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Equations For Solving Problems

Widmark's Equation

____wrcH+BY
0.82(fl.oz. EtOH/drink)

number of drinks
= body weight in ounces
= Widmark's p (rho) (L/Kg)

where:

AR =2

from BrAC measurement

B = elimination rate (Kg/L/hr)
t = time in hours from first drink
0.82 = density of ethanol (oz./fl.oz.)

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

Widmark’s Method For Computing the Uncertainty in

Widmark's Equation

0.68C, W
0.82(f1.0z./ drink)

2
1o =\/0.015625N2 +0.050176 [N - } for men

0.55CW
0.82(f1.07./ drink)

2
lo= \/0.01 N +0.021904 [N— ] for women

where: loc = one standard deviation
N = number of drinks
C:c = blood alcohol concentration in Kg/L
W = body weight in ounces

Confidence Interval for a Population Mean

;+t a S
- (1-3)("'l)df\/;

where: X = sample mean
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)

%SE = [%}1 00

where:

SE = systematic error or bias
X = mean results
R

= reference value

5. Error Propagation:

General Formula for Random
Errors

2
6q : 2 aq 2
= _— + | —
s (8] o[ ] s
x and y are independent and

there can be as many terms as there are
independent variables

where:

6. Confidence Interval for a Population Mean
— S - S
P[x'mgmwﬂ775#5x+1m§mww77]=P
Where: 1p = true population mean
7.

Confidence Interval for a Difference Between Two
Sample Means

diff ¢ (1-5 ) nrens - 204f SE
where:

diff =X1 - X

dif]
n,+n,-2 n, n,

. :\/(n,—I)S,Z + (n,-1)S? [LJ,L]

This method assumes equal variance for both variables



8. t-Test For Independent Means Assuming Equal

Variances
t= }1 'jY—z
SE iy
where: SEgi;ff = standard error (standard deviation) of

difference computed as follows

. _\/(n,—l)S,z+(n2—1)Sj [L+L}

=
v n,+n,—2 n, n,

where: the degrees of freedom is: df = n;+n,-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

2
nz [%i| [Zl—a/Z + Zl-,a]z

o = standard deviation (assumed constant)
d = critical difference

P = power of the test (1-8)

B = typically set to 0.20 (a one sided test

where:

value)
a = significance level
7 = from the standard normal distribution

10. Water/Air Partition Coefficient for Ethanol

K vaternir = 23017.268 e—0.06431'

where: T = temperature in celcius



t-Test For A Population Mean

11.
o X-u
Sx/n
where: 1 = the population mean
Sy = the standard deviation of a single result
12. Standard Deviation
S =
13. Coefficient of Variation
CcvV = [£]100
x
14. Combining Uncertainty From Two Independent Sources
s} s;
ST = |[=L + 2
h, n;
where: S, = total combined uncertainty
S? = variance from one source
§? = variance from second source
15. Equation for Computing Total Body Water
Men: TBW = 2.447-0.09516Age+0.1074 Height +0.3362Weight
Women : TBW = —2.097+0.1069 Height +0.2466Weight
where: TBW is in liters
Age is in years
Height is in centimeters (2.54cm = 1 inch)
Weight is in kilograms (1Kg = 2.2 1b)
Source: Watson, P.E., Watson, I.D. and Batt, R.D., “Prediction of
J Stud on Alcohol,

blood alcohol concentrations in human subjects”,
Vol.42 No.7, 1981,

pp. 547-555.



16.

17.

18.

Widmark'’s Equation Using Total Body Water

where:

28.349 g

TBW
—(C,+ pt
0.8 (c )

" 0.82(fl.oz. EtOH/drink)

N
TBW

C

B
t

0.82

I

number of drinks
total body water in liters
fraction of blood that is water (L/L)

¢ = BAC(g/L) at time t and approximated

I

from BrAC measurement
elimination rate (g/L/hr)
time in hours from first drink
density of ethanol (oz./fl.oz.)

= 1 ounce by weight

Confidence Interval for a Large (n>30) Sample

Proportion

where:

11—
P * Zl—a/z u
1]
p = sample proportion
Z = from the standard normal table for a

degsired level of confidence
sample size

Confidence Interval for a Difference Between Large
(each n>30) Independent Sample Proportions

P, - P, iZl_a/z\/Pl(l_p1)+p2(1_l72)

where:

h, n,

p. = sample 1 proportion

P2
Z

1,
I,

sample 2 proportion

from the standard normal table for a
desired level of confidence

sample 1 size

sample 2 size



19. 4’ Analysis for Independence in a Two-way Table

k 2
2 (0,-E;)
z = —
g; E;
the observed values in cell 1
the expected values in cell 1

where: 0
E;
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— Standard Normal Distribution Z Values

Table 2

Larsen, R.J. and Marx, M.Lh., An Introduction to Mathematical

Statistics and its Applications, Englewood Cliffs, NJ

Source

1986.

