DETERMINATION OF PROPRANOLOL IN THE SANITARY DISTRICT OF

DECATUR'S DOMESTIC WASTEWATER INFLUENT AND ANALYTICAL ISSUES

Abstract

The concentration of the beta-blocker propranolol in Decatur's domestic wastewater was measured with the aid of a newly developed extraction technology called molecularly imprinted polymers (MIPs). No propranolol was found at or above the detection limit of the method.

Introduction

The release of undegraded pharmaceuticals and personal care products (PPCPs) in the discharges of wastewater treatment plant effluents into the environment has long been a concern.  Although toxicological data on chronic exposure to extremely low levels of many of these PPCPs is unknown, analytical data continues to be gathered around the world to determine the concentration of various PPCPs in wastewater influents, effluents, and receiving waters such as streams, rivers, and lakes. Concentrations of many of these PPCPs at these locations are in the range of parts per billion or parts per trillion1. At these extremely low levels, detection of these chemicals is very difficult and advanced techniques such as GC/MS or LC/MS usually must be employed to detect and verify the identity of analytes. However, a new extraction technology called molecularly imprinted polymers (MIPs) allows capture of a specific analyte or class of analytes in the sample while eliminating interferences by other substances. Interfering substances are excluded because the analyte of interest fits into the attachment site like a key in a lock. These MIPs are able to bind to trace levels of the target analyte in the presence of large excess of other compounds. In 2006, MIP technologies of Lund, Sweden developed an MIP extraction cartridge specifically to separate and remove beta-blockers (a class of high blood pressure medication) from aqueous samples. They were not available to U.S. distributors in 2006 so the purchase of the MIP cartridges was done directly with the manufacturer in Sweden. This study was a joint effort between Millikin University and the Sanitary District of Decatur, Illinois. 

Experimental

Equipment

  Aquamate v4.60 UV/VIS spectrophotometer

  Mettler XS104 analytical balance

  Perkin Elmer Series 400 Liquid Chromatograph

  Thermo Orion Model 720 Aplus  pH/ISE meter

Materials

  Acetic acid, glacial, ACS reagent  (J.T. Baker)   

  Acetonitrile, HPLC grade (Fisher Scientific)

  Dichloromethane, ACS reagent grade  (MCB Manufacturing Chemists, Inc.)

  Glass fiber filters, 934-AH, 47mm  (Whatman)  

  Methanol, Karl Fischer grade (Fisher Scientific)

  MIP extraction cartridges, 10mL, 25 mg sorbent   (MIP Technologies)

  Nitrocellulose filters, 0.45 micron, 47 mm  (Osmonics, Inc.)

  Nylon filters, 0.20 micron, 47 mm  (Whatman)

  Nylon syringe filters, 0.22 micron, 17 mm  (GE Water & Process Technologies)  

  Phosphoric acid, 85%, certified ACS  (Fisher Scientific)
  Polypropylene syringe filters, 0.45 micron, 13 mm  (Whatman)

  Potassium phosphate monobasic, HPLC grade (Fisher Scientific)

  Propranolol hydrochloride, 99%  (Sigma Aldrich)

  PVDF syringe filters, 0.22 micron, 13mm  (Fisherbrand)

  Reconstituted cellulose syringe filters, 0.45 micron, 4mm  (National Scientific)

Procedure
Initially the Sanitary District's research department staff during the spring semester of 2006 transported wastewater samples to Millikin University's chemistry laboratory and assisted a Millikin senior conducting the research with the initial filtering of the samples. During a followup visit later in the semester, it was noted that the student was reporting extraordinarily large concentrations of propranolol in the wastewater samples that SDD had provided for him. Because the levels were impossibly high, he was advised that the problem was probably carryover from highly concentrated propranolol standards injected previously. However, because of time limitations, the student was not able to resolve this problem before he graduated.  After discussions with Dr. Acheson of Millikin University, the University agreed to allow the Sanitary District's research staff to use its facilities and instrumentation in order to continue the propranolol research. 

In June 2006, work began to try and resolve the problems encountered by the Millikin student. It was learned from his report that the Millikin student had been working in a concentration range of his standards about 10,000 times higher than was called for. It was also discovered that his chosen wavelength of 252 nm was a poor choice of wavelengths as propranonol absorbs very little light at 252 nm. Through a UV scan conducted at the SDD's research lab, it was determined that 216 nm was the peak absorbance wavelength for propranolol (see Chart 1 below).
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 This finding also necessitated a change in mobile phase because the mobile phase the student had been using (a formate buffer /methanol mixture) absorbed too much light at 216 nm to be useful.  A literature search2 determined that a pH 3 phosphate buffer with either methanol or acetonitrile as the organic solvent component would be the best choice. After some initial lab work at Millikin University's chemistry laboratory, it was determined that acetonitrile would work better than methanol for several reasons. One reason was that acetonitrile absorbs less light than methanol at 216 nm thereby resulting in better propranolol sensitivity.  Another reason is that acetonitrile is less viscous than methanol resulting in lower operating pressures for the HPLC pump. Also a methanol/water gradient elution has a very unusual pressure spike3 when going from 100 % water to 100 % methanol. It was noted in early investigations at Millikin that a pressure maximum (1.5 times that of 100% water) occurred at 60% methanol / 40% water instead of the pressure maximum occurring at 100 % water which would be expected based on the viscosities of water (0.89cP) and methanol (0.55cP). 

After many test runs it was determined that 68% 0.01M PO4 buffer / 32% acetonitrile would be the best mobile phase. This was chosen because it allowed the elution of the propranolol peak in a reasonable amount of time (7 minutes compared to 37 minutes for study done by the Millikin student).  Isocratic elution was chosen over gradient elution again because of the time factor. In gradient elution, time would be wasted waiting for the system to equilibrate back to initial operating conditions between each run. Time was of the essence since the HPLC analysis was conducted at Millikin University many blocks away from the District's laboratory.

A recurring problem was that of carryover.  It was found that when injecting a blank (deionized water) a propranolol peak would still appear on the chromatogram.  Injecting several blanks in a row resulted in a diminished propranolol peak but it could not be completely eliminated.  For initial work therefore a blank was injected between each sample or standard so that the background level of residual propranolol could be factored out of the calculations.  Later on in the study a method of cleaning out the injection port was realized that resulted in a complete removal of the ghost peak. 

