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1.

Answers to Practice ProbZems

We employ Widmark, s equation as follows:

wp[c,+ ft]
^r- 0.82(l.oz"/drink)

N _ Q I hlbs) ( I 6ozs.llb.) (0. 7L/Kg) [0. 00 I i 9 KgtL + (0. ohu zrguhr) (z h rs) ] _
0.82(0.4&tloz/drink)

L3 .2 beers t25t = L3 .z + 3.3 = 9. 9 to 16.5 beers

13.2 beers

2. We again employ Widmark's equation, this time solving for C1 asfol lows :

N_ lVp[C,+ fr]
0.82(floz./drink)

obtain:

beers

N (0. I 2 ) (lfl. o z/d r in k)-)ct:ff_u

Ct
_ (8 drin ks) (0. I 2 oz,[L oz) (0.4fl. oz,/drin k)

- (0. 0 0 0 1 5 gn@/h r) ( 5) : 0. 0 0 I 4 4 Kg/L : 0. I 4 4 g/I 0 hmt(12s)(16)(0.60)

O.L44 9r/L00m1 +40t = O .L44 +0.058 = 0.086 to O .2O2 g/100nL

3. we empfoy widmark's equation but this time the number of drinks (N) isthe contribution of tr^ro types of drinks. We so.Ive as f o1f ows:

7t1, (0.8 2 (lloz./ thinp )) + 7r1;. (0. t2 6LoL/ drinh, )) = Wp I C, + ftJ

Put in the given data and solve for C;:

e(0.82(0.1E)) + s(0.t2(0.1)) : (r 60X16X0.72) [ c, + e.0001 s) (6)]

Ct = BAC = 0.1?3 g/10ODI t25* = 0.173 +O.O{3 = 0.130 ro 0.216 g,/1OOE1

4. We begin by employing Widmark's equatj-on as follows:

* - (1 90lbs.Xl 6ozs./lb.X0.7lll(g) [0.000SS5KgL + (0.OOO t lfgnnD :10.1 beers
0.82 (0.48fl . oz./drin k)

As suming the +25a uncertainty j_nterval we

10.1 beers +25t = 10.1 +2.5 = 'l .G to L2.6



sol-ving for widmark's estimate of uncertainty we employ the forlowingequation for men:

Io : 
Jo.o,,ors 

N' + o.osolrol* - ffil ror men

Put.ting in our estimates we obtain:

o.ols62s(to.tf + o.osorzolto.t - o. 6 B (0. o o o t t s\t t o)(t o)]'
l

10:

1o: &"09 _ r.76 beers

Based on Widmark's uncertainty est.imate we woul-d obtain:

10.1 beers +2(1.76) = 10.1 + 3.52 = 6.5 to 13.6 beers

5. We first begin by employing Widmark,s equation as fo.llows:

* _ Q 70lbs.)Q6ozsJlb.)(0.721JK9[0.0UagSKg/L + (0.00015Kg/L/hr)(6hrs)] : r 2.7 beerc
0.82(0.aSJLozJdrinh)

Assuming the +258 uncertainty intervaf we obtain:

12.7 beere t25t = L2-7 X 3.2 = 9.5 to 15.9 beers

we now estimate the number of drinks using the equati-on dever-oped by
Watson, et.af. We must convert 5 feet 10 i-nches into 70 inches and
then into 177.8 cm given that 2.s4cm = 1inch. we must afso convert
170fbs into 77.3K9 given that 1Kg = 2.2lbs. For a male the equation
for TBW is:

K(c,+pt)
^r_

N_

0.82 (1P.oz. EnOH / drink)

+ 25% + 9.4 to 15.8 beers

We now employ Widmark's equatj-on based on TBW as follows:

TBW : 2.447 -L.|gsto(stJ,rs)+ 0.1074(tzz.tcm)+0.3362Q2.s Kg) = 43.92 L

::t:: (r.rts s / L + (o.rt s / L r n)(on))0.8L/ L' 140.8 g
0.82(Loz ETOII/drink)

4.97 oz

0.3936 oz / drink
= 12.6 beers

0.3936 oz / drink



6. we begin by determining the systemati,c error associated with the testand then correct for this amount. Taking the mean of the first threesimufator standards we find: mean : 0.0913 g/2IOL.

