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cance, Luth could have bLeen due easily to
chance nlone,

A final word is in order concerning the
methods for develaping data by which the
environment ix descvibed—the conditions of
expusure. As much variability can be, and
is, encountered with this function as with
the methnds for laboratory experimentation
and in-plant clinical examinations. The ac-
curaey and reliability of the analytical tech-
niques, the velation of the time and site of
sumpling to the true exposure, the presence
of other agents which might modify the
single action of the toxin under study are
some of the many factors which must be
critically examined in the light of their
usefulness for corvelation with a given set
of experimental ov clinical findings.

It is obvious that there is no single
method or pattern of methods which can
satlisfv the varied requirements for estab-
lishipg threshold limits. It is equally obvious
that even though rigid standards were de-
seribed which would =atisfy a diseriminat-
ing jury of scientists, the availible data
for establishing threshold himits for a)l but
a very few substances would fail to satisfy
such limits, The real uze for threshald lim-
its, as a guide for industry in the control
of exposures and as a measure for action by
governmental agencies, demands a con-
tinuing improvement in the quality and
quantity of the methods. by which truly
valid eriteria may be achieved.

Prepared Discussion

HERBCRT E. STOXINGER, Ph.D.
Chief, Toxicological Services
Public Health Service
" Cincinnati, Ohio
R. STERNER has discussed the great diffi-
culties altendant on developing ade-
quate data fov threshold limits, the many
Imponderables in their interpretation. and
thelr unsatisfactory and necesaarily always
incomplete nature, All these considerations
should certainly be thoughtfully considered
and strongly atressed, because errors in
judgment cannot be afforded. But lest these
many considerations seem so formidable to
many potential investigators as to prevent
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their needed contributions (which was far
from Dr. Sterner's intention) or depress the
more experienced contributors, it should be
immediately pointed out that there are at
least two practical and very helpful means
of overcoming certain defciencies inherent
i the basic data. One is the safety factor,
the other, the periodic re-evaluation of the
threxhold limit values. The safety factor has
been Luilt into most of the values in the
threshold limits §ist.¥ The factors 2, §, 10
or even frreater have been applied to some
vultes. Therve are, of course, some notable
exceptions, such as the present value for
trichlovoethylene, for which the threshold
limit is the absolute ceiling, but generally
such instances are rare. In general, the
greater the uncertainty in the data's appli-
cability to human industrial exposure, the
larger the factor applied. This lowering of
the limit value by an arbitrary safety factor
may ut times provoke some controversy, be-
causc now the value becomes ane of opinion,
not fact. Be that as it may, the safety factor
incorporated in the air standards gives in-
erensed assurance of safely to many doubt-
ful values.

The re-examination of the listed values by
the committee provides annually for read-
justment of all values, whatever their sanc-
tity, upon submission to the committee of
new and experimentally supported findings.
Repeated scrutiny and re-appraisal of this
sort can lead finally only to assignment of
safe values on which complete reliance can
be placed. The committee welcomes all such
information,**

Need for more Data

N THIS CONNECTION unuther poitl implied

in Dr. Sterner’s discussion should be
strengthened—namely, the need for mote
duta substantiating the choice of safe ex-
pasure levels based on industrial experience,
Much useful information is undoubtedly in
the files of many plants. Indication of this
was the fine evidence on six industrial sub-

*The fncarporsted safety factor in the thremhold lemil
vatues, although added .t times Lecause of wncertainty
in the value as yeluted w h aften seiually
provides an apprecinble mavgin ot ulcty. Far this veason
the correciness of the tarm “throvheld Jimit” may be
qu«tlonedglf. mixlt mare properly be mkud with “ait
hygiene standard,” \

*eAllan Coleman, Chairman Threshald Limits Commit-
tee, ACGIH, Connectleut State Department of Health.
Hartlord 1, Connecticut, )
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stances devived firom many years of plant
experience that came to light last year at
these mecetings from the presentation of
Herbert J. Weber.! Others should have
similar matecial that should be Lrought to
the attention af the Threshold Limita Com-
mittee, Like Weber's materiad, all of it need
nat he navel or presented to show need {or
changing existing limits; equally valuable
are cdita confirming existing limits. As never
before. interest in the value of the controt
of industrial environments is being shared
by management generally. Greater numbers
of industrinl hyyrienists than ever before are
being enyasged by industry. Is it too much ta
hope thut meetinga such as these will orient
the thinking of properly placed Industriat
hygienists to zecure much needed plant in-
formation to aid in the choice of safe lim-
its of human exposure?

