Practice Mathematical and Statistical Problems Relevant to Breath And Blood Alcohol Testing Programs

Practice Problems
(Use the attached standard normal, t-tables and equations)

 1.  An individual, male aged 35 weighing 180 lbs., begins drinking at
     7 pm and stops at 11 pm. He is arrested for DUI at 1 am the next
     morning and is administered a breath test at 2 am. The duplicate 
     breath alcohol results are 0.135 and 0.143 g/210L.  Determine the
     estimated number of 12 fluid ounce beers (assume 4% alcohol by
     volume) that the individual would have consumed along with a (25% 

     interval of uncertainty.  Assume Widmark’s ρ = 0.70 and β = 0.017 
     g/100ml/hr.  Use Equation 1.

 2.  An individual, female aged 30 and weighing 125 lbs., begins drinking
     at 9 pm and continues until 12 midnight.  She consumes eight drinks,
     each containing one fluid ounce of 80 proof vodka.  Estimate what her
     blood alcohol concentration would be at 2 am the next morning along
     with a (25% interval of uncertainty.  Assume Widmark’s ρ=0.60 and 
     β = 0.015 g/100ml/hr.  Use Equation 1.

 3.  An individual, male aged 25 weighing 160 lbs, begins drinking at 8pm
     and stops at 1 am. During this time he consumes nine 12 fluid ounce
     beers (assume 4% by volume) and five glasses  of vodka each
     containing one fluid ounce of 80 proof.  Estimate what his blood 
     alcohol concentration would be at 2 am along with a (25% interval of
     uncertainty.  Assume Widmark’s ρ=0.72 and β = 0.018 g/100ml/hr.  
     Use Equation 1.

 4.  An individual, male aged 45 weighing 190 lbs., begins drinking at 
     6 pm and stops at 10 pm. He is arrested for DUI at midnight and is 
     administered a breath test at 1 am. The duplicate breath alcohol 
     results are 0.092 and 0.085 g/210L.  Determine the estimated number
     of 12 fluid ounce beers (assume 4% alcohol by volume) that the 
     individual would have consumed along with a (25% interval of 
     uncertainty.  Compute also the 2 standard deviation uncertainty 
     interval using Widmark’s uncertainty equation.  Assume Widmark’s 
     ρ = 0.70 and β = 0.014 g/100ml/hr.  Use Equations 1 and 2.
 5.  An individual, male aged 38, weighing 170 lbs and height of 5 feet 10 
     inches, begins drinking at 7pm and stops at 11pm.  He is arrested for 
     DUI at midnight and is administered a breath test at 1am with results 
     of 0.145 and 0.152 g/210L.  Determine the estimated number of 12 
     fluid ounce beers (assume 4% alcohol by volume) that he consumed 
     using both Widmark’s equation and the equation of Watson, et.al., for 
     total body water (TBW).  Assume ρ = 0.72 and β = 0.018 g/100ml/hr.  
     Determine also a (25% interval of uncertainty.  Use equations 1, 15 

     and 16.
 6.  Assume that an individual provides duplicate breath samples resulting
     in 0.097 and 0.106 g/210L.  When a new simulator solution (reference 
     value = 0.083 g/210L) was installed on the instrument about one month
     earlier the first three results were: 0.081, 0.083 and 0.080 g/210L.
     Correct the mean BrAC for any bias and determine the 99% confidence 
     interval for the within-subject population mean breath alcohol 
     concentration.  Find the standard deviation for a single measurement 

     from: SD = 0.0305B+0.0026 and use Z=2.57.  Use Equations 3 and 4.

 7.  An individual provides two breath samples that result in 0.084 and 
     0.081 g/210L.  First determine and draw the 99% confidence interval 
     using Z=2.57.  Next determine the probability that the individual’s 
     true mean breath alcohol concentration exceeds 0.080 g/210L. Assume 
     that there is no bias and that the combined uncertainty for a single 

     measurement is 0.0032 g/210L.  Use Equations 3 and 6.
 8.  Assume that you are interested in determining the proportion of 
     uncertainty that is due to breath sampling and that due to the 
     analytical instrument.  You have the following set of replicate 
     breath alcohol measurements from one individual.  The breath test 
     instrument has historically obtained a standard deviation of 
     σ = 0.0010 g/210L when measuring the same control standard 
     (simulator) in the field over several months with a concentration 
      near 0.080 g/210L.  Determine the proportion of total uncertainty 
     (variation) due to each of the two contributing components (breath 
     sampling and analytical).
     Breath Test results:  0.084, 0.087, 0.083, 0.085, 0.084, 0.089, 
                           0.090, 0.086, 0.084, 0.083, 0.088, 0.087

                           S2T = 0.0000056    ST = 0.00237g/210L 
 9.  Assume that you have performed duplicate analyses on a blood sample 

     by headspace gas chromatography and obtained 0.113 and 0.116 g/100ml. 

     Assume also the following measurement model:
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     where: 
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     value.  Assume the following values for the terms in the measurement 
     model:  R  =  0.100 g/100ml, uR = 0.0003 g/100ml, n=2,  
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, ux=0.0006 g/100ml, n=15, meandil=10.15ml, 
     ufdil = 0.015 ml, n=10.  Determine the corrected mean BAC result along 
     with the 99% confidence Interval (use k=3) and the uncertainty 
     budget.  For the uncertainty in the original mean results assume the 
     uncertainty function: S = 0.0108C + 0.0008.   
10.  Assume that you have performed duplicate analyses on a blood sample 
     by headspace gas chromatography and obtained 0.088 and 0.089 g/100ml.  
     The control standards used during the same run as the subject’s 
     samples were purchased from Cerilliant who provided a certificate of 
     analysis stating the reference value was 0.100 g/100ml with a 
     combined uncertainty of 0.0003 g/100ml and n=2.  There were n=8 
     measurements of this control during the run with a mean result of 
     0.1025 g/100ml and a standard deviation of 0.0011 g/100ml.  The 
     maximum bias observed for these eight control measurements was 
     0.002 g/100ml and no bias correction was made.  An automatic dilutor 
     was used which had a certificate of analysis stating that based on 
     n=10 gravimetric measurements the reference volume delivered would be 
     10.12 µL with an uncertainty estimate of 0.05 µL.  Finally, a total 
     method uncertainty estimate was available from the analysis of 
     thousands of duplicate results yielding the equation:  
     umethod = 0.0105C + 0.0004   Assume all components of uncertainty are 

