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PREFACE

R

[ . . . -

This report was prepared by a Task Force convened under the direction

of Dr. John F. Finklea, Director, wWational Environmental Research Center
(NERC) in June, 1974. In a preliminary a< ¢ssnent nf the environmental
problems associated with vinyl chloride and nolyvinvl chloride, an EPA
Task Force under the direction of the N ~ice of Toxic Substances deter-
mined that cwissions of vinyl chloride ronomer was primarilv an air
pollution problem. Accordingly, the Office of Air and Solid “Yaste was
given the responsibility for an in-depth evaluation of the problem. This
report was proposed as a part of this evaluation. The objective was to
review and evalunte the current knowledge of vinyl chloride and polyvinyl
chloride emissions into the environment as related to possible drleterous
effects unon human health and welfare,

The units of parts per million (ppm), in lieu of metric units, have
been used in this report to be consistent with other égencies currently
involved in the national assessment of th: vinyl chloride problen.

The fallowing members served directly on or con*ributed to the HLRC

Task Force.
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SUMMARY AND CONCLUSIONS

1.1  SUMMARY

This report represents a review and evaluation of the available current
scientific data relative to the health and welfare implications of environ-
mental pollution resulting from the production and use of vinyl chloride
and polyvinyl chloride. New information about this compound has become
available and important new data may be forthcoming in the near

future.

Vinyl chloride monomer (VCM) was first synthesized in 1837. The

vinyl chloride monomer is a synthetic chemical derived from petrochemical
féedstock and chlorine. Its principal use is in the production of a wide
variety of useful plastic materials such as floor tile, phonsgraph records,
pipes and electrical insulation, although it has also been used in other
ways, for example, as an aerosol propellant. The pro-
duction of vinyl chloride began in the United States in the 1930's, the first
important use was in the manufacture of synthetic rubber. Production
levels increased rapidly after World War 1l--the beginning of the industrial
chemical era which has produced over 20,000 new chemical products. vyiny]
chloride production in the U.S. was less than 45 million kilograms (ka) in
1943 but exceeded 2.9 billion kg in 1973. The annual growth rate in this
industry 1s expected to exceed 10 parcent per vear thrurh the 1039's,

in the United States vinyl chloride monomer is produced at 15 plants and

polyvinyl chloride (PVC) is produced at 37 plants.
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Approximately 1500 workers cre eryuqged o e production of viny]l
chloride, and approximately L0000 [dre ongaged in the production of poly-
vinvl chloride. The derand for products and components anufactured from
polyvinyl chloride is extensive due to its widespread use,
thus the impact of control actions will be felt bzsond the

VCM/PVC industry. .housands of companies, large and small, and hundreds
of thousands of workers are enganed in the manufacture of and/or use of
plastic products made from PVC,

Only a very limited amount of VCM erission data from industrial
seurces o evailable. VCF loss estimates of approximately 6 percent 'ave been
reported, based p.imari’. on nateriel balance studies. Losses to the
outdoor atmospheres from industrial sources may occur at a large number
0f points in the manufacturing processes and will vary depending upon the
manufacturing facility.

Currently. emicsions of vinyl cnloride from VC!' and PVC plants are
estiried to exceed 90 million kg annually. It is estimated that 90 percent
of all vinyl chloride atmospheric erissions are believed to emanate from
nolvvinvl chloride olants. [llonorer rlants emit less than 10 percent of the totr
Emissions of VCil from fabricating rlarts and from fabricated products may also
occur. but at oresent there are no cata to cuantify what those emissions may
be. The concentration of resicual ~cnomer in PVC powder that 1s fabricatea nto
final products is an importart Jeter—<nint of MMM amicsiane din hath these caszs.
emissions contribute a significent fracticr to total VCM erissiorns, parti-
cularly in PVC plants, and these e—~1¢sions are an 1mportart 1i~iting factor

in determining the degree of eriscions contro) that can be achieved.
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T2chnology may currently be available to reauce vinyl chloride emissions
from VO plants by as much as 90 percent and from PVC nlants by as much as
75 percent. Control of emissions from PVC plants is a more difficult
problem which way require complex process changes. ‘leans of controlline
emissions frow PVC plants and .from fabrication nrocesses are yet to be
determined,

Polyvinyl chloride plastics usually are not readily biodeqradable.
Incineration (without scrubbina) of polyvinyl chloride plastics results in the
cwission of nydrogen chloride gas, but not VCM  Exnerimental studies indi. 1o
that vegetational injury symptoms for etnylene and vinyl chloride are
identical, however, no known infermation showing vegetational damaue
around VCH manufacturing or processing vlants exists.

