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HPLC: Buck; BLC-20GP System Configuration  
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Controller 

Detector 

Buck-Chrom Software  

HPLC Mgmt System   

Pump Module 

“A” left, “B” right 

“Column” 

Waste Bowl 

Flush/Vent lines (4) 

Top/Bottom of 

Pumps, Not 

required during 

detection runs 

On/Off Toggles on all 

3 boxes, right lower. 

“Green” light on front 

of boxes and/or 

digital display shows  

on condition  

Injection Port 

Arm 

Prime/Purge valve 

and exit port (use 

syringe) 



STLCC-CPLS;Morrison 6/27/2014 
Page 3 

HPLC : Detector and 

Pump Specifications 

Link to Buck HPLC 

Operator Manual  .pdf (219 

pgs) 

Pump: Flow Rate 0.01-9.99 ml/min. (Ana) 

0.10-40ml/min (PREP) Pressure 0-

3000PSI Max (PEEK) 

0-5000PSI Max (SS) Accuracy 1% 

 Max. deviation Precision <0.5% RSD 

 

Detector:  
Wavelength Range 190-360nm UV (D2 Lamp) 
360-800nm VIS (W Lamp) 
Bandpass 5nm 
Flowcell 10µL  
Volume, 7mm Path (ANA) 
4uL Volume, 2mm.  
Path (PREP)  
ABS Range 0.005 - 1.0 ABS (2 ABS Max.) 
Drift <2 x 10 -4 A/hour @ 254nm  
Noise <2 x 10 -5 A @ 254nm  
Linearity >2%  
Panel Controls ABS, Auto-Zero,Wavelength  
Wavelength Accuracy Better than 2nm, Reproducibility > 1nm Recorder 
Output 10mV full-scale Integrator  
 
Output 1V/ABS to 2V (=2.0ABS Display 4.5 Digits (ABS) to 1.999ABS 
Shipping Weight 40 lbs. Dimensions 16"W x 7"H x 17"D  
-Gradient ( for BLC-20G) 
Control 2nd Pump Gradient Range 0 - 100% Mixing Type High Pressure 
 

Users.stlcc.edu/Departments/fvbio/HPLC_Manual_BLC-20G.pdf
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HPLC: Controller Specifications 

Link to Buck Operator’s Manuals..pdf (219 pgs)  

BUCK-CHROM CONTROLLER   
Gradient Range 0-100%  
Increments 0.5%  
Gradient Accuracy 1% Max deviation  
Precision <1% Variation from 10% - 90%  
Flow Accuracy (2-pump) 1% Max deviation  
Precision (2-pump) <0.5% RSD  
Software Controls  
Wavelength, Min/Max Pressure Limits, Sample ID, Solvent and Column 
Specs, Flow, Gradient Ramps, Signal Processing for 2 detectors, Relay 

Conterols for Fraction Collector & Auto-sampler  
   
Software Displays  
Real-Time Detector signal(s) and Pressure readings, chromatograms, 

gradient & Pressure Curves (graphical)  
 

 

Users.stlcc.edu/Departments/fvbio/HPLC_Manual_BLC-20G.pdf
//dragon/users_wwwroot/Departments/fvbio/HPLC_Manual_BLC-20G.pdf


HPLC: Buck; Stack Pump Module  
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Injection Port Arm: 

 

Load: 11am position 

 

Inject: Turn clockwise 

quickly to 1pm this will 

trigger Data Collection 

software , return to 11am 

position quickly.  



HPLC: Buck; Front View and Connectivity  
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Solvents (A &B) Must be above 

pump level.  

Solvent lines connect to 

lower port 
Output line connects to  

Column fitting 

Injection Port/Arm (ref) 

Prime/Purge valve and 

fitting for Syringe 



HPLC: Buck; Controller Panel  
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HPLC : Buck-Chrom Software 

 
All chromatography instrumentation from Buck Scientific are 
easily and fully controlled by PeakSimple software package; 
directly or through a data station. Control of data collection, 
eternal switches, detector response range and auto-zero, and 
pump flow can all be set in the program for instant reloading; thus 
simplifying method development. Complete access to the data 
files, calibration parameters and report format provides full 
documentation of test protocols. Variable integration windows, 
multi-point polynomial calibration and up to 4-channel inputs 
make the PeekSimple packager more powerful than systems 
costing 10X as much! 
 