     independent and determine the combined uncertainty along 
     with a 95% confidence interval for the mean of the subject test 
     results.  Use Z = 1.96.  Also, develop a table showing the percent 
     contribution from each component to total uncertainty.
11.  Assume that you have performed duplicate analyses on a blood sample 

     by headspace gas chromatography and obtained 0.096 and 0.098 g/100ml.  

     The control standards used during the same run as the subject’s 

     samples were purchased from Restek who provided a certificate of 

     analysis stating the reference value was 0.100 g/100ml with a 

     combined uncertainty of 0.0003 g/100ml and n=2.  There were n=18 
     measurements of this control at a time near the measurement of the 
     subject results.  The mean of these controls was 0.1046 g/100ml and a 

     standard deviation of 0.0010 g/100ml.  The maximum bias observed for 

     these control measurements was 0.002 g/100ml and no bias correction 
     was made.  Finally, a total method uncertainty estimate was made 
     using proficiency test data from CTS (Wallace,J., Proficiency testing 
     as a basis for estimating uncertainty of measurement: application to 
     forensic alcohol and toxicology quantitations, J Forensic Sci, 
     Vol.55, 2010, pp. 767-773).  The model estimating the total variance 
     (mg/dL)2 was:  S2 = 2.42 + 0.000541C2 (C is in mg/dl).  Assume n=2 

     measurements, all components are independent and determine the 
     combined uncertainty along with a 95% confidence interval for the 
     mean test results. Use k = 2.   

12.  Assume you have calibrated your gas chromatograph and obtained the following results:
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Compute the linear calibration curve for this set of data.  Given the calibration curve of the form:   
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       where:  Y = peak area ratio of ethanol to internal standard

               a = the Y-intercept

               b = the slope

               X = the calibrant reference standard (mg/dL)

Next determine the inverse function by eliminating the Y-intercept.  Now use this inverse function to compute the blood alcohol concentration for a single sample that yielded a Y0 value of 1.2 peak-area-ratio.  Finally, determine the uncertainty (standard deviation) of this estimate using the following equation:
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        where:   m = the number of your replicates

                 n = the total number of points used in calibration 

                Y0 = the mean of your replicate measurements of the sample

                Xi = the value of each X used in calibration

               Ybar = the mean of all Y values obtained in calibration

               Xbar = the mean of all X values used in calibration

13.  An accredited anti-doping analytical laboratory tests for the 
     presence of salbutamol in urine samples.  The concentration cannot 
     exceed 1000 ng/ml in a competing athlete.  Assume also that the 
     standard deviation for 30 replicate measurements cannot exceed 
     35 ng/ml at the concentration of 1000 ng/ml.  A set of n=30 
     measurements by the laboratory in a proficiency test program yields a 
     standard deviation of 42 ng/ml.  Is the laboratory in compliance with 
     the required level of precision at α = 0.01 with the alternate 
     hypothesis stating that the lab is out of compliance?  
     Do a one-tailed test.  Compute also a 99% confidence interval for the 

     standard deviation.
14.  Assume that we have measured the blood alcohol (BAC) and breath 
     alcohol (BrAC) sampled simultaneously from one individual.  The 
     results are:  BAC = 0.150 g/100ml and BrAC = 0.140 g/210L.  Assume 
     further that we have estimates for the standard deviation of each 
     which are:  σBAC = 0.001 g/100ml and σBrAC = 0.004 g/210L.  Determine 

     the blood/breath ratio KBAC/BrAC and its standard deviation by both 

     the “error propagation” method and by the sum of CV’s squared.  

     Assume that each specimen is measured once and that they are 

     independent.  
15.  An ethanol control standard having a nominal concentration of 0.145 
     g/100ml has been sent to eight different labs.  The labs perform a 
     different number of measurements on the standard, all using headspace 
     gas chromatography.  Outlier values were eliminated where they 
     occurred in each lab.  The data is observed below:
                         [image: image10.emf]Lab Mean St. Dev. n % CV Bias

1 0.143 0.0012 15 0.837 0.982

2 0.148 0.0015 18 1.016 1.012

3 0.144 0.0009 22 0.624 0.988

4 0.147 0.0013 21 0.887 1.004

5 0.142 0.0015 14 1.056 0.974

6 0.149 0.0011 24 0.739 1.02

7 0.144 0.0014 16 0.976 0.984

8 0.147 0.0008 15 0.543 1.01


      Estimate the combined uncertainty for Lab 4 using the precision and 

      bias estimates.  For the reference value compute the weighted mean 

      and the uncertainty for the weighted mean.

16.  The following is a set of paired BAC and BrAC data from 15 
     individuals.  Perform a t-test for paired data at the α = 0.05 level 
     to determine if there is a significant difference in the paired 
     results.  Compute also the 95% confidence interval for the mean 

     paired difference.  dbar = -0.0139  Sd = 0.0149  tcrit = 2.145
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17.  Assume we are interested in determining the uncertainty in the 

     contribution due to bias where our bias is determined from the 

     Recovery:   
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.  Compute the uncertainty contributed by the 

     bias component employing both the Taylor series (error propagation) 

     and the root-sum-of-squares (CV’s).  Assume the following:  

     X = 0.110     R = 0.100      ρ = 0.95

     SX = 0.002    SR = 0.0008    
[image: image13.wmf]0.110

1.10

0.100

X

BiasY

R

====


18.  Determine the sample size necessary for a paired t-test design like 

     that above (#16) where the effect size is 0.005, the population 

     standard deviation is σ=0.008, α = 0.05 and the power is 80%.  