Vinyl chloride is a chlorinated olefinic hydrocarbon monomer which
is a ga5 at ambient temperatures and atmospheric nressure. It is normelly
shipped and stored as a liquid under pressure. It is flammable, ex;lowive,
and only slightly soluble in water. VCM is about two times heavier thun
air. Angl:iis of vinyl chloride usually reveals trace amounts of ornaric
iupurities, such as acetvlene, 1,3-butadiene, methyl chloride, vinvlidine,

and vinyl acetate. Polyvinyl chloride contains residual entrapped VO™

v

10 the sarts per million range., The entrapped concentration is dependont
uvon the production process and can ranoe from 0.1 to several (H-8)
thousand ppri, wnich can be liberated during fabrication, particulirly

wnon heated.  The production of VCM/PVC involves the use of a wide varicty
of chewicals other than VO which also may contribute to adverse health

effocts under occupational circumstances.
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e Toe worr phoe peok esposures 3n the past nay at Limes have ex-
ceeded thousands ot ppn, however. the averane concentration would have
been Tess.  Limited atmoshheric vinyl chloride concentration measurements
dave been made in the vicinity [0 to 8 kiiometers (km)] of VCH/PVC pro-
duction sourt . Tn over 90 percent of the cases the peak concentrations
have been belor © porishewever, one peak value (erab sample) of 33 ppm
has been obscerved. A few twenty-four-hour averaqge values of 1 to 3 ppm,
sodistances of 5.6 to & km crom the source, nave aiso been measured,
dovenly in the downwind plume, althouch  over 90 percent of 24-hour
measurenents were bito b pom.,

socause of the samsling ond analytical procedures used, the accuracy
ot these measurenents nav be no better than + 100..

Available atmospheric VCM data have heen obtained using a variety
0f saimniing end analytical techniques with varying degrees of sensitivity
and docariey.  Consequently, the data are not directly comparable.
Standard sainpling and analytical procedures have not been established
and practiced.  Continuous monitoring methods suitable for field
use are not availalle, iteasurement methodoloav is
et , but nas not yet peen applied to the problem of atmospheric
md Lource sampling for VG4, The nature of vCW/PVC manufacturina
facil1t: os,particularly the older plants, is sucn that
corventional source nonitoring techniques may not be apnlicable

S Lo the discontinious nature cf emssions.  Using an atmosnheric
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dispersion model, estimates of VCM concentration in a downwind nlume
indicate that hourly integrated concentrations of 1 to 30 npm might be
expected depending upon atmospheric wind and stability conditions.
The measured values and the values predicted by the model are the saie
order of maqgnitude.

Only limited laboratory studies have been made regarding photo-
chemical reactions of VCM. Vinyl chloride does underno atmosnheric
reactions in the prosence of nitrogen oxides and solar radiation; a)ihnuah
the reaction rate is slower than with other hvdrocarbons known to be in
tne atmosvhere. Reactions products of VCM nhotooxidation include CO,
formaldehyde, formic acid, formvl chloride and hydroaen chlorcide. In
audition, VC may indirectly contribute to the buildun of ozone. The
extent to whicn VCM contributes to these other components in >hotocherical
smog is not known. The estimated half-life of VC' in the atmosphore is
about & hours.

The principle route of human exposure to vinvl chloride is thous ot
to be thraouah air 1nhalation, althouoh exnosure could occur from inae- i~
of food and water. and from skin contact. There is no evidencoe to indicate
that vinvl chloride exists in normal drinking water, or in foods, excont
possibly in specral cases involving Teaching of VCY from wrapning and
storage naterials. Us2 of vinyl chloride as a nropellant in aerosol
products nas also recently been discontinued so that this source of
exposure, though significant in past YRars, 45 npt articipated Lo raprosent
a problem in the future.

