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designed, the effort expended on risk assessment will simply be wasted. With limited resources, we
need to develop methods for economically and rationally allocating resources to provide high levels of
safety. Ideally a system of environmental management and control should be composed of individual
laws that limit potential risk in a consistent manner. The ideas outlined in this article give partial
answers to two connecied questions: (i) how can we formulate an individual quantitative regulation so
that it will be scientifically sound and (ii) how can we construct a rational system of environmental
regulations?

If the framework outlined above is used properly in the course of developing environmental regu-
lations, some of the important operating properties of different alternatives would be known, The pub-
lic would know the probilities of violations not being detected (type II erross); industries would know

the probabilities of being accused incorrectly of violating standards (type I errors); and al parties would -

know the costs associated with various proposed environmental control schemes. We believe that the
operating characteristic curve is a simple, yet comprehensive device for presenting and comparing dif-
ferent alternative regulations because it brings into the open many relevant and sometimes subtle
points. For many people it is unsettling to realize that type I and type II errors will be made, but it is
unrealistic 0 develop regulations pretending that such errors do not occur. In fact, one of the central
issues that should be faced in formulating effective and fair regulations is the estimation and balancing
of the probabilities of such occurrences.
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Appendix
The t-statistic procedure is based on the estimator f (x) = (L-X)/s where L is the limit (0.12
ppm), X the sample average, and s the sample standard deviation. The decision function is

f(x)2c :in compliance

df &)= {f(:_:) <c :not in compliance (A1)

The critical value ¢ is found from the requirement that

Prob{l‘—;f- >e L—;E = zo}= 1-o (A2)

where 2, = ®7(1-8,) and 8 is the fraction above the limit we at most want to accept (here 1/365).

The exact operating characteristic function is found by reference to a non-central t-distribution,
but for all practical purposes the following approximation is sufficient:

m{ﬁ,cp}m[ﬂg@:ﬂ]. | e
s 1+c°2

The operating characteristic function in Figure 4 is constructed using a=0.05, 8,=1/365 and n=3x365.
Substituting (A3) into (A2) yields

Y (@7'(1-8¢) - ¢)
¢[ — =1-005 (Ad)

which solved for the critical value yields ¢ =2.6715. Refer for example t0 (4) for more details.
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