The type of information needed may be
Jisted ax fullows: (1) Afr concentratians
should Le determined for the substances
under study through a complete cycle of
plant gperations and with reasonable regu-
Jarity in order wo abtain a true picture of the
range and fHuctuations of exposure. (2)
The data should have good accuracy. (3)
The observations should be carried out over
& reasonubie peviod of ¢time—a minimum of
five veavs. (4) The air concentration dafa
should be correlated with a good medical
program, A ;mttem Tor such work is that
of Dv, Sterner's 10-vear study of workers
expusure to butyl wleohol,?

Theve is a real nced for more data based
on industrial experience. The often-heard
statement “the thresheld Yimits are nothing
but eduwisted guesses™ unguestionably  re-
flects the wizh at jeast that more data be
firmly based on industrial experience to sub-
stuntiate the choice of limits. Ay a member
of "'the Threshold Limits Committee, 1 was
concerned over the statemeut and took the
trouble 1o review each substauce in the
threshold limit Jist for 1955 as to the basis
for choice of the level. The results are shown
in Table 1. Jt is porsible that everyone would
not arrive at precisely the same figures, but
1 believe that their magnitude would not be
much altered. Although the table shows that
the educated guesses account for a relative-
ly small number, it does confirm the often
expressed feeling of the need for wmore
solidly based levels. Table I shows a number
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TasLe L
Basts FoR CHOICE OF THRESHOLD LIMIT VALUE*
Percent
Total
No. of Listings
Study Type Listiogs {223
Animal a4 42
1ndustry 51 3
Aninmp) & ladustey P W
Mun 25 11
“Brueated Guess™ 21 9
Antmal & Nan 2 4
Source unrerain v 3 - 1

© *Baned in part on Couk, W. A, fud. Mcd, 14:036, 1945,

and from docurmenied material of ‘l‘hmltow Limits Com- ~

mittce A.C.C.1LK. 1853-1955.

of other interesting facts: (1) that most of
the values have some sort of scientific basis;
(2) that each level has been documented
either by Warren A. Cook,* or by the Com-
mijlice on Threshold Limits; (3) that the
values based on animal experimenh account
for the largest number, 42°¢; but (4) that

chaes having some mdu\trnl basis account
for 1/3 of the total.

The values ascribed to the “man” cate-
gory arise from two sources—that of Nel-
son, et al,! and those more recent publica-
tions of the Dow Chemical workers, Irish,
Rouwe, Spencer, Adams et al.

The “Educated Guess”
A FEW WORDS should be said in defense of
the “educated guess.” A review of the
values described as guesses indicates in the
instances in which sound information has
later become available that the “guess” was
remarkably good. Two prominent examples
only will suffice—hvdrogen fluoride and
uranium. A safe exposurve level for hydro-
gen fluoride was set ut 3 ppm on the very
limited evidence supplied by & study in ani-
mals by Ronzani in 1904.* Last year a re-
port’ culminating many vears of study of
fluoride exposure in the aluminum industry,
involving thousands of alr and urine analy-
sis for fluoride and studies of roentgeno-
graphic changes In bone, showed without
guestion that air levels double the accepted
limit gave rise to perceptible changes in
bone in only & few individuals, and only
after, many years of exposure, thus wvali-
dating the wisdom of this “educated guess -
In the case of uranium, an engmeermz
bench-mark had to be “guessed” at early in
the days of the Manhattan Project. After a
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review. of the quite limited animal data on
uranium then available, Dr. Stafford Warren
suggested that the “safe’ exposure leve] for
uranium be the same as that for lead, 0.15
mg’eu.m. After $500,000 and many vewrs
had been spent in research, the safe levels of
exposure to uranium compounds were found
to bracket this value very clusely.