Acute animal toxicity to VC1 was first reported in 1938. Toxic mani-
festations in experimental animals and man included eye irritation,

1ncreased motor activity lTeading to tremor and loss of muscular

- -
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conrdination, and finally ndavcosis, and cardior irreqularitie,. [xposure
concentr.iions an thewe acnte studies ranged up fo 460,000 ppm for
periods oxtending fram 30 minuies 1o daily exposure of several hours.
Short-term acute human experiments (intermittent 5 minute exposures

separated by 6 hours over a peciod of 3 days) with concentrations
ranging up to 20,000 ppm produced acute toxic eftects at levels abpve
8,000 ppm.

Chronic toxicity effects due to VCM in exnerimental animals include
cancer, damage to the liver, spleen, kidney, Tungs, brain and nerve
bundles. Some of the pathological lesions observed in these
antal experiments were similar to those later observed in humans encaged in
the production and handling of vinyl chloride.

Our present knowledge of undesirable health effects associated
with vinyl chloride exposure in man comes primarily from recent
occupational observations, complemented by additional animal data. Detween 1949
and 1966 an increased incidence of excessive liver damaae and acrnanstenlucis,

a deqgenerative disease affectinag hones and fingertips were reported among vinvl

ciloride worstrs in Europe. Studies in Germany revealed evidence of liver
polhology in an abnormally high percentage of PVC production workers with
4 history of cuwployment ranging trom 1.5 to 21 years, but exposure levels
recponsible tor tnis damage are not known. Since early occupational
health studies otten reported acute toxic effects, similar
to those found in the human experiments previously mentioned (dizziness,
headaches, nausea, etc.), it can be assumed that peal exposure levels of
severdl thousand ppm owure experienced at times.

Available air monitoring data in PVC plants during ti period 1950-
1949 indicates that the highest time weighted average exposures in thet

facilities were in the range 120-385 ppm. Studies in Europe

7
.

- .
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and the United States since 1966 tend to confirm the earlier findings in
Europe. These studies include observations of liver damage among workers
not directly involved in the actual production of PVC. The frequency and
severity of liver pathology among PVC workers has been related to the length
of exposure; i.e. being most common in workers with an exposure history
in excess of 10 years. In one study, the degree of damage did not appear

to decrease with increasing intervals of time between the last exposure

and taking of biopsies.

To date 15 cases of liver angiosarcoma have been reported among workers
with a history of exposure to vinyl chloride in the United States and 10
such cases have been reported from Europe. Most, but not all, of these
reported cases have been among workers involved directly in PVC production.
Cases of Tliver angiosarcoma have been reported in 1 U.S. and 3 European
workers exposed to VCI, _ but not directly involved in PVC production.
These cases suggest that exposure to vinyl chloride at lower levels than
usually encountered in PVC production plants may be capable of causing liver
angiosarcoma. Two community cases of liver angiosarcoma have also been
reported in persons whose residences were in the vicinity of industrial
VCM emission sources, which raises the question as to whether or not
ambient air levels of VCM may, under certain circumstances, contribute

to this disease. Additional studies are, however, necessary

to confirm this possibility. Based upon the present reporting

methods, angiosarcoma is a rare form of liver cancer in the
for all practical purposes,

general population, and /is invariably fatal. The latent period for liver
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y cotbonasiyna ha teer o amated at about 20 vears. baced upon medical
coed Coitpational espoiuce (asec. The Jeyeis and durations of
ponure e e Lo anduee Fiver angiosarcena in the occupational or the

reeeral o popatation Liveng in Lhe vicinity of emissions sources are not
g twely known.
Compared 1o ihe general population, the relative risk of liver

dngresarcoma diro o workers exposed in the past to high levels of vinyl
bborida iy ectinated ot approximately 3,000, Such a relative risk
Copie ety oL rtlong statistically significant difference (p <0.01)

v e Byegnency of Tiver angiosarcoma among those exposed to high levels
P bochitos e cumpared to those in the general population not exposed

coo v, 0 eapused Lo omuch Tower levels,

il - the forus of attention has been on liver angiosarcoma, it should
de-d Lhat o nueber of industrial studies indicate that the risk of
deiode oy othe cancers besides liver angiosarcoma, parficu]ar]y lung and
ooy cateer, 1oalsn aclated to e<posure to vinyl chioride. The multiple
v rishoa Locdated witn vinyl chloride also is supported by the available
R N N T
Uitondn Loatc etfecis of VCM have been studied in a variety of animal
W aes. uangrasascoma of the Tiver has been observed in rats, hamsters, and
. studies.
oo expesed Lo ovinyl chiioride.  Angiosarcoma was not observed in all animal /
o0 o ey vaty and wice, lTiver angiosarcoma has been produced by
Gronts oan tov as 50 ppe. The frequency of liver angiosarcoma in experi-
it doiiely dppear s Lo be duse-dependent above 50 ppm, but the shape of

