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1.0 Purpose and Scope
1.1 The purpose of this procedure is to describe the process used for the preparation of aqueous ethanol and interference simulator solutions and the analysis and certification of those solutions.
1.2 Solutions to be prepared are intended for use in calibration and certification and to act as a quality control sample during subject testing for DataMaster DMT infrared breath testing instruments.
2.0 Responsibility
2.1 All staff having the responsibility for the preparation of simulator solutions is responsible for following this procedure as written. 
2.2 This procedure is reviewed periodically by the Alcohol Program staff.  Revisions are made at that time or when there is an identified need to change this written procedure to be compatible with changing needs in the analytical process.
2.3 All staff performing this procedure for the purpose of preparing solutions for use on the DataMaster DMT instrument must be fully trained.
3.0 Quality Assurance

3.1 It is expected that the analyst will report any unacceptable or anomalous behavior of any analytical system immediately to the Alcohol Section Supervisor.  It is further expected that appropriate actions will follow as soon as possible and be properly documented.
3.2 Equipment

3.2.1 Balance

3.2.1.1 Measurements made using the Alcohol Section analytical balance are critical.

3.2.1.2 The analytical balance in room 266 will be checked on the day of use with NIST traceable weights.  This check will be recorded in the daily check log located proximal to the balance.

3.2.1.3 The analytical balance in room 266 will be checked monthly with NIST traceable weights.  This check will be recorded in the corresponding VFL Balances Equipment QA/QC Binder.

3.2.1.4 The analytical balance in room 266 will have its calibration evaluated and certified annually by an approved vendor.  The resulting documentation will be maintained.

3.2.2 Pipettes

3.2.2.1 Measurements made by the Alcohol Section using pipettes are critical.

3.2.2.2 Pipettes used by the Alcohol Section, including fixed and variable volume pipettes have their calibration evaluated and certified annually by an approved vendor.  The resulting documentation will be maintained.

3.2.2.3 If a pipette appears to be out of calibration between normally scheduled performance/calibration checks or as a result of these checks, the pipette will be sent to an authorized vendor for repair.  

3.2.2.3.1 If a pipette is sent out of the lab for service, it will be performance checked upon return.  This check will include weighing volumes of water with an analytical balance.  

3.2.2.3.2 For variable volume pipettes, ten measurements will be taken at 2 different volumes.  For fixed volume pipettes, 5 measurements will be taken at the specified volume of the pipette.  The pipette precision must be within ± 5% CV and accuracy must be within ± 5%.  For small volume pipettes (less than 20µL), pipettes must be within ±10% CV and ±10% accuracy.

3.2.2.3.3 Performance checks will be reviewed by the Alcohol Section Supervisor and filed in the VFL Pipettes Equipment QA/QC Binder.

3.3 Instrumentation

3.3.1 All maintenance performed, including routine and preventative maintenance as well as troubleshooting activities, should be recorded in the Instrument Maintenance Log.

3.3.2 The Instrument Maintenance Log and the listed resources are located in Room 265.

3.3.3 Agilent 6890N Gas Chromatograph:

3.3.3.1 Gas supply levels are checked daily as described in ALC_P100_Alcohol Analysis Manual sections 9.4.1-9.4.3.

3.3.3.2 Refer to Agilent 6890 Gas Chromatograph Maintaining Your GC Section 8 for information regarding maintaining the FID.

3.3.3.3 Repair and maintenance information for non-routine maintenance of the gas chromatograph can be found in the following sources:

3.3.3.3.1 Agilent 6890 Gas Chromatograph Maintaining Your GC

3.3.3.3.2 Agilent 6890N Gas Chromatograph Troubleshooting

3.3.3.3.3 Agilent 6890 Series Gas Chromatograph Operating Manual Volume I: General Information

3.3.3.3.4 Agilent 6890N Gas Chromatograph User Information

3.3.3.4 Maintenance and troubleshooting information for the software controlling the gas chromatograph can be found in the ChromPerfect Spirit Installation and User’s Manual.

