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infringe privately owned rights. Reference herein to any specific commercial product, 
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Abstract:  
 
The work performed during this quarter by SRD scientists and engineers focused on a number of 
tasks. The initial acquisition of some hardware needed and the actual construction of the sampling 
system have begun. This sampling system will contain the pyrolysis oven to atomize the sample 
gas stream needed for total gaseous mercury measurements, the CRD cavity to acquire the ring-
down signal needed to obtain the mercury concentration, various tubing, and temperature and 
pressure measurement equipment. The amount of tubing and valves have been cut to a minimum 
to try and reduce the resident time the sample flue gas stream is in the sampling system and 
minimize the possibility that the gases in the sample gas stream will react with the elements of the 
sampling system and change the component mixture contained in the flue gas. 
 
In an effort to minimize the equipment that needs to be close to the actual sampling port, SRD 
scientists decided to fiber optically couple the laser to the CRD cavity. However, the ultra-violet 
(UV) light needed for the mercury transition presents a problem as fiber optics can be solarized 
by the UV radiation thereby changing the transmission characteristics. SRD has obtained a 
solarization-resistant fiber. SRD scientists were then able to couple the UV laser light into the 
fiber and inject the output of the fiber into the CRD cavity and obtain a ring-down signal. Long-
term effects of the UV radiation on the fiber optic are being monitored to detect any change in the 
transmission of the laser light to the cavity. 
 
Additional requirements of the mercury CRD monitor will be to not only monitor the mercury 
concentration continuously but also perform the measurements over extended periods of time. 
SRD has extended some previously performed shorter-term studies to longer time intervals. The 
results of these initial long-term studies are very promising. 
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Introduction 
 
The objective of this project is an innovative science-driven technology program to develop a 
prototype instrument that exploits the full potential of Cavity Ring-Down spectroscopy (CRD) as 
a powerful new analytical technique for the detection of ultra-trace levels of mercury. 
 
The core effort focuses on the optimization and evaluation of a laboratory CRD spectrometer for 
gaseous mercury detection. Detection limits, calibration and appropriate analytical procedures 
will be established. The impact of individual interferent gases expected in flue gas emissions from 
advanced power plants will be determined. Upon testing of the individual gases a simulated flue 
gas steam consisting of a mixture of all expected flue gas components will be tested to determine 
combined interferences as well as mercury detection limits. While the primary concern of this 
project is the determination of the total mercury content of flue gas emissions, approaches to 
determine mercury speciation will also be investigated. A sampling interface will be designed, 
built, and integrated into the CRD spectrometer to provide a continuous sample stream from the 
flue gas stack to the cavity of the CRD instrument. 
 
 
A summary of the major tasks involved in the project is described below: 
 
Task 1:  Mercury (Hg) CRD System Development.  Design and construct CRD system for 

optimum mercury detection. 
 
Task 2:  Software Modification. Modify an existing LabView software package to analyze the 

data and control the 50 Hz laser and sampling system. 
 
Task 3: Hg-CRD System Optimization.  Determine the optimum operating conditions of the 

spectrometer, establish the sensitivity of the technique in terms of detection limits, and 
evaluate the effect of typical interferents. Develop and test a mercury speciation system 
to insure detection of total mercury concentration. 

 
Task 4:  Sampling Interface. Design and build the sampling system for delivery of sample gas to 

and from the mercury speciation system.  
 
Task 5:  Integration of Sampling System.  Combine sampling system and spectrometer and 

determine impact, if any, on the instruments performance.   
 
Task 6:  Formalize Hg-CRD Analytical Procedures.  Establish and formalize operating 

parameters and calibration procedures to provide validation of the results to meet the 
requirements necessary to allow comparison of the instrument performance with either 
EPA Reference 29 or the Ontario Hydro methods. 