19.  An individual provides duplicate breath samples resulting in 0.085 
     and 0.098 g/210L.  Compute the 95% confidence interval (use Z=1.96) 
     for the difference between these results and determine if this 
     difference is acceptable.  Using the same form of analysis determine 
     the acceptable difference that should be allowed at the 95% (Z=1.96) 

     level for mean BrAC results of 0.250 g/210L.  Assume the combined 
     uncertainty for a single measurement is determined from 
     SD = 0.0305B+0.0026.    

20.  Assume you are certifying a breath alcohol test instrument by 
     performing n=5 measurements of a control standard that has a 
     reference value of 0.080 g/210L.  You allow a maximum bias of 
     0.005 g/210L.  Your combined uncertainty for the measurement, 

     including the analytical and reference uncertainty, is σ = 0.002 

     g/210L.  Will your analytical system be able to detect a bias of 
     0.005 g/210L if it exists at the α=0.05 level?
21.  Assume that you are asked to compute a retrograde extrapolation on a 

     subject arrested for DUI in an accident.  The subject has a breath 

     alcohol mean result of 0.085 g/210L one hour after the accident.  

     Assume an elimination rate in the breath of 0.015 g/210L/hr.  Assume 

     further that the uncertainty in the breath alcohol test result is 

     determined from: SD = 0.0305B + 0.0026.  Would your analytical system 
     be able to detect a difference as being significant that was 0.015 
     g/210L/hr higher one hour earlier?

22.  Assume you want to begin using the handheld PBT instrument at the 
     roadside in DUI enforcement and you want to be able to report its 
     uncertainty and reliability as a screening device.  You design a 
     validation study in which police officers will measure the breath 
     alcohol at the roadside on the PBT and then obtain a subsequent 
     evidential breath alcohol measurement.  You are interested only in 

     the binary results of the PBT being over or under 0.08 and the 

     evidentiary instrument being over or under 0.08.  Assume you have 400 
     sets of results with alcohol levels near 0.08 g/210L.  Assume that 
     you obtain:  TP=165, TN=172, FP=38 and FN=25.  Develop a contingency 
     table and compute: sensitivity, specificity, positive predictive 
     value, negative predictive value and percent efficiency.  What is the 

     power of the analysis?  

23.  Assume we have measured an individual’s blood alcohol concentration 

     by gas chromatography in duplicate with results of 0.128/0.129 

     g/100ml.  Four months later, before trial, the defense wants the
     sample to be retested and it now results in duplicates of 0.116/0.114 

     g/100ml.  The question is, has the concentration changed 
     significantly?  Assume the correlation between the two means is 

     ρ = 0.95 and that the combined uncertainty for a single measurement 

     is determined from SD = 0.0049B+0.00009. Assume further that α=0.05 

     and Z = 1.96.  How would you explain the difference?   
24.  The association between alcohol concentration and risk of bicycle 
     injury or death was published as:  Li, G., Baker, S.P., Smialek, J.E. 
     and Soderstrom, C.A., Use of Alcohol as a Risk Factor for Bicycling 
     Injury, JAMA, Vol.285 No.7, 2001, pp. 893-896.  The design was a 
     case-control study.  There were 124 cases (those injured or killed in 
     a bicycle accident and tested for blood alcohol) and 342 controls 
     (those bicyclists stopped at same location and times as the accidents 
     and tested for breath alcohol).  The risk factor was having an 
     alcohol level ≥ 0.02 or ≥ 0.08.  The data are shown below in two 
     tables.  Determine the odds ratios for each risk factor along with a 
     95% confidence interval.
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16 108         124

10               332        342
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25.  You are interested in determining whether the collection and storage 
     of blood in plastic or glass tubes effects the blood alcohol 
     concentration.  You obtain blood samples from ten individuals who 
     have positive blood alcohol concentrations using four different 
     vacutainers on each.  You use two glass vacutainers, one with an 
     anticoagulant and one without.  You also use two plastic vacutainers, 
     one with an anticoagulant and one without.  The data results are 
     below.  Use a two-way ANOVA without replication in Excel to determine 
     if there is an effect due to the container used.   

                      [image: image15.emf]Tube Type Used

Subjectglass with anticoag glass without anticoag plastic with anticoag plastic without anticoag

1 0.125 0.122 0.123 0.123

2 0.096 0.097 0.097 0.096

3 0.083 0.081 0.082 0.082

4 0.132 0.134 0.133 0.235

5 0.145 0.146 0.147 0.144

6 0.102 0.1 0.104 0.102

7 0.113 0.112 0.114 0.115

8 0.095 0.098 0.094 0.096

9 0.081 0.08 0.081 0.082

10 0.116 0.118 0.117 0.118


26.  An individual provides duplicate breath samples resulting in 0.088
     and 0.091 g/210L in an instrument that has a bias of +3.0%.  The 
     simulator reference value of 0.082 g/210L has a combined uncertainty 
     (standard deviation) of 0.0014 g/210L as determined from n=10 
     measurements on the gas chromatograph.  Assume the combined 
     biological and analytical components of variation are found from: 
     SD = 0.0305B+0.0026.  Correct the subject’s mean breath alcohol 
     concentration and find the 99% confidence interval by combining all 
     sources of uncertainty.  Use t=2.57 and equations 3,4 and 14.  
27.  Assume that we want to determine whether the volume of the simulator 
     solution influences the measurement results on a breath test 
     instrument.  You design an experiment where you use five different 

     aliquots of simulator solution from the same prepared batch at five 
     different volumes and you perform n=10 measurements on the breath 
     test instrument from each.  The table below shows the results:
	                                                                         Solution Volume

Measurement                  400ml        450ml        500ml        550ml        600ml    