3.3.3.4.1 Monthly, archive the data, alarm, and error log files.

3.3.4 Teledyne-Tekmar HT3 Headspace Autosampler
3.3.4.1 Refer to the Teledyne-Tekmar HT3 Static/Dynamic Headspace System User Manual Section 7.2 for routine maintenance.

3.3.4.2 Repair and maintenance information for non-routine maintenance of the headspace autosampler can be found in the Teledyne-Tekmar HT3 Static/Dynamic Headspace System User Manual.

3.4 Reference Materials

3.4.1 Calibration Standards

3.4.1.1 NIST traceable aqueous ethanol standards are used for calibration.  Calibration standards with concentrations of 0.005, 0.020, 0.080, 0.200, and 0.400 g/100mL are purchased from an ISO 17025 certified supplier.  The certificates of analysis for all calibration standards are kept on file with the Alcohol Program.

3.4.1.2 Prior to using a new lot of calibration standard, one vial from the lot should be run as a sample (in duplicate) to verify the lot falls within the manufacturer’s specifications.  A new shipment of the same lot does not require verification.  

3.4.1.3 After a new lot of calibration standard is verified, the data package from the verification run will undergo a Technical Review and be kept on file with the Alcohol Program.

3.4.1.3.1 Refer to ALC_P100_Alcohol Analysis Manual sections 12.1.3 and 12.1.4 for review parameters.

3.4.2 Aqueous Ethanol Control

3.4.2.1 A NIST traceable aqueous ethanol standard is used for a within-run control in runs containing aqueous samples.  An aqueous ethanol standard with a concentration of 0.080 g/100mL (of a different lot than the calibration standard) is purchased from an ISO 17025 certified supplier.  The certificates of analysis for all aqueous ethanol controls are kept on file with the Alcohol Program.

3.4.2.2 Prior to using a new lot of aqueous ethanol control, one vial from the lot should be run as a sample (in duplicate) to verify the lot falls within ± 5% of the manufacturer’s certified concentration.  A new shipment of the same lot does not require verification.

3.4.2.3 After a new lot of aqueous ethanol control is verified, the data package from the verification run will undergo a Technical Review and be kept on file with the Alcohol Program.

3.4.2.3.1 Refer to ALC_P100_Alcohol Analysis Manual sections 12.1.3 and 12.1.4 for review parameters.

3.4.2.4 Document the results of each analysis of the aqueous ethanol control in the Aqueous Control Chart.

4.0 Simulator Solution Preparation (Procedure performed in room 266)

4.1 Reagents

4.1.1 Ethanol (200 proof ACS/USP grade)

4.1.2 Acetone (ACS reagent grade)

4.1.3 Methanol (ACS reagent grade)

4.1.4 Isopropanol (ACS reagent grade)

4.1.5 CuSO4 (ACS reagent grade)

4.1.6 diH2O

4.2 Apparatus

4.2.1 Analytical balance

4.2.2 Pasteur pipettes

4.2.3 Variable volume pipet with tips

4.2.4 Class A volumetric flasks 

4.2.5 Plastic carboy with spigot (20L)

4.2.6 Plastic and glass Boston round bottles (500 ml) 

4.2.7 Sealer and seals
4.2.8 Easy peel white mailing labels 
4.3 Interference Solution Preparation
4.3.1 Measure desired volume of stock solution in a volumetric flask (certified ethanol solution or diH2O as desired).

4.3.2 Add correct volume of interferent (acetone, methanol or isopropanol) to give desired volume to volume percent, interferent to stock concentration. (Ex. 200uL Acetone is added to 2L of 0.08g/210L Ethanol solution to give a final concentration of 0.01% vol/vol Acetone in 0.08g/210L Ethanol).