We then determine the systematic error according to:

Assuming there is no uncertai-nty in the estimate of the systematj_cerror, the individual-'s mean breath al-cohol results coul-d then beincreased by 2.052 according to:

xroo=f x I I o-tog--]
'co"-LI-bt"I= LT-@nill

We then employ the equation for a 9

rft - Z1r-atz1 u; 3 p= -l: "
Nextr w€ notice that we are interested
exceeds 0.080 g/210L which is the same
in the above probability equation. We
known inf ormation and solve f or Z 6_u121 i

f o.totsl
= 

Lo.g?% I = o'1036 g / 21oL

9Z confidence interval_:

in the probabifity that p
as the value for the lower limit
set the two equal, introduce our

V r*, X te-oqar=- + : 0.1036 + 2.57 Ug! : 0.1036 X0.0II- Jn Jz

This wourd yield a 998 confidence interval- of: 0. 0926 to 0.1146 s/2roL

7. We first determine the 99E confidence intervaf from:

V coo + te-ttq=-a. = 0.0E55 t Z.SZ (O.USZ) = 0.0855 t0.00E2 = 0.077 to 0.094 s / 210L

From this we see that the i-nterval- overfaps the critical 0.090 s/2roLl-imit. Next, we empfoy the basic equation for a confidence intervaf
which is:

-t:: I
P V - Ztc4 a- < p3 X + 2,1_n2, u- l= 

p

We begin by noticing that we are interested only in the probabiJ-ity
that p exceeds a fower limit and we do not care about the upper f imt.
So we let the upper limit go to infinity:

X - Ze-orz) u; :0.080 + 0.0855 - Ze-otz)(O.OOSZ):0.080 ) Z(r-atz):1.72



We then rearrange our probability statement and introduce our
determined value for Z g-ayz1 i

pW - z r-orz o; = ol= rl+ s z ro r zl : " lz = 
z,-rrl= plz < r.zzl: 0.ss7s

Usingthestandardnorma]-tab]-esweSeethatP(Z<
There is a probability of 0.9573 that the individual'

we begin by wrj-t.ing down each of our five sources of
their estimates. They can be written down as follows

CVi = uncertainty due to traceability
CV: - uncerta j-nty due to the GC replicates
CV; -- uncertainty due to the dilutor
CVi - uncertainty due to the bias
CVf, - uncertainty due to the total method

0.05--.:
Jto
10J2

the
r_on f

12) : 0.9573.
s true mean breath

uncertainty and

Total_ Method

=+ Ui= 0.0014g/l00ml

608 From this we

Traceabi I ity Anal-ytical Di-l-utor Bia s

Mean 0.1009/100m1 0.10259,/100m1 10.12pL O.O03q/100m1 0.0885g/l-00m1
sD 0.0003q/100nl 0.0011-q,/100m1 0.O5pL O.OOr:q/rOO.r

10

We now incorporate these estimates into our equation for computing
combined uncertainty, assuming all components are independent and usingthe method of combining CV's squared as folfows:

where:

0. J

f o.ool t 1'

lmT.1*)+
The sum of all terms under
find the percent contribut

Traceability: 3?
Analytj-cal: 6%

Dilutor: 1%

Bi-as z 49%
Method: 4Ie"

ui
088

r
r

f o.oo2 1t.lzl
Lar02s )

adical is
om each c



o we begin by computing the mean of these resufts which is 0.0915 s/21oL-Next' we need to estimate the standard deviation associated with thedif ference as f o.ll-ows :

fl -Yr-Yt :+ r(a') = =+ v(a) = 2v(y)
^sd - ,7 svt

d t I.96 sd :+ d+ 1.g6"1j svt + 0.013 t 2.zz(o.oosl)
0.013 t 0.015 -0.002 to 0.028 g / 2I0L

Si-nce this 95% confidence interval includes zero we concl-ude these
dif ferences are acceptabl_e.

For mean resul-ts at 0.250 g/210L we compute:

v@,)+v(vr)

At this concentration our differences shoul-d not exceed o.o2g g/2roL.