Levels for Cancerigens
TnERE is still one group of substances for
which some method should be devised fur
establishing safe air standards—the indus-
trial cancerigens. How =hall we establish
the limitx for this type of substance? Thus
far the question has been sidestepped com-
pletely. As a result, with uvne exception,
nickel carbonyl, limits taking into consgider-
ation potential cancerigenicity have not
been assigned. Several industrial substances
are known or suspected cancerigens; many
more are guspect on the basis of animal ex-
periments. As a suggesited method of up-
proach, the following is offered: To the level
judged safe for other types of systemic in-
jury add a safety factor for carcinogenicily.
The magunitude of the safety factor is suy-
gested to be {rom 100 to §00. This provides
at least a second power of 10, which, from
the well-known dosage-.response hypothesis,
provides at least a fourfold longer interval
before effects may be expected to occur, or
conversely at least a respdnse with 4 the
intensity. This manner of approach has been
used- for nicke! carbonyl. A tentatively safe
level for systemic effccts from repeated
daily exposure has been sct at 0.1 ppm; one-
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hundredth this level, or 0.001 ppm was set
for nickel carbonyl on the basis that nickel
poisoning gives rise to a substantial in-
crease in the incidence of lung cancer, 1t is
realized that unfortunately the safe lim-
its for all industria) cancerigens cannot be
x0 readily resolved. This is especially true of
dyve intermediates, such as benzidine zand
naphthy! amines whose major voute of entry
iz not commonly via the lungs Lut through
the skin and gastrointestinal tract. These
ave laundry and protective egquipment prob-
lems not solvable by air control.

There are undoubtedly substances to
which the suggested procedure may not
strictly apply, but imperfect as it may be,
the suggested methed is felt to be a step in
the right direction and serves better to curb
exposures to industrial carcinogens than
considering the problem too difficult to cope
with at the present time.

References

1, Weeex, H. 3.0 Threahold Limitzs, A Panel Discus-
ston, AIHA Quare., 16:3R8, 1955,

2. KremSek. 4. M., Crovess, H, C., Bancxksvee, H. F..
Cusack, Mo A Ten-Year Study of Butyl Akohol Ex-
posure, AfHA Quart,, 19:51. 1948,

4, Cwnk, W. A.: Maximum Allowable Concentrations
of Industrial At pheric Contaminanta. fud. Mcd.,
193046, 1948, |

4. Nrwkax, K. W, Ege, 3. F., Ross, M., Wonoxan, L.
F.. SQwvenMan, L.: Sensory Roerponse To Certaln Indus-
trial Solvents. J. Ind. Hrg. & Toxie.. 35:283, 194}

3. RoNZANE, B Uber dec Einfluss der Einatmungen
von releendon Gssen der fnduntrien mif die Schulakraffe
der Oremniamus gegenliber der infektiven Krsnkheilen.
Avreh, f. Hay., 70:217. 1%05.

& Inwin, D. A.: Clinics! Flndings Which Can be An-
ticipnind After Long-Continued Exposaere to Fluorides,
Preaented before Sympealum on  Fluocine, Kettering
Lahoeatorien, Cincinnatl, Ohin, May, 1034,

Engineering and Chemical Application of Standards

ALLEN D. BRANDT, Sc.D.
Bethlehem Steel Company, Bethiehem, Peansylvania

HE WHY AND HOW of threshold limits for

air contaminants have been discussed by
the preceding speakers. The logical next
and final consideration is the use or applica-
tion of these limits in preventing octupa-
tional dizeases, in avoiding complaints from
exposed employees, in maintaining employee
efficiency, and in promoting good hous
keeping. )

To engineers engaged in industrial hy-
giene, threshold limits provide the reference
line or bench mark upon which all considera-
tions and calculations for the control of air
contamination are based. It is characteristic
of engineers and of others in the physical
sciences to want to reduce to numbers the
problems with which they deal, because only-
then can they be attacked in a precise man-




