameters may be changed easily through repro 
gramming. Further, alternate operating modes and internal 
test-and-calibration procedures may readily be invoked. 
Accordingly, one microcontroller, located in the base, per 
forms the majority of the command-control-communica 
tions functions. The Second microcontroller, located in the 
head, has the much simpler job of producing local control 
Signals reflecting instructions received from the first micro 
controller. The Single data line linking the two microcon 
trollers replaces at least three (and more likely five) wires 
otherwise required in the connecting cable. 

0.058 Since the emitter LEDs are current-mode devices, 
the light output is directly controlled by an operating current. 
Accordingly, the emitter LEDs are driven by a program 
mable current Sink, and Some of the Steps in delivering 
Signals to the emitter LEDs, in an exemplary aspect, include: 
(a) determining the appropriate command operating current, 
(b) determining an appropriate Voltage by means of a DAC, 
(c) outputting the DAC voltage to an operational amplifier, 
(d) controlling a MOSFET through an operational amplifier, 
causing the Voltage to be reproduced acroSS a resistor 
(wherein the current through the resistor is now equal to the 
command current), (e) receiving the desired current by the 
emitter LEDs, wherein the LEDs are connected in series 
with the MOSFET 

0059) Additional circuitry on the circuit board 400 may 
be included to, (i) allow the microcontroller to turn the 
emitter LEDs on and off quickly without having to reset the 
DAC each time, (ii) limit the rate of change of the current, 
to reduce the interference that the circuit generates, (iii) limit 
the current change (for e.g., instead of turning the emitter 
LEDs current completely off, the current may be a minimum 
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of 2.5% of the maximum output, which reduces electromag 
netic field interference by about 75% while reducing avail 
able signal by only 2.5%). 
0060 FIG. 10 is an exemplary depiction of the place 
ment of the Sensor package in an interstitial Space for 
detecting the presence of a petroleum based liquid. AS 
shown in the figure, the sensor package 501 (which could be 
the “head' end) is placed in an interstitial space between the 
outer and inner walls, 504 and 506, respectively. As men 
tioned earlier, the head circuit board provides mounting for 
the optics as well as most of the amplification circuitry. The 
signals, as they are transmitted over the cable 508 to the 
sensor access port 502 having the “base' end, are less 
Susceptible to interference and crosstalk. The base circuit 
board includes the remaining processing, control, interface, 
and power Supply functions. In an alternative embodiment, 
the Signals from the Sensor package 501 may be transmitted 
wirelessly to the remaining circuitry near the Sensor acceSS 
port 502. 
0061. It is to be understood that other embodiments may 
be utilized and Structural and functional changes may be 
made without departing from the respective Scope of the 
present invention. PoSSible modifications to the System 
include, but are not limited to, generation of a Stand-alone 
Software package, linking the System to an automatic mea 
Surement device Set for a Specific time Step, linking the 
System to an alarm which could be audible, or contacting the 
responsible parties via telephone or electronic mail. Multiple 
Sensors can be used to monitor large-scale tank farms with 
control via appropriate Software. In addition, the Sensors can 
be strategically placed in the interstitial walls of an oil tanker 
and marine fuel tanks. Additionally, the emitter LEDS may 
be of differing wavelengths and more than one photodetector 
diode may be used for detecting the presence of a petroleum 
or other products. Furthermore, the present System and 
method may be easily adapted for detection in medical 
applications, cooling water leak detection, Single and multi 
wavelength probes for environmental characterization of the 
distribution of contaminants in Soil, total maximum daily 
loads (TMDLs) of industrial discharges, biosensors, DNA 
analysis, water/air/Soil/organic/vegetation quality analysis, 
ocean water quality applications for organic and inorganic 
concentrations, anthropogenic oil spill detection and moni 
toring, and oil research activities, open channel flow moni 
tors, plugged chute detectors, and dry run monitors. In 
essence, the Sensor System according to the various embodi 
ments could potentially be applied to any System employing 
fluorescence detection using an inexpensive fluorimeter that 
is Set up with hardware to match the excitation and emission 
Spectra of target fluorophores. 