e st Penponse curve below 50 ppm o is not known. Duration of exposure

oo Jhown Lo afrect Lie tumor response 1n animals. Other damage,

. -7 o BOR 013017
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including tumors of the lung, spleen,and kidneys has been observed

in animals exposed to vinyl chlaoride,

VIM/PVC  workers are exposed to a variety of chemicals which may be
carcinogens and/or liver toxins in addition to VCM. Such a complex exnosure
pattern makes it difficult to draw final conclusions regarding the specific
role played by vinyl chloride in the development of liver cancer. However,
the results of animal experiments demonstrating liver angiosarcoma from
exposure to VCI in 3 species, coupled with occupational data

jmplies that vinyl chioride is
a causal factor in the development of 1jver angiosarcoma.

Although actual VCM exposure levels responsible for liver angiosarcoma
and/or other cancers in man are not precisely known, limited measurements
around VCM/PVC production facilities indicate that contiguous populations
are being exposad to Tow levels of vinyl chloride, which may
impose a health risk. The
presence or importance of chemical co-factors besides vinyl chloride in the
etiology of liver angiosarcoma is not well defined, though other chemicals

thorotrast and
besides VCI1; i.e.sarsenicals have been associated with liver angiosarcoma
in man. Health imp]ications]qelating to PYC dust particles containing
residual VCM have not beenystudied.

Data 1in animals and man for the lower end, less than 50 9pr, of the

VCM dose response curve are not available. Attempts to extrapolate animal

dose response curves to define a presumed "no-effect" level are fraught

T 4 BOR 013018
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wilin problems which impact upon the state-of-the art in cancer research, and

the availability of resources required to conduct lona time chronic stulies.

Siidarly it s difficalt to extropolate data in experimental animals
nrectly to man who may be more or less sensitive than animals to qiven (phen
structures. These problems reflect important gaps in our knowledqge
concerning environmentally related cancers.

The mechanism for producing liver angiosarcoma by the inhalation of
VC has been postulated but has not been confirmed. Tt is also not
known whether the mechanism can be activated by intermittent peak

exposures or whether frequent,or essentially continuous,exposure to

low concentrations is sufficient to cause cancers to develop.
1.7 COUCtUsIns

Precise data that indicate the degree to which the general
population is exposed to vinyl chloride, and its consequent effects,
are not available. rdowever, available data supports the following
tentative conclusions:

I. Vinvl chloride in the atmosphere in the vicinity of

cattesion sourees is a potential nealth hazard.

/. Occupational cases of angiosarcoma have been o~bserved among

puC production workers predominantly with long-term exposure {greater

than 20 years) to VCM at unknown, but suspected high,concentrations.

However, cases of Tiver angiosarcoma have been reported among workers
evposed to VCM but not directly involved in PVC production, raising
the question of effects at lower levels of exposure.

3. QObservations awong workers and in experimental animals indicate

thal there is a multiple cancer risk from exposure to vinyl chloride.

T BOR 013019
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and liver angiosarcoma and other .re

4. The mechanism and dose-response relationships between vinyl chloride/
a’ community €xposure levels are not known.
5. . Persons living in the immediate vicinity of VCM/PVC plants have
been exposed an unknown number of times to 24-hour average concentrations

of VCM of at least 1 ppm with occasional peak exposures of 30 ppm, however,

over 907 of the obhservations have been less than 1 ppm.

6. Available monitoring data indicate that exposure to VCM around
VCM/PVC plants is a local problem confined to within about an 8 km radin-..
Data in the vicinity of PVC product fabricating plants and other snurrc.
are not available.

7. Interim methodology is available for monitoring VCM in the
atmosphere, but a standard monitoring system has not been developed

8. Air inhalation is the primary route of human exposure to V(M.

9. VCM is a primary pollutant, but is atmospherically active and
hence a precusor for other pollutants. Little is known about transforun -
tion, transport and removal processes. The half-life in sunliqht is ahout
6 hours.