The minimum level of detection using the techniques and equipment described in this report was estimated to be around 200 parts per trillion (200 nanograms / Liter) in the original sample, or 0.01 mg/L in the reconstituted sample assuming 50 times concentration factor. Since the level of propranolol in Decatur's wastewater was unknown, it was decided to focus first on domestic wastewater which should have a higher concentration of propranolol in it than industrial wastewater or SDD's influent (a mixture of industrial and domestic wastewater). The domestic wastewater chosen for this study was from the Lost Bridge Pumping Station that receives wastewater from a residential area in the southeast part of Decatur, IL and pumps it to the District's main plant.    

A 1000 mg/L propranolol stock standard solution was prepared by dissolving 230.4 mg of 99% propranolol hydrochloride (f.w. = 295.81 grams) in deionized water and diluting in a 200 mL volumetric flask to the mark. Successive dilutions were made at 100, 10, 1 

0.100, and 0.050 mg/L concentration levels.  

The MIP extraction cartridges received from Sweden were seated securely to a 1 liter vacuum flask by means of a small plastic funnel which had its stem and lower half of its cone cut off.  The cone of the funnel was partially cut off so that the cartridge would snugly slide down inside the aperture of the stemless funnel with a rubber o-ring placed around the cartridge up against the cartridge's lip to provide a vacuum seal with the funnel wall. To provide a vacuum seal between the funnel top and the top of the filtering flask, a flat rubber washer was employed. 

Steps of Extraction Procedure. Cartridge  Conditioning: 1 mL of methanol added to cartridge followed by 1 mL of  deionized water.

Sample Application: 100 mL of 0.45 micron filtered sample applied to cartridge at a rate of 1 mL /minute.

Elution of Interferences:  For the following cartridge rinses, flow rate through cartridge was maintained at about 0.5 mL/minute.

     Two 1 mL portions of deionized water (followed by 2 minutes vacuum)

     One 1 mL portion of acetonitrile

     One 1 mL portion of 60% acetonitrile / 40% water (followed by 10 minutes vacuum)

     One 1 mL portion of dichloromethane (followed by 2 minutes vacuum)

After these rinses were completed, a 10 mL Erlenmeyer flask was suspended by a string inside the one-liter vacuum flask in such a way that the bottom 1/3rd of the MIP cartridge extended inside the Erlenmeyer flask.  In order to elute the beta-blockers captured on the cartridge column, a one mL aliquot of a 90 % methanol /10% glacial acetic acid mixture was applied to the column with no vacuum to allow for maximum contact time between solvent and sorbent.  After this initial aliquot passed thru the column and collected inside the 10 mL flask, gentle vacuum was applied for about 30 seconds. Next, a second 1 mL aliquot was applied in the same manner as the first.

After the elution of analytes was completed, the 10 mL Erlenmeyer was removed from  inside the vacuum flask and placed in a 32( C water bath to gently drive off the methanol. Once the methanol was driven off, the temperature was raised gradually to 42( C to evaporate the remaining acetic acid. After evaporation of the solvent was completed, the Erlenmeyer flask containing the dried extract was covered with aluminum foil and stored at room temperature until analyzed by HPLC at Millikin University. A vacuum oven would have been a quicker way to dry the extracts but neither the Sanitary District nor Millikin University had one. On one occasion the extracts were dried in a vacuum oven located at an ADM research lab as described later in the report. 

HPLC analysis.  Preparations for HPLC analysis included preparing the mobile phase at the SDD research laboratory either the day of analysis or the day before. The mobile phase was 68 % 0.01 M PO4 buffer / 32% acetonitrile. The 0.01 M PO4 buffer was prepared by adding 1.2017 grams KH2PO4 and 11.7 mL of 0.1 M phosphoric acid to a one-liter volumetric flask containing about 200 mL of deionized water and then diluting to volume with deionized water. In order to prepare 750 mL of the mobile phase, 510 mL of 0.01 M PO4 buffer along with 240 mL of acetonitrile were mixed together in a one liter flask and then filtered thru a 0.22 micron nylon membrane filter. The filtered mobile phase was then placed in a 1L glass storage bottle and transported to Millikin University laboratory.

HPLC startup procedure included degassing the mobile phase by bubbling helium thru it for 5 minutes.  Next the solvent pump was primed. Then the analytical column that other researchers were using was detached so that the injection port could be thoroughly flushed out by starting the solvent pump and switching the injection valve from load to inject several times.  Deionized water was continuously pushed thru the manual injection port while the injection port was switched back and forth from load to inject. This procedure, which was not adopted until late in the study, removed residue from previously injected samples of other researchers. Once the injection port had been thoroughly cleaned out, a Phenomenex Prodigy 5( ODS-3, 250 x 4.6 mm analytical column was installed. Mobile phase flow rate was set at 1.0 mL/ minute, and the system was allowed to equilibrate for about 20 minutes until there was a stable baseline absorbance. The system pressure usually remained in the range of 1880 to 2060 psi.  Samples and standards were normally injected via a disposable syringe tipped with a 0.22 micron PVDF filter.  In between each sample or standard injection, a thorough cleaning of the injection port was done to eliminate any residual propranolol.  The cleaning involved switching back and forth the injection valve from load to inject while continously pushing deionized water into the injection port. This procedure was not implemented until fairly late in the study. Before this procedure was adopted, there was always a residual ghost peak no matter how many times blank water was injected between samples. During the cleaning procedure described above, the Labview data collection system remained off.  After the cleaning was completed, about 7 minutes was allowed for the system to equilibrate.  Then a blank (deionized water) was injected with the Labview integration started to verify that there was no sample carryover. At the end of the day's analysis, the column was flushed out with a gradient elution starting with 68 % deionized water / 32 % acetonitrile which was held for 10 minutes, and then a linear climb to 100 % acetonitrile over a 12 minute period followed by about 10 minutes of continued flushing with 100 % acetonitrile until pressure and absorbance stabilized. 