 
Task 7:  Reporting 
 Prepare publications and presentations, as appropriate, to disseminate results. Formalize 

and document operating and calibration procedures and submit a final report. 
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Executive Summary 
 
The project for cavity ring-down (CRD) detection of mercury, from the emission of coal-fired 
power plants, proceeded along a number of different avenues during the past quarter. The areas 
that were the focal point of work during this quarter involved: 1) Construction of the sampling 
system that will be used for the final prototype; 2) Fiber optic coupling of the ultra-violet (UV) 
laser beam needed to inject into the ring-down cavity; and 3) The continuation of long-term 
testing of the ring-down system to a continuous mercury supply. 
 
The sampling system will be assembled on a breadboard with dimensions of 3′ x 4′ x 2″. The 
number of connectors, valves, and amount of tubing used is being held to a minimum to reduce 
the amount of time the sample gas is present in the sample system before it is introduced to the 
ring-down cavity for analysis. The entire sample train will be heated close to the temperature of 
the flue gas extracted from the sample port. Both the reduction in sample resident time and 
heating will help to eliminate any losses of mercury to the walls of the sampling system as well as 
maintaining the same flue gas component concentration, i.e. the percent of elemental mercury and 
oxidized mercury remains constant throughout the sample train. 
 
An important aspect of creating the most versatile type of analysis system is to fiber optically 
couple the laser beam to the ring-down cavity. This essentially separates the laser system and the 
sampling system allowing for a much more portable instrument. Separating the sampling system 
from the laser will permit the sampling system to be located as close to the sample port as 
possible. Again this will reduce the resident time of the sample gas and any chance for losses of 
mercury within the system or a change in the speciation ratio. 
 
The wavelength used to detect mercury is close to 254 nm. As this wavelength is fairly deep into 
the UV range it can present problems for traditional fiber optics. First the fiber must be made of a 
material that can transmit into the UV range of the spectrum and second a process called 
‘solarization’ can change the transmission characteristics of the fiber over time. SRD scientists 
have obtained a ‘solarization resistant’ fiber. They were able to couple the 254 nm UV light into 
the fiber and take the output of the fiber and couple that into the ring-down cavity. A ring-down 
signal was obtained followed by the ring-down detection of the mercury transition. 
 
The characteristics of the fiber will be monitored over time to determine if there is any long-term 
degradation of the transmission characteristics. Presently SRD scientists have observed no 
degradation in the transmission of the UV light. 
 
The final area of focus during this past quarter involved long-term testing of the ring-down cavity 
and the detection of mercury. SRD scientists have previously tested the ring-down apparatus with 
a flow of a constant concentration of mercury. These previous studies showed very little variation 
(30 ppt relative standard deviation with a mercury concentration of 1.25 ppb) but were of shorter 
duration. The present work extended the duration by about a factor of 6 and determined that the 
relative standard deviation corresponded to a mercury concentration of 35 ppt while the constant 
supply of mercury to the ring-down cavity was held at 1.85 ppb. The constant supply of mercury 
was obtained from a permeation tube held in a temperature-controlled oven. 
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Experimental 
 