	          1                                 0.082          0.083        0.080          0.081         0.082

          2                                 0.080          0.082        0.082          0.082         0.081

          3                                 0.080          0.082        0.084          0.080         0.082

          4                                 0.082          0.081        0.083          0.080         0.083

          5                                 0.081          0.083        0.082          0.082         0.082

          6                                 0.083          0.080        0.081          0.083         0.083

          7                                 0.081          0.081        0.083          0.081         0.083

          8                                 0.082          0.082        0.080          0.084         0.084

          9                                 0.080          0.081        0.082          0.080         0.084

         10                                0.082          0.080        0.080          0.081         0.083 


     Since there are five group means to be compared, employ the oneway 
     Analysis of Variance (ANOVA).  The analysis is best carried out in 
     the Data Analysis ToolPak, ANOVA Single Factor, of Microsoft Excel.  
     Determine if there is a significant difference between the mean 
     results for the different volumes at the level of α=0.05.  Also 
     determine the components of variance (between-volumes compared to 
     within-volumes).
28.  Assume that we have prepared a simulator solution that we want to use 

     as a Certified Reference Material (CRM) and we want to determine the 
     stability of the material over time (i.e., one year).  We randomly 
     obtain two bottles of the material and then perform n=3 measurements 
     at 0 months, 6 months, 9 months and 12 months.  The data are listed 
     below:
                                                         [image: image16.emf]Bottle Time 

Time1 Time2 Time3 Time4

1 0.085 0.083 0.084 0.08

0.086 0.085 0.084 0.081

0.084 0.084 0.082 0.08

2 0.086 0.084 0.084 0.082

0.086 0.085 0.083 0.08

0.085 0.085 0.082 0.081


     Using the “ANOVA:Two-Factor with Replication” feature in Excel under 

     “Data Analysis” perform the two-way ANOVA on the above data.  

     Determine if there is stability of the material over the one year 

     period of time.  Is there significant interaction?  Can the main 

     effect of time be directly interpreted?

29.  On the course web site under my name you will find an Excel data file 

     named “PBT BrAC data”.  The data consists of paired results of PBT 

     and the subsequent evidential breath test results for n=450 

     individuals.  Compute the mean in the first column to the right and 

     then compute the difference in the next column to the right for each 

     pair.  Plot the difference as Y and the mean as X.  Do a linear 
     regression analysis and plot the regression line.  From Excel 
     determine the slope and intercept and their confidence intervals.  
     Compute also the 95% confidence interval for the mean difference as:
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. Is there evidence of proportional or fixed bias?  
30.  Your toxicology laboratory prepares and tests simulator solutions to 

     be used on your breath test instruments.  A large batch (~50L) is 

     prepared and then dispensed into 500ml bottles.  You want to perform 

     a homogeneity test to determine whether all of the bottles (~100) 

     have the same concentration.  You want to determine whether filling 

     order influences the concentration.  From a newly prepared batch you 

     select the first bottle to be filled (bottle 1), approximately the 

     40th bottle to be filled (bottle 2), approximately the 60th bottle to 

     be filled (bottle 3) and the last bottle to be filled (bottle 4).  

     You then perform n=10 measurements on these bottles in random order 

     on the same GC instrument and within the same run.  Your results are 

     listed in the table below. Perform a oneway ANOVA using Microsoft 

     Excel, Data Analysis ToolPak.  Test the null hypothesis that all mean 

     results are equal at the level of α=0.05. Also determine the 
     components of variance (between-volumes compared to within-volumes).
	                                                                         Solution Bottle 
Measurement                  Bottle 1          Bottle 2         Bottle 3          Bottle 4    

	          1                                 0.098            0.099             0.099              0.099          
          2                                 0.097            0.097             0.099              0.097          
          3                                 0.099            0.096             0.100              0.098          
          4                                 0.098            0.098             0.101              0.097          
          5                                 0.097            0.099             0.099              0.098          
          6                                 0.097            0.099             0.098              0.099          
          7                                 0.098            0.098             0.100              0.098          
          8                                 0.097            0.099             0.100              0.100          
          9                                 0.099            0.097             0.099              0.098          
         10                                0.098            0.096             0.098              0.099           


31.  Assume that your Toxicology Lab receives a CRM from Cerilliant with 
     an unbiased reference value of 0.1025 g/100ml and a combined 
     uncertainty of 0.0012 g/100ml.  The Toxicology Lab performs replicate 
     measurements (n=5) on this CRM and obtains a maximum bias of 
     0.003 g/100ml and a standard deviation of 0.0007 g/100ml on a mean 
     value of 0.0995 g/100ml.  The Toxicology Lab does not correct for 
     bias.  Next, the Toxicology Lab prepares simulator solutions and 
     performs replicate measurements (n=15) obtaining a mean of 0.1005 
     g/100ml with a standard deviation of 0.0006 g/100ml.  When this 
     solution is heated in a simulator to 340C, a breath test instrument 
     obtained a mean value from replicate measurements (n=10) of 0.0815 
     g/210L with a standard deviation of 0.0010 g/210L during a 
     calibration procedure.  Assume a partition coefficient of 1.23 with 
     an uncertainty of 0.0124.  Determine the bias in the breath test
     instrument result along with a combined uncertainty.  Set up an 
     uncertainty budget as well.  
32.  Assume that you are preparing an ethanol reference standard.  Your 
     preparation function is:
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        where:  C = concentration of ethanol (g/100ml)

                mEtoh = mass measure of ethanol (g)
                mSolvent = mass measure of the solvent (g)