4.3.3 Solutions prepared using a previously certified ethanol solution may already contain cupric sulfate. If not, all solutions must have approximately one-quarter of a gram of cupric sulfate per 2L of solution.

4.3.4 Transfer the solution to appropriately labeled 500 mL screw-cap Boston round glass bottles and seal.  

4.3.5 Assign a simulator solution lot number for each solution using the scheme: YY-NN-XXIX; where : 

4.3.5.1 YY = The last two digits of the year in which the solution was made;

4.3.5.2 NN= The next sequential solution number for the year.

4.3.5.3 XX = The target ethanol concentration expressed to two decimal places 

4.3.5.4 IX = The interferent present in the solution followed by the concentration.

4.3.5.5 An example would be 13-01-08A1 where 13 is the year, 01 is the first solution prepared that year, 08 refers to 0.080g/210L ethanol, A refers to Acetone and 1 refers to 0.01 % vol/vol acetone concentration in the solution.

4.3.6 Record all solution information in the Reagent Preparation Log

4.3.7 Create an ALC_F201_1_Interference Solution Certificate of Preparation and lot number labels.
4.3.7.1 Label format example:

DataMaster Interference Solution

Lot # 00-00-000A1          Conc: 0.XXX aq EtOH 0.XXX % aq Acetone
Range at Installation:  0.XXX-0.XXX g/210L Ethanol
Preparation Date: MM/DD/YY

Expires: MM/DD/YY

4.3.8 Interference solution bottles will receive two lot number labels.  One label will be affixed to the bottle, and the other label will be placed in the plastic card holder, which is attached to the bottle.  

4.3.9 The ALC_F201_1_Interference Solution Certificate of Preparation, Reagent Preparation Log and labels are reviewed and approved by the Alcohol Program Supervisor or their designee prior to use.

4.3.10 Solutions expire one year from date of parent solution preparation.

4.4 Calibration and Certification Solution Preparation
4.4.1 The following table describes the volume of absolute ethanol required to prepare solutions which will provide the equivalent breath alcohol concentrations [BrAC] listed when equilibrated in a breath-alcohol simulator at 34.0ºC:

	Equivalent BrAC
	Weight of Absolute Ethanol
	Final Volume

	0.02 g/210L
	0.4901 g
	2 L

	0.04 g/210L
	0.9802 g
	2 L

	0.08 g/210L
	4.9007 g
	5 L

	0.10 g/210L
	6.1260 g
	5 L

	0.16 g/210L
	3.9206 g
	2 L

	0.40 g/210L
	9.8015 g
	2 L


4.4.2 When making a solution of a different final volume from the above chart, the following equation can be used to determine the weight of absolute ethanol needed to make the desired final volume:

Weight of Absolute Ethanol [g] = (Final Volume [L] x Equivalent BrAC)







(0.1 [L] x 0.8162*)

*specific gravity of ethanol at 60°F

4.4.3 Gravimetrically dispense the appropriate amount of absolute ethanol into glassware which is partially filled with diH2O.

4.4.4 Qualitatively transfer the ethanol/water mixture into the desired size volumetric flask and fill to volume with diH2O. Invert to mix thoroughly.

4.4.5 Assign a simulator solution lot number for each solution using the scheme: YY-NN-XXX; where : 

4.4.5.1 YY = The last two digits of the year in which the solution was made;

4.4.5.2 NN = The next sequential solution number for the year.

4.4.5.3 XXX = The target concentration expressed to three decimal places (ex. A concentration of 0.080 would be expressed as 080.  A concentration of 0.400 would be expressed as 400).

4.4.6 Record this information in the Reagent Preparation Log.

4.4.7 Solution expires one year from date of preparation.
 

4.4.8 Analyze and certify the solution as described in sections 5.0-7.0.
4.4.9 After the solution is certified and documentation reviewed, add approximately one-quarter of a gram of cupric sulfate to the flask and swirl until all crystals are dissolved.