10. VCM in drinkinc water or food prasently does not appear to be «
problem.

11. There are no known natural sources of VCM.

12. The emissions data identifying specific point sources in PVC and
VCM plants is based on calculationsand estimates and is not sufficiently
accurate to serve as the basis for the formulation of a quantitative
emissions control strategy.

13. The practicality and effectiveness of carbon sorption systems,

surveillence-maintenance programs, and deep stripping of the polymer

_ -
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2. LITRODUCTIOA

Historically, national and international commerce ha< cstahlished
markets for new products rarely with due consideration beinqg aiven to
the environmental consequences of the manufacture, use, and disposal
of the new products. Consequently, air, water. <nil and biota have
been contaminated with a wide variety of natural and enythetic chemical
compounds tnat may threaten public nealth and welfave. The contvibotory
role of a nunber of chemicals in the production of cancer and other
chronic degenerative disease is well known. In the absence of aipro-
priate pre-market testing, assessment of environmental health h.zard:
for many chemical compounds often depends unon retrospective analy-e-
after these products have attained broad multi-media distributiorn.
Establishing prudent standards of environmental qualitv depends . *he
availtability of . osread inteqrated daty bace that 1s sufficiont |y
quantitative to oerat adpronriate risk and benefit assessments 1o he
made .

Untit rerentlyv, the principal environmental concerns associ gy

with the pl:stic irdu *cov has bheen waste-witer effluents from 1nte t ol

facilities and the 50Tid waste prohlems associated with accumulatioe ind

disposal of various plastic materials.

BOR 013022
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I 1971 the release of phthalate plastizizers from flexible
plastic material not only aroused public health concern but served to
elicidate a mechanism of transporting patentially hazardous material
in a wide-spread fashion, More recent attention has focused upon
serious occupational health hazards associated with exposure to vinyl
chloride. The basis for this concern is evidence of vinyl cnloride

carcinogenicity in experimental animals and man,

The nredominate commercial importance of
vinyl chloride Ties in the manufacture of polyvingd
chioride rasins which are subseguently manufactured into a large
nunber of useful plastic products. Vinyl chloride mav
he disseminated on a broad scale as an unreacted monomer_entranoed in

é1niched products such as polyvinyl polymers ana co-polymers cimilar

to that of the phthalate plasticizers. During the past thirty years, viny]l

chlovide rroduction has increased from less than 45 million kg in
1443 to more than 2.4 billion kg in 1973. tstimated loss from
1ndustrial facilities (botn manomer and nolymer production) have been

i:laced at over 90 million kg in 1373.

The primary purpose of tnis report is to provide an interpretive
and where possible, guantitative summary of available biomedical effects
of vinyl chloride. In this regard, attention is given to aqaps in the

existing data vase
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Applying the results of toxicological investigations coutl ied in
the laboratory to the population of interest gencrally invelvee twe :inds
of extrapolations, The first, which 1is more difficult to deal with :nd more
important with respect to human exposure, involves predicting the jaobable
effects on one species from the results of experiments perforus. i oa wnother.
The second kind of extrapolation is that of extending dose-respons. curves
beyond the limited runge of observation to determine the dose coi:cuponding

to an cxtremely low incidence of adverse effects on the organism testod.

THE ROLT OF TiHE TOXTCOIOGIST IN THE ASSESSUENT OF RIGK

This report concerns itself primarily with the task of duveloping
objective technical information needed to make decisions on the course of
action to be followed to ingsure the safe use of chemicals. 1L du.o rot, except
for a general statement of principles, go into the socio~political ..pucts of

decision-making.

Terms such as "toxicological insignificance," "safe," '<.  tolerance,”
"no effect level," and negligible risk" have been in rather common u... All
of these contain in one way or another value judgments or technical .. li-
cations which have no place in en objective asseasment of risk, ‘fh.ve is
no substance which, under certain circumstances,cannot be dangeivr:. -:.d unsafe.
There is no battery of tests, however elaborate, which can prove tey...d chal-
lenge the complete safety of a chemical. For the toxicologiust tu sp,.ly the
tarms "toxicologically insignificant" or '"negligible risk" to a set of obser-

vatione mpkes a premature judgment in the wrong arena by the vrc . person as

to insignificonce or acceptability, An attempt has been made to elirinate such

terms from this report.