10. we begin by finding the mean result for the subject's duplicate tests:

d t I.96Sa =+

dt0.028g/210L

0.088/0.091 g/210L +
Knowing that we have a bias of
according to:

d t 1.96 Ji 5", :+ d t 2.zZ (O.OnOZ)

Y=0.08955/210L

+3.0?, we correct this mean result

u "* =l *l = lffi] = Y *,, = o.oE6e s / 2tol
L1+

We now r"rant to find the 998 confidence interval for this corrected
mean. The standard error of this mean, however, is determined from two
sources: the combined analytical- and biofogical component and the
reference standard. Therefore, our confidence intervaf estimate
appears as:

o.o,,6s+,-rr.E*ti
\'t n2

where : Sl - the variance determined from the equation
problem which combines both analyti_cal and
component s

Str: the variance representing the uncertainty
reference value

gi-ven in the
bi ologi ca 1

i-n the

From the equation given in the problem we estimate the standard
devj-ation combining both analytical and biological components as:



s = 0-0305 B + 0.0026 = 0.0305 (O.Orce)+ 0.0026
we now put our variance estimates into t,he
esti-mate:

0.0869 + 2.57

This results in the confi-dence interval

= 0.0053g/210L
confidence interval

:+ 4.0869 X0.0097
0.00532

2

0.00142

10

We do not use a pooled estimate
the two variance components are

of the
largely

of: 0.0112 to 0
variance in this
different. The

.0966 g/210L
example because
problem can
the CV's for
con f i dence

0.0038 g / 210L

also be sol-ved by estimating a combj-ned uncertainty from
each contributing element. f n this case we estj-mate theinterval from:

0.0969 + 2.57 SY

where :

f o.oolllt.l#) = St=

0.0053

-
Jz

0"0s6g

,St cv; + cv| + "u-0.09690.0869

11

Notice that sre have sofved directly for the standard deviati_on of the
mean by i-ncorporating the appropriate sample sizes for each component
We now find the confidence intervaf from:

0.0869 t 2.57(O.OOSr) + 0.0g6gx 0.00gg

This resuLts in the confidence interval of: o.oilL to 0.0967 g/2roL
which are almost identica.l_ to those estimated above.

This problem presents six sources of combined uncertainty that shoufd
be reported as part of the fina.l breath test instrument Lafibrationresults. These four sources are: (1) tne CRM traceability, (2) tfreToxicology Lab bias, (3) the Toxicology Lab uncertainty in measuringthe cRM, (4) the Toxicology Lab uncertainty in measuring the simulatorsoluti-on, (5) the partition coefficient uncertai,nty and (6) the breathtest instrument uncertainty. Each component i./a s also determined basedon differing number of measurements. we incorporate these different
vafues of n into the square root sign and arrive directly at a standarddeviation (uncertainty) for the mean. The value for each of these
expressed as a CV are:

6



CV*t : 0.0012

0.1025
CVro*nr^ =

0.0124
Cvron*"y = CV,^, :

1.23

0.003

JJ
0.0007

0.0995

0.0006

&sCVrotcnu : CVrotso, =0.0995

0.0010

0.1005

JIo
0.0815

Notice that r^re have incorporated the sampl-e sizes only for those
components that we had information for. Notice also that we have
assumed a uniform distribution for the Toxicol-ogy Lab bi-as and
estimated its uncertainty by dividing by the square root of three. Thevapor alcohor reference value in the simulator is found by dividing
0. 1005 by 1.23 and obtaining 0.0817 S/21,OL. We norar simply combj-ne
these sources of uncertainty as follows:

k:
Y

uc

0.0815

ac

0.001212_l
o.ro25 l

f o.otztl'.L ut ) +

= 0.0239 =+ uc=0.00199/210L the standard error of the mean

I o.oorol'

l#l
0.0815

,l0.0815 -0.091bias:[+] :I
0.0817

.100 : - 0.24%

From these results we can set up an uncertainty budget and list thepercent contribution from each factor:

Factor

CRM
Tox Lab Bias
Tox Lab CRM
Tox Lab Sol
Part Coef
I nst

Uncertainty

0.0012
0.0017
0.0003
0.00016
0 .0724
0.0003

Tyrpe Percent

242
53%
tz
7%

18%
3%

B
A
A
A
B
A



12. we first need to determine the uncertainty (standard deviation)
est.imates for each of the three input variables. They are as fol-fows:

Est imat e
Mass of ethano I

Puri t y

Density
s o lventMass of

We first

.1 ffiEtoh P D
v

ffi solr"rt
We now combine these
error propagatj_on and

Uncertainty
0.008 s

0.002uP= - 0.00116
a/3

0.0006 g/mI
0.009 Kg

3. 00 g
0 .992

0.65 g/mI
1.8 Kg

ilc= #f"r"r .l#l's'*l#l'

ilc:

o" =JO.OOOOOOOOOU = 0.00m063g/ntt = 0.000639/r00nl

Solving for the uncertainty by the method of summing the CV squaredyields:

itryl'.1#l.lwl'.lhl'
-uc

- = 0.00586
0.00107

ttc = 0.0000063 g / L = 0.00063 g / I00ml

(s s)(o.ggz)(o.os s r *r)

sol-ve for the concentration C according to:

1800 g
: 0.00107g/ml

four components using the method of general
assuming J_ndependence of all components:

00a's ssl2 0.0092 +lo.ootnslt 0.001 I 62 +10.001 6sY 0.00062 +l- 0.0000006f2

=) CY : 0.59%



These results are the same because the preparation function for theethanol concentration is multiplicative.
From these results we can set up an uncertainty budget and list thepercent contribution from each factor:

Factor

Mass of ethanol-
Purity
Density
Mass of solvent

Uncertainty

0.008
0.00r2
0.0006
9.0

P ! Zro,

For men:

P ! Z,-o,

From this we

- ??t = 0.16t1.g6
1860

Percent

2IZ
4Z
2Z

732

= 0.16+0.017 + 0.143to0.172

Type

A
B
B
A

13. Here we are interested in esti-mating the combined uncertainEy, u",
from the equation: 0.0E0+ku" = 0.086 First vre must fook up the value
of k from the standard normal tabfe. since we want only a 1? chancethat the true value coufd be below 0.090 g/100mf, we fook up the valuefor which there is 998 area to the 1eft, based on how the tabre isconstructed. From the table this gives us the value of k=2.33.
Solving then for r. we obtain:

L4

0.080+2.33u" = A086 + 2.33 u. = 0.006 - tr" = 0.0026 g / 100m1

I{e first compute the confidence intervals for each gender as follows:
For women:

64+,_
458

= 0.r4tl.g6W = 0.14t0.032 + 0.I0tto0.I72

see a slight overlap between the two confidence intervals

Next, we find the confidence interval- for the difference between the
two proportions according to:

Pr-P,!Zr-o, = 0.14-0.16 + 1.96nI n2

0.1410.861 0.16(0.94

=) -0.02 ! 0.036

From this we see
incl-ude s zero .

+ - 0.056 to 0.016

that the 95% confi-dence
Thus we conclude there is

interval for the
not significant

di f fe rence
difference.



We now set up the
expected values as

two-way contingency tabl_e
follows:

and enter the observed and

Women

Men

1956

Our test hypotheses are:

Provide Test Refused Test
Proportion
Refusing

458 14.0o/o

1860 l6.ooh

362 2SrB

H o : gender and refusal rates are independent

H n : gender and refusal rates are not independent

15

From the table values we compute the I' statistic as follows:

x, :f,(o,J, )' =(sgt _ 
s.a!.s)' 

*(oa !+s)' *Qsoz - tto!.s)' 
*(zgs - zgo.s)' :r.r7

,-- E i 386.5 7l.S 1569.5 290.s

For a two-r^ray tabf e the degrees of f reedom are: df =(rows - I)(cotumns - t)= I
The criticai- 72 statistic for df=1 and tx=0.05 is found from the tabfe
to be: Ztorr*=, = 3.841 . Since our computed 7' statistic is much fess
than this tabfe value, we do not reject the nuff hypothesis that thereis no assocj-ation between gender and refusal rate. This further
supports the confidence interval- for differences between the ti"io
proportions.