 Link to HPLC Operator Manual .pdf 

Logon as user HPLC 

Users.stlcc.edu/Departments/fvbio/HPLC_Manual_BLC-20G.pdf


HPLC: Buck; Software Main Screen Elements  
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Link to HPLC Operator Manual .pdf 

//dragon/users_wwwroot/Departments/fvbio/HPLC_Manual_BLC-20G.pdf


HPLC: Buck; Starting Up the System  
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1.  Turn on the all of the devices in the stack (toggle switch in rear right). Verify that the 

green power lights are “on” and that the digital display on the  control module 

displays data for UV-Vis and Pump run.  

 

2. Start the HPLC (Buck-Chrom) program. In the lower right corner of the screen you 

should see “Running in non-demo mode”. It may take a minute for the software to 

connect to the box. If the interface box is in “Demo mode” the software will not control 

the HPLC.  Note, if you disconnect the power to the interface box you will need to restart 

the HPLC software. 

 

3. Connected a column appropriate for your analysis. 

 

4. Prime the pump with your mobile phase ( see next slide ).  

 

5. The Hardware system is now ready for a run, however parameters to define the 

column, solvents, solvent program, and other settings must be made using the Buck 

Software before a run can be started.  



HPLC: Priming the Pump  
(MUST DO before a new run, follow step #s as shown below ) 
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Section 2.5.5 Pump Manual : Connect a syringe to the prime/purge valve. Open the prime/purge valve  

1 to 2 turns (counterclockwise). Using the Pump Controller (DVW or Hand-held), run each pump  

at a flowrate of 3 to 5 mL/min. Prime the pump by pulling mobile phase and any air bubbles through the 

system and into the syringe (a minimum of 20 mL). Close the prime/purge valve and stop the pump. 

1. Attach a Luer tip syringe  to 

the Prime/Purge valve.  

 

5.   Pull about 20mL of mobile 

phase out while the pump is 

running at about 4.00 mL/min 
2. Set the pump rate to about 4.00 

mL/min. 
 

 

3. Rotate black wheel Counter 

clockwise about 1.5 turns after 

syringe is attached.  

 

4. Start the pump 

 

6. Close (rotate clockwise) when 

the syringe has pulled 20mL  of 

mobile phase out.  

 

7. Stop the pump  

 

 



HPLC: BuckChrom Software  General/Main Screen 
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Make sure this is  

unchecked  and that 

the system is in 

“non-demo” mode 

Fill in parameters for 

your run.  



HPLC: Software; Scales and Zero Settings (from Manf) 
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You can change the scales and zeros using this 

page. If you make a change you must press the 

“Click here to read ...” button at the bottom of 

the page. If these new parameters check out to 

be OK. You then would open the “INI file” menu 

and select “save”. 

 

NOTE: Change the zero first and press the 

“Click here...” button and verify that you have 

zeroed the value. Then you can apply the scale 

factor. 



HPLC: Software; Samples, Enter and Save 
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Note “hints” for info 

about each column 

or option  



HPLC: Data Logging, Enter Name to Store Data/Results from this Run  
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Optional; Enter name for 

directory to store data and 

results from this run    

 

You may also save data at the end of a run 

and before starting a new run using the “Data 

File” menu item. 

You can look at previously run data by 

selecting “Read Data into Plot”. You can also 

save data as an ASCII text file for importing 

into other programs such as a spreadsheet 

program. You may save the plot as a .wmf 

image file which can be used in a word 

processor document. 



HPLC: Software; Columns and Solvent IDs 
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Enter data or  Select from  pull 

down menu for  A  and B    

This page is used for documentation of 

column and solvent information. The button 

at the end of the description box will open a 

list of available options. You will need to 

create your own column & solvent lists using 

the “Column & Solvents” menu. Then select 

“Edit Columns File” or “Edit Solvents File” 



HPLC: Software; Define Solvent Program  
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1. Fill in this page, entering solvent 

composition and flow rates 

2. Press “ Start Run”  when finished.  

3. Inject the sample when prompted.  

 

The “Solvent Prg” page allows you to enter a 

gradient profile, a flow rate and flow program. 

 

A recycle valve (12 VDC three-way ) can be installed 

at the output of the flow cell. The valve is connected 

to the interface box expansion port. This valve will 

allow you to set a threshold +/- value around zero. 