We claim: 
1. A method of detecting the presence of a petroleum 

based liquid, the method comprising the Steps of: 
determining the appropriate excitation and emission 

wavelengths of a petroleum based liquid having fluo 
rescence properties; 

locating an optical Sensor package tuned to the excitation 
and emission wavelengths in a Space where detection is 
Sought; 

coupling the Sensor package to an alarm system; and 
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notifying a user when the optical Sensor package detects 
a possible release. 

2. The method of claim 1 wherein the optical sensor 
package includes a light emitting diode. 

3. The method of claim 1 wherein the optical sensor 
package includes an organic light emitting diode. 

4. The method of claim 1 wherein the optical sensor 
package includes a Silicon photo-detector. 

5. The method of claim 1 wherein the excitation and 
emission wavelengths are determined from the fluorescence 
properties of the petroleum based liquid. 

6. The method of claim 1 wherein the excitation and 
emission wavelengths are Stored in a spectral library. 

7. A System of detecting the presence of a petroleum based 
liquid in an interstitial Space of a double walled tank, the 
System comprising: 

an excitation Source for transmitting a signal with an 
excitation wavelength in the interstitial space of a 
double walled tank; 

a detector tuned to an emission wavelength of Said 
petroleum based liquid having fluorescence properties 
in the interstitial Space where detection is Sought; and 

an alarm System coupled to the detector. 
8. The system of claim 7 wherein the excitation source 

includes a light emitting diode. 
9. The system of claim 7 wherein the excitation source 

includes an organic light emitting diode. 
10. The system of claim 7 wherein the detector is a silicon 

photo-detector. 
11. The system of claim 7 wherein the detector is a 

cadmium Sulfide photo-resistor. 
12. The system of claim 7 wherein the excitation and 

emission wavelengths are determined from the fluorescence 
properties of the petroleum based liquid. 

13. The system of claim 7 wherein the excitation and 
emission wavelengths are Stored in a spectral library. 

14. The system of claim 7 further including means for 
notifying when the detector detects a presence of Said 
petroleum based liquid. 

15. The system of claim 7 further including a first 
band-pass filter for preventing a low energy Scattered light 
Signal to be delivered to the detector. 

16. The system of claim 7 further including a second 
band-pass filter for removing the excitation signal. 

17. A method of detecting the presence of a petroleum 
based liquid, the method comprising the Steps of: 

determining an excitation wavelength of an emitter and 
emission wavelength of Said petroleum based liquid 
having fluorescence; 

transmitting an excitation Signal from the emitter; 
detecting the emission wavelength of the petroleum based 

liquid using a photo-detector, wherein the photo-detec 
tor is tuned to the emission wavelength of Said petro 
leum based liquid; 

coupling the photo-detector to an alarm System; and 
notifying a user when the photo-detector detects a pres 

ence of Said petroleum based liquid. 
18. The method of claim 17 wherein the emitter includes 

a light emitting diode. 
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19. The method of claim 17 wherein the emitter includes 
an organic light emitting diode. 

20. The method of claim 17 wherein the excitation and 
emission wavelengths are determined from the fluorescence 
properties of the petroleum based liquid. 

21. The method of claim 17 wherein the excitation and 
emission wavelengths are Stored in a spectral library. 

22. The method of claim 17 further including the step of 
band-pass filtering for preventing a low energy Scattered 
light signal to be delivered to the detector. 

23. The method of claim 17 further including the step of 
band-pass filtering for removing the excitation Signal. 

24. The method of claim 17 further including the step of 
modulating the excitation Signal for increasing the Sensitiv 
ity during the detection Step. 

25. A System for detecting the presence of a petroleum 
based liquid, the System comprising: 

at least one emitter with an excitation wavelength in a 
non-visible region of the electromagnetic spectrum; 
and 

at least one detector tuned to an emission wavelength of 
Said petroleum based liquid in an environment where 
detection is Sought. 