                P = purity as a mass fraction

                D = density of the solution (g/ml)
     You carefully weigh out three grams of ethanol which has a combined 
     uncertainty (standard deviation) estimate of 0.008g.  This combined 
     uncertainty includes traceability, replication and scale resolution.  
     The purity of the ethanol is reported as 0.992 ± 0.002.  Assume the 
     uniform distribution for this uncertainty estimate.  The density of 
     the solution is 0.65 g/ml with an uncertainty of 0.0006 g/ml.  You 
     mix the ethanol with water to a total mass for the solvent of 1.8Kg 

     with an uncertainty of 0.009Kg.  Determine the concentration C and 

     the combined uncertainty.  Set up an uncertainty budget as well.
33.  In the UK a DUI case is not prosecuted until the mean BAC result is 
     at least 0.086 g/100ml (or 86 mg/dL).  What is the estimate of their 
     combined uncertainty (uc) if this “guard band” is designed to allow 

     for a Type I (false-positive) and Type II (false-negative) error of  

     5% each?  Consider the following figure and solve for uc:
                                           [image: image19.emf]Non-compliance

Maximum acceptable concentration

For k=1.645  P(FP) = P(FN) = 0.05

α =    β = 0.05

“guard band”

ml 100 / g 086 . 0 u k 2 08 . 0 ml 100 / g 08 . 0

c

 


     Then determine the “guard band” limit that should be employed to also 

     ensure that the Type II (false-negative) error is only 5%.            

34.  Assume that during a one month period for a particular jurisdiction 
     there were 458 women and 1,860 men arrested for DUI.  Amongst these, 
     64 women and 298 men refused to submit to a breath test.  Construct a 
     95% confidence interval for the proportion that refuse the test for 
     each gender.  Construct also a 95% confidence interval for the 
     difference between the two proportions.  Finally, construct a two-way 
     contingency table that uses the 
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 test to evaluate for independence 
     between gender and refusal rate.  Assume Z=1.96 for the confidence 
     intervals.  Would you conclude there is a significant difference 

     between the two refusal rates?  Use equations 17, 18 and 19.
35.  Assume that an individual provides duplicate breath samples resulting
     in 0.092 and 0.098 g/210L.  When a new simulator solution (reference
     value = 0.082 g/210L determined from 30 measurements with a standard
     deviation of 0.0010 g/210L) was installed on the instrument about two
     weeks earlier the first five results were: 0.086, 0.084, 0.083, 0.086
     and 0.083 g/210L.  Correct for bias and determine the 99% confidence 
     interval for the within-subject population mean breath alcohol 
     concentration.  Include the uncertainty in the breath test instrument 
     measurement of the simulator standard and the gas chromatography 
     measurement of the simulator solution.  Find the standard deviation 
     for the subject’s results from: SD = 0.0305B+0.0026 and use Z=2.57.  
     Use Equations 3, 4 and 5.
36.  An individual provides duplicate breath alcohol results of 0.088 and
     0.095 g/210L.  Assume the standard deviation associated with these 
     individual analyses is 0.0053 g/210L.  How long would you have to go
     back in time prior to the analyses in order to perform duplicate 
     analyses and assume that you would be able to measure a difference in
     the sample means?  Assume β = 0.015 g/210L/hr. and that you need a 

     critical difference of:  δcr = 2.77(
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37.  You are evaluating the accuracy of a breath test instrument and have 
     performed n=10 simulator measurements and obtained a mean of 0.099 
     g/210L and a standard deviation of 0.0012 g/210L.  The simulator
     solution you used was tested by gas chromatography and yielded a mean
     of 0.103g/210L with a standard deviation of 0.001 g/210L in m=30 
     measurements.  Construct a 99% confidence interval for the difference 
     between the breath test instrument results and the reference value 
     (the systematic error).   Express the confidence interval as 
     percentages also. Use Equation 7.

38.  An article in the literature reported the study of acutely ill 
     diabetic patients in a condition known as diabetic keto-acidosis 
     (Owen, O.E., Trapp, V.E., Skutches, C.L., Mozzoli, M.A., Hoeldtke,
     R.D., Boden, G. and Reichard, G.A., “Acetone Metabolism During 
     Diabetic Ketoacidosis”, Diabetes, Vol.31, 1982, pp. 242-248).  The 
     maximum reported plasma acetone concentration observed was 8.91

     mM (milliMoles) per liter.  Assume the blood/breath partition 
     coefficient for acetone is 300 and that 58 g of acetone equals 
     1 Mole.  If an infrared breath test instrument requires 642 (g/L of 
     acetone in the breath to yield 0.01 g/210L ethanol equivalent, what 
     result would we expect from the extreme patient reported?
39.  Assume that the number of tests performed per day on a particular 
     breath test instrument follow the Poisson distribution with mean 
     λ = 40.  If 55 or more tests are performed per day then a second  

     instrument will be necessary to install.  Determine the probability
     that 55 or more tests will be performed on a particular day.  Hint: 
     Use the normal approximation to the Poisson where both the expected
     value (mean) and variance is λ.   
40.  A study (“Ethanol Metabolism in Men and Women”, Journal of Studies on
     Alcohol, Vol.48, 1987, pp. 380-387) compared the elimination rates of
     ethanol in men and women.  The study found (table 1 of the study) the 
     mean elimination rate and for men was βM = 17.24 mg/dl/hr (n=75) while
     that of women was βF = 20.77 mg/dl/hr (m=59).  The standard errors of
     the mean (
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) were also noted to be SEM = 0.40 and 
     SEF = 0.55 for the men and women respectively.  Use a two sample 

     t-test (two-tailed) assuming equal variances to test the hypotheses: 
     H0:  βM = βF    H1: βM ( βF at α=0.01.  Use equation 8.

41.  You are interested in determining whether there is a significant 
     difference between simultaneously collected within-subject (paired) 

     blood and breath alcohol samples.  Since we must employ the same 
     units for both measurements, assume that the BrAC has units of 
     g/100ml.  You are only concerned if there is a systematic paired 
     difference (δ) of 0.005 g/100ml.  Assume the standard deviation of 
     the differences between the paired measurements is 0.007 g/100ml.  
     Determine the sample size you would need in order to detect a 
     difference of 0.005 g/100ml as being significant in a paired t-test 
     at a level of 
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 with a power level of 0.80.  Assume 20 degrees of 

     freedom and use the critical t values.  Use Equation 9.