The solvent would be recycled if the detector signal 

is between the +/- of the value in the “Solvent Saver 

threshold” box.  

 

The initial solvent composition (if it is a gradient 

system) and flow are set on this page. During the 

run if you want to change conditions you would 

change the values in the initial boxes. A change in 

the flow occurs immediately. A change in solvent 

composition occurs when you leave this page. 

 

Linear gradients segments are programmed by 

entering the desired composition and at what time 

in the run you want that composition. 



HPLC: Software; Peak Picking Parameters 
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These “Peak Detection Parameters” are used 

to integrate the peak areas. They affect the 

data found on the “Peak Results” page. 

When you press the button labeled “Pick 

Peaks on Current Chromatogram” the 

chromatogram will be re-integrated using the 

current parameters. If this button is grayed 

out then there is no chromatogram in 

the plot window. Use the “Data File” menu 

item and select “Read Data File into Plot” to 

load a previous run. 

The “Use peak picking” box must be checked 



HPLC: Software;  Alarms Settings and Status 

STLCC-CPLS;Morrison 6/27/2014 
Page 19 

If a pressure signal is available you can set the high / 

low alarm values. You can defeat the alarm by pressing 

the “Alarm Reset” button and then you do not press 

the “Allow Check of Alarms” button. If the “Reset 

Alarms” button is flashing red and blue during the run 

then the alarms are not active. Go to the “Alarms” page 

and press the “Allow check of alarms” button. The 

“Reset Alarms” button should stop flashing. 

 

When an alarm occurs this screen will be visible and 

the run will be paused. If you correct the problem and 

then press the “Alarm Reset” button the run will 

continue starting at the time the alarm occurred. 

Remember to reactivate the alarms by pressing the 

“Allow Check of Alarms” button. 



HPLC: Software; Peak ID Parameters 
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The “Peak ID’s” page is used to identify 

peaks on the plot. Normally this information 

is transferred from the 

calibration database. However, you can enter 

the begin and end times for a window to look 

for a peak. Then enter a name in the “Cmpd 

ID” column. You can clear the information on 

this page using the “Peak ID Parameters” 

button. 

The identification process occurs when the 

“Pick peaks...” button on the “Peak Picking” 

page is pressed. There 

are times when you want to integrate 

everything in a particular time window the 

“Reprocess Chromatogram plot” button and 

“Zeroing the Plot” buttons are used for this. 

Otherwise the peak area is based on the peak 

identified using the “Peak Picking” 

parameters. 



HPLC: Software; Reports/Printout Setup and Parameters 
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The “Report” page is used to set up the type of 

report that will be printed. The default is “short 

report” which 

shows a chromatogram at the top of the page, the 

operating conditions are below the chromatogram 

and any reports are printed below that. A preview 

of the report is shown before printing.  Pressing 

the “Print Plot and Data” button will show you the 

preview. 

 

You can also save image files such as “.wmf” 

(Windows 

MetaFiles) or .bmp (bit-mapped) which can be used 

in a document that is created by a word processor 

program. 

 

Note: you can scan your logo and save it as a .bmp 

file. This logo can be loaded and printed at the top 

left of your report. If you name your logo 

”ReportIcon.BMP” then it will load automatically. 

 

If you uncheck “make all reports short” then print 

you will get a full page print of the plot. 



HPLC: Buck;  Plot 1 Page (example)  
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The “Plot 1” page shows the detector plot 

including any events. The plot can be 

zoomed in/out using the appropriate buttons. 

If you have integrated the chromatogram and 

have set up a calibration curve then the 

peaks will be identified. Use the button on the 

“Peak Picking” page to integrate. 

To zoom the plot left click on the magnifying 

lens with the “+” in it. Put the cursor in the 

lower left corner of the area you want to 

enlarge. Press and hold the left mouse 

button. Drag the cursor to the upper right 

corner of the area to be enlarged and release 

the mouse button. The “-” button will unzoom 

the plot. The up/down arrow button will make 

the largest peak that is visible in the plot 

window fill the plot window. 