This problem illustrates the more complete analysis for determining theuncertainty in forensic breath alcohof results. This will incorporate
the uncertainty from the three rnajor sources: the subject, the breathtest instrument and the qas chromatograph used to measure the simulator
sol-ution standard. We witl begin by identifying the following
variables: Y : subject BrAC resultS, X : simulator resufts,
R : reference vafue determined from gas chromatograph, Z : subject BIAC
resul-ts after correcting for any systematic error and S: standard
deviation estimates. We now find the mean and standard dev.iati-on ofthe subject's results: mean: 0.095 g/2L0L and from the equation forthe standard deviation we obtain:

394

386.5

64

71.5

r562

1569.5

298

290.5

S : 0.0305 (0.095) + 0.0026 : 0.0055 g/210L

The standard deviation for the mean is found from:



Next' given the mean reference standard result of 0.0g2 g/2L0L and thestandard deviation of 0.0010 q/2roL with n:30 .easr.,rem".ris, we find thestandard deviation of the mean according to:

st= 
#=ry=o'oo3eg/210L

si = #=aio# = o.Mol I s / 21 oL

Next, we find the mean and standard deviation resulting from theinstrument's measurements of the first five simulator itandards:
mean = 0.0844 s/2t0L and s = 0.0015 g/2roL from which we find that rhe
standard deviation of the mean j-s: Sr=#=O'Hs =0.00067g/210L

7 tt,-trdr=-L
J;

The conf idence interval we wil_t employ is:

where Z is the mean BrAc resuft corrected for any systematic error.
s-Since -* is the standard deviation of the mean we will simply re-
Jn

express thj-s as: S, Our corrected confi-dence j-ntervaf expression
wilf be: 2 t1u-rr*-Sl . Based on the information given in the

problem we

where: the

bias=[n#] :[,

find the corrected

bias : the syste

t-ilZ-l-l
L/* 0.02e )

Nextr we express more fuIly

l-nt
BrAC according to: Z=l=Y- l={g

LI* bias I X
tic error. The bias is found to be:

9 We now find our corrected mean to

: 0.095 fo.lzltl= 0.0923 g / 2IoL

the equat j-on f or the corrected mean BrAC :

l-rI v lrn
L;+]:F

D

21_J080.

2

0844 -
0.08

ma

,020.

St

:{

be:

z-

Based on
measured

this equation,
variables: the

we see that Z is a function of three
mean of the subject's results, the mean of the



instrument measurement of the simul-ator standards and the mean of thegas chromatograph measurements of the simulator standard. Af] threehave uncertainty that must be incruded in the uncertainty estimate for
Z , SZ . To determine this r.re use equation 5 from the attached page
and assume that afl three sources of uncertainty are independent:

tr=W
Introducing our data into this equation we obtain:

* = ll lllZl'| o.oossl' _l o-ots 1'l U!!tj' ,l _(o.ogs[o.otz)]'l o.ootszl'", - \Lutsu J L-E- ) -Lotttt 
J l-W I "l- -@out-l 

L- .tr-l
This results in: Sz =J0.0OOOllgZ :0.00386 S / 2I0L

Another approach to finding the standard deviation estimate for Z isto emproy coefficient of variations since the modef is multiplicative,
Some fj-nd this approach easier. We write the general uncertlinty
equation in the form:

lrfe now incorporate our estimates into this equation for the CV's:

sz
= 0.04174

0.0922

Sz = (O.OtZZ)(O.Ottzt) = 0.00JtS g / 2I0L

0.00551' f0.00101' f0.o0ts1'-E-l .l-@l .lal
o.oes 

) lo.ott I loorno )

Now we compute our

Z x t,r-*,ar- s,

corrected confidence interval:

=> 0.0922 + 2.57 ( 0.0039 ) = 0.0822 to 0.1022

our confidence interval now incfudes uncertainty from both random andsystematic sources and is therefore a more compl-ete analysis.