42.  Some have argued that we should not report the final BrAC at the end 
     of exhalation but rather we should report the average value over the
     exhalation time.  Assume an individual exhales for 10 seconds and 
     provides a breath alcohol exhalation curve that is modeled by:
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     Find the average value for this model at t=5 seconds and again at 
     t=10 seconds.  Determine also the function that models the average 
     value as a function of time.  Is the average value a constant 

     percentage of the function in equation 1?  (You will need to 
     integrate equation 1 over time t and then divide this by t)      

43.  “Alcohol free” beers claim to contain less than 0.5% alcohol by 
     volume.  You want to test this claim so you place one 12 fluid ounce
     “alcohol free” beer in a simulator, heat it to 340 C and perform five 

     measurements with a properly calibrated breath test instrument.  You 
     obtain the following results: 0.285, 0.281, 0.278, 0.282, 0.274.  
     Test the null hypothesis H0: μ0 < 0.5% against H1:  μ0 ( 0.5% at the 
     α=0.05 level.  Use Equations 10 and 11.
44.  One individual provided n=10 replicate breath samples into a breath 

     test instrument within 12 minutes and obtained the following results: 
     0.079, 0.079, 0.078, 0.078, 0.078, 0.074, 0.075, 0.075, 0.075, 0.076.  

     Calculate the mean, standard deviation and coefficient of variation 
     for the results based on two digit truncated results and based on all
     three digits.  Why do we obtain different results?  Should two or 

     three digits be employed?  Use Equations 12 and 13.

45.  An individual provides only one breath sample resulting in 
     0.116 g/210L and then refuses the second.  Compute a 99% confidence
     interval for the population mean breath alcohol concentration using 
     the following equation to estimate the standard deviation: 
     SD = 0.0305B+0.0026.  Let t=2.57.  Use Equations 3.

46.  The BAC Datamaster uses the following equation to compute the breath 
     alcohol concentration from the dc voltage generated from the 
     detector:
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     The microprocessor, however, is not capable of handling the 
     logarithmic function so an approximation is used derived from a 
     Taylor’s series expansion.  Only the first three terms of the 

     infinite series are used which is seen below.  
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      where:   x = v/5
     Compare the accuracy of using the approximation in equation 2 with 
     the direct calculation in equation 1 when the voltage (v) = 0.40.  
     Compare the two results when the voltage is v=1.1.  Which of the two
     methods is always lower?

47.  You obtain a blood sample from a vehicular homicide case and have it
     analyzed twice in your toxicology laboratory with results: 0.084 and 
     0.086 g/100ml.  The defendant gets the sample also and has it 
     analyzed with the following results: 0.083, 0.084, 0.083, 0.083, 
     0.085 g/100ml.  You send it off to a third lab for re-analysis.  They
     do two runs with duplicates each and obtain: 0.084, 0.086, 0.085, 

     0.088 g/100ml.  Assume that none of the methods employed had any 
     systematic error.  What is the estimate of the individual’s “true” 

     blood alcohol concentration?

48.  Assume that you calibrate a breath test instrument with a simulator
     using a mercury thermometer that is reading 0.30 C too low.  You 
     calibrate the instrument with a simulator solution prepared to 
     produce a vapor alcohol concentration of 0.082 g/210L, as determined 
     by the Toxicology Laboratory.  Later, an arrested subject provides 
     breath samples resulting in 0.125 and 0.132 g/210L.  What would be 
     the subject’s corrected mean BrAC?  Assume that a one degree 
     centigrade change in temperature results in a 6.5% change in 
     headspace alcohol concentration.

49.  Assume that the elimination rate of “mouth alcohol” for a person 
     with alcohol in their system is defined according to the following 
     differential equation:                                                                    
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         where:   B = breath alcohol concentration at time t

                  B0 = mean end-expiratory breath alcohol concentration

                  t = time

     Show that solving this differential equation yields the following 
     “mouth alcohol” elimination model with three parameters: 
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     Assume that non-linear regression of “mouth alcohol” elimination data 
     yields the following parameter estimates:     
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.  If 0.165 g/210L represents 
     three standard deviations above the mean end-expiratory breath 
     alcohol concentration, at what time would the “mouth alcohol” 
     decrease to this concentration?

50.  Assume that when you calibrate and certify a breath alcohol test 

     instrument you use a traceable control standard that has a reference 

     concentration of 0.080 g/210L.  You require that the mean result of 

     your replicate measurements must not exceed +/-5% and your estimated 

     standard deviation at this concentration is 0.001 g/210L.  You will 

     be testing the one sample null hypothesis that the true mean 

     instrument response is 0.080 g/20L at α = 0.05.  How many 

     measurements do you need to perform to have a power of 90%?
51.  Assume that we have performed n=6 blood alcohol measurements of a CRM 
     as part of a proficiency test program on a specific instrument.  The 
     mean and standard deviation of the results are:  
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.  Assume further that the 
     reference value and uncertainty for the CRM is:   
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  The standard deviation for the between 
     lab means is 0.0025 g/100ml.  Is there a significant bias?  Compute a 
     95% confidence interval for the bias and see if it brackets zero.
52.  Assume that law enforcement has seized 90 plastic packets which 
     appear to have a white powder substance.  All packets look similar.  
     Five packets are randomly selected and analyzed and it is found that 
     four contain a contraband while one does not.  Assume that θ is the 
     proportion of the total consignment that contains the contraband.  
     Determine the 95% confidence interval for θ.
53.  Assume you have participated in a Proficiency Test Program.  You have 

     received an aliquot of blood containing a concentration of ethanol 

     known to the coordinating laboratory.  You perform n=6 measurements 

     and obtain a mean of 
[image: image32.wmf]0.0846/100

Ygml

=
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[image: image33.wmf]0.0007/100