HPLC: Buck;  Hardware Page (example)  
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HPLC: Buck;  Peak Results Page (example)  
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The “Peak Results” page is where you will 

find the results of an integration performed 

on the current chromatogram. This 

integration occurs immediately after a run or 

when the “Pick Peaks..” button on “Pick 

Peaks” page is pressed. In addition you can 

view “Plate Counts” or “Peak Resolution” 

information by clicking\ on the appropriate 

radio button. The information that is 

displayed is calculated based on the 

parameters entered on the “Peak Picking 

“page. NOTE: not all peak areas are visible in 

this table. The “minimum area %” on the 

“Peak picking” page will determine which 

areas are seen. Plate counts and peak 

resolutions are calculated by using the 

appropriate menu item. 



HPLC: Buck, Peak Results-Manually Integrate Option 
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HPLC: Buck;  Calibration Page  (example)  
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The “Calibr” page is used to open a 

calibration database and then select the 

records for the peaks of interest that are to 

be quantified. The record of interest is 

selected by clicking on it and then press the 

button “Send Record to Peak IDs”. This will 

transfer the peak id info to the “Peak IDs” 

page. 



HPLC: Buck; Factory Configuration Settings 
Shipped w/SN P8071/7340, SN658-200-059 

Loaded by Scott Bergeron 3/31/09 @ FV using the Scales and Zeros Tab  

• BUCKSC-1 INI 611 02-09-09 6:53p BuckSciMicro.ini 

• Viewer EXE 680.448 08-17-01 4:18p Viewer.exe 

 

 

• BuckSciMicro.ini [Factory Test Configuration] 

• 10, maximum flow of solvent pump in mLs/min 

• 3500, maximum pressure reading for pressure transducer 

• 1, is the com port for hardware (changed to “2” on ini file during install at FV due to BioMek on Com 1) 

• 1.000, detector  1 scale 

• -1673.400, detector 1 zero (typo on sheet was -1173.400 but changed by SB) 

• 1.000 detector 2 scale 

• -1181.400 detector 2 zero 

• 3.333 pressure scale 

• 90.000 pressure zero 

• 0, limit for pump pressure too low 

• 3500, limit for pump pressure too high 

• 0.0, dead vol in mLs from mixer to injector 

• Y, use dstar detector with limit of 3 

• 1.010, detector wavelength scale 

• 109.000 detector wavelength zero 

• c:\buckchrom4053\wav files\director for wavfiles for notifying operator using sound 

STLCC-CPLS;Morrison 6/27/2014 
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HPLC: Data Files; Location, Structure and Content  

• Buckchrome:     /Data, /Students, /Wav 

• /Students = location of Saved Data Files .chr or wmf format 

• Samples Files: Sample.spm ( ex: coffee_demo.spm) 

• Methods Files: Startup.lcm or Saved files (ex: coffee_june04.clm) 

• Columns Files: Columns.clm  (appears as simple spreadsheet) 

• Solvents Files: Solvents.slv (appears as simple spreadsheet) 

• PeakPickingFiles: PeakPickStartup.val 

• Data Files:  

– Save Data in Plot to a File .chr (txt)  

– Read Data File into a Plot 

– Save Plot in a Windows Metafile Form (WMF) 

 

STLCC-CPLS;Morrison 6/27/2014 
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HPLC: Chromatogram Data Files .wmf and .jpg 
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HPLC: Chromatograms, General Overview 
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Link to Discussion of Chromatography.. Wikipedia  

Link to Discussion on HPLC…Wikipeida 

A chromatogram is the visual output of the chromatograph. In the case of an optimal 

separation, different peaks or patterns on the chromatogram correspond to different 

components of the separated mixture.  

  

Plotted on the x-axis is the retention time and plotted on the y-axis a signal (for example 

obtained by a spectrophotometer, mass spectrometer or a variety of other detectors) 

corresponding to the response created by the analytes exiting the system. In the case of an 

optimal system the signal is proportional to the concentration of the specific analyte 

separated.  

 

http://en.wikipedia.org/wiki/Chromatography
http://en.wikipedia.org/wiki/High_performance_liquid_chromatography


HPLC: Overview  
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The sample to be analyzed is introduced in small volume to the stream of mobile phase. The analyte's motion 

through the column is slowed by specific chemical or physical interactions with the stationary phase as it 

traverses (passes through) the length of the column. The amount of retardation depends on the nature of the 

analyte, stationary phase and mobile phase composition. The time at which a specific analyte elutes (comes 

out of the end of the column) is called the retention time; the retention time under particular conditions is 

considered a reasonably unique identifying characteristic of a given analyte. The use of smaller particle size 

column packing (which creates higher backpressure) increases the linear velocity (speed) giving the 

components less time to diffuse within the column, leading to improved resolution in the resulting 

chromatogram. Common solvents used include any miscible combination of water or various organic liquids 

(the most common are methanol and acetonitrile). Water may contain buffers or salts to assist in the 

separation of the analyte components, or compounds such as trifluoroacetic acid which acts as an ion pairing 

agent. 