L6. In this problem we want to determj_ne the time necessary for theindividuaf to eliminate sufficient alcoho] so that the mean ofdupficate measurements can be sufficientfy distinguished. we begin by

t2



solving for the critical difference necessary for two means to have(given the measurement variability) in order to be able to concludethat they will be measured as different:

d.": 2.77sD* : 2.771#]: o.oto g2roL

we now put this criticar dlfference value into an
solve f or the time necessary to wait : 0.010:0.0151

equation that will
= t=0.66hrs.

I7 we are interested here in determining the 999 confidence interval forpopulation parameter 6, the true difference between the mean of theinstrument results and the mean of the reference standard
determinations. The rel-ationship is as foflows:

6:Fx-ltn

our 998 confidence intervaf for 6 which assumes equal variance for bothX and R is:

8 xt,-* sE6: ii !tron

Putting our data into this

- 0.004 x 2.712

equation yields:

(9)(0.0012 )t + (29)(0.0u )2

+t:ftx-fr*=t:V-n

l:38
l1

I

r0 30
- 0.004 + 0.0010

The 998 confidence intervaf for 6 woufd be: -0.005 to -0.o03 g/210L.
In percentage of systematic error this corresponds to:

l+:Xf,oo_-4.85% l+Xf'oo--2'e?6

1B

-4.85* to -2.9*
Much of the biomedicaf literature reports concentrations of substancesin many different units (i.e., as mM or miffiMoles in this case) .Since mM is actually an expression of mM/L, we must first convert t.he
mM to grams. We do this by observing that 1 Mol-e of acetone weighs58 grams. Therefore we obtain:

8.91 mM = 0.00891M :+ x _ 0.00891M
58g lM

Assuming the val-ue of Kbr/nr: 300 we obtain:

(n - 1) S2* + (m - r) S2*l ! _ t 1

n* m- 2-L;-;)

+ X-0.5179/L

13



300:0'5179/L
Y

If 642 pg/L are necessary
t.hen :

I = 0.00172 g / L - l720pg / L inthe breath

to yield 0 . 01 g / 210L ethanol_ equi_valent

l720ps / L
642pg / L 0.01 S / 2l0L

Z -0.027g/210L

19. we begin by identifying the following vari.abfe which has the poisson
distribution:

X = the number of tests performed on the instrument per day

Since X can be viewed as the sum of severaf other poisson randomvariables (e.9., the number of tests per minut.e or per hour) andI : 40 is fairly large (e.g., > 20) we wiff assume that X has a normaldistribution by the Centraf Limit Theorem. Since we are using a
continuous distribution (the normal) to approximate a discrete random
variabfe (X) we wil-f use a continuity correction of Vz. We
incorporate our data and sol_ve as fol_l-ows:

we oblain the probability of 0.011 from the standard normaf tables.This is a very sma1l probability which suggests that it is unlikely
that 55 or mo.re tests will be performed on the instrument in one day.

20. Here we have two random variables of interest: XF: the a]cohol
elimination rate for women and Xu = the alcohol_ el-imination rate formen. since we do not know what their exact distributions are we do
know that by the Central Limit Theorem their means will- be
approximatefy normal]y distributed for sample sizes greater than
approximate]-y 30. we write each of their distributions showing the
expected vafues (means) and variances as fofl-ows:

22xr-(f ,o2r) = y"-N(8",ff) xa-(f a,o2u) =Va-N(F*,+)
we now identify the hypotheses that we want to test:

Ho: 9" : 9* Hr: 9" # It

z

ffil:*rr>z.2er: o.o'

We use the two sample t-test since we do not know oF2 or os2 exactly
and have to use our sample variances Sp2 and Su2 as estimates. We will-
assumed equal variances. We use equation 8:



X r - Xu

si-nce the study presented the standard errors for each mean we need todetermine the standard devi_ations as foffows:

,SD - ,.r^ A F-, l-- ,SDSEx,:+ +,SD : 0.55(\[Sg ): 4.22 SE.,:*T _ ^SD - 0.40(JTS ): 3.46ln 4n

we then introduce our information into the equation for t as foffows:

t- 20.77 - 17.24
- 5.34

\ ss+?s-2 'Lsp*ol

Our degrees of freedom for this problems are n*m-2 : 59+75-2: I32.
From the t-tabl-e we f ind to. ggs, rsz : 2 . 51 6 . Our calculated
5.34 which is even larger than 2.516. The probability of
value as large as 5.34 when the null hypothesis i-s true is
smaller than 0. 005. Thereforer we conclude that there is
difference between the eli-mination rates of men and women
study.