Y

Sgml

=

.  There were 15 laboratories that participated in the 

     proficiency program and all submitted their mean and standard 

     deviation results.  The standard deviation of all 15 mean results was 

     0.0015 g/100ml based on n=10 measurements.  The reference value and 
     uncertainty attached to the test material by the coordinating lab was 
     0.0860 g/100ml and 0.0005 g/100ml based on 10 measurements.  
     Determine if the bias for your laboratory was significant or not at 
     the 95% level of confidence.
54.  Assume you work in a forensic toxicology laboratory which does blood 
     alcohol analysis.  The probability that you will be called to court 

     on any particular case is 0.40.  What is the probability that in the 

     next 50 cases you will be called to court on 25 or more of the cases?   
55.  Assume that you are determining the measurement uncertainty for blood 
     alcohol analysis with the method of Total Allowable Error.  The 
     following is the equation:
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where:   TEa = the total allowable error
        bias = the absolute value of the maximum allowed bias

        1.96 = from the standard normal distribution for a 95% confidence 

               level
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Assume that your maximum allowed bias is 0.005 g/100ml, the biological component standard deviation is 0.001 g/100ml, the analytical component standard deviation is 0.0008 g/100ml and the reference standard deviation is 0.0006 g/100ml.  Determine the 95% confidence interval for the mean of your duplicate results of 0.094 and 0.096 g/100ml.

56.  Assume that you have developed an uncertainty function based on your duplicate blood alcohol results where the standard deviation S combines both your sampling and analytical components (your total uncertainty).  Your uncertainty function is:
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You have duplicate blood alcohol results of 0.106 and 0.105 g/100ml.  Assume you do not correct for bias but your reference material has an uncertainty of 0.0007 g/100ml.  Assume the appropriate value for n where we do not know the number of measurements associated with the Reference value.  Use the following equation to compute your expanded uncertainty and 95% confidence interval for the mean of your duplicate results. 
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57.  You are asked to evaluate the fairness (P=0.50) of a specific coin from a local casino.  You flip the coin 100 times and observe 57 heads.  Would you consider the coin fair at the level of α=0.05?  Compute also the 95% confidence interval for the observed proportion of heads.

58.  Assume that you evaluate your bias in blood alcohol measurement based on a Recovery function of:   
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obs

X

Bias

X

=

   where:  Xobs = 0.103 g/100ml = the single observed result when measuring the reference control material and Xexp = 0.100 g/100ml = the reference value reported on the Certificate of Analysis.  The values Xobs and Xexp are both independent.  Assume further that a large number of Xobs values have been measured in the past with the same protocol and the population uncertainty is assumed to be 0.0008 g/100ml.  The uncertainty for the control material reported on the COA is 0.0005 g/100ml.  Determine the combined uncertainty for the bias and the 95% confidence interval.  

59.  Assume you have obtained duplicate breath alcohol results from a driver involved in an accident.  Your duplicate results are 0.085 and 0.088 g/210L.  The accident occurred 2.5 hours earlier.  Assume the combined uncertainty in the breath alcohol measurements was 0.0035 g/210L.  Assume the uncertainty in the time estimate of 2.5 hours was 0.10 hours.  Assume further that the elimination rate (β) is 0.017 g/210L/hr with an uncertainty of 0.0025 g/210L/hr.  Use the following equation to extrapolate retrospectively what the estimate of the single measurement of breath alcohol concentration would be at the time of the accident.  Include the 95% confidence interval by assuming that all variables in the equation are independent.  Which variable contributes the most to combined uncertainty?
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60.  You want to obtain an estimate of the analytical standard deviation for a breath test instrument in the field.  You select the first n=10 simulator results determined from six new simulator solution changes.  Compute a pooled estimate of the standard deviation and use this as an estimate of the analytical component of variation.

61.  Assume you are certifying a breath alcohol test instrument and you want to perform replicate measurements at the concentration of 0.15 g/210L.  You require that the bias be 0.005 g/210L or less.  Assume your analytical component of uncertainty is 0.002 g/210L, your reference component of uncertainty is 0.0008 g/210L and your reference value is unbiased at 0.150 g/210L.  How many measurements would you need to perform in order to detect a bias of 0.005 g/210L or more?  Assume α = 0.05 and the power is 0.90.
62.  Assume that you have performed on your gas chromatograph, n=8 measurements of a traceable control standard purchased from Restek with a reference value of 0.100 g/100ml and a standard deviation of 0.0008 g/100ml.  The mean of your results are 
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.  Assume the two sets of results (Y and R) are independent.  Compute a 95% confidence interval for the bias and determine if there is a significant bias or not.
63.  Assume that you do duplicate breath alcohol tests on an arrested subject.  You require that they agree within an absolute difference of 0.020 g/210L.  The individual had two breath alcohol results of 0.102 and 0.108 g/210L.  How many measurement pairs do you need to perform in order to be 80% confident (power) that you can detect a difference of 0.020 g/210L if it truly exists.  Assume the standard deviation of the differences is 0.0059 g/210L, the effect size is 0.020 g/210L, the α level is 0.05 and the power is 80%.  Next, use the same data except let the standard deviation be 0.0009 g/100ml and compute the sample size for duplicate blood alcohol results.  These standard deviation estimates are for concentrations near 0.100.  
64.  Assume that you do duplicate blood alcohol analyses on a sample received from an arrested subject.  You require that they agree within an absolute difference of 0.0050 g/100ml.  The duplicate results were 0.084 and 0.088 g/100ml.  How many measurement pairs do you need to perform in order to be 80% confident (power) that you can detect a difference of 0.005 g/100ml if it truly exists.  Assume the standard deviation of a single measurement comes from an uncertainty function for blood alcohol:  Sxi = 0.0051BAC + 0.0001. The effect size is 0.005 g/100ml, the α level is 0.05, the power is 80% and the correlation between the two results is ρ = 0.95.     