Results and Discussion
Many problems were encountered during this study. One of main difficulties was the trace level nature of the work. This caused a major problem with regards to sample filtering. Normally a membrane filter removes particulate matter and allows the passage of the dissolved constituents.  However, there may be an affinity between the membrane and some dissolved substances which causes a very small amount of dissolved analyte to become embedded on the membrane.  When the analyst is working at higher concentrations this capture of a miniscule amount of analyte by the membrane is of no concern because it represents far less than one percent of the analyte passing thru the membrane. However during the latter portion of this study it was discovered that when 1 mL of a 0.05 mg/L propranolol standard was injected into the HPLC sample port thru a PVDF membrane filter over 90 % of the analyte was captured by the filter. This problem was not noticed earlier because 5 mL instead of 1 mL of standard was flushed thru the syringe filter prior to injection in the early phases of the study. The amount of propranolol that was captured in the above example is only 45 trillionths of a gram assuming a 90% capture rate. The membrane adsorption problem could probably have been eliminated if unlimited sample was available. That is, after flushing thru several milliliters of sample, the membrane would have become saturated with propranolol, and the HPLC sample loop could then be filled with sample undiminished in propranolol concentration.  Unfortunately in this study unlimited sample extract was not available as only 2 mL was the reconstitution volume from the original 100 mL sample volume. Several different types of membrane filters were tested out to try and find one that would have low sample binding. PVDF (polyvinylidene fluoride) filters were used for most of the study. Other filters that were tested out included nylon, reconstituted cellusose, and polypropylene. All of these had significant sample loss when using 1 mL of a 0.05 mg/L propranonol standard.    

The extent of removal of propranolol by the injection filter can be seen clearly by comparing the sizes of the propranolol peaks in Charts 2 and 3.  

[image: image2.jpg]Chart 2: HPLC Chromatogram of
0.05 mg/L Propranolo] Standard in Water
With Injection Filter

Propranolol

[

Q

=

S

5 0.000

7]

] H
=

080l

Minutes




[image: image3.jpg]Chart 3: HPLC Chromatogram of
0.05 mg/L Propranolol Standard in Water
Without Injection Filter

0.003

0.002

0.001

Absorbance

0.000

Minutes

Propranolol





It is readily seen from Chart 2 that the propranolol absorbance is much less than 0.001  

for the filtered sample whereas the unfiltered sample (Chart 3) had an absorbance greater than 0.004.  The type of filter used in Chart 2 was a PVDF syringe filter of 13 mm diameter and 0.22 micron pore size.

Because of the poor results seen when using injection filters, it was decided to go with using no filter at all for the remainder of the study. This was somewhat risky because of the danger of plugging the very small diameter tubing (0.01 mm) involved in HPLC equipment.  However, no adverse effects were encountered.

On two separate occasions in the spring of 2007, analysis was done on Lost Bridge Pumping Station wastewater using no filter for HPLC injection. On both occasions, a 0.001 mg/L propranolol standard was also extracted so that a % recovery could be determined.  In turn, the % recovery of the extracted 0.001 mg/L propranolol standard was judged against a 0.05 mg/L non-extracted standard.  After extracting 100 mL of the 0.001 mg/L standard and reconstituting it to 2 mL, it should also have a theoretical concentration of 0.05 mg/L.  The % recovery was 37.8% for the first extracted standard analysis done on March 20, 2007 and 28.0% for the standard analyzed on June 8, 2007.   No propranolol was detected in either of the two Lost Bridge pumping station samples with sample dates of March 14, 2007 and June 1, 2007.  In the absence of an injection filter, possible areas where analyte losses might have occurred include:  1) losses from lack of adsorption of the propranolol onto the cartridge column, 2) losses during interference rinses, 3) losses from only partial elution of the propranolol from the MIP column during elution with 90% methanol / 10% acetic acid or 4) losses during the drying and reconstitution process.  There have been indications of loss in the areas of drying and reconstitution during this study as the experiment below illustrates.   

An experiment to evaluate different drying methods was conducted in October 2006. Four mL of a 0.025 mg/L propranolol standard dissolved in 90% methanol / 10 % acetic acid was placed in each of three 10 mL Erlenmeyer flasks. No extractions were involved in this experiment so that only activities occurring after extraction (drying, reconstitution, and syringe injection thru filter) could be evaluated.  Two of the flasks were taken to the ADM Lakeview Research Center and evaporated quickly in a vacuum oven set at 30(C.  The other standard was evaporated in a water bath over a period of a couple of days at the SDD research laboratory. All three standards were reconstituted with 2 mL of deionized water thereby making a theoretical concentration of 0.05 mg/L. Percent recoveries for the three standards were measured against a 0.05 mg/L propranolol standard which did not go through the drying and reconstitution process. When analyzing the three dried and reconstituted standards by HPLC at Millikin, first a 1 mL aliquot was injected and integration started. After the run was over, a second 1 mL aliquot of the same standard was injected after it passed thru the very same 0.22 micron, 13 mm PVDF filter. It was noted for all three standards that the second 1 mL aliquot had an absorbance from 8 to 12 times higher than the first 1 mL aliquot. The % recoveries for the second 1 mL aliquots were 29.2 % and 37.8% for the vacuum oven dried standards and 42.0% for the standard dried in the water bath. In retrospect, it might have been better to have injected these standards without passing them through any filter because the filter may have lowered the absorbances of the second 1 mL aliquot injections also.  But at the time this experiment was conducted in October of 2006, other options were going to be explored first (using other filter types) before taking the chance of plugging up the HPLC narrow bore plumbing.  

The use of more advanced equipment and techniques is needed to accurately determine the concentration of propranolol in Decatur's wastewater. A study of propranolol in California wastewater and surface waters by D. Sedlak4 had a very low detection limit of between 0.1 and 1.0 nanograms/L depending on sample matrix and instrument response. This limit was achieved using gas chromatography / tandem mass spectrometry (GC/MS/MS).  The solid phase extraction procedure that Sedlak employed was simpler and had a concentration factor of up to 8000 which is much better than the 50 times achieved in this report. It was noted in his study that the use of freshly silanized glassware resulted in better recoveries. If further work is to be done with propranolol at the Sanitary District, it is recommended that gas chromatography be used with derivitization.  After a possible propranolol peak is identified by retention time and sample spiking, a mass spectrometer could be used in conjunction with gas chromatography to determine the identity of the peak with great certainty. Using GC would also eliminate the need of an analyte robbing filter during sample injection. 

Future research work on beta-blockers might include metoprolol and atenolol which have been shown to exist in higher concentrations in wastewater as the following literature data illustrates. The average concentration of metoprolol was 1263 nanograms/L when measured5 in the effluent of the six largest wastewater treatment plants (WWTPs) of Dallas, Texas on September 14-15, 2005. At the same time, the propranolol average concentration was only 82 nanograms/L at these same six WWTPs.  In another study,  

Vandeford1 found that atenolol existed at 3060 ng/L in the wastewater influent and 879 ng/L in the wastewater effluent of the City of Las Vegas Water Pollution Control Facility.  Atenolol may be the best of the three to study because it is not metabolized6 by the human body at all whereas both propranolol and metoprolol undergo extensive human metabolism.                                                    

Conducting further research on propranolol or other trace organic compounds should be done at the SDD lab if possible.  Scheduling around student researchers and the need to transport chemicals and supplies back and forth to the college campus make it difficult to conduct effective research at a remote work site.

