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The “filter model™ has been developed lo explun the bislogic effects of radiation and chemicals. We
lave cxamined nearly 300 sets of dose sesponse das. of which 50 are p d hsre. Resp

(mduced by radiation and chemicals) which have been examined include én vitro survival studies on
asimal and plant ussues, industion of cellular aberrations aad lime 1o tumor of death. Similar dats from
in givo studics has aliv been examuned, All of the dau appesr to it the model Rma oD+ (DR +¢,
whers R is the response, a and § are parameters filied by regression 10 a particular set of daa, and ¢ is
the responae a1 zeg0 (or lowest) dow. By wniing this model in exponential foem, it ean be soen that the
tesponse R results from multistage filtering (by net amounts o and 4) of the initial dose. D. The
thrwhold ip obtained from this model as the pawnt. Dy, at which the second derivative becomes zero.

This is given by Dp=exp(} —~a/2b) when a £nd b are oppositely signed.

Introduction ce =

Recent United States federal legislation has brought
into sharp public focus questions and scientific con-
roversies abaut results from studies at high doses
which are used for extrapolation to low doses. The
models used for extrapolation are highly controversial
(Groer er al., 1978; Lewis, 1980), and aczarance of »
given sesult is often based on a legal or nonscientific
Tilerion rather than a technical one. For example, as 2
fesult of a law suit brought agains: the US Environ-
mental Protection Agency (USEPA) by the Natural
Resources Defense Council, ¢ suhlic interest group, the
JS District Court mandated a list of compounds to be
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studied and regulated by the USEPA. The proposed
environmental criterion for carcinogens of an absolute
value of zero is based neither on scientific data nor on
technological feasibility.

Totter and Finamore (1978) have noted that perhaps
because of the controversy

ceover d proper method of exwvapolating to low doses and of
tomparing the dosc-response curves of one species with the curves of
other species...the dose-response information that was gradualy
accumulated was never collected and h

P ively analysed.
-

These authors began the process of such analysis by
comparing the dose~response behavior of 37 data sets
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representing & wide range of organisms, exposure
mechanisms, and toxicants. For this comparison, they
employed a saturation curve [Eq. (1)) suggested earlier
by Totter (1974).

iog(1/f— )= - a(log D ~log K), )

where D is the dose in rem, mg/kg, or other ap.
propriate units. X, the dose required to produce a 50%
effecs, and f, the fraction of subjects affected, are
solved for by least squares.

Totter and Finamore's (1978) conclusions that there
is no respomse unique to radiation as distinct from
chemicals. that simple models containing a few param-
eters of which (at least) one is related 10 the genetic
material, and *...an unexpected universality of biologi-
cal behavior that may be heipful in the extrapolation of
experimental data to humans™ support the conclusions
(Jansrdan and Schaeffer, (977) reached earlier. At that

‘time, we had developed as a model of the processes

leading to the production of chromosome aberrations
[Eq. (2)). the Lagrangian Poisson Distribution (LPD)
{Eq. 3))

A B
Chromosomes A, Chromosomes
queued for = queued for (2)
damage B restitution

Taking A, as the rate of the damage process and B as

the rate of the restitution process, the LPD is obtained
as

Se=AA+2,K) " exp(=A =A,K)]/ K1, (3)

where f, is the survival fraction at the Kth dose and
A=A,/ B. The LPD is the same as the simple Poisson
when A, =0, Based on examination of over 100 data
sets representing radiation and chemical damage to
plant, animal. and human tissues we concluded from
the model alone that

... The mechanisme of damage appear 10 be independent of the
nature of the nsult” AlTh, the sams results are found for divergent
species, which suggests (from the model alooe) similantics in
mechasiuns which may imply similarities in chromosome structuce
among various organisms (Janardan and Schaeffer, 1977).