26. The system of claim 25 wherein the emitter includes 
a light emitting diode (LED). 

27. The system of claim 26 wherein the LED operates in 
a near ultraViolet region of the electromagnetic spectrum. 

28. The system of claim 25 wherein the detector includes 
at least one of a Silicon photodiode, a cadmium Sulfide 
photo-resistor, a miniature charge coupled device (CCD), or 
a diode array tuned to the emission from the petroleum based 
liquid. 

29. The system of claim 25 wherein the petroleum based 
liquid does not include an additive fluorescent dye. 

30. The system of claim 25 further including at least one 
quality assuring LED for determining the reliability of the at 
least one detector. 

31. The system of claim 25 further including at least one 
quality assuring diode for determining the reliability of the 
at least one emitter. 

32. The system of claim 25 wherein the at least one 
emitter induces fluorescence in the petroleum based liquid. 

33. The system of claim 25 further including a high pass 
filter for filtering the signal from the emitter. 

34. The system of claim 25 further including a low pass 
filter for minimizing the energy of a reflection component, 
Said low pass filter being at least one of a colored-glass filter 
or an interference dichroic type filter. 

35. The system of claim 34 wherein the reflection com 
ponent includes at least an excitation Signal arriving directly 
from the at least one emitter and a Signal arriving after 
reflection of Surfaces in the Space. 

36. The system of claim 31 wherein at least one quality 
assuring diode does not include plastic encapsulation. 

37. The system of claim 30 wherein the at least one 
quality assuring LED operates in a visible range of the 
electromagnetic Spectrum. 

38. The system of claim 25 further including a Switching 
circuit for Switching the emitter on or off with a predeter 
mined duty cycle for canceling at least one interfering 
Signal. 

39. A method for detecting the presence of a petroleum 
based liquid, the method comprising: 
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transmitting a signal having an excitation wavelength in a 
non-visible region of the electromagnetic spectrum 
from an at least one emitter; and 

tuning an at least one detector to an emission wavelength 
of Said petroleum based liquid in an environment where 
detection is Sought. 

40. The method of claim 39 wherein the emitter includes 
a light emitting diode (LED). 

41. The method of claim 40 wherein the LED operates in 
a near ultraViolet region of the electromagnetic spectrum. 

42. The method of claim 39 wherein the detector includes 
at least one of a Silicon photodiode or a cadmium Sulfide 
photo-resistor tuned to a signal from the petroleum based 
liquid. 

43. The method of claim 39 wherein the petroleum based 
liquid does not include an additive fluorescent dye. 

44. The method of claim 39 further including determining 
the reliability of the at least one detector through a at least 
one quality assuring LED. 

45. The method of claim 39 further including determining 
the reliability of the at least one emitter through a at least one 
quality assuring diode. 

46. The method of claim 39 wherein at least one emitter 
induces fluorescence in the petroleum based liquid. 

47. The method of claim 39 further including filtering the 
Signal from the emitter through a high pass filter. 

48. The method of claim 39 further including minimizing 
the energy of a reflection component through a low pass 
filter. 

49. The method of claim 48 wherein the low pass filter is 
at least one of a colored-glass filter or an interference 
dichroic type filter. 

50. The method of claim 48 wherein the reflection com 
ponent includes at least an excitation Signal arriving directly 
from the at least one emitter and a Signal arriving after 
reflection of Surfaces in the Space. 

51. The method of claim 45 wherein the at least one 
quality assuring diode does not include plastic encapsula 
tion. 

52. The method of claim 44 wherein the at least one 
quality assuring LED operates in a visible range of the 
electromagnetic Spectrum. 

53. The method of claim 39 further including Switching 
the emitter on or off with a predetermined duty cycle through 
a Switching circuit. 