65.  You have performed three sets of measurements, each at a different concentration on your gas chromatograph.  The following are the results:
             Set       mean         SD        n

              1       0.0866      0.0007     10

              2       0.1025      0.0009     10

              3       0.1328      0.0011     10 

Compute a pooled estimate of the standard deviation

66.  Most of the duplicate blood alcohol agreement criteria are set rather arbitrary.  The purpose of duplicate testing is to distinguish between normal variation and error.  A calculation that computes the “Reference Change Value” (RCV) and establishes the maximum difference due to normal variation is as follows:  (Fraser, C.G., Biological Variation: From Principles to Practice, Washington, D.C.: AACC Press, 2001, pp. 67-78)
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                where:   Z1-α/2 = the two-tail Z value for 95% CI
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 = resulting from duplicate test results

                        SA2 = the analytical variance 

                        SWB2 = the within-subject biological variance
The RCV is a fixed value determined for a specific laboratory system and protocol.  The 95% confidence interval for the Difference between serial duplicate results is determined using the RCV as follows:                
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When the Difference exceeds the RCV, the 95% confidence interval does not bracket zero and there is a significant difference between the two results.  In blood alcohol analysis where only one sample is drawn by the phlebotomist we have both the analytical variance and the between subject biological variance combined in the one uncertainty function.  Therefore, we have only the one term in the RCV determined from the Uncertainty Function (S2T) as follows:
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Determine the Difference (RCV) that would be considered significant at the two-tailed critical value of α = 0.05.

Now we want to compare these results to those of question 23.  As in question 23, assume we have measured an individual’s blood alcohol concentration by gas chromatography in duplicate with results of 0.128/0.129 g/100ml.  Four months later, before trial, the defense wants the sample to be retested and it now results in duplicates of 0.116/0.114 g/100ml.  The question is, has the concentration changed significantly?  Assume the correlation between the two means is ρ = 0.95 and that the combined uncertainty for a single measurement is determined from SD = 0.0049BAC+0.00009. Assume further that α=0.05 and Z = 1.96. Compare these results to those found by computing the RCV above.   
R.G.Gullberg 
7/17/2019
Equations for Solving Problems

1.  Widmark's Equation
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            where:    N = number of drinks

                      W = body weight in ounces

                      r = Widmark's ρ (rho) (L/Kg)

                      Ct = BAC(Kg/L) at time t and approximated

                           from BrAC measurement

                      β = elimination rate (Kg/L/hr)

                      t = time in hours from first drink

                   0.82 = density of ethanol (oz./fl.oz.) 

2.  Widmark’s Method For Computing the Uncertainty in 
    Widmark's Equation 
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        where:   1σ = one standard deviation

                 N = number of drinks

                 Ct = blood alcohol concentration in Kg/L

                 W = body weight in ounces
3.  Confidence Interval for a Population Mean
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        where:    
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                  t = from a table of t values for appropriate 

                      level of confidence

                  S = the standard deviation of a single value

4.  Accuracy (Systematic Error or Bias)
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          where:    SE = systematic error or bias
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5.  Error Propagation:  General Formula for Random 

    Errors
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           where:  x and y are independent and 

                   there can be as many terms as there are 

                   independent variables

6.  Confidence Interval for a Population Mean
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        Where:  μ = true population mean
7.  Confidence Interval for a Difference Between Two 

    Sample Means
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        where:    
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       This method assumes equal variance for both variables
8.  t-Test For Independent Means Assuming Equal 

    Variances
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        where:  SEdiff = standard error (standard deviation) of

                        difference computed as follows
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        where: the degrees of freedom is:  df = n1+n2-2

     For small samples, the Wilcoxon Rank Sum test is a 

     non-parametric equivalent to the independent sample t-test

9.  Calculation of Required Sample Size for Paired Data
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             where:  σ = standard deviation (assumed constant)

                     δ = critical difference

                     P = power of the test (1-β)

                     β = typically set to 0.20 (a one sided test

                         value)

                     α = significance level

                     Z = from the standard normal distribution (or use t values)
10.  Water/Air Partition Coefficient for Ethanol
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           where:  T = temperature in celcius

11.  t-Test For A Population Mean
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         where:  μ = the population mean 

                 SX = the standard deviation of a single result
12.  Standard Deviation         
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13.  Coefficient of Variation
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14.  Combining Uncertainty From Two Independent Sources 
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        where:  
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15.  Equation for Computing Total Body Water
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       where:  TBW is in liters

                Age is in years

                Height is in centimeters (2.54cm = 1 inch)

                Weight is in kilograms (1Kg = 2.2 lb)
Source:  Watson, P.E., Watson, I.D. and Batt, R.D., “Prediction of blood alcohol concentrations in human subjects”, J Stud on Alcohol, Vol.42 No.7, 1981, pp. 547-555.

16.  Widmark’s Equation Using Total Body Water
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            where:    N = number of drinks

                    TBW = total body water in liters
                    0.8 = fraction of blood that is water (L/L)
                      Ct = BAC(g/L) at time t and approximated

                           from BrAC measurement

                      β = elimination rate (g/L/hr)

                      t = time in hours from first drink

                   0.82 = density of ethanol (oz./fl.oz.) 

            28.349 g = 1 ounce by weight
17.  Confidence Interval for a Large (n>30) Sample 
     Proportion
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          where:  p = sample proportion

                  Z = from the standard normal table for a 

                      desired level of confidence

                  n = sample size

18.  Confidence Interval for a Difference Between Large 

     (each n>30) Independent Sample Proportions
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          where:  p1 = sample 1 proportion

                  p2 = sample 2 proportion

                  Z = from the standard normal table for a 

                      desired level of confidence

                  n1 = sample 1 size

                  n2 = sample 2 size

19.  
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 Analysis for Independence in a Two-way Table 
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          where:  Oi = the observed values in cell i

                  Ei = the expected values in cell i
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