BOR 013025




= i)l\f\r I 1905

L3 NGT QUOTE OR CITE

Anotier common term of wide unapge Is the "ne effect level."  This
ia statist‘cully meaningless and therefore of limited value since it merely
Loany that no effect was ohecrved in studles using a group of animals of
porticular size.  Such an observation is completely compatible with the pre-
sonce of an adverse effect, which in further studies with larger sample sizes
or with difierent types of observation might lead to a positive outcome. We
prefer the usage of the torm "no observed effect," which should always carry

with it a qualifying staicment as to size of the group in which no adverse

v t.. was observed.

T most instances it will be iwperative to develop a dose-response

*1

-waonsbip, and because manvy toxicological techniques are relatively lnsen-
. <3-ive, hich Joses (which produce high incidence of effects) are frequently
~er. 1170, These ean be and have been called "unrecalistic" or "inappropriate.”

SYu. o waposures may be well above, sometines muny orders of magnitude above,

—
W

irely levels of exposures to human or wildlife systems. Nevertheless, they
wovoo ten an essential part of practicable laboratory studies which necessarily
ust !imited numbers of animals. The undcerlying challenge to the toxicologist

. tr use these poilnts on the deose-responsce curve as a means of quantifying
vewronses, and to devise, with suitable margins of safety, appropriate means
fer crirapolating to realistic, actual exposure conditions. The blological

av, -¢ts of this extrapolation will be discussed fivst, and the statistical

cunciderations will be develaped later.

n. BIOLOSICAL COLIIDERATIONS

Tor clarity in the following, it will be assumed that we are con-

cerncd with extrapolation from the laboratory situation to human populations.

r - ‘:1_5

e

)
|
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Except in the case of lifesaving drugs, only very low risks will normally bLe
accepted 1In chemical usape. The acceptable risk will, however, vary with the
benefit anticipated. 1In the case of risk of death from a chemlical of trivial
utility, the acceptable risk would be essentially zero., Put in explicit terms,
this might mean 1 death in 100 million persons. As noted in the section on
statistics below,‘eXCrapolation to such risk levels from cxperiments on small
numbers of animals 1s extremely uncertain. Again, and as noted repcatedly in
this report, the gravity of the effect is a major determinant in an overall
assessment of risk. At one extreme lies a fatal outcome, and at the other, a
temporary functional alteration producing no disability or discomfort and lying
fully within the range of physiological compensation. The susceptibility of
human populations variles widely since genetic background, age, prior or co-
existent disease are all important determinaentg, and part of the toxicologist's
task is to identify susceptible groups in the population as the basis for estab-
lishing limits of exposure,

Another and vital factor constantly facing the toxicologist is the
often striking biological differences between the effects of chemicals on labora-
tory species and on man. 1t has been repeatedly shown that no one species
(including non-human primates) has responses parallel to the human over a wide
range of the effects of chemlecals, The choice of species must then be based on
a determination of the biological similarity in the responses to the chemical
under study.

In extrapolating from animals to man the transfer is often made on a
dose.per unit weight (milligram per kilogram) basis. This practice overlooks
the Qéll demonstrated (Freireich et al., 1966) observation that dose per unit

surface area (mg/mz) is generally a better transfer parameter.

o (‘\'i‘_
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There has been wuch loose talk about "thresholds."” The term threshold
means “'the entrance or beginning point of something." This implies (and is
normally so used) a discontinuity in the slope of the dose-response curve. True
tiscontinuities in biological phenomena are rare. However, they do vccur. One
example ie the threshold for glucosc excretion by the kidney. Most biological
dose-response relationships appear to be smooth functions and in absence of con-
crete evldence dose-response curves should probably be assumed to be smooth.
Many dose-response curves have an "S$" ghape with a much lower slope at the low end
of the curve than in the mid-range. This could be regarded as a '"quasi'" thres-
hold. The steepness of the dose-response curve is an important consideration
tor predictive purposes. A steep dose-response curve implies a sharp cutoff

(again, & "quasi" threshold) with decreasing dosage.
g

Some dose-response curves appear to be linear, especially when atten-
tion is limited to relatively low incidence rates. One example of this is
cigarette smoking and lung cancer (Doll, 1967); there are many experimental
situation where this appears to be the case.