The experimental technique that will be used for this project is Cavity Ring-Down spectroscopy 
(CRD). CRD is a sensitive absorption technique that was first developed by O’Keefe and Deacon 
in 1988.1 This technique injected a pulse of light into a stable optical cavity formed by two highly 
reflecting mirrors. The light reflects back and forth in the cavity giving extremely long effective 
pathlengths. Using mirrors with a reflectivity of 99.99% and a 1-meter long cavity it is possible to 
achieve an effective pathlength of 10 kilometers, during the first 1/e time of the decay of the ring-
down signal. As the light reflects back and forth in the cavity a small amount of light is 
transmitted through the end mirror of the cavity to a photon detector, such as a photomultiplier 
tube. The light exiting the cavity decays exponentially with time at a rate determined by round 
trip loss mechanisms within the cavity. The measured time constant for the exponential decay of 
light is called the “ring-down time” of the cavity. The dominant loss mechanism for an empty 
cavity is the mirror transmission. However, if a sample species, which absorbs light at a particular 
wavelength, is placed within the cavity the ring-down time will decrease from that of the empty 
cavity at that particular wavelength. The ring-down time is given by 
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where, lc is the cavity length, c is the speed of light, R is the reflectivity of the mirrors, αs is the 
absorption coefficient of the sample species of interest, ls is the pathlength through the sample, 
and αb is the absorption coefficient for various background losses. Background losses, which are 
all include in the last term of the denominator of eq. 1, can include scattering losses due to Mie or 
Rayleigh scattering or absorptions due to other components in the sample gas stream. Once the 
empty cavity losses and any other background losses have been determined, CRD spectroscopy 
provides an absolute measure of the concentration of the absorbing sample of interest within the 
cavity. This self-calibrating feature differentiates CRD from other highly sensitive laser-based 
methods such as laser induced fluorescence (LIF) or resonantly enhanced multiphoton ionization 
(REMPI).2  
 
The laser source that will be used for the project is a pulsed Alexandrite laser. This is a solid-state 
laser that runs at 50 Hz, will produce pulse energies of >0.5 mJ/pulse at 254 nm, and has a 
fundamental laser linewidth of about 10 GHz. A diode seed laser is used with the system to bring 
the fundamental linewidth down to approximately 60 MHz, which results in a laser linewidth of 
about 180 MHz at 254 nm. This laser pulse will be spatially filtered and mode matched to the 
particular ring-down cavity that will be used. Initial results indicate a cavity length of about 65 
cm is optimum for the CRD setup using specially coated plano-concave mirrors with a 6 m radius 
of curvature. The actual absorption cell that will be used for the mercury detection will be placed 
between the highly reflecting mirrors. 
 
The design of the CRD absorption cell will have an inlet for the sample containing mercury and 
exit for a continuous flow. The design is such that a low flow of inert gas can be sent over the 
face of the highly reflecting mirrors to insure no degradation of the mirror surface, due to 
deposited contaminants, and hence a decrease in the ring-down time resulting in a decrease of the 
sensitivity of the CRD instrument. A diagram of the absorption cavity is shown in Fig. 1. From 
the figure it can be seen that the flow of sample flue gas will enter the cavity near the end and be 
exhausted from the center of the cavity to maintain the gas flow away from the mirror surfaces. 
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Figure 1: Diagram of sampling cavity (not done to scale) placed between the two highly 
reflecting mirrors 

 
 
The data acquisition system will take the output of a photomultiplier tube and send it to a fast 
analog-to-digital 12-bit, 100 MHz card. A LabView program will be written for control of the 
laser system, data acquisition, and signal processing. The program will calculate the decay time 
of the ring-down curve, compare it with that for the empty cavity, and determine the absolute 
concentration of mercury in the absorption cell at any time. 
 
A mercury vapor generation system will be used to generate known amounts of mercury for 
testing as well as a periodic calibration check of the CRD instrument. The vapor generation 
system will consist of a temperature-controlled dynacalibrator with a mercury permeation tube of 
a known permeation rate. Additional verification of the mercury concentration delivered to the 
CRD instrument will be done using an Atomic Fluorescence Spectrometer (AFS). The AFS is 
calibrated using a gold trap with injections of mercury vapor from the headspace of a container 
held at a known constant temperature. 
 
Mercury speciation studies will begin by using a pyrolizer system. The relative efficiency of the 
pyrolizer for dissociating different species of mercury will be evaluated using known quantities of 
substances such as elemental mercury, dimethyl mercury, and mercuric chloride. The pyrolizer 
should allow the detection of the total amount of mercury in a sample stream by dissociating any 
mercury compounds. Further speciation studies will look at the possibility of spectrally 
differentiating compounds containing mercury from elemental mercury. An initial study into the 
spectral separation of mercury and mercury chloride concluded that there may have been a slight 
spectral shift but they were unable to resolve the small frequency shift with their laser system.3 
The diode seeded Alexandrite system utilized for this project has a spectral resolution over 20 
times narrower than the above-mentioned study. This increase in resolution may well allow us to 
spectrally separate elemental mercury from compounds of mercury. 
 