These conclusions are supported and extended by the
results reported here. -

Data and Discussion

Schaeffer €7 a/. (1980a) have shown that the LPD
can be used to estimale the energy {AG,) required to
produce cell damage by noting that A, is the ratie of
rates for the induction and restitution processes.
Hence, at equilibrium, A; 15 the thermodynamic
equilibrium constant. K Because of the relationship

Schaeffer, Janardan, and Kersier

between A, and X, the LPD, like Totter ang
Finamore's (1978) model, provides a superior way of
sxamining dose-response since thermodynamics can
be applied in the examination. Although we have for-
mally demonstrated the relationship between A, and
K. that between A; (or. in general, response) and dose
(D) has not been given. )

The relationship can be developed empirically by
noting that a plot of A; versus the logarithm of the dose
is curved (Janardan e a/., 1979). By analogy with Cook
er al (1969) and Ciecka e1 al. (1979) the relationship is
then given by

Ay=a D+ )+ 5[ (D + 1], @

whete a and b are parameters 10 be estimated for the
model.

A hiological understanding of this model is deva).
oped by writing Eq.(4) [or subsequently Eq. (5)] in
exponential form. ln this form, the response is ex-
ponential {exp{—A,)} and the dose is a complex
exponential function (D*D ~2#2), This function is in.
terpreted as the net product of a multistage process
which *filters” the initial dose by amounts a and b,
where a and & are random variables from an unknown
distribution. For this reason we call a model of the Eq.
(4) form the “filter model.™ A formal derivation based
on the microdosimetric approach to modelling radia-
tion damage given by Keilerer and Rossi (1972) and
Kellerer and Brenot (1974) has recently been developed
(Schaelfer e al.. 1980b).

Since A, measures the extent of reaction prior to
equilibrium, and is the equilibrium constant at equi-
librium, it can be replaced by other measures of reac-
tion extent, R:

Rmc+aln(D+1)+b[In(D+1)]?, &)

where ¢ is usually taken as the response at zero (or
lowest) dose.

Equation (5) is similar to a time to death model {Eq.
{6)) used by Cook er af. (1969) in which the incidence at
time ¢, I, is given by

Tog(4,) = C+ k[log(r) ] +df log(N ]*. (6)

Eguation (5), however, expresses the relationship be-
tween a generalized dose, D, and a response, R, which
is measured on a linear (rather than logaritkmic) scale.

Thrasholkd Estimation

The threshold for a dose effect on survival is the
point at which the slope between zero dose to the point
in question changes. e.g. from positive or zero 10
negative. The point of slope change for Eq. {5), Dy 1%
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Tabis 1. Dows-survival curves for Tottar and Finamore's {(1978) chemicnl agents vaing Bq. (5).*
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Substance tested Responn® D a ' b by R*  Ralercoce
Dibeazanthracens Sub Q tumor mg/Kg —08660 01875 QIS 097 DBryan (1943)
Dibenzagtiracens Seb Q fibrosarcoma  myg/Kg -—-04151 006748 015 098 OrGars {1965
Dimethylbeax(a)asthracene memmary tumor mg/Kg 01547 —00644 904 097 Philips (1973)
Banzo(a)pyrens rewpiratory tract 02230 -—00587 1819 056 Feron (197)

tusor
Bearo(w)pyreas papillomaa mg/Kg OO0508 —0MC488 754 0996 Poel (1959)
Dibenzpyrene Sub Q fibrosarcoms  mg/Kg 006096 —-0.1654 327 099 Wodinaky (1965)
{16 week)
Diethylsdlbestercl mammasry carcinoms mg/Kg 004840 —001603 J230 095 Cass(1964)
Urethang tamors mg/Kg —00570 ~000338 020 0996 Schmahi (1977
Ursthane tumoes mg/Kg —0.1826 0229¢ 010 0997 Schenahl (1977
Aflatoxin B, carcinomas mg/Kg 01361 -00788F 732 058 Wogan(i574)
Vitamia D booe aih increase e o.1188 —-0.08028 S.‘Ior 0989 Waddell (147)
A@1s
4Dimethylethyl- liver tumor mg/Kg 03501 —005142 5022 097 Druckewy (1967)
mnincenobenzol
Mathykcholanthene Sub Q tumar mg/Kg -0.4769 002024 029 098 Boyam{INM3)
Ethyinitecsoures olfwpring nervous mg/Kg -00261 —-001582 47 09% Druckrey (1969
systsm tumors

*Dats from Tables | and 2 of Totter and Finamore (1578) whick thould De consultad for the original references.
scored as surviving fraction at & given docuga and corrected for survivsl fraction at lowest dose. All data prints

used ualess atherwise spocified.