Acknowledgements

The authors thank Dr. Ed Acheson of Millikin University for his invaluable advice and assistance during the study. We also wish to thank Chuck Newgard of Archer Daniels Midland Company for helping us to access and use their research laboratory's vacuum oven.  

References

(1)  Vanderford, B.J.; Snyder, S. S. Analysis of Pharmaceuticals in Water by Isotope 

       Dilution Liquid Chromatography/Tandem Mass Spectrometry. Environmental 

      Science & Technology. 2006, 40, 7312-7320.
(2)  Basci, N.E.;Terizer,A.; Bozkurt,A.; Isimer, A. Optimization of mobile phase in the
       separation of (-blockers by HPLC. Journal of Pharmaceutical and Biomedical                         

      Analysis. 1998, 18, 745-750. 

(3)  LC Resources, Inc. Getting Started in HPLC, An Introductory On-Line Course.

       http://www.lcresources.com.

(4)  Fono, L.J.; Sedlak, D.L. Use of the Chiral Pharmaceutical Propranolol to Identify    

      Sewage Discharges into Surface Waters. Environmental Science & Technology.  

      2005, 39, 9244-9252.

(5)  Fono, L.J.; Kolodziej, E.P.; Sedlak, D.L. Attenuation of Wastewater-Derived  

      Contaminants in an Effluent-Dominated River. Environmental Science & Technology.

      2006, 40, 7257-7262.

(6) Sedlak, D.;Pinkston, K. Factors Affecting the Concentration of Pharmaceuticals 

     Released to the Aquatic Environment. Journal of Contemporary Water Research and     

     Education. 2001, v120, p56.