4.4.10 Transfer the solution to appropriately labeled 500 mL screw-cap Boston round plastic bottles and seal.
4.4.11 These bottles will receive two lot number labels.  One label will be affixed to the bottle, and the other label will be placed in the plastic card holder, which is attached to the bottle.
4.4.11.1 Label format example:

DataMaster Certification Solution

Lot # 00-00-000          Conc: 0.XXX aq EtOH 
Range at Installation:  0.XXX-0.XXX 
Preparation Date: MM/DD/YY

Expires: MM/DD/YY

4.5 External Standard Solution Sample Preparation
4.5.1 A simulator solution of 0.1 equivalent BrAC is used as a quality control sample on DataMaster DMT instruments in the field. Large batches are made and certified at VFL and are distributed to DataMaster DMT agencies for field use.

4.5.2 Weigh approximately 24.504g of absolute ethanol into glassware which is partially filled with diH2O.

4.5.3 Add a total of 20L of diH2O to the plastic carboy, measured four times using a 5L volumetric flask.  Include the ethanol/water mixture in the second 5L measurement. Shake well.
4.5.4 Assign a simulator solution lot number as described in 4.4.5.
4.5.5 Record this information in the Reagent Preparation Log.

4.5.6 Analyze and certify the solution as described in 5.0-7.0.
4.5.7 After the solution is certified and documentation reviewed, add approximately a half gram of cupric sulfate to it. Shake well.

4.5.8 Transfer the solution to 500 mL screw-cap Boston round plastic bottles and seal.

4.5.9 These bottles will receive three lot number labels (See 4.4.11.1 for example).  One label will be affixed to the bottle, and the other two labels will be placed in the plastic card holder, which is attached to the bottle.

5.0 Headspace Vial Preparation and Instrumental Analysis
5.1 Prepare calibration, controls and samples as described in ALC_P100_Alcohol Analysis Manual Section 7.0.

5.2 Fourteen vials of the solution must be prepared by two analysts (total of 28 samples). 

5.3 A set of fourteen (14) vials consisting of seven vials prepared by each analyst is analyzed. This is repeated for the second set of fourteen (14) vials using a separate calibration curve.

5.4 Each analysis must include:

5.4.1 Aqueous blank. 

5.4.2 Timing mix.

5.4.3 Each of the five calibration standards (A-E).

5.4.4 Aqueous ethanol control in duplicate. 

5.4.5 Simulator solution to be analyzed as described in 5.2 and 5.3.

5.4.6 A sufficient number of calibration check samples.

5.4.6.1 A calibration check sample using STD C is analyzed in duplicate after, at a minimum, every 10th vial following calibration and at the end of every run.

5.5 Analyze the samples as described in ALC_P100_Alcohol Analysis Manual Section 9.0 using the simulator solution method defined in the Instrument Maintenance Log.

6.0 Quality Control and Corrective Action

6.1 All analytical sequences must contain:

6.1.1 An aqueous blank sample.

6.1.1.1 Ethanol in the Blank must show quantitation of <0.005g/100mL.
6.1.2 A timing mix sample.
6.1.2.1 All compounds should be represented by separate peaks with no coelution. 
6.1.3 Five calibration standards having certified ethanol concentrations expressed to three decimal places of the following concentrations: 
6.1.3.1  STD A
~0.005%

6.1.3.2  STD B
~0.020%

6.1.3.3  STD C
~0.080%

6.1.3.4  STD D
~0.200%

6.1.3.5  STD E
~0.400%

6.1.4 Duplicate samples of an aqueous ethanol control.  

6.1.4.1 The two sample analyses must be within 5% of the mean result for that sample and the mean of the two replicates must be within 10% of the accepted value.
6.1.5 A calibration check sample using STD C, which is analyzed in duplicate after, at a minimum, every 10th vial and at the end of every run. 
6.1.5.1 Each result should be within ± 5% of the mean of the two replicates and the mean should be within ± 10% of the known value. If not, then all analyses from the last acceptable CCS must be repeated.  An exception to this is if one replicate has recovery of less than 10% or greater than 150%, which would be indicative of preparation error. In this case, the remaining replicate can be used as a valid calibration check.
6.2 Calibration standards must be within 10% of their certified values except STD A which must be within 20% of its certified value. 
6.3 The correlation coefficient of the calibration line must be 0.99 or greater and the average error must not be greater than 10%. If not, the calibration must be repeated.