*Dossgne corvespond to those given in “Calculated Dosags™ column of Totter agd Finamore (1978).
“Threahoid calculated vsing the procadure in Schacifer ¢f al (1980c).

*Dose & units per 100 g of feed.

d by seuling the second derivative equal to zero,
gives

Dy=exp(1—a/2B). (7

: change occurs if either @ or & is negative. If both
the same sign the slope cannot change and the
hold cannot be calculated in this fashion and the
:dure given in Schaeffer er ol (1980c) must be
{Table 1). The use of Eq. (5) and Eq. (7) to
ate the threshold is most readily discussed in
on to radiation experiments.
:diation is highly penetrating, and because of this
threshold for radiation damage exists it should
- at about the same level in in vivo and in vitro
ns. The experiments in Tables 2 and 3 were con-
d over doses of several hundred to tens of thou-
of rads. The D values determined for these data
2 geometric mean and 95% confidence limits of
-24.18<35.63. An additional 80 sets of radiation
20t included here afforded 5, values between 5
0 rads. This range is less than 1% of the range of
ynmon experieats {those with high doses < 5,000
In Conger and Constantin’s (1974) experiment
rley seeds the lowest dose was 8700 rads. How-
the estimated threshold (272 rads) is reasonably
to the values given in Table 2. Whether the
:nce is reat and reflects some differences in the
15es of animals and plants, or comes from having
wiated nearly 5000 rads (between zero and the
. measured dose), cannot be ascertzined with cer-
from our results. However, comparison with

Smith er al’s (1974) data on the effects of X-rays on
maize seeds in which the low dose was 0.5 rads and
Dr=4,271ads, and with Bauer and Kaufman's (1938)
study of D hila sperm where the low dose was
1000 rads and D, =95 rads. suggests that the high D,
value found for Conger and Constantin’s (1974) data is
from extrapolation over a large range rather than from
biologically related response differences between plants
and animals. This example illustrates the extremely
high predictive power of Eq. (5) to model & =-
response effects over the studied range since a 9000 rad
exirapolation affords & predicted threshold within a
factor of 3 of the other estimates. The ability to use the
model 10 reasonably estimate a threshold from high
dose data is of paniicular importance in assessing the
health significance of low doses of environmental
mutagens carcinogens, or radiation (Groer et al., 1978;
Lewis, 1980).

In order to facilitate comparisons between modeis.
Tables 1 and 2 summarize the results obtained from
Eq. (5) using the data in Totter and Finamore's ([978)
Tables 1 and 2. In our work, the responses are the
fraction surviving the exposure. In Tables 1-3, ¢ 15
taken as the survival at lowest dose. Other choices of ¢,
such as ¢=§ when the response is survival fraction, or
c=0 when scoring chromosome breaks only slightly
affects most of the models. Thus, for Druckrey et al’s
(1969) study on the production of neyroepithelial
tumors in the offspring of pregnant female BDIX rats
exposed Lo ethylnitrosourea, the observed survivals are
0.4, 0.22, 0.10. 0.03, 0.02, while the survival fractions
predicted from Eq. (5) with c=0.4 and ¢ = 1.0 are 0.30,
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Table 3. Continved.

Substance tested /system Dosage  Sorvival

suvial AT D, Investigator

X-mys A0 R 0.500
survival fraction of 00 0.368
Rartus ratmus 00 0.1
15 days 1000 [
X-rays A0 R 133
mean survival {days) for 600 nr
30 day decedents 800 108
Rattus rartus 1000 12
“Co v-rays 5R 09¢
fraction without 50 0975
groes body matformations .100 0.969
lrom isvadiation of - 200 0.960
trout sperm 400 03502
“Co y-rays 3R 0.992
traction without 50 0.95%4
gross body mailormation 100 0590
from irvadiation of 200 0.937
1rout spevm 400 0.953
Average latency period Soppm 135
{wesks): angicsarcoma %0 ™
iz Sprague-Dawley rats 00 81
exposed to vinyl ehioride 2500 78
8000 70
10000 &
Fraction of Sprague-Dawley S0 ppm 098
fats without angiosarcoma 50 093
after viny! chioride 500 048
exposure 2500 0.78
6000 0.7
10000 048
Average latency period 0ppm 51
{weeks): lung tumors in 150 43
Swiss mice exposed 10 500 41
vinyl chloside 2500 41
000 33
v 10000 36
JFraction of Swiss mice S0 ppm 0.965
without lusg tusmors 250 0.4
after viayl chiorida - 00 0.34
exposure 2500 0.4
6000 03
10008 03
Fraction of Calandra - loftppm- 2
Froanaria sugviviag - 147 0458
sthylens oxide . .58 0.43
&posure . X 0.61
- t.82 0.74
. 2.06 0.12
210 027
230 0.06
246 0