PAGE  
2

_1245748780.xls
Chart1

		0.7341

		0.7741

		0.8153

		0.8634

		0.9048

		0.9557

		0.998

		1.0435

		1.0949

		1.1344

		1.1872

		1.2338

		1.2797

		1.3287

		1.3714

		1.4237

		1.4638

		1.4882

		1.5258

		1.5452

		1.5641

		1.58

		1.5959

		1.6091

		1.616

		1.6245

		1.6339

		1.64

		1.6438

		1.6514

		1.654

		1.6568

		1.6567

		1.654

		1.645

		1.6378

		1.6263

		1.6101

		1.5904

		1.5647

		1.5456

		1.5142

		1.479

		1.4436

		1.4068

		1.3686

		1.3381

		1.3136

		1.2872

		1.2692

		1.2514

		1.2355

		1.2294

		1.2212

		1.2159

		1.2083

		1.2001

		1.1912

		1.1795

		1.1664

		1.1482

		1.1323

		1.1151

		1.094

		1.0777

		1.0559

		1.0277

		0.9821

		0.941

		0.9138

		0.8762

		0.8257

		0.7891

		0.7294

		0.6733

		0.6023

		0.5538

		0.4987

		0.4277

		0.3384

		0.2894

		0.2339

		0.1913

		0.1506

		0.1162

		0.0962

		0.0764

		0.0649

		0.0564

		0.0505

		0.046

		0.0428

		0.0409

		0.0398

		0.0391

		0.0383

		0.0387

		0.0393

		0.0396

		0.0404

		0.0416

		0.0425

		0.0434

		0.0447

		0.0459

		0.0475

		0.0488

		0.0501

		0.0519

		0.0531

		0.0547

		0.0567

		0.0591

		0.0612

		0.0624

		0.0645

		0.0659

		0.0679

		0.0697

		0.0712

		0.072

		0.0751

		0.0773

		0.0811

		0.0845

		0.087

		0.091

		0.0949

		0.0975

		0.1009

		0.1046

		0.1089

		0.1128

		0.1161

		0.12

		0.1227

		0.1258

		0.1294

		0.1333

		0.1364

		0.1404

		0.1442

		0.1477

		0.1506

		0.1543

		0.158

		0.1618

		0.1645

		0.1693

		0.1727

		0.1772

		0.1796

		0.1826

		0.186

		0.1889

		0.1922

		0.1952

		0.1972

		0.1999

		0.2015

		0.2039

		0.2051

		0.2067

		0.2087

		0.2097

		0.2112

		0.2127

		0.2132

		0.2145

		0.2152

		0.2161

		0.2172

		0.2187

		0.2202

		0.2215

		0.223

		0.2235

		0.2243

		0.2242

		0.2242

		0.2239

		0.2237

		0.2233

		0.2228

		0.221

		0.2189

		0.2162

		0.212

		0.2087

		0.2048

		0.2006

		0.1959

		0.1919

		0.1877

		0.1843

		0.1799

		0.1769

		0.1725

		0.1697

		0.1662

		0.1625

		0.1571

		0.1524

		0.1496

		0.146

		0.1421

		0.1401

		0.1373

		0.136

		0.1354

		0.1351

		0.1342

		0.1333

		0.1303

		0.1273

		0.1225

		0.1172

		0.112

		0.1064

		0.1032

		0.0989

		0.0959

		0.0928

		0.0896

		0.0852

		0.081

		0.0766

		0.0717

		0.0688

		0.0649

		0.0622

		0.0613

		0.0614

		0.0627

		0.0652

		0.0685

		0.0714

		0.074

		0.0743

		0.0719

		0.0679

		0.0625

		0.0552

		0.0488

		0.0404

		0.0362

		0.027

		0.0218

		0.0191

		0.0152

		0.0121

		0.0111

		0.0073

		0.0069

		0.0056

		0.0044

		0.0033

		0.002

		0.0017

		0.0011

		0.001

		0.0006

		0.0001

		0.0001

		0.0002

		-0.0003

		-0.0003

		-0.0002

		-0.0002

		-0.0003

		-0.0005

		-0.0004

		-0.0004

		-0.0005

		-0.0005

		-0.0005

		-0.0007

		-0.0007

		-0.0004

		-0.0008

		-0.0005

		-0.0006

		-0.0006

		-0.0007

		-0.0005

		-0.0004

		-0.0008

		-0.0006

		-0.0008

		-0.0006

		-0.0004

		-0.0008

		-0.0006

		-0.0006

		-0.0007

		-0.0005

		-0.0008

		-0.0008

		-0.0011

		-0.0006

		-0.0007

		-0.0007

		-0.0008

		-0.0009

		-0.0006

		-0.0006

		-0.0008

		-0.0008

		-0.0007

		-0.0006

		-0.0008

		-0.0007

		-0.0007

		-0.0006

		-0.0009

		-0.0008

		-0.0006

		-0.0008

		-0.0009

		-0.0006

		-0.0006

		-0.0008

		-0.0008

		-0.0006

		-0.0005

		-0.0008

		-0.0008

		-0.0008

		-0.0008

		-0.0005

		-0.0005

		-0.0006

		-0.0007

		-0.0008

		-0.0006

		-0.0008

		-0.0009

		-0.0008

		-0.0009

		-0.0003

		0.0002

		-0.0002

		0

		-0.0008

		-0.0008

		-0.0013

		-0.0003

		-0.0008

		-0.0012

		-0.001

		-0.0007

		-0.001

		-0.0006

		-0.0006

		-0.0008

		-0.0006

		-0.0006

		-0.0008

		-0.0002

		-0.0005

		-0.0009

		-0.0008

		-0.0009

		-0.001

		-0.0011

		-0.0011

		-0.0008

		-0.0011

		-0.001

		-0.001

		-0.001

		-0.001

		-0.0008

		-0.0009

		-0.0009

		-0.0009

		-0.0009

		-0.0011

		-0.0011

		-0.0011

		-0.0008

		-0.0009

		-0.0008

		-0.0011

		-0.0011

		-0.0011

		-0.0012

		-0.0013

		-0.0011

		-0.0004

		-0.0005

		-0.0007

		-0.0007

		-0.0009

		-0.0009

		-0.0009

		-0.0008

		-0.001

		-0.0011

		-0.001

		-0.0009



Wavelength (nm)

Absorbance

10 mg/L Propranolol in water



Chart2

		200

		200.5

		201

		201.5

		202

		202.5

		203

		203.5

		204

		204.5

		205

		205.5

		206

		206.5

		207

		207.5

		208

		208.5

		209

		209.5

		210

		210.5

		211

		211.5

		212

		212.5

		213

		213.5

		214

		214.5

		215

		215.5

		216

		216.5

		217

		217.5

		218

		218.5

		219

		219.5

		220

		220.5

		221

		221.5

		222

		222.5

		223

		223.5

		224

		224.5

		225

		225.5

		226

		226.5

		227

		227.5

		228

		228.5

		229

		229.5

		230

		230.5

		231

		231.5

		232

		232.5

		233

		233.5

		234

		234.5

		235

		235.5

		236

		236.5

		237

		237.5

		238

		238.5

		239

		239.5

		240

		240.5

		241

		241.5

		242

		242.5

		243

		243.5

		244

		244.5

		245

		245.5

		246

		246.5

		247

		247.5

		248

		248.5

		249

		249.5

		250

		250.5

		251

		251.5

		252

		252.5

		253

		253.5

		254

		254.5

		255

		255.5

		256

		256.5

		257

		257.5

		258

		258.5

		259

		259.5

		260

		260.5

		261

		261.5

		262

		262.5

		263

		263.5

		264

		264.5

		265

		265.5

		266

		266.5

		267

		267.5

		268

		268.5

		269

		269.5

		270

		270.5

		271

		271.5

		272

		272.5

		273

		273.5

		274

		274.5

		275

		275.5

		276

		276.5

		277

		277.5

		278

		278.5

		279

		279.5

		280

		280.5

		281

		281.5

		282

		282.5

		283

		283.5

		284

		284.5

		285

		285.5

		286

		286.5

		287

		287.5

		288

		288.5

		289

		289.5

		290

		290.5

		291

		291.5

		292

		292.5

		293

		293.5

		294

		294.5

		295

		295.5

		296

		296.5

		297

		297.5

		298

		298.5

		299

		299.5

		300

		300.5

		301

		301.5

		302

		302.5

		303

		303.5

		304

		304.5

		305

		305.5

		306

		306.5

		307

		307.5

		308

		308.5

		309

		309.5

		310

		310.5

		311

		311.5

		312

		312.5

		313

		313.5

		314

		314.5

		315

		315.5

		316

		316.5

		317

		317.5

		318

		318.5

		319

		319.5

		320

		320.5

		321

		321.5

		322

		322.5

		323

		323.5

		324

		324.5

		325

		325.5

		326

		326.5

		327

		327.5

		328

		328.5

		329

		329.5

		330

		330.5

		331

		331.5

		332

		332.5

		333

		333.5

		334

		334.5

		335

		335.5

		336

		336.5

		337

		337.5

		338

		338.5

		339

		339.5

		340

		340.5

		341

		341.5

		342

		342.5

		343

		343.5

		344

		344.5

		345

		345.5

		346

		346.5

		347

		347.5

		348

		348.5

		349

		349.5

		350

		350.5

		351

		351.5

		352

		352.5

		353

		353.5

		354

		354.5

		355

		355.5

		356

		356.5

		357

		357.5

		358

		358.5

		359

		359.5

		360

		360.5

		361

		361.5

		362

		362.5

		363

		363.5

		364

		364.5

		365

		365.5

		366

		366.5

		367

		367.5

		368

		368.5

		369

		369.5

		370

		370.5

		371

		371.5

		372

		372.5

		373

		373.5

		374

		374.5

		375

		375.5

		376

		376.5

		377

		377.5

		378

		378.5

		379

		379.5

		380

		380.5

		381

		381.5

		382

		382.5

		383

		383.5

		384

		384.5

		385

		385.5

		386

		386.5

		387

		387.5

		388

		388.5

		389

		389.5

		390

		390.5

		391

		391.5

		392

		392.5

		393

		393.5

		394

		394.5

		395

		395.5

		396

		396.5

		397

		397.5

		398

		398.5

		399

		399.5

		400



Wavelength (nm)