t value is
obtaining a

even
a significant
in this

2I we use equation 9. we note that q:0.05 for the two-taifed test and sowe fook up the vafue for 26.s75 in the standard normal tabl_e. Thisvafue is 1.96. We use this two taifed value because we did notspecify that our critical difference of 0.005 s/10omf was only in onedirection. Next we look up the Ze.s in the standard normaf table whichis 0.85. We then put these vafues atong with the information giveninto equation 9 as foffows:

:15.5 N 16

So, we would need 16 individuafs for our stud.y.

22. The average value of a smooth continuous function of time is
determined by integrating the given function over the time interval
invo.rved and then divi-ding by the time interval . The average varueover the time intervaf of 5 seconds is determined by:

00ml
00ml

/I
/1

1'6

;6
007

0as
L
0."=[ f' 

[r.oo + o.tsr

lLnoT-e-k')+ctdt - !'oo.ts1t-e-2')+0.00Jtdt - o.tst-rye-2t+*y l; - 0.7r2s

Note that the middle term invol_ving
can be disregarded. Now divide this
5 seconds:

e-zt goes to zero when t:5 so it
integral by the time interval of



0-712s
- S 

:0.1125 S/210L

when the same procedure is done for the exhalation time of 10 secondswe obtain an average value of 0.1575 s/2roL. comparing these averageva]ues to the actuaf BrAc va.lues from equation 1 in th6 problem anddetermj-ning the percent differences we obtain:

0.143 - 0.165

0.165
I .100:-13.6?6
J,:, l*,r' loo: - 12'5%

0.159 - 0.19

0.19

percentage. This problem i_s iIl_ustratedSo, Do, it is
in t.he f igure

not a constant
bel-ow:

BrAC

o.2

o.t 5

o.1

0.05

0

23. First we must determine the percent
with each of the five measurements.
determine the partitj_on coeffici_ent
340C in the simulator. pl-acJ-ng T:34

Exhalation Time (sec)

by volume of alcohol associated
We first use equation 10 to

for ethanol i_n water heated to
into equation 10 we obtain:

g_6: 23017.26g e4.06a364 : 2SE6

we use this resuft to next determine the concentration of the arcohofin the beer using the foflowing equation:

Kva- cn + 2sg6:
co

Cn
0.285 g/210L

) Cw:0.351g/100m1

We then need to determine what volume 0.351 q/I0Oml of ethanol
occupies by using the density equation as follows:

Breath Alcohol Exhalation

Average Value

a
D:o

ml
0.351 g/l00ml

= 0.789:
X mU100ml

+ X: 0.445mU100m1



our result is 0.445 ml/100mf which is equivar-ent to 0.445* by vor.ume.Doing this for the remaining four measuiements we obtain the folrowingpercent by vol-ume estimates: 0.439, 0.434, 0.440 and O.42g. Their
mean is: O.4372 with a standard deviati_on of 0.0065. We usethe foffowing t-test since we do not know the exact popufation
standard deviation (o) and must estimate it with the simpJ,e standarddeviation (S):

V-p
tg-asdr=o: S/j; 

: 0.4372 - 0.50 : - 2I.7
0.006s/ Ji

From the tabl-e of critical- t varues we observe that for 4 degrees offreedom (n-L) a t value of -4.604 woufd put an area in the fower taifof 0.005. our t result of -2L.7 is much fower than the tabfe vafue-
Thi-s means the area to the left of -2L.'l ls much smaffer than 0.005.This is interpreted to mean that the probability of obtaining theresul-ts we did if the null hypothesis were true is much less than0.005. We therefore reject the nuff hypothesis and conclude thatthere is evidence in support of the al-ternate hypothesis, that thepopulation mean alcohoL concentration for this "alcohol free,' beer isl-ess than 0.5t by volume.
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26.