 

A further refinement to HPLC has been to vary the mobile phase composition during the analysis; this is 

known as gradient elution. A normal gradient for reversed phase chromatography might start at 5% methanol 

and progress linearly to 50% methanol over 25 minutes; the gradient chosen depends on how hydrophobic the 

analyte is. The gradient separates the analyte mixtures as a function of the affinity of the analyte for the 

current mobile phase composition relative to the stationary phase. This partitioning process is similar to that 

which occurs during a liquid-liquid extraction but is continuous, not step-wise. In this example, using a 

water/methanol gradient, the more hydrophobic components will elute (come off the column) when the mobile 

phase consists mostly of methanol (giving a relatively hydrophobic mobile phase). The more hydrophilic 

compounds will elute under conditions of relatively low methanol/high water. 

 

The choice of solvents, additives and gradient depend on the nature of the stationary phase and the analyte. 

Often a series of tests are performed on the analyte and a number of trial runs may be processed in order to 

find the HPLC method which gives the best separation of peaks. 

 

 



HPLC: Links and Info 
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Link to site on HPLC for Proteomics ….  

Link to site on HPLC preparations, Montclair.edu ….  

http://www.ionsource.com/tutorial/chromatography/rphplc.htm
http://netdrive.montclair.edu/~olsenk/HPLC_Procedure.html


HPLC: Buck; Pump Rear Panel Connections  
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HPLC: Buck; Cable Connectivity Diagram  
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HPLC: Buck; Rear Line Connectivity  
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HPLC: Buck; Column with Syringe, Notes on Columns  
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Since columns are tubular, column dimensions usually take the following format, 

internal diameter X length (4.6mm X 250mm).  As a mass spectroscopist you will 

encounter columns ranging in internal diameter from 0.050 to 4.6 mm or even larger 

if you are performing large scale preparative chromatography.  For mass 

spectrometry a short reverse phase column will work nearly as well as a longer 

column and this is an important fact because shorter columns are generally cheaper 

and generate less back pressure.  Why is less back pressure important?  If a column 

runs at low pressure it allows the user more flexibility to adjust the flow rate.  

Sometimes shorter columns are used to do fast chromatography at higher than 

normal flow rates.  In terms of length we routinely run 100 mm columns, however 50 

mm or 30 mm columns may be adequate for many LC/MS separation needs. 

 

The most common columns are packed with silica particles.  The beads or particles 

are generally characterized by particle and pore size.  Particle sizes generally range 

between 3 and 50 microns, with 5 µm particles being the most popular for peptides.  

Larger particles will generate less system pressure and smaller particles will 

generate more pressure. The smaller particles generally give higher separation 

efficiencies.  The particle pore size is measured in angstroms and generally range 

between 100-1000 angstroms.  300 angstroms is the most popular pore size for 

proteins and peptides and  100 angstroms is the most common for small molecules.  

Silica is the most common particle material.  Since silica dissolves at high pH it is not 

recommended to use solvents that exceed pH 7.  However, recently some 

manufactures have introduced silica based technology that is more resistant to high 

pH, it is important to take note of the manufactures suggested use recommendations.   

In addition the combination of high temperature and extremes of pH can be 

especially damaging to silica. 

  

 The stationary phase is generally made up of  hydrophobic alkyl chains ( -CH2-CH2-

CH2-CH3 ) that interact with the analyte.  There are three common chain lengths, 

C4, C8, and C18.  C4 is generally used for proteins and C18 is generally used to 

capture peptides or small molecules.  The idea here is that the larger protein 

molecule will likely have more hydrophobic moieties to interact with the column and 

thus a shorter chain length is more appropriate.  Peptides are smaller and need the 

more hydrophobic longer chain lengths to be captured, so C8 and C18 are used for 

peptides or small molecules.  Here is an interesting note: Observations have been 

made that C8 columns are actually better for capturing smaller hydrophilic peptides, 

the theory here is that the longer C18 chains lay down during the early aqueous 

period of the gradient and the more hydrophilic peptides are not captured.  We use 

C8 routinely for all peptide work and this particular alkyl chain length works equally 

well if not better than C18 for all peptides.    