Absorbance

Chart 1 :   UV Scan of 10 mg/L Propranolol in Water

0.7341

0.7741

0.8153

0.8634

0.9048

0.9557

0.998

1.0435

1.0949

1.1344

1.1872

1.2338

1.2797

1.3287

1.3714

1.4237

1.4638

1.4882

1.5258

1.5452

1.5641

1.58

1.5959

1.6091

1.616

1.6245

1.6339

1.64

1.6438

1.6514

1.654

1.6568

1.6567

1.654

1.645

1.6378

1.6263

1.6101

1.5904

1.5647

1.5456

1.5142

1.479

1.4436

1.4068

1.3686

1.3381

1.3136

1.2872

1.2692

1.2514

1.2355

1.2294

1.2212

1.2159

1.2083

1.2001

1.1912

1.1795

1.1664

1.1482

1.1323

1.1151

1.094

1.0777

1.0559

1.0277

0.9821

0.941

0.9138

0.8762

0.8257

0.7891

0.7294

0.6733

0.6023

0.5538

0.4987

0.4277

0.3384

0.2894

0.2339

0.1913

0.1506

0.1162

0.0962

0.0764

0.0649

0.0564

0.0505

0.046

0.0428

0.0409

0.0398

0.0391

0.0383

0.0387

0.0393

0.0396

0.0404

0.0416

0.0425

0.0434

0.0447

0.0459

0.0475

0.0488

0.0501

0.0519

0.0531

0.0547

0.0567

0.0591

0.0612

0.0624

0.0645

0.0659

0.0679

0.0697

0.0712

0.072

0.0751

0.0773

0.0811

0.0845

0.087

0.091

0.0949

0.0975

0.1009

0.1046

0.1089

0.1128

0.1161

0.12

0.1227

0.1258

0.1294

0.1333

0.1364

0.1404

0.1442

0.1477

0.1506

0.1543

0.158

0.1618

0.1645

0.1693

0.1727

0.1772

0.1796

0.1826

0.186

0.1889

0.1922

0.1952

0.1972

0.1999

0.2015

0.2039

0.2051

0.2067

0.2087

0.2097

0.2112

0.2127

0.2132

0.2145

0.2152

0.2161

0.2172

0.2187

0.2202

0.2215

0.223

0.2235

0.2243

0.2242

0.2242

0.2239

0.2237

0.2233

0.2228

0.221

0.2189

0.2162

0.212

0.2087

0.2048

0.2006

0.1959

0.1919

0.1877

0.1843

0.1799

0.1769

0.1725

0.1697

0.1662

0.1625

0.1571

0.1524

0.1496

0.146

0.1421

0.1401

0.1373

0.136

0.1354

0.1351

0.1342

0.1333

0.1303

0.1273

0.1225

0.1172

0.112

0.1064

0.1032

0.0989

0.0959

0.0928

0.0896

0.0852

0.081

0.0766

0.0717

0.0688

0.0649

0.0622

0.0613

0.0614

0.0627

0.0652

0.0685

0.0714

0.074

0.0743

0.0719

0.0679

0.0625

0.0552

0.0488

0.0404

0.0362

0.027

0.0218

0.0191

0.0152

0.0121

0.0111

0.0073

0.0069

0.0056

0.0044

0.0033

0.002

0.0017

0.0011

0.001

0.0006

0.0001

0.0001

0.0002

-0.0003

-0.0003

-0.0002

-0.0002

-0.0003

-0.0005

-0.0004

-0.0004

-0.0005

-0.0005

-0.0005

-0.0007

-0.0007

-0.0004

-0.0008

-0.0005

-0.0006

-0.0006

-0.0007

-0.0005

-0.0004

-0.0008

-0.0006

-0.0008

-0.0006

-0.0004

-0.0008

-0.0006

-0.0006

-0.0007

-0.0005

-0.0008

-0.0008

-0.0011

-0.0006

-0.0007

-0.0007

-0.0008

-0.0009

-0.0006

-0.0006

-0.0008

-0.0008

-0.0007

-0.0006

-0.0008

-0.0007

-0.0007

-0.0006

-0.0009

-0.0008

-0.0006

-0.0008

-0.0009

-0.0006

-0.0006

-0.0008

-0.0008

-0.0006

-0.0005

-0.0008

-0.0008

-0.0008

-0.0008

-0.0005

-0.0005

-0.0006

-0.0007

-0.0008

-0.0006

-0.0008

-0.0009

-0.0008

-0.0009

-0.0003

0.0002

-0.0002

0

-0.0008

-0.0008

-0.0013

-0.0003

-0.0008

-0.0012

-0.001

-0.0007

-0.001

-0.0006

-0.0006

-0.0008

-0.0006

-0.0006

-0.0008

-0.0002

-0.0005

-0.0009

-0.0008

-0.0009

-0.001

-0.0011

-0.0011

-0.0008

-0.0011

-0.001

-0.001

-0.001

-0.001

-0.0008

-0.0009

-0.0009

-0.0009

-0.0009

-0.0011

-0.0011

-0.0011

-0.0008

-0.0009

-0.0008

-0.0011

-0.0011

-0.0011

-0.0012

-0.0013

-0.0011

-0.0004

-0.0005

-0.0007

-0.0007

-0.0009

-0.0009

-0.0009

-0.0008

-0.001

-0.0011

-0.001

-0.0009



001

		Instrument         :		AQUAMATE		114414		v4.60

		Data Type          :		Scan

		Scan Type          :		Standard

		ID                 :		UV254

		Mode               :		Abs

		Start Wavelength   :		200

		Stop Wavelength    :		400

		Bandwidth          :		2

		Scan Speed         :		600

		Data Interval      :		0.5

		Peak Table         :		Track

		Lamp Change        :		325

		Operator           :