0353  09% 359 Badeand Badr (1571)
031
0.147
0.01
14.1 097 -8£9 Badrasd Badr(1971)
1.6
8.6
79
09590 090 185 Newcombeand
0578 MoGregar (1975)
0.961 (experiment 1)
0.541
097
1000 O8] 214 Newoombeand
0.9%4 MeGregot (1975)
0.986 (saperiment 4)
0978
0562
099 054 209 Maltoni (197T)
974 Table 8
915
159
§7.0
61.6
0.98 091 33 Maltoni (197D
0.91 Tabie
0.39
084
(1} }]
0.79
a4 096 30 Mahomi (1977
438 Table 37
“4é
#0.5 :
B0,
364
60 093 29.1° Mailwni {1977)
057 Table |7
052
038
0.30
028
096 05 1251 R Busvineas
071 given in Finsey (1971)
063 Table 4.4
0.56
046
0328
0.28
009
000

ACorrected for survival atl lowest dose.

-

*Threshoki calculsted wusing the procedure in Schaeffer e al. (1980c).

117, 0.07, 0.00 (R?=0.95, Dy =4.74 mg/kg), and
423, 0.2, 004, 0.007 (R*=0.9996, D, =006
D

ie 3 presents several data sews not reported by
and Finamore (1978), The examples inciude
on survival after irradiation or exposure to
als. Additional examples use time to death as

the response. Although for the latter we use ¢ as the
survival time at the lowest dose, it might be desirable to
treat ¢ as a parameter to be fitted if the data set is large
enough, If ¢ is treated as a parameler, then its value is
an estimate of the survival time at zero dose. For the
Swiss mice developing lung cancer after exposure to
vinyl chioride [Maltoni’s (1977) data given in Table 3].

O ?,5.'
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the estimated survival time at zero dose iz 67 weeks, for
example. [The reader should be aware that Peto
(Federal Register, 1980) has suggested that there may
be no real time-to-tumor dose response effect, and that
the interpretation of such data may be more complex.]
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typed the manuseript. Clark Olson beought Peto (1930) to our atten.
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An analytical schema was developed for vinyl chioride, which is
applicable to ambient and in-piant atmospheres. Using compulerized gas
chromatographs equipped with automatic infection system and

tiow rate control, high reproducibilities are achieved in the ppb

range. Sanzics from various sources have been analyzed.

Improved methods for sampling and
analysis of vinyl chloride

R, C. LAO, R, S, THOMAS and J. L. MONKMAN
Chemistry Division, Technology Development Branch, Air
Pollution Control Directorate, Environmantal Protection
Service, Ottawa, Canada

{ntroduction concentration lincarity and high sensitivity for
Because of increased public health and envi- lightweight hydrocarbon molecules, has been
ronmental concern about the effects of vinyl selected as the analytical finish for a varicty of

chioride on human health.!"3 Regulations have ~ Sample types, including air, water, polymer
been promulgated by several countries, ordering  fesins, and solid polymer stocks, fl,l]ed or un-
reduction in the concentrations which had been  filled, plasticized or unplasticized.’
present in industrial and ambient urban at- . Current processes for the production of
mospheres prior to such promulgation* Com-  vinyl chloride monomer (VCM) fall into one of
pliance with these various regulations demands  the following classes.®

straightforward, reliable analytical methods, (1) The direct chlorination of ethylene with
which can be applied to a broad range of air subsequent dihydrochlocination.
concentrations and sampling techniques. [n (2) The addition reaction of acztylene and
addition, unit analytical time should be very hydrochloric acid.

short because of the large number of samples (3) A combination of dircct and oxychlorina-
which have 1o be processed. Gas chromatogra- tion of ethylene with subsequent dihydro-
phy, because of its fast turn around time, wide chlorination.
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