Using the truncated
following:

Two digit: mean :
Three digit: mean

two digit and three diqit results we obtain the

0.070 g/210L sd : 0 CV : 0%: 0.0161 g/210L sd : 0.0019 g/210L CV _ 2.452

We now

The significant differences are due to using the different number ofdigits. One shoufd clear1y use the three digit data in this exampfe.

we would compute the confidence interval in the same manner as we didin problem #5. We assume the one resuft is a random sampl-e from apopulation having the same standard deviation as we would estimate ifthey had provj-ded two sampl-es. The one sample r^ras still
received from the same instrument method and general- protocol.
use the following equation for the 992 confidence interval:

X x1,-r*=-$ : O.ttAtZ.SZ0'091 : 0.116*.0.016.ln .11
This wouJ-d yield a 998 confidence intervat of: 0.100 to 0.L32 g/21,0L

First computing the breath alcohof from equation 1 we obtain:

x o:- r.r[rotr - fl] : x o: - ,.r[In(r - ryr] : 0.108 3e6 g/2r0l

Next, computi-ng the result f rom the approximation we obtain:

t7



Computing the resul-ts with a v:1.1 we obtain: O.322ggg q/210Ldirect method and 0.322015 from the approximation method. Atconcentratlons the approximation method used by the instrument
l-ess than that found by direct calcutation using equation 1.

f(x)--r.3(-x- {-{, :
2 3' - 1.3(- o.o8 - 

0'082 0'083

;-7): 0.108382st2r0L

where I wr: 
fli

S?

for the i,th lab

from
all

wi 11

the

be
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2B

Yn:

sj-nce the approximation is an expansion about v:0, the approximationresult wiff devlate further from the direct caf culat.ion li resuttsincrease above zero. The deviation, however, is always to becomefower than the direct cal-cu.ration. Moreover, this illustrates thatusing three terms in the expanded series is more than enough for threedigit final resufts.

IVe have three different estimates (three fabs) of this person, s BAC
where each has different n and different variance (si2) estimates. wewif l- want to use a $reighted mean in which the weights wifl be
determined according to n and the variance for each fab.

n

lw,i'in:+_
I'n,
i:1

w1: the weightwhere:

==1(o.orro)*0.000002 )'
J

a000000s
'0.0836) + 4

0.0000029
'0.0959)

lz
lo.oooooz

41
o.ooooo2g )

0.065 X=- + X=0.0795+1.95%0fc osoc

: 0.0839 g/100m1
5

0.0000009

If the thermometer is reading 0.30 C too fow, then the simulator
headspace actually contained more alcohol- than was thought.
Therefore, a higher concentrati-on than real-ized was intioduced intothe j-nstrument during calj_bration. This would result in the
instrument measuring the atcohof concentration systematically 1ow.
Given that a one degree centigrade change resul-ts in a 6.5g -hange in
headspace afcohof concentration, we can determine the percent changeresulting from a 0.3u degree centigrade change according to:

Based on this result, the instrument i-s reading all results 1 . 95%
systematically low. Therefore, the subject's mean BrAC should be
adjusted up by 1.95?. This is done by:

0.125/0.132 +t:0.7285 = 0.1285(1.0195)-0.1319 / 2I0L

18



29. we sofve the differential equation by integrating after the separati-onof vari-abf es:

ff=-*(n-n"l- h=-hdt + I&=!-*at = hB-Bo=-kt+c

Now exponentiating both sldes we obtain:

B- Bo = e-H+c + B-Bo=(os-H + B=Coe-H +Bo

Glven the initial conditions of:

r(o): c,** => c^*=co"-o(')*Bo = c^ :co*Bo + co=c^*-7'0

From the non-linear regression we obtained the three parameter
estimates which we now put into our model_:

B:0.85e4'st +0.150

We solve for t when B : 0.165 q/210L:

0.165:0.85east +0.150 + 0.015:0.85e{'st = 0.0176:s4.st

Taking the natural 1og of both sides we obtain:
1n0.0176 - In e4st + - 4.04= - 0.5r = t =g.l min utes

R. G. Gullberg
rod. gullbergGgmail . com
LO/LO/2OII
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