Prentice-Hall,

z 0 1 2 3 5 6 7 8 9
-3. 0.0013 ~ 0.0010  0.0007 - 0.0005  0.0003  0.0002 . 00002  0.000] 0.0001  0.0000
-29 0.0019 00018  0.00{7 00017  0.0016 00016 00015 ~ 0.001S 00014  0.0014
—28 00026  0.0025 00024 00023 00023  0.0022 00021 00021 0.0020  0.0019
—2.7 0.0035  0.0034 00033 00032  0.003 0.0030  0.0029 00028 00027  0.0026
—26 0.0047  0.0045  0.0044  0.0043  0.004] 0.0040 00039 00038 00037  0.0036
—~25 0.0062 00060  0.0059 00057 00055 00054  0.0052  0.0051 0.0049  0.0048
—24 00082 00080 00078 00075 °  0.0073  0.0071 0.0069  0.0068  0.0066  0.0064
—23 00107 00104 00102 00099 0009 00094 00091 00089  0.0087  0.0084
—22 00139 00136 -00132 00129 00126 00122 00119 00116 00113  0.0110
—2.1 00179 00174 00170  0.0166  0.0162 00158 00154 - 00150  0.0l46  0.0143
—20 00228 00222 00217 00212 00207 00202 00197 00192 00I88  0.0183
—1.9 00287 ~ 0.0281  0.0274  0.0268 00262  0.025  0.0250 00244 00238  0.0233
—-18 00359 00352 - 00344 00336 00329 00322 00314 00307 00300 00294
—17 00446 00436 00427 00418 00409  0.0401  0.0392 00384 00375  0.0367
~16 00548 ° 00537 00526 . 0.0516 00505 00495  0.0485  0.0475  0.0465  0.0455
—~1.5 0.0668  0.0655  0.0643 00630  0.0618 00606 00594 00582  0.0570  0.0559
—1.4 00808 00793 00778 00764 00749 00735 00722 00708  0.0694 00681
-13 0.0968  0.0951 0.0934 00918  0.0901 0.0885 00869  0.0853 00838  0.0823
-12 0.1151 0.1131 01112 01093 01075  0.1056 01038  0.1020  0.J003  0.0985
—1.1 0.1357 01335  0.1314  0.1292  0.1271 0.1251 0.1230  0.1210 01190  0.1170
-10 0.1587  0.1562 01539 01515  0.1492  0.1469  0.1446  0.1423  0.1401 . 0.1379
—09 0.1841 0.1814  0.1788  0.1762 ' 0.1736  0.1711  0.1685  0.1660  0.1635  0.1611
—03 02119 02090  0.2061 02033 02005  0.1977  0.1949  0.1922 01894  0.1867
—0.7 02420 0.2389 02358 02327 02297  0.2266 02236 02206 02177  0.2148
—06 02743 02709 02676  0.2643 02611  0.2578  0.2546  0.2514 02483  0.2451
—0.5 03085 03050 03015 02981  0.2946 02912  0.2877 = 02843 02810  0.2776
—04 03446 03409 - 03372 03336 03300 03264 03228 03192 0315  0.312]
-03 0.3821 03783 0.3745 03707 03669 03632  0.3594  0.3557 03520  0.3483
—02 04207 04168 04129 04090 04052 04013 03974 03936 03897 03856
—0.1 04602  0:4562 04522  0.4483 04443 04404 . 04364  0.4325 04286  0.4247
—00 0.5000  0.4960 04920  0.4880  0.4840 04801 04761 04721  0.4681 0:4641
0.0 05000 05040 05080 05120 05160 05199 05239 05279 05319  0.5359

0.1 05398 = 05438 05478 05517 05557 05596  0.5636  0.5675  0.5714  0.5753

0.2 05793 05832 05871  0.5910 05948  0.5987  0.6026 06064 06103  0.614]

0.3 06179 0.6217 06255  0.6293  0.6331  0.6368  0.6406  0.6443 06480  0.65i7

0.4 0.6554  0.6591 0.6628  0.6664  0.6700  0.6736  0.6772  0.6808  0.6844  0.6879

0.5 06915 0.6950  0.6985 07019 07054 07088 07123 07157 0719 07224

0.6 0.7257  0.7291 07324 07357  '0.7389  0.7422  0.7454  0.74%6°  0.7517  0.7549

0.7 0.7580  0.7611 0.7642 07673  0.7703  0.7734 - 07764 . 0.7794 07823  0.7852 .

0.8 0.7881 07910  0.7939 07967 07995  0.8023 08051  0.8078  0.8106  0.8133

0.9 08159 0818 08212 08238 ' 08264 038289 08315 08340 08365 08389

1.0 08413 08438  0.8461° 08485 08508  0.8531 08554 08577 08599  0.8621 -

11 08643 0.8665 08686 08708 - 0.8729  0.8749  0.8770  0.8790  0.8810 - 08830

12 08349 08869  0.8388  0.8907  0.8925  0.8944  0.8962 0.8980 08997 09015

1.3 09032 09049 09066 09082 09099  09i15 09131 09147 09162 09177

1.4 09192 09207 09222 09236  0.9251 0.9265 09278  0.9292 09306 009319 .