Despite the above comments, there are some biological
reasons for antlcipating that with some chemical agents there may be something
approxlmating a true threshold. The biological basis for this 1s twofeld:

(L) the possibility of a relatively greater effectiveness of repair mechanisms
at low dose levels; and (2) the possible presence of competing biochemical
processes which could convert the chemical to harmless products at low dose
levels. It is difficult to generalize on these mechanisms since they can be
expected to depend on the chemical and the species. Unfortunately, investiga~

tion of these questions has rarely been undertaken,

Q-2
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In the past, these complex considerations have been dealt with prog-

matically by the usc of arbitrary "safety factors.”

C. STATISTICAL CORGIDLRATIONS

The need for a proper consideration of stati-tics in the design of
toxicological experiments and in the interpretation of tl+ results cannot be
overemphasized. Tirst, before weaningful results can be obtained, attention
must be given to identifying and reckoning with possible sources of error,
Second, statistical techniques are available which can give meaningful esgi-
mates of the level of exposure to chemicals corresponding to ghc level of risk

which the decision-maker considers acceptable.

1. Experimental Ervor and Sampling Prror

The outcome of an experiment is normally dependent upon‘innumcrable
factors, only some of which are known and even fewer of which are controllatle.
In dose-response experiments with animals, for example, some identitiable
factors inf{lucncing the outcome include (1) the composition of the particular
batch of tert preporation, which typically represents a significant source of
variation 1in independent repetitions of the experiment, (2) animal variability,
(3) technician reliability, and (4) the ﬁrecision of laboratory techniques
such as dilution technlques or dose preparation. Since such factors intluence
the dose-response relationship, thev represent sources of experimentsl error,
and hence Independent replications which randomly sample the levels o theswe

factors arc necessary in order
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! stivate their contributiecns in the measure of experimental error. Tf
n._ o: sources of variations are not considered in such replication, then sta-
tiscical precision as reflected in the width of confidence intervals, for

c.eople. way be grossly misleading.

When several major sources of experlmental error can be identified,
a conceptually simple experimental design would consist of independent repli-
¢. _wu at each target dose level randomly sampled with respect to all sources
.orirrion. If batches from the chemical manufacturer represent a source
of vortatdion, for example, then this design might assign each animal at each
o «vel vo a different batch of chemical from the manufacturer, 1f dilutioen
crrors are non-neglipgible, then dilutions to target dose should be independent,
soly ameng dose levels but also among animals within dose levels. When
s ch sources of errors exist, this conceptually simple, completely
rrnacnized experimental design clearly becomes impracticable, and blocking
~coes a more feasible means of conducting the experiment, Thus, each batch
of the chewlcal {rom the manufacturer might be administered to a group of
nimels ot every test dose to produce, in effect, a separate dose-response
curve for each batch., For any one batch, the proportion of animals responding
at u glven test dose i1s subject to sampling error due to such factors as animal
*literences and possible errors in dilution which would result in cach animal
ceiving 2 slightly different test dose. At any given dose level, the pro-
rurticn responding also varies amonp batches; thus, the average proportion
restonding at a dose level 1s gubject to both sources of error, namely, the
2. nlirs crror within batches and the variability among batches, which torether
couprice experimental error. A valild statistical analysis should utilize the
:.opriatc experimental cerror and not merely dts sampling error component.
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Since standard statistical methods of bloussay often are addressed only Lo the

analysis of sampling error, there is need for caution in applying these methods.

2. Estimating Lov Effcct Levels

Fstimation of low effcct levels poses a difticult problem., Direct
experimental estimation of the level affecting onc percent of the population
may require secveral hundred animals to obtain adequate statistical precision.
For many reasons, particularly in human populations, much lower risks than
one percent are desirced. A true no-effect level cannot be observed experimentally.

Any observed level has meaning only for a particular sample size.

The observation of no-effect for a group of animals may arise from
one of two reasons: (1) the dJosage level may indeed be below the theoretical
(-\ no~effect level; or (2) the number of animals tested may have been inadequate
to give a high enouph probabtility ol detecting a bilologically important change.
For example, a test on 20 animals may show no deleterious effect, bLut a test
on 100 animals, testcd under the game conditions, may siow one or more animals

exhibiting delcterious effects. Similarly, for a graded response, a small

-y

sapple may fail to provide cnough statistical precision to detect a change

from bascline, whereas a larger sample may. Thus, an observed '"mo effect level"
has no absolute meaninyg since it depends on sample size ana poorly estimates
the theoretical "no-effect level"; a better term would be the "no observed

effect level.,"