		Smoothing          :		None

		Reference          :		User Baseline

		Number of Points   :		401

		Date and Time      :		9/6/06		11:28:02

		Sample ID          :		10MG/L PROP

		Track Table

		No.		Wavelength		Abs

		0		254		0.0519

		Wavelength		%T		Abs

		200		18.4486		0.7341

		200.5		16.8263		0.7741

		201		15.3047		0.8153

		201.5		13.6988		0.8634

		202		12.4515		0.9048

		202.5		11.0761		0.9557

		203		10.0474		0.998

		203.5		9.0488		1.0435

		204		8.0367		1.0949

		204.5		7.3381		1.1344

		205		6.4984		1.1872

		205.5		5.8373		1.2338

		206		5.2516		1.2797

		206.5		4.6922		1.3287

		207		4.2519		1.3714

		207.5		3.7696		1.4237

		208		3.4369		1.4638

		208.5		3.2499		1.4882

		209		2.9802		1.5258

		209.5		2.8504		1.5452

		210		2.7286		1.5641

		210.5		2.6306		1.58

		211		2.5358		1.5959

		211.5		2.4601		1.6091

		212		2.4216		1.616

		212.5		2.3748		1.6245

		213		2.3232		1.6339

		213.5		2.2914		1.64

		214		2.2713		1.6438

		214.5		2.2316		1.6514

		215		2.2185		1.654

		215.5		2.2046		1.6568

		216		2.205		1.6567

		216.5		2.2185		1.654

		217		2.2647		1.645

		217.5		2.3024		1.6378

		218		2.3647		1.6263

		218.5		2.4548		1.6101

		219		2.5685		1.5904

		219.5		2.7247		1.5647

		220		2.8477		1.5456

		220.5		3.0613		1.5142

		221		3.3186		1.479

		221.5		3.6008		1.4436

		222		3.9191		1.4068

		222.5		4.2792		1.3686

		223		4.5908		1.3381

		223.5		4.8572		1.3136

		224		5.1618		1.2872

		224.5		5.381		1.2692

		225		5.606		1.2514

		225.5		5.8142		1.2355

		226		5.8965		1.2294

		226.5		6.0094		1.2212

		227		6.0822		1.2159

		227.5		6.1897		1.2083

		228		6.3072		1.2001

		228.5		6.4385		1.1912

		229		6.6158		1.1795

		229.5		6.818		1.1664

		230		7.1096		1.1482

		230.5		7.3742		1.1323

		231		7.6714		1.1151

		231.5		8.0545		1.094

		232		8.3635		1.0777

		232.5		8.7918		1.0559

		233		9.3845		1.0277

		233.5		10.4216		0.9821

		234		11.4545		0.941

		234.5		12.1972		0.9138

		235		13.3016		0.8762

		235.5		14.9398		0.8257

		236		16.2527		0.7891

		236.5		18.6465		0.7294

		237		21.2197		0.6733

		237.5		24.9904		0.6023

		238		27.9475		0.5538

		238.5		31.7243		0.4987

		239		37.3542		0.4277

		239.5		45.895		0.3384

		240		51.3672		0.2894

		240.5		58.3569		0.2339

		241		64.3756		0.1913

		241.5		70.6973		0.1506

		242		76.5219		0.1162

		242.5		80.1411		0.0962

		243		83.8823		0.0764

		243.5		86.1217		0.0649

		244		87.8266		0.0564

		244.5		89.0384		0.0505

		245		89.9605		0.046

		245.5		90.6066		0.0428

		246		91.0166		0.0409

		246.5		91.2526		0.0398

		247		91.4016		0.0391

		247.5		91.5591		0.0383

		248		91.4723		0.0387

		248.5		91.3506		0.0393

		249		91.2925		0.0396

		249.5		91.1305		0.0404

		250		90.8609		0.0416

		250.5		90.6833		0.0425

		251		90.491		0.0434

		251.5		90.2331		0.0447

		252		89.9745		0.0459

		252.5		89.641		0.0475

		253		89.3753		0.0488

		253.5		89.1178		0.0501

		254		88.7549		0.0519

		254.5		88.5044		0.0531

		255		88.181		0.0547

		255.5		87.7738		0.0567

		256		87.2732		0.0591

		256.5		86.8637		0.0612

		257		86.6265		0.0624

		257.5		86.202		0.0645

		258		85.923		0.0659

		258.5		85.5394		0.0679

		259		85.1763		0.0697

		259.5		84.8752		0.0712

		260		84.7216		0.072

		260.5		84.1231		0.0751

		261		83.6885		0.0773

		261.5		82.9749		0.0811

		262		82.3226		0.0845

		262.5		81.8406		0.087

		263		81.0991		0.091

		263.5		80.3742		0.0949

		264		79.8905		0.0975

		264.5		79.2758		0.1009

		265		78.5921		0.1046

		265.5		77.8315		0.1089

		266		77.1395		0.1128

		266.5		76.5372		0.1161

		267		75.8647		0.12

		267.5		75.4005		0.1227

		268		74.869		0.1258

		268.5		74.2363		0.1294

		269		73.5695		0.1333

		269.5		73.0487		0.1364

		270		72.3871		0.1404

		270.5		71.751		0.1442

		271		71.1823		0.1477

		271.5		70.6937		0.1506

		272		70.1085		0.1543

		272.5		69.5089		0.158

		273		68.9072		0.1618

		273.5		68.4699		0.1645

		274		67.7222		0.1693

		274.5		67.2033		0.1727

		275		66.5069		0.1772

		275.5		66.1334		0.1796

		276		65.6703		0.1826

		276.5		65.1693		0.186

		277		64.7459		0.1889

		277.5		64.2389		0.1922

		278		63.808		0.1952

		278.5		63.5146		0.1972

		279		63.1126		0.1999

		279.5		62.8773		0.2015

		280		62.5246		0.2039

		280.5		62.3718		0.2051

		281		62.1386		0.2067

		281.5		61.846		0.2087

		282		61.7069		0.2097

		282.5		61.4934		0.2112

		283		61.2837		0.2127

		283.5		61.2189		0.2132

		284		61.0205		0.2145

		284.5		60.9337		0.2152

		285		60.7996		0.2161

		285.5		60.6493		0.2172

		286		60.4338		0.2187

		286.5		60.2366		0.2202

		287		60.0482		0.2215

		287.5		59.8439		0.223

		288		59.78		0.2235

		288.5		59.6604		0.2243

		289		59.6829		0.2242

		289.5		59.6706		0.2242

		290		59.7216		0.2239

		290.5		59.7536		0.2237

		291		59.8034		0.2233

		291.5		59.866		0.2228

		292		60.1151		0.221

		292.5		60.4109		0.2189

		293		60.7924		0.2162

		293.5		61.3713		0.212

		294		61.8463		0.2087

		294.5		62.4065		0.2048

		295		63.007		0.2006

		295.5		63.7009		0.1959

		296		64.2871		0.1919

		296.5		64.9091		0.1877

		297		65.4272		0.1843

		297.5		66.0875		0.1799

		298		66.5481		0.1769

		298.5		67.2221		0.1725

		299		67.6659		0.1697

		299.5		68.2074		0.1662

		300		68.7951		0.1625

		300.5		69.6606		0.1571