6.4 A calibration curve will be run each day samples are analyzed. Additional samples may be analyzed on a calibration provided that a set of calibration check samples are analyzed before and after samples and that the samples are run within 24 hours of the original calibration.
6.5 Surrogate compound concentrations must be between 0.900 and 1.100, inclusive, in each sample.
6.6 The average and standard deviation of the 28 analyses must be calculated. 

6.7 All data points must fall within 3 standard deviations of the average for each run and for the overall average for both runs. If a preparation error is suspected, affected data points may be excluded on a case by case basis.  An explanation of why the data points are not included must be documented.
6.8 The calculated relative percent differences (RPD) within run and between runs must be <10%.

6.8.1 RPD = ((The highest individual value - the lowest individual value) / average of replicates) * 100%.

6.9 Calibration and External Standard solutions must have an average within 3% of the target value to be acceptable. All other solutions must have an average within 10% of the target value.

6.10 Solutions not meeting acceptance criteria must be remade, and then certified.

7.0 Solution Certification and Review
7.1 Upon successful completion of analyses the results from both runs will be compiled using the worksheet ALC_F201_2_Simulator Solution Worksheet. The analyst must perform a primary data review of the package prior to submitting the complete package to the assigned reviewer for technical review.

7.2 The completed package includes:

7.2.1 ALC_F201_2_Simulator Solution Worksheet.

7.2.2 ALC_F201_3_Simulator Solution Review Checklist.

7.2.3 All chromatograms generated during the analytical process.

7.2.4 The ethanol calibration line graphs and data.

7.2.5 The analytical run schedules.

7.2.6 ALC_F201_4_Certificate of Analysis.

7.2.7 Simulator solution lot number labels.

7.3  Analyst Review

7.3.1 Ensure the criteria defined in Section 6.0 above are met.
7.3.2 Ensure that all samples are quantified against the correct calibration version and method as listed on the calibration report.

7.3.3 Confirm all calculations and ensure the proper rounding rules have been followed.

7.3.3.1 The certified concentration is recorded to three decimal places. 

7.3.3.2 When determining the certified concentration, if the fourth value to the right of the decimal is 7 or greater, round up. If it is less than 7, truncate.

7.4 Technical Review:

7.4.1 The assigned reviewer must perform a review of the complete data package as described in 7.3.

7.4.2 Ensure that the forms are complete and accurate. The reviewer will confirm that the information on the storage bottle labels (lot #, concentration, prepared date) matches the information in the Reagent Preparation Log.

7.4.3 All calculations performed that are not part of a validated worksheet or program must be confirmed.

7.4.4 When data review is complete and no data quality issues have been identified, the reviewer notes on ALC_F201_3_Simulator Solution Review Checklist his/her initials and the date reviewed.

7.4.5 If data quality issues have been identified during data review, the reviewer must attempt resolution through discussion with the analyst and/or program supervisor. If issues cannot be resolved, it may be necessary to prepare and analyze new aliquots of the solution.

7.4.6 Solutions not meeting acceptance criteria will be discarded. 

7.5 The complete data package is reviewed and approved by the Alcohol Program Supervisor or their designee prior to use.

8.0 Backup
8.1 If the simulator solution cannot be prepared and characterized in-house, certified simulator solution of similar concentration levels will be purchased from Guth Laboratories or an equivalent vendor.
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