Table I lists the major milestones and their planned completion dates for the project. 
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Milestone Description Baseline Actual 
1. Finalize CRD design 3/31/02 3/31/02 

2. Integration of LabView 
software for data acquisition 

3/31/02 4/23/02 

3. Hg-CRD system optimization, 
including approaches to 
speciation  

 
3/15/04 

 
Ongoing 

4. Sample interface design 6/15/03 6/15/03 

5. Integrate sample system with 
CRD and determine combined 
performance 

 
3/15/04 Ongoing 

6. Formalize Hg-CRD analytical 
procedures 

3/15/04  

7. Reporting 5/15/04  

 
 
 
 
 
 
 
 
 
 

 
 
 
 

Table I: Project milestones and completion dates. 
 
 
Results and Discussion 
 

Fiber Optic Coupling 
 
Presently the laser source that is used to produce the ultra-violet (UV) radiation, required for the 
mercury transition that is injected into the ring-down cavity, is somewhat large and cumbersome. 
Remote analysis of flue gas emissions from coal-fired power plants could therefore be a very 
challenging proposition. A method of alleviating this problem is to isolate the laser source at 
some point and couple the output radiation into an optical fiber, which can then easily carry the 
UV beam to the CRD cavity. However, since the radiation is relatively deep into the UV range (~ 
253.7 nm) transmission of the beam through an optical fiber is not as readily accomplished. The 
material the fiber is made of must obviously transmit the desired radiation. There is also the 
problem of solarization, the process by which the transmission properties of the optical fiber 
degrade with time due to the harsh UV radiation. SRD has obtained a solarization-resistant 
optical fiber from Polymicro Technologies, LLC. This 3-meter fiber has been tested and found to 
transmit the 254 nm radiation with very little observable losses. 
 
Once the light has been coupled into the cavity a couple of lenses are needed to take the output 
beam, mode-match it to the ring-down cavity, and inject the light into the cavity. SRD scientists 
setup the appropriate optics and were able to obtain the necessary ring-down time needed to 
acquire the signal to detect the concentration of mercury. 
 
Upon completion of the steps needed to take the UV laser beam from the laser output, couple it 
into and transmit it through the optical fiber, and then inject the light into the ring-down cavity, 
the next step was to test the system by measuring the mercury transition. Shown in Fig. 2 is a plot 
of the mercury ring-down signal obtained at room temperature, with a cell pressure of 870 torr, 
and a mercury concentration of about 1.8 ppb. The blue dots shown in the plot is the 
experimentally obtained data while the red line is the theoretical plot, using the model developed 
by SRD, for the given temperature, pressure and concentration of mercury. As can be seen in the 
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plot the agreement between the theoretical plot and the experimental data is excellent. The 
concentration of mercury was verified with an atomic fluorescence spectrometer. 
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Figure 2: Plot of the relative frequency of the diode seed laser versus the losses in the 
cavity. The data was obtained with the cell maintained at room temperature, 870 torr 
pressure, and about 1.85 ppb of mercury. The blue dots are the experimentally obtained 
data and the red line is a theoretical plot fit to the parameters used in the experiment. 
 