54. The method of claim 39 wherein the excitation 
wavelength is approximately in the range of 240 to 380 
nanometerS. 

55. The method of claim 39 wherein the petroleum based 
liquid includes polynuclear aromatic hydrocarbons. 

56. The method of claim 39 wherein the excitation 
wavelength is Selected from a spectral library comprising 
wavelengths that induce fluorescence in the petroleum based 
liquid. 

57. A System for detecting the presence of a petroleum 
based liquid, the System comprising: 

at least one emitter with an excitation wavelength in a 
non-visible region of the electromagnetic Spectrum; 

at least one detector tuned to an emission wavelength of 
Said petroleum based liquid in an environment where 
detection is Sought; 
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at least one quality assuring LED for determining the 
reliability of the at least one detector; and 

at least one quality assuring diode for determining the 
reliability of the at least one emitter. 

58. The system of claim 59 wherein the emitter includes 
a light emitting diode (LED). 

59. The system of claim 58 wherein the LED operates in 
a near ultraViolet region of the electromagnetic spectrum. 

60. The system of claim 57 wherein the detector includes 
at least one of a Silicon photodiode or an cadmium Sulfide 
photo-resistor tuned to a signal from the petroleum based 
liquid. 

61. The system of claim 57 wherein the petroleum based 
liquid does not include an additive fluorescent dye. 

62. The system of claim 57 wherein the at least one 
emitter induces fluorescence in the petroleum based liquid. 

63. The system of claim 57 further including a high pass 
filter for filtering the signal from the emitter to prevent 
Visible frequencies from being transmitted. 

64. The system of claim 57 further including a low pass 
filter for minimizing the energy of a reflection component, 
Said low pass filter being at least one of a colored-glass filter 
or an interference dichroic type filter. 

65. The system of claim 64 wherein the reflection com 
ponent includes at least an excitation Signal arriving directly 
from the at least one emitter and a Signal arriving after 
reflection of Surfaces in the Space. 

66. The system of claim 57 wherein the at least one 
quality assuring diode does not include plastic encapsula 
tion. 

67. The system of claim 57 wherein the at least one 
quality assuring LED operates in a visible range of the 
electromagnetic Spectrum. 

68. The system of claim 57 further including a Switching 
circuit for Switching the emitter on or off with a predeter 
mined Switching rate for canceling at least one interfering 
Signal. 

69. The system of claim 68 wherein the Switching rate 
corresponds to the Smallest frequency which is an even 
integer multiple of at least one interfering Signal frequency. 

70. The system of claim 69 wherein the Switching rate is 
600 HZ. 

71. The system of claim 68 wherein the at least one 
interfering Signal has a frequency approximately 50 Hz. 

72. The system of claim 68 wherein the at least one 
interfering Signal has a frequency approximately 60 Hz. 

73. A System of detecting the presence of a petroleum 
based liquid in an environment, the System comprising: 

an excitation Source for transmitting a signal with an 
excitation wavelength in the environment; 

a detector tuned to an emission wavelength of Said 
petroleum based liquid in the environment where detec 
tion is Sought, and 

an alarm System coupled to the detector. 
74. A method for detecting the presence of a fluorescent 

liquid, the method comprising: 

transmitting a signal having an excitation wavelength in a 
non-visible region of the electromagnetic spectrum 
from an at least one emitter; and 
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tuning an at least one detector to an emission wavelength 
of a fluorescent liquid in an environment where detec 
tion is sought. 

75. A method of detecting the presence of fluorophores in 
a fluid, the method comprising the steps of: 

determining the appropriate excitation and emission 
wavelengths of a fluid including fluorophores; 

locating an optical sensor package, including at least one 
excitation source and at least one detector, tuned to the 
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excitation and emission wavelengths in a space where 
detection is Sought; 

coupling the sensor package to an alarm system; and 
notifying a user when the optical sensor package detects 

a possible release of Said fluorophores; 
wherein the at least one excitation Source and the at least 

one detector operate in the non-visible region of the 
electromagnetic spectrum. 
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