‘1.5 09332 09345 09357 09370 09382 09394 09406 09418 09430  0.944]

1.6 . 09452 0.9463 09474 09484 - 09495 09505 09515 09525 09535  0.9545

1.7 109554 . 09564 09573 . 09582 09591 09599 09608 09616 09625  0.9633

1.8 0.9641 09648 09656  0.9664 09671 09678  0.9686 09693 = 09700  0.970¢

1.9 09713 09719 09726 09732 09738 09744 09750 09756 - 09762 °  0.9767

20 09772 09778 09783 09788 09793 09798 09803 09808 09812 09817

2.1 0.9821 *  0.9826 09830 09834 09838  0.9842. 09846 09850 09854 09857

2.2 0.9861 09864 ~ 09868 09871 09874 09878 09881 09884 09887  0.989

2.3 109893 09896 ' 09898 0991 09904 09906 = 09909 09911 0.9913  0.9916

2.4 0.9918 09920 09922  0.9925° 09927 - 09929 09931 09932 09934 09936

2.5 09938 09940 09941  0.9943 09945 09946  0.9948 09949 09951 09952

26 0.9953 09955 09956  0.9957 09959  0.9960  0.9961 09962  0.9963 09964

2.7 0.9965 09966 09967  0.9968 09969 09970 09971 09972 09973 09974

2.8 09974  0.9975 09976 = 09977 09977 09978 - 09979 09979 09980  0.9931

29 0.9981  0.9982 09982 09983  0.9984 09984  0.9985  0.9985 0998  0.9986

3. 0.9987  "0.9990 09993 09995 09997 09998 09998 09999 09999 1.0000

. SOURcE: B. W. Lindgren, Sratistical Theofy {New York: Macmiillan, 1962), pp. 392-393. .



APPENDIX STATISTICAL TABLES A4l

TABLE F Percentiles of the Chi-Square Distribution

0 31.410 1§o
2 -
p(x% <31.410)=

df Xous Xhes X X% X X Xwm Xoes

1 0000393  .000982  .00393  2.706  3.841 5024 6.635 7.879

2 .0100 0506 .103 4605 5991 7378 9210 10597

3 0717 216 352 6251 7.815 0348 11345 12.838

4 9207 484 711 7779 0488 1L143 13.277 14.860

5 412 831 1.145 9936 11.070 12.832 15086 16.750

6 .676 1.237 1635  10.645 12.592 14449 16812 18.548

7 989 1.690 9.167 12017 14.067 16013 18475 20.278

8 1344 2.180 2733 13362 15507 17.535 20.090 21.955

9 1735 2.700 3395  14.684 16919 19.023 21.666 23.589
10 2.156 3.947 3.040 15987 18307 20483 923209 25.188
11 2.603 3.816 4575 17275 19675 21.920 24.725 26.757
12 3.074 4.404 5996 18549 21.026 23336 26217 28.300
13 3.565 5.009 5802 19812 22.362 24736 27.688 29.819
14 4.075 5.629 6571 21064 23.685 26.119 929.141 31.319
15 4.601 6.262 7961 92307 24.99 27488 30.578 32.801
16 5.142 6.908 7.062 923542 26296 28.845 32.000 34.267
17 5697 7.564 8.672 24769 27.587 30.191 $3.409 35.718
18 6.965 8.231 9390 925980 28.869 31.526 34.805 37.156
19 6844 8.907  10.117  27.204 30.144 32.852 36.191 38.582
20 7.434 9591  10.851 28412 31410 34170 37.566 39.997
21 8.034 10983 11591  29.615 32671 85479 38.932 41.401
29 8.643 10982  12.338 30813 33.92¢ 36781 40.989 42.796
23 9.260 11.688  13.091  32.007 85172 38076 41.638 44.181
94 9886 12401  13.848  33.195 36415 39364 42.980 45.558
25 10.520 13.120 14611 34382 37.652 40.646 44314 46.928
26 11.160 13.844 15379 35563 38.885 41923 45642 48.290
97 11.808 14573  16.151  36.741 40.113 43.194 46963 40.645
98 12.461 15808  16.928  37.916 41337 44461 48278 50.993
99 13.121 16047 17708  39.087 42557 45722 40.588 52.336
30 13.787 16791 18493 40256 43.778 46979 50.892 53.672
85 17.192 205690 22465  46.059 49.802 53.203 57.342 60.275
40 20.707 94433 96509  51.805 55758 59342 63.691 66.766
45 24311 98.366  30.612  57.505 61.656 65410 69.957 73.166
50 27.991 39357 34764  63.167 67.505 71420 76.154 79.490

60 35.535 40.482 43.188 74.397 79.082 83.298 88.379 91.952
70 43.275 48.758 51.739 85.527 90.531 95.023 100.425 104.215
80 51.172 57.158 - 60.391 96.578 101.879 106.629 112.329 116.321
90 59.196 65.647 69.126 107.565 113.145 118.136 124.116 128.299
100 67.328 74.222 77.929 118.498 124.342 129.561 135.807 140.169

Source: Daniel, W.W., Biostatistics: A Foundation for
Analysis in the Health Sciences, 8™ Ed.,
New York: John Wiley and Sons, Inc., 2005.