However, data from experiments in which no effects are observed are
. useful in placing limits on the probable incidence of effects. For example,

(P\ i{ no -animals out of J00 animals dicplayed a deleterious effect, it can be stated

with 99% confideucc that fewer than 4,.5% of animals tested under these concitiouns

-
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wonhit exhibit deleterious effects.  1f this level of risk 18 (oo high, more
amima s can be tested. For example, observance of zero animals alfected out
a0 ienn tested resulrs in oan upper 997 confidence lLimit of only 0.46%. To
teaclo an extromiy fow acceptable risk level in this manner pencrally requires
profubatively Jarpge number of animals,
The past practice of selecting some arbitrary fraction ot "uo ceffect

level'" as a Jimit for exposare leaves one with no estimate of risk. However,

i
4 fairly conservative estiwate of the risk can be made by employing the

s =hit (one-particle) theory (Food and Drug Administration Advisory Committee
on Protocels tor Safety Evaluation, 1971). This theory states that for Jow
dvaenwes, LT an experimental dosage is divided by a factor f, then its upper
covircence level ol the risk is also divided by the factor . Such an approach
wreh otien result in near-zero dosages for extremly small acceptable risks.
eroaple, Uf zero deleterious responses were observed‘in 450 animals
dose d, it can be stated with 997 confidence that the true response
ite 1s less than 1% (one out of 100). The predicted dose for risk of
e out of 1,000,000 would then he 104,

An alternate means of estimating low risk exposure levels involves
vxitapolation from parametric dose-response curves. Many different empirical
mathematical models may be fitted to a set of experimental data (Finney, 1964 ).
The prehit and logistic curves have been commonly used in blology, for example,
and neth curves may fit equally well in the reglon of experimental observat{ons
2% to 98% response range) but give widely different estimates for extapolated
Tesponws,  For example, the probit curve will predict a dosage level

approximately 140 times higher than the logistic curve for extrapolation

to 8 dnsace expected to elicit one response in 1,000,000 animals. 1In some instances
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(Doll, 1967) linear dose-response curves have been reported; often, howuver,

these cover only a relatively limited response range.

There is no assurance that the dose-response curve observed in the
experimental range of dosages will apply at extremely low response levels.
Mantel and Bryan (1961) suggest the use of a presumably conservative slope
of one probit for each factor of 10 in dosage level for extrapolating to low

levels of carcinogenic risk.

A more recent approach to the extrapolation of laboratory findings to
the establishment of standards or limits for human populations (Albert and
Altshuler, 197 3) has taken into account age at the time of thc appearance of
the adverse cffects as well as the frequency of its occurrence. 1In the case of
cancer from external sources, for example, it has been shown, both experimentally
and in humans, that with lower doses cancer appears later, that is, at Increasing
ages. Under this concept, and assuming the availability of reliable data, 1t
should be possible to establish limits which would place the earlicst occurrence
of malignancy at an advanced age, e.g., no more than 10% incremental like¢lihood

of cancer at age 95.
D. SUMMARY

In the past, toxicologists have not only made the laboratory assesuwents

-

-

of toxicity, but in many instances they have made the final judgment as to the social

course to be taken on the basis of a particular.set of findings. Instead,

the technical experts should be charged with securing an objective independent
determination of the extent, nature, and frequency of adverse effects, They
should be agked to cxpliain the relative gravity of these effects for the turpet

LRG3,
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.5ystem, be it humans or wildlife, Similarly, other qualified technical experte
should be requested to make an objective assessment of the benefits of use and
of alternative materials or procesces. Nowever, the final judgment as to a
trade-off between an adverse health effect and a desired benefit is a social
decision and should be made with the participation of those who are affected.
This is not to say that technical experts using their technical expertise will
not participate, but 1t does state that they should not be the sole judges of

determining the balance between the benefit and the risk.

The dose-~response curve is a valuable tool for assegsing the safetv of
a chemical compound. Estimates of low effect levels are part of the information
leading to the ultimate designation of safe and acceptable levels. The statis-
rical problems of extrapolation from experimental dose levels to very low levels
ond the estimation of appropriate errors are particularly troublesome but can J
'be handled 1f care is taken in the design and analysis of the experiments and

the interpretation of results,

Without supporting experimental evidence, however, statistical analysis
will never be capable of making the critical extrapolation from laboratory animals

to ran.

Ay
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