 
The pressure in the cavity was reduced to resolve the isotopic structure of the mercury transition 
to ensure proper modeling of each of the isotopic peaks as well as verify accurate operation over 
a wide range of cavity pressures. The plot shown in Fig. 3 depicts the results of scanning the 
diode seed laser over the mercury transition at a cavity pressure of 90 torr, with the cell 
maintained at room temperature, and a mercury concentration of 1.85 ppb. As shown in Fig. 2 the 
blue dots represent the experimentally determined data while the red plot is the theoretical plot 
for the given experimental parameters. Here again we see excellent agreement between the 
experimental data and the theoretically produced plot. 
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Figure 3: Plot of the relative frequency of the diode seed laser versus the losses in the 
cavity. The data was obtained with the cell maintained at room temperature, 90 torr 
pressure, and about 1.85 ppb of mercury. The blue dots are the experimentally obtained 
data and the red line is a theoretical plot fit to the parameters used in the experiment. 
 

As an additional check a second mercury source was tested. The plots shown in Figs. 2 and 3 
were obtained with mercury from a permeation tube held at 100 ºC in an oven contained within a 
Dynacalibrator from VICI Metronics. A second permeation tube with a higher permeation rate, 
contained in a separate system from Environics, Inc., maintained at a temperature of 50 ºC, was 
also tested with the new fiber optically coupled system. The results are shown in Fig. 4. The 
experimentally determined data is displayed as blue dots while the red line is the theoretical plot 
created with the experimental conditions used, namely the cavity held at room temperature, a 
pressure of 100 torr, and a mercury concentration of 6.2 ppb. This concentration is greater than 3 
times that previously tested and again it can be observed from the plot that there is excellent 
agreement between the experimentally obtained data and the theoretically produced plot. 
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Figure 4: Plot of the relative frequency of the diode seed laser versus the losses in the 
cavity. The data was obtained with the cell maintained at room temperature, 100 torr 
pressure, and a flow rate of 1000 ccm with 6.2 ppb of mercury. The blue dots are the 
experimentally obtained data and the red line is a theoretical plot fit to the parameters 
used in the experiment. 
 
 

From the data shown in Figs. 2 – 4 it can be seen that the fiber optically coupled system appears 
to be operating exceptionally well. The amount of time that the fiber is in use transmitting UV 
radiation is being monitored to determine if there will be any long term solarization effects on the 
fiber that degrade the transmission characteristics over time. At this point there has been no 
degradation observed but it will be closely monitored. The power levels coupled into the fiber 
optic are in the very low to sub-millijoule per pulse range. This should also help to reduce the 
possibility of solarization of the fiber. 
 
These results are promising for the transmission of the UV beam over distances to relatively 
remote monitoring sites where the mercury measurements will take place. 
 

Long Term Studies 
 
A second aspect of monitoring the levels of mercury contained in flue gas emissions is the ability 
to continuously monitor the mercury concentration over extended periods of time. Previously 
SRD has shown shorter-term studies of about one-half hour duration (see report 41221R06, 
Quarterly report March-2003). SRD is presently working toward much longer-term studies. 
Shown in Fig. 5 are the results obtained from a 2.5-hour study. The cavity was maintained at 
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room temperature and a pressure of 760 torr. The mercury concentration was approximately 1.85 
ppb, which was kept at a constant flow rate of 500 ccm through the CRD cavity. The plot, in Fig. 
5, is of the cavity losses versus time. As can be seen from the plot there is very little deviation 
around the central loss level. The standard deviation obtained from this plot corresponds to a 
standard deviation in mercury concentration of about 35 parts-per-trillion. Each point on the plot 
was obtained from the average of 200 laser shots, which required only 4 seconds to acquire the 
necessary data. 
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Figure 5: Plot of the cavity losses versus time. The cavity was maintained at room 
temperature, the pressure in the cell was held at 760 torr, and the mercury was constantly 
flowing through the cell with a concentration of 1.85 ppb. Each data point represents the 
average of 200 laser shots over a 4 second time interval. 