HPLC: Filtration and DeGassing, LAZAR Products 
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Filtration and degassing of solvents and samples prior to analysis is 

recommended by most instrument manufacturers. Instrument manufacturers 

understand that particulate matter in solvents can cause damage to expensive 

pumps, clog analytical columns, and in general cause wear and tear to the 

instruments. 

The combination of particulate matter and dissolved gasses in solvents can 

also create spurious peaks or can result in baseline instability. Dissolved 

oxygen in solvents can cause direct interference with fluorescence and 

electrochemical detectors. HPLC grade solvents, even though filtered prior to 

shipment by the manufacturer, can accumulate particles during storage due to 

shedding from the solvent containers and solvent condensation or 

polymerization. The use of salts and buffers can also significantly 

contribute to particles in the mobile phase. 

Filtration and degassing of solvents with the LAZAR Filter/Degasser reduces 

instrument down-time, prolongs the life of the analytical columns, pumps, 

and valves and most importantly helps the instrument perform in optimal 

fashion. 

 

 



HPLC: Degassing Media  
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There are various methods of degassing media — helium sparging, warming, and subsequent filtering and vacuum degassing are 

the most popular. The method suggested in the USP is to heat the media to 45°C then filter it through a 0.45µm filter under 

vacuum and stirred for about 5 minutes before being placed directly into the dissolution vessel (the paddles/baskets should be 

switched off until the analysis is ready to start). At no time must the temperature be allowed to drop below 37°C. This method of 

degassing has been shown to reduce the level of dissolved gases by about 85% which is enough to ensure that the air will not 

affect the dissolution results. 

 

Helium sparging can be effective but is costly to use for large volumes, as it requires a constant supply of helium gas to 

continually bubble through the media. It degasses the liquid by absorbing the gases that are dissolved in the media into the 

helium bubbles and carrying them out of solution. One of the major problems with this method is that the media can become 

saturated with helium which causes similar problems to being saturated with air and it is difficult to measure the amount of helium 

in the liquid. 

 

Heating and filtering the media is fairly reliable and is the method described in USP 23 (it actually specifies heating to 45 °C, 

followed by filtration through a 0.45µm filter membrane). This will remove about 85% of the dissolved oxygen, although the media 

then has to be cooled before the dissolution test which gives it time to reaerate. 

 

Vacuum degassing can remove more than 95% of the dissolved gas and if the media is held under vacuum (as it is in the 

Dosaprep) then it will not be able to reaerate before it is placed in the dissolution vessel. 

 

Other common laboratory methods of degassing such as sonication or membrane degassing are not practical for degassing the 

large volumes required for dissolution testing and are more suited for HPLC. 

 

A summary of the percentage reduction in dissolved oxygen using various techniques is shown below (data from Dissolution 

Technologies, August 1998). 

 

Method    % Reduction (approximate)  

USP    84.9 ± 11%  

Filtering only at room temperature  65 ± 3%  

Heating to 45°C   10 ± 14%  

Boiling    49  ± 3%  

Vacuum degassing   50-90%  

 



HPLC: Sparging with Helium 
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A liquid can only hold so much dissolved gas.  If you use unsparged HPLC 

solvents, they are air-saturated.  The solvent going into the column may 

be at 500 psi or higher, which keeps the gas in solution.  At the column  

outflow the pressure may only be a few psi (whatever the backpressure  

of the UV flow cell).  This sudden pressure drop can cause the dissolved  

gas to come out of solution and form bubbles between the column and 

detector, which can screw up the readings from the detector.  This is  

the same principle as the "bends" when a diver who rises suddenly to the  

surface develops bubbles of nitrogen in his bloodstream. 

 

When you sparge with helium, the helium displaces all the other gases 

dissolved in the solvent so that the solvent is helium-saturated.  But  

helium is so small and mobile that it easily diffuses through the plastic 

intake tubing between the solvent reservoir and the pump.  The solvent  

that reaches the pump head then has no dissolved gases at all, so you get 

no problems with bubbles between the column and detector. 

 
Tom Thatcher, 

University of Rochester Cancer Center 

ttha at uhura.cc.rochester.edu            
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