		301		70.4074		0.1524

		301.5		70.8627		0.1496

		302		71.4411		0.146

		302.5		72.0902		0.1421

		303		72.4295		0.1401

		303.5		72.8921		0.1373

		304		73.13		0.136

		304.5		73.2259		0.1354

		305		73.2672		0.1351

		305.5		73.4343		0.1342

		306		73.5607		0.1333

		306.5		74.0845		0.1303

		307		74.5935		0.1273

		307.5		75.4177		0.1225

		308		76.3525		0.1172

		308.5		77.2768		0.112

		309		78.2694		0.1064

		309.5		78.855		0.1032

		310		79.6396		0.0989

		310.5		80.1822		0.0959

		311		80.7531		0.0928

		311.5		81.3518		0.0896

		312		82.1893		0.0852

		312.5		82.9936		0.081

		313		83.8272		0.0766

		313.5		84.7815		0.0717

		314		85.3491		0.0688

		314.5		86.1339		0.0649

		315		86.6584		0.0622

		315.5		86.8372		0.0613

		316		86.8328		0.0614

		316.5		86.5686		0.0627

		317		86.0756		0.0652

		317.5		85.4194		0.0685

		318		84.8448		0.0714

		318.5		84.3281		0.074

		319		84.2904		0.0743

		319.5		84.7367		0.0719

		320		85.5255		0.0679

		320.5		86.6052		0.0625

		321		88.0672		0.0552

		321.5		89.3812		0.0488

		322		91.1166		0.0404

		322.5		92.0058		0.0362

		323		93.9795		0.027

		323.5		95.1103		0.0218

		324		95.7118		0.0191

		324.5		96.5708		0.0152

		325		97.2555		0.0121

		325.5		97.483		0.0111

		326		98.3249		0.0073

		326.5		98.4115		0.0069

		327		98.7183		0.0056

		327.5		98.9964		0.0044

		328		99.2434		0.0033

		328.5		99.5461		0.002

		329		99.6205		0.0017

		329.5		99.7451		0.0011

		330		99.7729		0.001

		330.5		99.8769		0.0006

		331		99.9731		0.0001

		331.5		99.9793		0.0001

		332		99.9628		0.0002

		332.5		100.0728		-0.0003

		333		100.0696		-0.0003

		333.5		100.0477		-0.0002

		334		100.0555		-0.0002

		334.5		100.0666		-0.0003

		335		100.1125		-0.0005

		335.5		100.0881		-0.0004

		336		100.0939		-0.0004

		336.5		100.1264		-0.0005

		337		100.1254		-0.0005

		337.5		100.1187		-0.0005

		338		100.1695		-0.0007

		338.5		100.1627		-0.0007

		339		100.0912		-0.0004

		339.5		100.1801		-0.0008

		340		100.1079		-0.0005

		340.5		100.1443		-0.0006

		341		100.1348		-0.0006

		341.5		100.1564		-0.0007

		342		100.1116		-0.0005

		342.5		100.0946		-0.0004

		343		100.1744		-0.0008

		343.5		100.1362		-0.0006

		344		100.1863		-0.0008

		344.5		100.1465		-0.0006

		345		100.0936		-0.0004

		345.5		100.1845		-0.0008

		346		100.1465		-0.0006

		346.5		100.1331		-0.0006

		347		100.1651		-0.0007

		347.5		100.125		-0.0005

		348		100.1883		-0.0008

		348.5		100.1905		-0.0008

		349		100.2565		-0.0011

		349.5		100.1417		-0.0006

		350		100.163		-0.0007

		350.5		100.1688		-0.0007

		351		100.1887		-0.0008

		351.5		100.2084		-0.0009

		352		100.1313		-0.0006

		352.5		100.1368		-0.0006

		353		100.1936		-0.0008

		353.5		100.1802		-0.0008

		354		100.1721		-0.0007

		354.5		100.1346		-0.0006

		355		100.1761		-0.0008

		355.5		100.152		-0.0007

		356		100.1486		-0.0007

		356.5		100.1435		-0.0006

		357		100.2195		-0.0009

		357.5		100.1884		-0.0008

		358		100.1331		-0.0006

		358.5		100.1744		-0.0008

		359		100.2174		-0.0009

		359.5		100.1447		-0.0006

		360		100.1428		-0.0006

		360.5		100.1957		-0.0008

		361		100.1831		-0.0008

		361.5		100.128		-0.0006

		362		100.1174		-0.0005

		362.5		100.1799		-0.0008

		363		100.1807		-0.0008

		363.5		100.1883		-0.0008

		364		100.1945		-0.0008

		364.5		100.1114		-0.0005

		365		100.1073		-0.0005

		365.5		100.1469		-0.0006

		366		100.1618		-0.0007

		366.5		100.1797		-0.0008

		367		100.1344		-0.0006

		367.5		100.1874		-0.0008

		368		100.2193		-0.0009

		368.5		100.1819		-0.0008

		369		100.2016		-0.0009

		369.5		100.0788		-0.0003

		370		99.9493		0.0002

		370.5		100.0551		-0.0002

		371		100.0066		0

		371.5		100.1879		-0.0008

		372		100.1839		-0.0008

		372.5		100.2953		-0.0013

		373		100.0789		-0.0003

		373.5		100.1842		-0.0008

		374		100.2806		-0.0012

		374.5		100.2259		-0.001

		375		100.1618		-0.0007

		375.5		100.2398		-0.001

		376		100.1388		-0.0006

		376.5		100.1397		-0.0006

		377		100.1914		-0.0008

		377.5		100.1451		-0.0006

		378		100.129		-0.0006

		378.5		100.1819		-0.0008

		379		100.0625		-0.0002

		379.5		100.1228		-0.0005

		380		100.2045		-0.0009

		380.5		100.1833		-0.0008

		381		100.2121		-0.0009

		381.5		100.228		-0.001

		382		100.265		-0.0011

		382.5		100.2608		-0.0011

		383		100.1954		-0.0008

		383.5		100.2633		-0.0011

		384		100.2485		-0.001

		384.5		100.2356		-0.001

		385		100.2318		-0.001

		385.5		100.2321		-0.001

		386		100.1919		-0.0008

		386.5		100.2221		-0.0009

		387		100.2236		-0.0009

		387.5		100.215		-0.0009

		388		100.2231		-0.0009

		388.5		100.2585		-0.0011

		389		100.2512		-0.0011

		389.5		100.2565		-0.0011

		390		100.1869		-0.0008

		390.5		100.2024		-0.0009

		391		100.1981		-0.0008

		391.5		100.2529		-0.0011

		392		100.2497		-0.0011

		392.5		100.2597		-0.0011

		393		100.2829		-0.0012

		393.5		100.3051		-0.0013

		394		100.2637		-0.0011

		394.5		100.0947		-0.0004

		395		100.1224		-0.0005

		395.5		100.155		-0.0007

		396		100.1545		-0.0007

		396.5		100.2083		-0.0009

		397		100.2121		-0.0009

		397.5		100.2188		-0.0009

		398		100.181		-0.0008

		398.5		100.2399		-0.001

		399		100.2505		-0.0011

		399.5		100.2271		-0.001

		400		100.2208		-0.0009