 
 

In addition to the stability studies of the mercury concentration SRD investigated the time needed 
to reach the baseline level of the CRD instrument once the flow of mercury is cut off. The plot in 
Fig. 6 is one of cavity losses versus time. The vertical line located at about 30 seconds into the 
plot is the point at which the mercury flow was stopped. This was done to investigate if there was 
any measurable mercury present in the system at times well after the flow of mercury had ended. 
The cavity was held at room temperature and a pressure of 1 atmosphere. The mercury 
concentration at time = 0 was about 6.2 ppb and the flow rate through the system was 1000 ccm. 
As can be seen in the plot the mercury signal quickly drops to the baseline level of the instrument 
and remains steady thereafter. The time period taken for the concentration to drop to baseline 
levels was consistent with the flow rate and the tubing and cavity volume present after the 
mercury permeation tube oven. 
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Figure 6: Plot of the cavity losses versus time. The cavity was maintained at room 
temperature, the pressure in the cavity was 760 torr, and the concentration of mercury at 
t=0 was 6.2 ppb. The vertical line on the plot indicates the time at which the mercury 
supply was shut off. 

Sampling System 
 
Construction of the sampling system has begun at SRD. The breadboard table that will contain 
the sampling system, including pyrolysis oven, CRD cavity, fiber optic coupling system, 
photomultiplier tube for ring-down detection, and the required tubing, valves, etc. is 3' x 4' x 2". 
The ability to fiber-optically couple the sampling system to a remote laser source significantly 
reduces the required footprint of the apparatus. A computer to acquire the CRD data, a pump used 
to flow gas through the system, power supplies, and temperature and pressure monitoring 
equipment, used to monitor the temperature of all the tubing and the temperature and pressure of 
the CRD cavity, will be located below the table. The flue gas supply and return line will be 
attached to the breadboard sampling system. Additionally, a cover is being constructed to contain 
and protect all the elements of the CRD apparatus. 
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Figure 7: Diagram of the CRD sampling system coupled to the fiber optic carrying the 
UV laser pulse. The instrument is drawn on a 3' x 4' breadboard table. All the equipment 
on the table is drawn to scale. 

 
 
Figure 7 is a schematic drawing of the breadboard setup. All of the components have been drawn 
to scale, as has the 3' x 4' breadboard tabletop. The number of components and the amount of 
tubing has been minimized to reduce the resident time of the flue gas in the measurement 
apparatus and also to reduce the surface area available to the flue gas with which it could cause 
reactions and change the component mixture of the flue gas. 
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Conclusion 
 
SRD scientists and engineers have begun construction of the sampling system that will be used to 
investigate the mercury concentration contained in actual flue gas emissions from coal-fired 
power plants. They breadboard system has been reduced to a 3' x 4' x 2" platform which will 
contain the main CRD apparatus. Required support equipment such as a computer, vacuum pump, 
electrical power supplies, and temperature and pressure measurement equipment will be located 
adjacent to the breadboard platform. 
 
The ports for monitoring flue gas emissions are often located in areas that are hard to access and 
have little room for equipment. SRD scientists have developed a method, using fiber optics, to 
take the pulse of light from the laser to the CRD cavity and inject the light into the cavity to 
perform the ring-down measurements of the mercury concentration. This method has been tested 
and shown to produce precise and accurate results in reporting the mercury concentration. 
 
An additional requirement for monitoring the flue gas emissions for mercury is the ability to not 
only continuously monitor the mercury concentration but to perform the measurements for 
extended periods of time. SRD has extended shorter-term measurements done previously to 
longer time intervals. The measured mercury concentration was 1.85 ppb and had a standard 
deviation of only 35 ppt. The length of time to reach the baseline level of losses, in the CRD 
apparatus, after the supply of mercury was shut off was investigated. The time taken to reach the 
baseline level was consistent with the volume of the system after the permeation oven supply 
point. No residual mercury was detected after the CRD instrument reached its baseline level. 
 
Future work at SRD will continue to lengthen the time involved for the extended time 
measurements of mercury. This work will also involve changing the mercury concentration and 
monitoring the ability of the CRD instrument to track those changes in concentration. 
 
Construction of the breadboard apparatus will continue. Once this is completed remote 
measurements can be tested. The success of fiber optically coupling the laser system to the CRD 
cavity essentially creates two separate systems that can be remotely located and only connected 
with a fiber optic. The long-term stability and transmission characteristics of the optical fiber will 
be monitored as the ultra-violet radiation can solarize the fiber and change its characteristics. 
However, the amount of power coupled into the fiber is relatively low and SRD does not foresee 
this as a problem. 
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Date Description 
10/01 Acquired and setup Alexandrite PAL ring laser system 
10/01 Acquired high reflectivity mirrors needed for CRD cavity 
10/01 Installed fast digitizing card for data acquisition  

12/18/01 Setup CRD cavity 
12/27/01 Produced 253.7 nm light from laser system needed for mercury detection 
12/31/01 Coupled light into cavity and detected ring-down signal 
1/21/02 Calculated needed mode matching optics for the cavity and inserted into optical setup 
2/8/02 Checked ‘long’ term stability of CRD cavity and laser system alignment 
3/5/02 Determined empty cavity parameters 

3/21/02 Integrated data acquisition program for CRD data 
3/29/02 Prepared system for mercury delivery 
4/12/02 Incorporated mercury permeation tube gas delivery system to CRD instrument 
4/23/02 Integration of software control for scanning of the laser system 
5/17/02 Detection of weak oxygen lines with the cell filled to atmospheric pressure with air 
6/6/02 Integration of an Atomic Fluorescence system to verify mercury delivery and concentrations 

6/18/02 Optimization of optics and laser parameters using 400 torr of Oxygen 
7/9/02 Installed Iodine cell for absolute calibration of the Alexandrite laser system 

8/15/02 Calibrated Atomic Fluorescence system and confirmed delivery of mercury to CRD cavity 
8/21/02 Calibrated Alexandrite laser system in the spectral region of the mercury transition 
9/12/02 Detected mercury in the CRD cavity 
9/27/02 Early detection limits in the low parts per trillion (ppt) range 

10/17/02 Tested various cavity lengths and switched from a 64.5 cm to 38 cm cavity 
10/30/02 Able to detect sub-ppb levels of Hg in presence of high concentration of SO2 
11/7/02 Tested CO, CO2, NO, NO2, and did not observe any background interferences 

11/13/02 Not able to observe any change in baseline level with high concentration of water vapor 
12/11/02 Installed pyrolysis oven for atomization of sample gas stream 
12/18/02 Integrated dynacalibrator into CRD system for delivery of mercury chloride 
12/20/02 Observed mercury signal due to mercury chloride 
1/13/03 Theoretically modeled mercury and oxygen absorption lines 
1/23/03 Constructed simulated flue gas delivery system 
2/5/03 Optimized laser power injected into cavity for best signal-to-noise 

2/14/03 Based on the model added a thermocouple inside the CRD cavity 
2/21/03 CRD detection of HgCl2 and Hg in the presence of multiple flue gas components 
2/28/03 Completed initial pyrolysis tests of HgCl2, Hg, and simulated flue gas 
3/11/03 Determined SO2 absorption cross-section 
3/20/03 Tested dynamic range of the CRD instrument 
3/28/03 Checked long term laser frequency drift to determine stability 
4/29/03 Complete evaluation of commercially available sampling system and components 
5/16/03 SRD engineers design sampling system for CRD instrument 
5/30/03 Develop the derivative method for automatically determining the position of a Hg peak 
6/17/03 Test the derivative method on actual data 
7/24/03 Acquisition of hardware needed and construction of sampling system begins 
8/12/03 UV laser light successfully coupled into the optical fiber 
8/21/03 UV light successfully injected into cavity and ring-down signal obtained 
9/16/03 Extended time studies to monitor mercury concentration begins 

Table II: Chronological listing of significant events. 
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